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Lavishly illustrated with over 400 photographs and illus-

trations, THE ENCYCLOPEDIA OF GEMSTONES
AND MINERALS is a fascinating and highly informa-

tive introduction to the world ofgems and minerals. Arranged in

an easy-to-use A-to-Z format, this impressive volume contains

over 225 entries describing practically every mineral known

to man.

Each mineral entry lists such scientific information as the

characteristic mineral form, the specific gravity, the system of

symmetry, the refraction, and the hardness of the mineral. Also

included is a description of the mineral's physical properties,

where it occurs in the environment, how it forms, its uses and

value, and particularly in the case of gemstones, its simulated

and synthetic forms and how to recognize them.

Some of the highlights of THE ENCYCLOPEDIA OF
GEMSTONES AND MINERALS:

• The very low specific gravity of amber allows it

to float in seawater. Buoyancy is thus a good test

for genuine amber, as most imitations will sink in

saltwater.

• Although apatite is prized by mineral collectors

for its beautiful crystals and rich variety of colors,

its primary importance lies in being one of the

basic building blocks of life. The weathering of .

rocks containing apatite liberates phosphorous into

the biosphere, where it is taken up by organisms at

the base of the food chain, both in the ocean and

on land.

• The largest diamond ever found is (lie fist-si/ed.

3,106-caral Cullman Diamond. Pound in 1905

near Pretoria, South Africa, this stone was cut into

nine large and ninet\ -m\ small gems, all now a part

of the British Crown Jewels.

• Medieval alchemists postulated that gold was

divine, since it alone was incorruptible while all

rtmliminl on btirk flu/i
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Preface

mbis encyclopedia is meant to serve a diverse audience. It is appropriate

for the non-specialist, particularly high school students and otheryoung
readers whose curiosity ofnature is just awakening; it can he used to

complement courses on earth science or natural history; it may serve as a
primary source ofinformationfor the beginning or casual collector or

merely the erudite; and it will be equally important for the serious collec-

tor. For the latter it is not meant to take theplace ofencyclopedias oftech-

nical information but to complement them by emphasizing that which
helps to give a sense ofknowledge greater than the collection itself.

The wide appeal of this volume arises because minerals are not

treated as simply objects to be collected and catalogued but as a means of
understanding nature. Minerals tell us something about the earth, so

connections are made between minerals, their conditions offormation,

and their geologic settings. The geologic context isprovided by sections

describing specific rock types (e.g., the igneous rocks), environments in

which certain minerals occur together (e.g., cavities in basalts), andphe-
nomena that impart to individual minerals geologic significance (e.g.,

radioactivity and age dating). In addition, minerals illustrate the symme-
try ofnature, giving us pause toponder its beauty. Theform ofminerals

reflects an order ofthe submicroscopic world andposes the question of
why atomsfit together as they do. Thus, while avoiding systematic treat-

ment more appropriatefor a text, this volume doesprovide the general

crystal-chemicalframework. Individual sections include information on
mineral compositions and elemental substitutions, and most sections on

mineralgroups include a description ofgeneral structure, which serves to

illustrate how minerals ofdiverse compositions are related. The periodic

table ofthe elements is includedfor convenient reference. There is also

attention devoted to both the current and traditional uses of minerals,

emphasizing bow society and nature have impinged on each other and
our dependency on ourphysical world. Finally, many readers willfind

interesting simply the treatment ofetymology.

EAMathez,Ph.D.

Associate Curator ofPetrology

American Museum ofNatural History

New York New York
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ACTINOLITE AND TREMOLITE HAVE THE SAME CHEMICAL FORMULA BUT DIFFER IN THE

proportion of iron to magnesium, with tremolite being relatively depleted

in iron. Both form similar crystalline aggregates, including the compact vari-

ety known as nephrite jade. Each of the two distinct minerals which can be

called jade—nephrite and jadeite—had hundreds of spiritual and curative

powers assigned to them by the Chinese and the Indians of Mesoamerica,

respectively. Only one of these beliefs became widely accepted in Europe,

however: the idea that an amulet of jade worn close to the aggrieved organ

could protect the wearer from kidney failure. Jade in general was thus

referred to as lapis nephriticus, Greek for "kidney stone"; when a chemical

distinction was finally made between the two varieties of jade, this phrase

provided the name nephrite. The name actinolite comes from the Greek

word for ray, actis—a reference to the radiating habit of its crystals; tremo-

lite is named for the occurrence at Val Tremola in the Swiss Alps.

There are two forms of jade: nephrite, and the massive form of the

pyroxene jadeite. Both share the property of extreme toughness, which

arises from their compact textures. The structure of nephrite is character-

ized by a dense felted mass of short fibers, whereas jadeite consists of an

aggregate of more equant microscopic grains. Jadeite is the harder of the

two jades but nephrite has greater strength, resisting pressures of over

90,000 pounds per square inch (6000 atmospheres) in laboratory tests. This

property made nephrite the stone of choice for making tools and weapons

in non-metalworking cultures wherever it was found. Nephrite artifacts

were made by slowly and arduously abrading the stone into the desired

shape. Like many other cultural groups around the world, the native Maori

of New Zealand used nephrite for many of the same purposes that metal

artifacts fulfilled in con-

temporaneous Eurasian

cultures. Among the vari-

ety of spiritual carvings,

tools, and weapons fash-

ioned by the Maori was

the lethal mere—a combi-

nation sword and club

which rendered them

nearly invincible in hand-

to-hand combat.

Nephrite was the most

highly valued of gems

among the Chinese for

millennia, and the artisans

of the Imperial Court

labored to produce the finest and most intricate carvings imaginable. The

stone had great spiritual significance for the Chinese, symbolizing the con-

nection between heaven and earth. Ritual objects made from lao-yuQade)

included the pierced discs called pi, through which priests and nobles spoke

to heaven. Iron-poor, light-colored "muttonfat" nephrite was the most prized

in antiquity, but each of the many different shades was given its own ritual

meaning. The boulders of nephrite used in China were imported by caravan

from the Yurung-kash (White Jade) and Kara-kash (Black Jade) Rivers,

actinolite and tremolite

Classification:

inosilicates, amphibole group

Composition:

Ca2
(Mg,Fe+2

) 5
Si

8 22(OH) 2

(hydrous calcium magnesium iron silicates)

Crystal System:

monoclinic

Hardness:

5-6

Specific Gravity:

2.98-3.46 increasing with iron content

Left: u nephrite cobl

from the Mur River in Austru ,

tant rait material

alworking cults,

Right:

actinolite crystals in mat

Province, Ja



Nephrite boulder cawed in China during the

19th century, depicting a scenefrom the life of

Buddha.

which drain the Kunlun Mountains above the remote Khotan Oasis in the

Taklamakan Desert. Only in recent years did jadeite (known as fei-cui-yu, or

"kingfisher jade") find its way from its major source in Burma to the

Chinese.

Actinolite and tremolite also occur as discrete crystals, usually elongated

and bladed but also short prismatic. These are frequently twinned, and dis-

play perfect prismatic cleavage and an uneven fracture. A fibrous variety of

tremolite has been mined in the past as a source of asbestos (see

Serpentine). Actinolite is dark to light green in color, and tremolite may be

white, light green, pink, or brown. Both are transparent to translucent with

a vitreous luster. The variety nephrite may be cream-colored to dark green

or black, depending on its iron content. It has a somewhat greasy luster

and a more uniform color than jadeite, which has a vitreous luster and is

frequently mottled. Tremolite resembles wollastonite and sillimanite, but

unlike the former is not dissolved in hydrochloric acid, and unlike the lat-

ter, has two directions of cleavage. Massive serpentine is the most common
substitute used to imitate nephrite, but differs in its lower hardness. Less

easily detected substitutes include the harder cryptocrystalline aggregates of

vesuvianite (known as californite), and green grossularite garnet, both of

which differ from nephrite in density.

Actinolite and tremolite are widespread in their distribution, the former

occurring in regionally metamorphosed dolomites and the latter in meta-

morphic rocks of the greenschist fades. Fine crystals of actinolite occur in

the Austrian Alps and in several areas of the Italian Alps. The best North

American specimens are found in talc near Chester, Vermont, and

Wenatchee, Washington. Excellent white crystals of tremolite are found in

the eponymous locality at Val Tremola, Switzerland, and at Greiner, Austria.

Good specimens are also obtained from several locations in New York

State, and in Ontario and Quebec.

Occurrences of nephrite are much more limited. While the ancient

deposits continue to be exploited in Chinese Turkestan and along the

Arahura, Hokitika, and Taramakau Rivers of New Zealand, the main com-

mercial sources of nephrite today are located in Australia, Alaska, and

British Columbia. Smaller deposits occur in California, Wyoming, Germany,

Poland, Italy, Zimbabwe, the Soviet Union, Japan, Korea, New Caledonia,

and the Cyclops Mountains of New Guinea.

adamite

Classification:

arsenate

Composition:

Zn
2
As0

4
(OH) (hydrous zinc arsenate)

Crystal System:

orthorhombic

Hardness:

3.5

Specific Gravity:

4.4

Globular < lusters ofadamite on limonite

matrixfrom theEZMine, Beltana, Flinders

Range South Australia
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Adamite is one of the many colorful secondary minerals found in the oxi-

dized upper parts of hydrothermal sulfide veins, along with limonite, cal-

cite, smithsonite, azurite, malachite, and other species. It is named for the



19th century French mineralogist Gilbert Joseph Adam (b. 1795), who first

circulated adamite specimens among scholars. Because of its bright color,

vitreous luster, and interesting habit, it is one of the most sought-after

species for collections.

Adamite crystals are usually elongated and divergent, growing as radial

aggregates from a central point, with only their wedge-shaped terminations

visible at the surface of the cluster. Variations on this habit include spherical

clusters and daisy coatings on matrix. Individual tabular or equidimen-

sional crystals are known, but are very rare. The typical coloration is a

vibrant greenish yellow, but green, pink, violet, and colorless specimens

are not uncommon. The luster is vitreous to oily, and the streak colorless or

very faintly colored. Adamite typically fluoresces lemon-yellow under ultra-

violet light. The typical aggregate habits of adamite are sufficient to distin-

guish it from other species, and its considerable heft is also distinctive.

Probably the best-known source of adamite specimens is Mina Ojuela at

Mapimi, in Durango, Mexico, where beautiful, bright, yellow-green adamite

clusters are found growing on rust-red slabs of limonite. Magnificent speci-

mens of adamite are also recovered from the mines at Tsumeb, Namibia.

Although rarely occurring as outstanding specimens, adamite is found in a

number of deposits in California, Nevada, and Utah. The most important

European sources are Laurium, Greece; and Cap Garonne, Var, France.

Good specimens of adamite are also obtained from Algeria, Australia, Chile,

Germany, and Turkey.

This pyroxene is named for the Norse god of the sfa, Aegir, because speci-

mens were first reported from the coast of Norway. The alternate name

—

acmite—is derived from the Greek acme, meaning "point," and refers to the

characteristic termination of this mineral's columnar, prismatic crystals. The

distinctive sharp termination helps to distinguish aegirine from the other-

wise very similar pyroxene augite. The sodium and iron (Fe^
+

) in aegirine

may be replaced by the calcium, magnesium, and iron (Fe
2+

) characteristic

of augite, creating an intermediate species called aegirine-augite. Such crys-

tals are often zoned, with an outer layer of primarily sodic composition sur-

rounding an augite core. These relationships are best observed in polished

thin-sections under the microscope.

Aegirine forms translucent green, brown, or nearly black crystals that

have a vitreous luster, a pale brown streak, and an imperfect cleavage par-

allel to the prism faces. Crystals commonly occur as rough grains or

fibrous aggregates.

Aegirine is a common constituent of silica-poor, sodium-rich igneous

rocks. The nepheline syenites of

the Kola Peninsula in the Soviet

Union produce very large, well-

formed crystals, as do those at

Mont Saint Hilare, Quebec, and

Narsarssuk Fjord, Greenland.

Excellent specimens are found at

Magnet Cove, Arkansas, and Libby,

Montana, and in the pegmatites

and syenites of Norway, where the

first specimens were described.

Aegirine is also known to crystal-

lize in the sedimentary rocks of the

Green River Formation in the

Colorado Plateau.

aegirine (acmite)

Classification:

inosilicate, pyroxene group

Composition:

NaFe+3
Si

2 6
(sodium iron silicate)

Crystal System:

monoclinic

Hardness:

6-6.5

Specific Gravity:

3.5

This crystal <
,

Arkansas, ill

called acmite



aggregate habits

Because the numerous individual crystals

which comprise this hematite "iron rose" are

structurally related to one another, the

aggregate as a whole retains the hexagonal

symmetry ofthe species.

The serrated edges ofthese arsenopyrile

"cockscomb" aggregates arefanned by the la-

minations ofseveral crystals, which began

growing outwardfrom the same point.

MOST MINERALS ARE USUALLY FOUND AS AGGREGATES OF MANY SIMILAR CRYSTALS

rather than as isolated individuals. This reflects the fact that when the

physical and chemical conditions are right for a mineral to begin crystalliz-

ing, the odds are great that hundreds or thousands of individual crystals

will nucleate at the same time in the immediate area. The characteristic

botryoidal masses of malachite or goethite, for example, begin as tufts or

daises of tiny individual crystals on a matrix. These crystals grow together

gradually in a roughly parallel orientation, with each individual growing

only at its tip and at the same rate as its neighbors. The result is a massive,

smooth-surfaced crystalline aggregate composed of thousands of parallel

fibrous crystals of the same length. When broken, the fibrous texture of

such aggregates becomes evident. Oftentimes, such aggregates are banded
like trees, reflecting the variations in their growth rates or in the chemistry

of the precipitating solutions over the years. There is a plethora of differ-

ent types of aggregate habits, dictated both by the crystal forms of differ-

ent minerals and by the geological environments in which they occur.

The following terms describe the aggregate habits most commonly
encountered.

Arborescent This term refers to a branching growth pattern, resembling the

limbs of a tree, and is typical of the native metals copper, gold, and silver.

Bladed Minerals that form aggregates of thin, lath-shaped crystals are said to

be bladed. Kyanite is a typical example of this formation.

Botryoidal—Globular—Mammillary—Reniform These are descriptive terms for

the slight variations in the external appearance of the fibrous aggregates

mentioned in the first paragraph. Botryoidal comes from the Greek term

botrys, meaning "grape-cluster"; globular from the Latin globus, meaning

"spherical"; mammillary from the Latin mammilla, meaning "breast"; and

reniform from the Latin word for kidney, renes. These habits are sometimes

referred to collectively as colloform, on the belief that they crystallize from

colloidal gels.

Cockscomb This term describes clusters of crystals that are slightly offset and

arranged in semicircular fans. These aggregates form when several crystals

nucleate at nearly the same point, and then grow outward in the same

direction in a "piggy-back" fashion. This habit is common in barite,

columbite, hemimorphite, autunite, torbernite, and especially marcasite.

Dendritic Like arborescent, dendritic means tree-like. However, dendritic

aggregates are more two-dimensional, forming in the close confines of

cracks and fissures where crystals can only spread out on one plane.

Dendritic aggregates of manganese oxides like pyrolusite are particularly

common in many rock types as well as in the variety of chalcedony called

moss agate, which commonly contains delicate filaments of other silicates

as well.

Divergent—Radiating—Stellate These terms describe clusters of crystals that

grow outward from a common point while retaining their euhedral form.

Numerous individuals arranged in a star pattern are referred to as stellate.

Although similar in appearance to some twin habits, the crystals in diver-

gent and stellate groups are not structurally related.

Dmsy A surface covered with a thin layer of small crystals is said to have a

drusy coating.

Fibrous This term refers to crystal aggregates of silicates like asbestiform

serpentine and amphiboles, which are typically formed under metamorphic

conditions. Individual fibers of the asbestos minerals are extremely long,

thin, and flexible, and can even be woven into heat-resistant fabrics.
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Foliated—Lamellar Aggregates that are composed of many thin, flat crystals

are described as foliated, meaning "leaf-like," or lamellar, meaning "platy."

This texture is typical of the phyllosilicates, such as micas and chlorite, and
occurs in graphite, molybdenite, and other species whose atomic structures

are characterized by loosely connected two-dimensional sheets.

Granular This is a very common aggregate habit in which a great many
faceless (anhedral) mineral grains occur together in massive form. The indi-

vidual crystals may range in size from very tiny (fine granular) to relatively

large (coarse granular).

Massive—Compact These very general terms refer to granular mineral aggre-

gates. The term compact specifically denotes a material of low porosity.

Plumose This term refers to aggregates of micaceous or acicular crystals

which have adopted spreading, plume-like shapes.

Reticulated Rutile and cerussite are two of the best examples of this unusual

aggregate habit, in which many slender crystals form open networks of

crisscrossing individuals. Because the individuals are structurally related

(although not strictly twins), the angles between the crystals in such reticu-

lated networks tend to remain constant.

Rosettes Rosettes are aggregates formed by several thin, tabular, overlap-

ping crystals, more or less circular in outline, which grow outward in a spi-

ral fashion much like an actual flower. The so-called iron roses of hematite

are the best-known example of this habit, but rosettes are also seen in

pyrrhotite and a few other species.

StalactitiC Stalactites and stalagmites are pendulous or columnar forms

which grow in the same manner as botryoidal masses, and also have a

fibrous internal structure. The carbonates aragonite, calcite, malachite, and

rhodochrosite commonly form stalactitic aggregates.

Although u<>! twins in the strict sense, these

crystals in this reticulated aggregate of rutile

(variety sagenite)form constant 6Cf angles

with one another.

Allanite has a very complicated and variauu- composition. The calcium and

cerium position is commonly occupied by rare earths such as lanthanum or

yttrium, or by the radioactive element thorium, which renders the crystals

metamict. Allanite is very widespread in small amounts, and is probably a

major source of the radioactive radon gas that emanates from the bedrock

to pose a significant health threat in some regions. Unlike the phosphate

mona/ite, allanite is not found in sufficient concentrations to be a viable

ore mineral, even though it contains rare earth elements of potential inter-

est to industry. Also known as orthite, this species is named for the Scottish

mineralogist who first discovered it, Thomas Allan (b. 1777).

Allanite is a common accessory mineral in silica-rich plutonic rocks,

such as granites, and in gneisses and other metamorphic rocks where it

occurs as shapeless grains surrounded by a distinctive rusty radiation halo.

Euhedral tabular, lath-like, or elongate prismatic crystals are found in peg-

matites and in some contact metamorphic deposits. Although allanite lacks

cleavage, radiation damage makes crystals delicate and notoriously difficult

to remove from their matrix intact. The color is dark brown to pitch black,

but crystals are commonly coated by yellowish-brown alteration products.

Allanite has a very distinctive "pitchy" luster, which ranges from nearly sub-

metallic to resinous and helps to distinguish the species from the rare-earth

oxides and monazite.

The best specimens of allanite have come from complex pegmatites

enriched in rare earths, as at Falun, Sheppsholm, and Ytterbv, Sweden; and

Arendal, Norway. North American sources include Madawaska, Ontario;

allanite

Classification:

sorosilicate, epidote group

Composition:

(Ca,Ce)
2
(Fe+2,Fe+3)(AI

2
0)(Si0

4
)(Si

2 7
)(OH)

(calcium, cerium, iron, aluminum silicate)

Crystal System:

monoclinic

Hardness:

5.5-6

Specific Gravity:

3.5-4.2



Thispegmatite in Situ Diego County,

< 'alifomia (now the site ofa housing develop-

ment), contains tons ofradioactive allanite,

seen here as black metamict crystals en< /esc./

in quartz andfeldspar.

Beringer Hill, Texas;

Amelia Court House,

Virginia; and numerous

locations in New York,

New Jersey, California,

Arizona, Colorado, and

other states. Other

notable occurrences

include Miask in the

Ural Mountains,

Greenland, and

Madagascar.

amber

Classification:

organic

Composition:

fossilized organic resin containing variable

proportions of carbon, hydrogen,

and oxygen

Amorphous

Hardness:

1-3

Specific Gravity:

1.05-1.10

Amber is the fossilized resin of ancient trees, which forms through the nat-

ural polymerization of the original organic compounds. The composition,

color, and physical properties of amber vary according to its age, the condi-

tions of its burial, and the type of tree that produced the resin. Scientists

can determine the genus of the amber-producing tree by studying its com-
position: Alaskan amber, for instance, is derived from ancient swamp
cypress, and Caribbean amber from an acacia-like tree. Amber often

encloses perfect fossil casts of leaves, insects, spiders, and other small

organisms that were trapped in the resin when it was fresh and sticky. The
remains of small animals such as lizards and tree frogs have also been

found. Since fossils of such delicate creatures preserved in amber are rarely

found elsewhere, amber is a particularly important source of information

about life in past ages. Although amber has been found in rocks of

Carboniferous to Pleistocene age, most occurs in sediments of Cretaceous

and early Tertiary age. The Romans called amber succinus, but the modern
name comes from the Arabic word anber, meaning ambergris. Ambergris is

waxy substance which is formed in the intestines of sperm whales and

used to make perfumes. Ambergris and amber are unrelated except that

both wash up on beaches and are a prize for beachcombers.

The very low specific gravity of amber allows it to float in sea water.

For this reason, amber that is liberated from coastal sediments by wave
action is commonly found on nearby beaches. (Buoyancy is thus a good
test for genuine amber, as most imitations will sink in salt water. ) Amber
has been collected from the shores of the Baltic Sea for thousands of years.

It is found as beads, amulets, and carvings in archaeological sites through-

out northern Europe, and was traded as far afield as Asia and the

Mediterranean. The pebbles of amber that washed up on the cold shores of

the North Sea must have seemed miraculous indeed to the ancients—a dis-

tillation of the summer sun itself.

Amber is warm to the touch and readily develops static electricity when
aibbed, attracting cloth, hair, or fur. The Greeks called amber electron, and

it is from this word that the term electricity is derived. Not surprisingly,

amber was accorded supernatural powers from earliest times. During the

Middle Ages, it even came to be regarded as a cure-all, and concoctions of

powdered amber and honey were prescribed for such diverse medical

complaints as asthma, gout, and the black plague. Amber pendants were

thought to preserve chastity, and were regarded as talismans against the

forces of darkness and evil—a tradition which survives in the use of amber

for rosary beads. Like the non-fossil tree resins frankincense, myrrh, and

copal, amber was used as a fumigant to propitiate the gods or to dispel evil

spirits as well as such worldly nuisances such as mosquitos. Ancient seafar-

ers even burned amber on their boats, in the belief that it would drive

away sea serpents and other perils of the deep.

14



Luminous pieces ofambersuch us these have
been collectedfrom the shares ofthe North Sea

for thousands of nuns

The color of amber ranges from colorless through pale yellow, orange,

reel, and dark brown; whitish, greenish, and bluish variants are also known.
Orange, yellow, and brown are the most common colors; other colors are

usually caused by the dispersion of light by inclusions or air bubbles.

Amber has a resinous luster and is classified according to its translucency.

Cloudy or "bastard' amber is opaque; "tatty" amber is translucent; and clear

amber is transparent. Clear, well-colored amber is most valuable, particu-

larly if it contains insec t fossils. Color variations often reflect the point of

origin: Sicilian amber is often dark red or orange. Eastern European amber
is brownish yellow, and Burmese amber (usually called Chinese amber) is

red or dark brown in color and often heavily crazed (covered with shallow

fra< lures). In the Dominican Republic and a lew other places, amber is

mined from sedimentary deposits, where it has been concentrated in

organic-rich beds with lignite coal.

Copal and other tropical tree resins are commonly substituted for

amber. The large "amber" beads seen in much ethnic jewelry are actually

made from recent tree resins. "Amberoid" is a reconstructed amber, pro-

duced by melting small pieces of amber under pressure; both copal and
amberoid are usually opaque. Plastics are widely used to simulate amber as

well. The best test for distinguishing amber from plastic is to apply a red-

hot needle point to an inconspicuous area of the suspect piece; plastics will

emit an acrid, unpleasant odor, while amber and other natural resins will

give off a sweet smell. Due to the debunking of amber as a medicine, its

relative abundance, and the even greater abundance of cheap imitations,

amber is one of the few gems which is both less fashionable and less valu-

able than it was in times past.

TllIS INTERESTING PHOSPHATE IS A COMMON ACCESSORY IN LITHIUM-AND PHOSPHATE-

enriched complex pegmatites, but is often overlooked because of its super-

ficial resemblance to the more common surrounding silicate minerals.

Amblygonite is a minor ore of lithium, the lightest of the metals. Lithium is

used in innumerable specialized alloys and compounds, including lubri-

cants that can endure extreme temperature variations, and a daig that con-

trols manic depression (see Lepidolite). When the concentration of hydroxyl

(OH) exceeds that of fluorine, the mineral is technically known as montebr-

asite; many specimens labeled amblygonite are actually montebrasite. The

name montebrasite is derived from a source in France, and the name
amblygonite from the Greek phrase meaning "blunt angle," a reference to

the shallow angle formed by its two best cleavages.

Amblygonite has four cleavages altogether, and is brittle with a con-

choidal to uneven fracture. It is usually found as cleavable anhedral masses

(sometimes of enormous size) or as rough equant crystals in matrix. Very

rarely, well-formed short prismatic crystals with lustrous faces are recovered

amblygonite

Classification:

phosphate

Composition:

(Li.NaJAIPCyF.OH)

(hydrous lithium aluminum phosphate)

Crystal System:

triclinic

Hardness:

5.5-6

Specific Gravity:

3.08
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A euhedral crystal ofamblygonitefrom Divino

de Larangeiras, Minas Gerais, Brazil, display-

ing internal reflectionsfrom parallel cleavage

planes.

from pegmatite cavities. Amblygonite is

either white or a light shade of yellow,

green, pink, or blue, with a white

streak. Crystals are commonly translu-

cent with a vitreous luster. White

amblygonite can be mistaken for quartz

or feldspar, but it is softer and much
denser. The rare phosphates beryllonite

and brazilianite also resemble amblygo-

nite and may be associated with it in

pegmatites.

Among the species typically associ-

ated with amblygonite in pegmatite

dikes are apatite, lepidolite, spo-

dumene, and colored tourmaline.

Euhedral crystals are found at many
locations in Maine; and enormous
masses of amblygonite weighing up to

200 tons have been mined from the

pegmatites of the Black Hills of South Dakota. Other important North

American occurrences include Pala, California, Taos County, New Mexico,

and Yavapai County, Arizona. Transparent yellow amblygonite crystals,

which yield attractive gemstones, are mined in Burma and at numerous
locations in the Brazilian state of Minas Gerais. Good specimens have also

come from Montebras, France, and from sources in Germany,

Czechoslovakia, and Sweden.
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Thk amphiboles constitute one of the most important and widespread groups

of rock-forming minerals. The group name comes from the Greek anipbi-

bolos, meaning "ambiguous," in reference to the difficulty of distinguishing

the many varieties represented in this group. This ambiguity is exacerbated

by the extensive solid solution which exists between species. They are

closely related in crystal form and composition, with the following general

formula:

W .1
X

2.3
Y

5
Z
8
O

22
(OH,F)

2

in which: W = K, Na
X = Mg+2

, Mn+2
, Fe

+2
, Ca

+2
, Na +2

, Li
+

Y = Mg+2
, Mn+2

, Fe
+2

, Fe
+3

, AT3
, Ti

+ '

Z = Si
+
-\ AT3

The amphibole structure is characterized by cross-linked double chains

of Si
4
On groups, which are oriented parallel to the central crystal axis. This

structure is outwardly expressed by columnar or fibrous crystal forms.

Although most amphiboles crystallize in the monoclinic system, some have

orthorhombic symmetry.

The amphiboles are analogous in chemical composition to the pyrox-

enes, differing in that they contain hydroxyl (OH). They commonly form

through the alteration of the primary pyroxenes in igneous rocks during

metamorphism, and some species are found only in metamorphic rocks.

Conversely, amphiboles can also alter to pyroxenes through dehydration

at high temperatures. The generally dark glassy crystals of the two groups

can easily be confused, except for their characteristic cleavage patterns.

Both display good prismatic cleavage in two directions, but amphibole

cleavages intersect at approximately SO" and 124° angles, whereas pyrox-

ene cleavages intersect at nearly 90° angles, producing distinctive blocky
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fragments. This angular difference results from the fact that the structural

chains in the amphiboles are twice as wide as those in the pyroxenes.

As an abundant and widely distributed constituent in igneous and meta-

morphic rocks, the amphiboles are of great interest to geologists. The most

commonly encountered amphibole outside of scientific circles is nephrite

jade, the massive variety of actinolite and tremolite. Some species have

fibrous varieties, which as a form of asbestos have been used in thermal

insulation.

Analcime is weakly pyroelectric, bkcoming slightly charged with electricity

when heated or nibbed. For this reason, its name is derived from the Greek
phrase an alkimos, meaning "not strong." The name could just as easily be

a reference to its physical strength, for analcime, though it has no cleavage,

is extremely brittle and disintegrates into subconchoidal fragments if han-

dled roughly. Although usually classified among the zeolites, analcime is

chemically and structurally related to the feldspathoids.

Crystals are trapezohedrons or cubes modified by trapezohedral faces,

and granular aggregates are common. Analcime is transparent to translu-

cent, and may be colorless, white, pink, or yellow with a vitreous luster

and a colorless streak. Some analcime crystals are colored red by hematite

inclusions. Although its crystals resemble those of leucite and garnet, crys-

tals of the former are commonly embedded in matrix and neither are likely

to be found in the same geological environment as analcime.

Analcime occurs primarily with the zeolite minerals and calcite in basalt

cavities, although it does occur as a primary mineral in some sodium-rich

basalts and in nepheline syenites. Fine crystals come from Table Mountain

near Golden, Colorado, the Keweenaw Peninsula of Michigan, and the

basalt cavities of northern New Jersey. Large transparent crystals have long

been found on the Cyclopean Islands near Sicily, and in the Italian Alps.

Other sources of exceptional specimens include Faskrudsfjord, Iceland;

Aussig, Czechoslovakia; Flinders Island, Tasmania; Kerguelen Island in the

Indian Ocean; and Cape Blomidon, Nova Scotia.

Trapezohedrons of

analcimefrom Tabular

Mountain. County Antrim,

Ireland.

analcime

Classification:

tectosilicate, feldspathoid

Composition:

NaAISi
2 6

«H
2

(hydrated sodium aluminum silicate)

Crystal System:

isometric

Hardness:

5-5.5

Specific Gravity:

2.27
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This elongatedpseudo-octahedral crystal of

anataseon quartzfrom Bourg d'Oisans, Isere,

France, mimics an isometric crystalform, but

actually shows only tetragonal symmetry.

anatase

Classification:

oxide

Composition:

Ti0
2
(titanium oxide)

Crystal System:

tetragonal

Hardness:

5.5-6

Specific Gravity:

3.82-3.97

The name anatase is derived from the Greek word anatasis—"extension"—
because its sharp, dipyramidal crystals are steeper, or "extend beyond,"

those of true octahedra. Because of these pseudo-octahedral crystals,

anatase was once known as octahedrite. Along with aitile and brookite,

anatase is one of three polymorphs of TiO,. The stability range of these

polymorphs is not fully understood, but it is apparent that the structure of

rutile is the most stable, since it occurs far more commonly than either

anatase or brookite and in a variety of geological environments.

Anatase crystals are usually transparent to opaque and may be brownish,

deep blue, or black; however, green, yellow, lavender, and dark-red speci-

mens are also encountered. The luster is strongly adamantine to submetallic,

and the streak colorless to yellow. Anatase is very brittle, with two perfect

cleavages and a subconchoidal fracture. Transparent crystals from the placer

deposits of Brazil and South Africa have been fashioned into gems.

Anatase is an uncommon accessory mineral in many types of igneous

and metamorphic rocks, and in placer deposits derived from them.

However, the finest specimens of anatase occur in fissures in gneiss or

schist, in association with quartz, titanite, and adularia, as in the Swiss,

Austrian, and Italian Alps. Fine specimens also occur near Dauphine,

France, and in Norway. Anatase is found in weathered quartz diorites in the

California Coast Ranges, and as excellent blue crystals lining fissures in

diorite at Gunnison, Colorado.

andalusite

Classification:

nesosilicate

Composition:

AI
2
Si0

5
(aluminum silicate)

Crystal System:

orthorhombic

Hardness:

6.5-7.5

Specific Gravity:

3.13-3.16

Along with kyanite and sillimanite, andalusite is one of the three poly-

morphs of Al ,SiO
s

, all of which occur primarily in aluminum- and silica-rich

metamorphic rocks, such as schists. Which of these three minerals will form

in a particular environment depends upon the ambient pressure and tem-

perature at the time of crystallization; changes in the physical environment

can cause one of the three polymorphs to alter into another. Generally

speaking, andalusite forms at lower pressures than kyanite, and at lower

temperatures than sillimanite. Andalusite is a very important source of alu-

minum silicate for porcelain refractory products such as sparkplugs, which

must endure very high temperatures.

Andalusite normally forms simple, stubby prismatic crystals with flat ter-

minations and square cross sections. The faces of such crystals are typically

dull, often altering into fine-grained muscovite mica. Well-developed cleav-

ages parallel the prism faces. The typical coloration is dull red, olive drab, or

brown, with a white streak. Andalusite formed in pegmatites is commonly

pink, due to the substitution of manganese and iron in the place of alu-
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.1 superficial alteration < omposed ofafine
grained mu a < overs these andalusite < rystals

minum, and could be contused with opaque rubellite tourmaline but for the

lack of cleavage in the latter. An interesting variety called chiastolite (from

the Greek cbiastos, or "X-marked") forms tapering crystals with a distinct

cross pattern evident in cross section, due to the selective inclusion of dark

carbonaceous impurities during their growth. These crystals were prized as

amulets by early Christians, as were the cross-shaped twins of the related

species staurolite. The gem gravels of Brazil and Sri Lanka have produced

some remarkable transparent crystals, which have revealed another interest-

ing property of this mineral—transparent andalusite displays intense

pleochroism. Properly cut stones will appear yellowish green when viewed

perpendicular to the prism face, but distinctly reddish when viewed end-on.

As noted, andalusite is characteristic of aluminum-rich regional meta-

morphic rocks, particularly schists, where it is typically associated with

cordierite; it is also an uncommon constituent of granites and granitic peg-

matites. Andalusite is a widespread and common mineral, but good speci-

mens are unusual and much sought after. It has been mined at the

Champion Sparkplug Mine in the White Mountains of California, in the

Black Hills of

South Dakota, in

Standish, Maine,

and elsewhere in

the United States.

The variety chias-

tolite is found in

Massachusetts,

California, and

Bimbowrie, South

Australia, among
other places.

Andalusite is

named for the

Spanish occurrence

in the province of

Andalucia. Another

Spanish occurrence

is in the cathedral

town of Santiago

de Campostela, a

destination for

Christian pilgrims.

This graph indicates the experimentally deter-

mined ranges ofpressure and temperature in

which each ofthe three polymorphs ofAl.O-

u ill lie stable i)i a particular metamorphic

rock. The presence ofsillimanite in a schist, for

instance, implies that the rock has been heated

to at least 50CPC, while the presence of

andalusite crystals sugi>ests the strain exerted

on the rock was less than 5000 times atmo-

spheric pressure When two ofthepolymorphs

are present, the rock must hareformed under

the conditions represented by the boundary

lines between these stabilityfields
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anglesite

Classification:

sulfate

Composition:

PbS04
(lead sulfate)

Crystal System:

orthorhombic

Hardness:

2.5-3

Specific Gravity:

6.38

The first specimens of this mineral to be described were found in Pary's

Mine on the Welsh Isle of Anglesey, from which the name is taken. A typi-

cal secondary mineral of the oxidized portions of lead-zinc sulfide veins,

anglesite forms at the expense of the primary lead sulfide galena. When
found in sufficient concentrations, anglesite and other secondary lead min-

erals, such as cerussite and pyromorphite, may be exploited for their lead

content.

Anglesite crystals display a wide variety of habits, from equant to slen-

der and prismatic, and may be elongated in any crystallographic direction.

The faces on anglesite crystals may display a bewildering variety of forms,

are often curved, and are usually striated. Sharp single crystals and crystal

groups are common, as are granular aggregates, stalactitic formations, and
alteration crusts surrounding galena. Anglesite is transparent to translucent

and usually colorless or white, but may also be pale gray, yellow, green, or

blue; it often fluoresces yellow under ultraviolet light. The luster is adaman-

tine to vitreous, and the streak colorless. Anglesite resembles both barite

and celestite, but differs in its occurrence and striking adamantine luster.

Unlike cemssite, anglesite crystals are untwinned.

Anglesite is found in association with other secondary lead minerals like

cerussite, mimetite, pyromorphite, and wulfenite. Although the oxidized

upper levels of most major lead deposits are mined out, good specimens

are still produced from a number of sources. Extraordinary crystals as long

as 12 cm were once found at the Wheatly Mines of Chester County,

Pennsylvania. The Coeur d'Alene District in Idaho has also produced

exceptional material, as have the Tintic and Park City districts in Utah and

many other locations throughout the western United States. Excellent crys-

tals are found in association with sulfur at Los Lamentos, Chihuahua,

Mexico. The Isle of Anglesey still produces fine specimens, as does the

Derbyshire region of England, and Leadhills and Wanlockhead, Scotland.

Wonderful crystals are found at Sidi-Amorben-Salem, Tunisia; Mibladen,

Morocco; and Tsumeb, Namibia. Other notable sources include Broken

Hill, New South Wales, Australia; Dundas, Tasmania; and New Zealand,

Brazil, Germany, Zaire, and Zambia.

Thisfine prismatic anglesite crystal from the

Linares District in Spain displays the bright

luster characteristic oflead-bearing minerals.
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Anhydrite is one of the most important species in evaporite deposits, along

with gypsum, halite, and sylvite. Its name is derived from the Greek phrase

an hydros, meaning "without water,' a reference to the lack of water in its

crystal structure, when compared with the much more abundant calcium

sulfate gypsum. Gypsum often loses its structural water as it is buried by

other deposits, altering to anhydrite and losing nearly 40% of its volume in

the process. Although primary anhydrite can precipitate from extremely

concentrated brines, most ancient calcium sulfate evaporites are composed
of such secondary anhydrite. When anhydrite is exposed to circulating

groundwater, it may change back into gypsum. The resulting increase in

volume produces contorted bedding called enterolithic folds, after their

resemblance to convoluted intestines. Anhydrite is sometimes used as a soil

conditioner, a source of sulfur for the production of sulfuric acid, and is

added to cement to slow the drying process.

Anhydrite is usually seen in massive form, often as nodules or thinly

laminated beds. Crystals are usually equant, thick tabular or blunt prismatic,

and are quite rare. More common are coarsely crystalline, transparent to

translucent cleavable masses. These may be colorless, white, gray, bluish,

reddish, brown, or pale violet (depending upon the nature of included

impurities), with a grayish-white streak. Anhydrite has three good cleavages

which intersect at nearly right angles to produce blocky fragments with

pearly luster. This cleavage helps to distinguish anhydrite from calcite,

which has a rhombohedral cleavage; gypsum is softer.

In addition to its extensive occurrence in evaporite deposits, anhydrite is

also found in hydrothermal veins, basalt cavities, and in minor amounts in

other environments. Fine crystals are sometimes found in massive bedded

deposits such as those in New Mexico, Texas, Nova Scotia, Poland, and

Germany. Good specimens are found in the Homestake gold mine in South

Dakota, at the Faraday uranium mine in Bancroft, Ontario, and in an apatite

deposit at North Burgess, Ontario. Attractive violet cleavages are found in

the New Cornelia pit, Ajo, Arizona; similar material comes from the St.

Gotthard region of Switzerland. Sometimes anhydrite occurs with zeolite

minerals in basalt cavities, as in northern New Jersey and Massachusetts.

anhydrite

Classification:

sulfate

Composition:

CaS0
4
(calcium sulfate)

Crystal System:

orthorhombic

Hardness:

3.5

Specific Gravity:

2.98

A fibrous mass ofanhydrite crystals, collected

from the Simplon Tunnel in the Alps between

Italy and Switzerland.

Archbishop Mitty High School Library
San Jose, California
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antimony

Classification:

native element

Composition:

Sb (antimony)

Crystal System:

hexagonal

Hardness:

3-3.5

Specific Gravity:

6.7

Massive native antimony from Arechuybo,

Chihuahua, Mexico.

Elemental antimony is overshadowed by its sulfide submit., which is far

more common and the primary source of antimony for industry. Antimony

is used for various specialized alloys, such as pewter and alloys used for

type metal (for movable print). Because it expands on cooling, rather than

contracting and pulling away from its mold, antimony alloys make tme
castings. In antiquity, antimony, bismuth, and tin were categorized as vari-

eties of lead, which is why Pliny warns in his Natural History thai stibnite

should not be "roasted too much, lest it turn into lead." Many Middle

Eastern and Central Asian women still use a mixture of powdered antimony

and soot called kohl as an eye shadow. The name antimony comes from

the Arabic name for stibnite, al-atbmud.

Antimony rarely forms pseudocubic or tabular crystals; granular or

lamellar cleavable masses are more common. It is a brilliant tin-white color,

with a brightly reflective metallic luster and a gray streak. Antimony is often

coated with a pale-yellow rind of the alteration product valentinite (Sb20^).

Antimony is difficult to distinguish from allemontite (AsSb) and arsenic

without chemical tests.

Antimony is typically found in hydrothermal veins with allemontite,

arsenic, stibnite, and other sulfides, particularly of silver. The crystallization

of the sulfide is so favored in most environments that antimony is rarely

found in significant concentrations; even so, masses weighing nearly 150 kg
have been recovered from mines in Kern County, California. Excellent

specimens are found in Sarawak Province, Borneo; at Nuevo Tepache,

Sonora, and Arechuybo,

Chihuahua, Mexico; Huasco,

Chile; and Los Animos,

Bolivia. European localities

include Sala, Sweden;

Andreasberg, Germany;

Coimbra, Portugal; Val

Cavargna, Italy; and other

locations in Bulgaria,

Czechoslovakia, England,

France, and Sardinia.

Antimony is also found in the

Ilimaussaq intrusion,

Greenland, and at several

locations in Australia.

antlerite and brochantite

Classification:

sulfates

Composition:

antlerite: Cu
3
S04

(OH)
4

brochantite: Cu 4S04
(OH)

6

(hydrous copper sulfates)

Crystal Systems:

antlerite: orthorhombic

brochantite: monoclinic

Hardness:

3.5-4

Specific Gravity:

3.9

Antlerite and brochantite are closely allied copper minerals which occur in

the oxidation zones of copper deposits in arid regions. They are so similar

in composition and physical properties that it is nearly impossible to distin-

guish between them. Although less common than many other secondary

copper minerals, both are abundant enough in some copper deposits (such

as Chuquicamata, Chile) to be mined as a copper ores. Both form small,

equant, stout prismatic or tabular crystals, but usually occur as druses or

masses of fibrous acicular crystals. Both are emerald-green to very dark

green, transparent to translucent, and have a vitreous luster and a pale green

streak. Antlerite and brochantite can easily be confused with the copper car-

bonate malachite, but unlike malachite they do not effervesce in hydrochlo-

ric acid. Brochantite is named for the French mineralogist A.T.M. Brochant

de \ illicrs, and antlerite for its occurrence at the Antler Mine in Arizona.

Both antlerite and brochantite are found in many of the copper deposits

of the western United States, although the upper, oxidized portions ol

many deposits have been exhausted by mining. Classic sources include the

Seven Devils and Alder Creek Districts, Idaho; the mines at Tiger and
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Bisbee in Arizona; the Darwin District in California; the Tintic District in

Utah; the Blanchard Mine in New Mexico; the Monarch Mine in Colorado;

Black Mountain, Nevada; and Kennecott, Alaska. Other significant sources

include Coahuila, Mexico; Ain Barbar, Algeria; Tsumeb, Namibia; Soviet

Kazakhstan; and the previously mentioned deposit in northern Chile.

European localities include Sardinia; Rezbanya, Romania; Piesky,

Czechoslovakia; Austria's Kauris Valley; and the Black Forest of Germany.

Top: A druse oftiny bro* bantitet rystals whit b

grew in an openfissure at Fowey Consols,

Tywardreath, Cornwall. Bottom Antlerite,

Chuquicamata, Calama, Intofagasta, Chile.

rarafw&m



apatitegroup

Classification:

phosphate

Composition:

Ca
5
(P0

4 ) 3
(F,CI,OH) (calcium phosphates

with fluorine, chlorine, or hydroxyl)

Crystal System:

hexagonal

Hardness:

5

Specific Gravity:

3.1-3.2

Top: Violet apatite crystalsfrom the Pulsifer

Quarry, Auburn, Maine—widely considered

the world'sfinest source ofapatite crystals.

Bottom: Hexagonal, tabular apatite crystal

from the tungsten mines ofPanasquiera,

Serra da Estrella, Portugal.

Apatite is the most abundant and important oe the phosphate minerals. Tin

name actually refers to a group of calcium phosphates, in which fluorine,

chlorine, and hydroxyl may also act as anions, and carbonate may substi-

tute for the phosphate ion. Although this group is divided into several

species on the basis of composition, fluorapatite is by far the most com-

monly encountered as well-crystallized mineral specimens. Apatite takes its

name from the Greek word for deception, apatos, because its broad range

of colors and crystal shapes creates confusion with other species.

Apatite crystals adopt an amazing array of forms, from delicate acicular

shapes to individual tabular crystals weighing hundreds of pounds. Crystals

are commonly hexagonal prisms, which may be terminated by flat basal

planes, dipyramids, or an elaborate combination of forms. Apatite also

occurs as nodular aggregates, granular masses, or botryoidal crusts.

Although usually some shade of green or brown, virtually every color is

represented in this species, including vibrant canary-yellow, green, indigo

blue, violet, and deep purple. The streak is white, and the luster distinctly

resinous, verging on oily. Apatite is a very brittle mineral, with a conchoidal

fracture and two rather indistinct cleavages. It can usually be distinguished

from its many look-a-likes on the basis of hardness. While apatite is hard

relative to similar-appearing carbonates, it is softer than most silicate miner-

als and can be scratched by a knife-blade.

Although apatite is prized by mineral collectors for its beautiful crystals

and rich variety of colors, its primary importance lies in being the main

repository of phosphorous—one of the basic building blocks of life. The
weathering of rocks containing apatite liberates phosphorous into the bio-

sphere, where it is taken up by organisms at the base of the food chain,

both in the oceans and on land. Phosphorous is a vital component of all

kinds of plant and animal tissues, and innumerable organic compounds
such as adenosine triphosphate, the basic source of metabolic energy. In

higher organisms, apatite forms the hard parts of bones, teeth, and scales.

The remains of these organisms may accumulate in sedimentary basins,

where they are even further enriched in phosphorous by bacterial, physi-

cal, and chemical processes. Sedimentary phosphate deposits formed in this

manner are known as phosphorites, and contain fossils of marine mammal
and fish bones, shells, fecal pellets, and other debris preserved as calcium

fluorapatite. These fossils are often surrounded or replaced by cryptocrys-

talline apatite, or collophane. Other phosphorites are formed directly on

land from the excrement of seabirds, or guano. Such deposits can accumu-

late to great thickness, providing an extremely lucrative, if somewhat

piquant, export for the residents of the remote islands and coastlines where

they occur.

Phosphorites are mined for use in agriculture, since phosphorous is

vital to the growth of crops and must be constantly replenished. Millions of

tons are extracted each year from extensive deposits in Florida, France,

Spain, and especially in the Saharan countries of Algeria, Tunisia, Morocco,

and Egypt. An enormous phosphorite deposit called the Phosphoria

Formation, which formed in a shallow sea during the Permian period,

underlies thousands of square kilometers in the Rocky Mountain states.

Apatite is used in smaller amounts in the chemical industry in a variety of

vital applications, from phosphoric acid to the elemental phosphorus from

which matches and flares are made.

Apatite is present as microscopic crystals in most igneous rocks, usually

in very small quantities. The exceptions to this mle are unusual formations

known as carbonatites—igneous intrusions enriched in a variety of rare

minerals which commonly contain mineable concentrations of apatite. Such

deposits are mined at Alno, Sweden, and Palabora, South Africa. Another

kind of magmatic apatite deposit on the Kola Peninsula provides the Soviet

Union with most of its phosphate fertilizer. Unusually rich wins of apatite

in gabbric rocks are exploited along the southern coast of Norway. Apatite

crystals enclosed in marble arc- found in the province of Ontario, Canada;
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some of these crystals weigh over 200 kg, but are rarely mined for their

phosphorous content.

The pegmatites of Brazil and California produce attractive specimens, as

do the crystal-lined clefts of the Alps. Perhaps the most striking apatite

specimens are the deep-purple crystals from the pegmatites of Mount
Apatite, near Auburn, Maine. Apatite frequently occurs as an accessory min-
eral in various hydrothermal deposits. Large, lustrous green and violet crys-

tals are found in the tungsten mines Panasqueira, Portugal, and large, com
plex crystals at Potosi, Catavi, and in the tin mines of I.lallagua, Bolivia.

Commonly seen, but nonetheless remarkable, are the beautifully formed
golden-yellow crystals found in the vast open-pit iron mine at Cerro de
Mercado, Durango, Mexico. Apatite is found as transparent blue crystals of

gem quality in the gem gravels of Mogok, Burma; despite their softness,

these are cut into gemstones which display marked pleochroism. The min-

eral has been synthesized for use in special types of lasers, but there is no
danger of encountering artificial apatite gemstones.

M
e M M

The namk apophyllite was coined from thk Greek words for "off" and "leaf,"

due to the fact that flakes separate from specimens as they are heated. This

exfoliation is due to the loss of water, which is held loosely in the mineral's

structure through hydrogen bonding, rather than as integral hydroxyl (OH)
ions. Apophyllite differs from all other sheet silicates in that its layers of sil-

ica tetrahedra are composed of both four- and eight-fold rings, bound
together by ions of calcium, potassium, or fluorine. Apophyllite is actually a

group name encompassing the three species fluorapophyllite, hydroxy-

lapophyllite, and natroapophyllite, of which the first variety is by far the

most common.
Apophyllite commonly forms fine crystals which may be colorless,

white, yellowish, pink, brown, or bluish green, with a strong vitreous to

pearly luster. These crystals are usually "pseudocubic," meaning that they

form nearly perfect cubes. This resemblance to isometric species can hinder

identification. However, apophyllite crystals have striated sides and smooth,

lustrous ends, whereas isometric crystals have similar faces all around.

Apophyllite is brittle, with an uneven fracture and one perfect cleavage.

Apophyllite usually occurs with the zeolite minerals in cavities formed by

gas bubbles in basaltic rocks, and is likely to be found wherever ancient

basalt flows are quarried. In North America, good specimens have been

found in the basalts of Oregon, northern New Jersey, and Virginia. The

region around Poona, India, which lies within the enormous basalt field

known as the Deccan Traps, has in the past produced wonderful greenish

apophyllite crystals as large as 15 cm on a side. Fine specimens are now
being produced from

the basalts of Rio

Grande do Sul in south-

ern Brazil. Apophyllite

sometimes occurs in

cavities in granite or

gneiss, and has been

found in sulfide veins as

well. Large drusy coat-

ings of pink or white

crystals have been taken

from the silver mines of

Guanajuato, Mexico,

and the copper mines

of Michigan have also

produced fine specimen.

apophyllite

Classification:

phyllosilicate

Composition:

KCa
4
Si

8O20(F,OH)-8H 2
O

(hydrated potassium calcium silicate)

Crystal System:

tetragonal

Hardness:

4-5

Specific Gravity:

2.3-2.4

A layer silicate like !hc micas. apOphylliU

fine crystals like \efrom Poona

basalt cavities with zeolite mi
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aragonite

Classification:

carbonate

Composition:

CaC0
3

Crystal System:

orthorhombic

Hardness:

3.5-4

Specific Gravity:

2.95

Left: Tinyt rystals of aragonite often prei ipitate

in a in in shallow waters toform sand sized

spherical aggregates called oolites Along with

mitefragmentsfrom < ah areous algae

and othet marine organisms, oolites colled to

!•<! in broad i arbonale shoals such as these off

the i oast "I Beli {merit a

Right: The common aragonite church

steeple" habit is exemplified h) (hi •< < rystals

from B Bui kfastleigh, Devon,

i

|

and.

Aragonite is named for the Spanish province of Aragon, where well-formed

twins of aragonite are still recovered from sediments around Molina de

Aragon. Aragonite forms orthorhombic crystals and, along with the hexago-

nal form calcite, is one of the polymorphs of calcium carbonate. As in cal-

cite, aragonite is composed of stacked horizontal layers of triangular carbon-

ate ions. In calcite, these layers are in parallel alignment, but aragonite

contains alternating layers in which the carbonate ions point in opposing

directions. This structure is stable only at higher pressures than normally

prevail at the earth's surface, such as in metamorphic rocks. Aragonite tends

to alter gradually to calcite over time, and may alter instantly when heated.

However, aragonite does readily form as a product of biological activity,

or in special environments where the chemistry and temperature of the

ground water favors its development over that of calcite. Many of the

marine organisms whose shells and skeletons are formed from calcium car-

bonate precipitate aragonite for this purpose. The iridescent nacre and

pearls which form in many mollusc shells is aragonite, as is the framework

of the widespread and important calcareous algae. In the shallow reaches

of the Caribbean Sea, the Great Salt Lake and other warm bodies of water,

aragonite may be precipitated as tiny pellets called oolites, which accumu-

late in vast sedimentary deposits. Aragonite also comprises a large part of

the sinter deposits which form around springs, especially hot springs. The
banded ornamental stone known as travertine or Mexican onyx, which is

used for carving architectural details and art objects, is largely composed of

aragonite. Aragonite grows in caves as stalactites and stalagmites, and in

iron mines as coral-like growths called flosferri, meaning "flowers of iron."

Aragonite crystals usually adopt elongated prismatic or acicular habits,

but may be tabular as well. This species readily forms cyclic twins com-

posed of three members, which together resemble a single hexagonal crys-

tal. These twins can be recognized by the presence of prominent sutures in

the center of each crystal face (reentrant angles), and opposing striations on

the basal faces. Aragonite Is transparent to translucent with a glassy luster;

colors range from colorless to white, yellow, blue, green, or pink.

Aragonite is rarer than calcite, heavier, and harder; it also lacks the perfect

rhombohedral cleavage of its polymorph. Both display strong double

refraction, however.

Well-formed crystals of aragonite are not abundant, but are sometimes

recovered from the upper levels of sulfide deposits, and in cavities in vol-

canic rocks. In addition to the classic locality in Spain, fine aragonite twins

are found in the Sicilian

sulfur deposits and in

locations in France,

Austria. Poland.

Czechoslovakia, and

Hungary. Tabular arago-

nite crystals and attrac-

tive acicular sprays of

tapering "church

steeple" crystals have

been recovered from the

mines of Leadhills,

Scotland, as well as

Alston Moor. Cleator

Moor, and elsewhere in

Cumberland, England.

Fine twins are found at

Lake Arthur, New
Mexico, and flosferri in

the ( )rgan Mountains of

\rw Mexico and at

Bisbee, Arizona.
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ARGENTIT1 VND \< Wllllll \RE POLYMORPHOUS SULFIDES CONTAINING NEARLY 87%
silver, of which they arc among the most important ores. Ironically, they

are also the only minerals with an entire industry devoted to their elimina-

tion—silver sulfide is the tarnish on silver, the bane of housekeepers the

world over. Argentite is only stable at temperatures over L79°C, and is

replaced pseudomorphically by acanthite at lower temperatures. For this

reason, specimens of silver sulfide are always acanthite, although they may
display the external crystal form of, and be labeled as argentite. The name
argentite comes from the Latin word for silver, argentum, and acanthite

from the Creek word for thorn, akantha—an allusion to its sometimes

spiky crystal habit.

Crystals displaying the form of argentite may be cubic, octahedral, or

dodecahedral in form, and frequently exhibit penetration twinning.

Malformed or skeletal crystals, subhedra] aggregates and encrustations arc-

common. Crystals that formed at low temperature as acanthite are prismatic

in habit. Both of these soft sulfides are malleable and sectile, and display

poor cleavage. Their color is leaden gray with a bright metallic luster, but

fresh surfaces tend to blacken eventually; the streak is metallic black. In

cubic form, argentite-acanthite could be confused with galena, but lacks its

excellent cleavage. Arborescent growths may resemble native silver, but can

be distinguished by the rapid blackening of fresh surfaces.

Acanthite and argentite form a part of the so-called supergene enrich-

ment on the top of silver-rich hydrothermal veins, in association with

chlorargyrite, native silver, polybasite, stephanite, proustite, and pyrar-

gyrite, among other species. In most parts of the world, these shallow

deposits have long been mined-out. The famous Comstock Lode in

Virginia City, Nevada, was one such deposit, as were the original silver

mines of Guanajuato and Zacatecas, Mexico, although the latter areas still

produce excellent specimens from their present workings. Good speci-

mens are also found in Chanarcillo, Chile, and in Bolivia, Peru, and

Honduras. Acanthite and argentite are also found in lead and zinc

deposits, in association with cerussite and native silver, often as oriented

overgrowths on the faces of silver-bearing galena crystals. Excellent speci-

mens have come from Kongsberg, Norway; the Freiberg District and the

Harz Mountains of Germany; and Kremnitz and Schemnitz,

Czechoslovakia. Other European localities include the sulfide veins of

England, Norway, and Sardinia.

argentite and acanthite

This silver sulfide specimen

/'nun Johanngeorgenstadt,

Saxony, Germany, originally

crystallized as the high-tem-

perature isometric

polymorph argentite. ( >u

cooling, it underwent

internal reorganization i<>

become the monoclinicpoly-

morph acanthite, hut

retained its original external

form.

Classification:

sulfides

Composition:

Ag
2
S (silver sulfide)

Crystal System:

isometric (argentite),

monoclinic (acanthite)

Hardness:

2-2.5

Specific Gravity:

7.2

27



arsenic

Classification:

native element, metal

Composition:

As (arsenic)

Crystal System:

hexagonal

Hardness:

3.5

Specific Gravity:

5.72

A pilled mass ofnative arsenic, Burraton

Combe quarry, St. Stepbens-by-Saltash,

Cornwall.

Arsenic is an extremely poisonous element, widely used in the past in pig-

ments, insecticides, and homicidal concoctions. Because it remains indefi-

nitely in the environment without decomposing into nontoxic compounds
(as modern synthetic poisons are supposed to do), its use has been banned
in most countries. Arsenic is still alloyed with lead to make bird shot, unfor-

tunately compounding the serious lead-poisoning problem in areas of

heavy waterfowl hunting. The name comes from the Greek arsenikon, a

word derived from the Indo-European root meaning "yellow," and was
originally applied to the yellow antimony sulfide orpiment. Native arsenic

and antimony are very closely related, sharing many physical properties

and uses. They often combine to form the hybrid stibarsen (AsSb), which is

also known as allemontite for its occurrence in the Mine des Chalanches,

near Allemont, France.

Arsenic sometimes forms small, rhombohedral or acicular crystals, but is

usually seen as massive aggre-

gates, either granular, reni-

form, or stalactitic. The color is

tin-white, but arsenic tarnishes

rapidly in the open air to dark

gray; it is opaque, with a sub-

metallic to metallic luster and

tin-white streak. The strong

odor of garlic emitted by

arsenic when heated is its

most distinctive feature, but

this procedure is not recom-

mended, since the fumes are

poisonous.

Arsenic occurs with cobalt, nickel, and silver ores, or with cinnabar and

barite in hydrothermal veins. It is also found in dolomites and in the anhy-

drite cap rock of salt domes. Large masses of arsenic are found on Alder

Island, British Columbia; and at Washington Camp, Santa Cmz County,

Arizona. Additional sources include the Homestake Mine in South Dakota;

the Winnfield Salt Dome in Louisiana; and several California locations.

Good specimens are found in the mines of Saxony, Germany; and at

Saltash, Cornwall, England; Akadani, Japan; and Copiapo, Chile. Other

sources include Czechoslovakia, Italy, France, Romania, Australia, New
Zealand, and Borneo.

arsenopyrite

Classification:

sulfide

Composition:

FeAsS (iron arsenic sulfide)

Crystal System:

monoclinic

Hardness:

5.5-6

Specific Gravity:

6.1

ARSENOPYRITE IS THE MOST COMMON OF THE ARSENIC-BEARING MINERALS; ITS NAME

is a contraction of the archaic term "arsenical pyrites." It is the primary

source of arsenic, which is produced as a by-product of the smelting of

arsenopyrite-bearing ores for copper, tin, gold, silver, and cobalt.

Substitution of cobalt for iron gives a complete series extending to glau-

codot (Co,Fe)AsS. Although the industrial uses of arsenic have diminished

in recent years due to its poisonous character, the metallic arsenic derived

from arsenopyrite is still used in some specialized alloys (see Arsenic). The

compound arsenious oxide has diverse applications in glass-making.

medicine, preservatives, and pigments, while arsenic sulfide finds use in

fireworks and paints.

Crystals of arsenopyrite are common, usually being elongated and pris-

matic, often with diamond-shaped cross sections and vertical striations.

Twinning produces crystals of a pseudo-orthorhombic habit or repeated

contact twins similar to marcasite; cruciform twins are also known

Arsenopyrite often occurs as granular masses as well The color is nor-

mally silver or whitish, with a distinctive pinkish cast and metallic luster;

the streak is black. Crystals are brittle, with one distinct cleavage and
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uneven fracture. Its color and streak distinguish arsenopyrite from marca-

site, and the strong, garlic-like arsenic odor it gives of when struck or

heated is also distinctive.

Arsenopyrite is fairly ubiquitous. It is found in sulfide deposits formed

from magmatic segregation in layered igneous intrusions, with tin minerals

in some pegmatites, and with gold, silver, and nickel minerals in the high

temperature hydrothermal sulfide deposits. Important European deposits

include Tavistock, Devonshire, England; Boliden, Sweden; Freiberg and

Munzig, Germany; and Sulitjelma, Norway. Very large crystals are found at

Llallagua, Bolivia, and attractive druses occur near Hidalgo de Parral,

Chihuahua, Mexico. Large quantities are mined at Deloro, Ontario.

Although not widespread in the United States, good specimens have been

found in Eranconia, New Hampshire; Roxbury, Connecticut, and Leadville,

Colorado.

Above: Note the characteristic dia-

mond-shaped cross-sections ofthese

arsenopyrite crystalsfrom Parral,

Chihuahua, Mexico.

Left: Whitefireworks are made with

artificial arsenic sulfide.
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atacamite

Classification:

halide

Composition:

Cu 2
CI(OH)

3
(hydrous copper chloride)

Crystal System:

orthorhombic

Hardness:

3-3.5

Specific Gravity:

3.78

. [tacamite crystals such as these from Australia

arc readily soluble in water and are only

found in the most arid environments.

A I \( Willi is A MINERAL OF 1 1 II DIM RT, AND Is IN FACT NAM1 D FOR ONE OI Till

most arid regions on earth—the forbidding Atacama Desert of Chile.

Although the Atacama lies close to the Pacific Ocean, parts of it have not

seen a drop of rain in all recorded history. Only in arid areas does ata-

camite form large enough concentrations to be mined as an ore of copper;

elsewhere, it is dissolved by circulating groundwater. It was originally dis-

covered overlying copper deposits in the Atacama desert, forming deep
drifts and dunes of sparkling, bright-green sand.

Atacamite is translucent with vitreous to adamantine luster, and bright

emerald-green to nearly black in color. Crystals are commonly slender and

prismatic, with wedge-shaped terminations and vertical striatums; other

habits include tabular and pseudo-octahedral. However, atacamite most

often occurs as granular, lamellar, or even fibrous aggregates. This species

is difficult to distinguish from antlerite and brochantite without chemical

tests, but can be distinguished

from malachite by its lack of effer-

vescence in hydrochloric acid.

Atacamite forms primarily

through the alteration of copper

sulfides near the surface of sulfide

deposits in arid regions, and has

also been observed to crystallize

around volcanic vents. Large con-

centrations occur in the provinces

of Atacama, Antofagasta, and

Tarapaca, Chile; and in the Cruz

del Sur Mine, Rio Negro Province,

Argentina. Beautiful large dark-

green crystals are found in the

Burra District and elsewhere in

South Australia. Numerous North

American sources of atacamite

include Bisbee and Jerome,

Arizona; Tintic, Utah; and Goffs, California. Good specimens have also

been obtained from Boleo and El Toro, Baja California, Mexico. Small

amounts are found in Cornwall, England; the Bogoslowsk District, Soviet

Union; and Austria, Peru, Bolivia, and Namibia.

atomic structure

Opposite parte: Periodic table ofthe chemical

elements The elements shown in blue together

i omprise the nisi hulk ofthe earth s crust, while

those shown m green are also important indus-

trially 0) as
{ omponents ofcommon minerals

The elements on the left side ofthe table hare a

strong tenden< y to loseelet irons whenforming
mineral < ompounds, while those on the right

tend to gain oi share them -exceptforthe

noble gases, whu h hare a stable elei iron c on

figuration in their outermost shell and do not

form i ompounds.

From the time oe the ancient Greeks, philosophers and scientists speculated

that all matter might be composed of exceedingly small, basic components.

These hypothetical building blocks were termed "atoms," from the Greek

word atomos, meaning indivisible. The structural regularity of crystals led

early thinkers to postulate that, in the minerals at least, these minute parti-

cles might be arranged in some systematic fashion. By the 18th Century it

had become apparent that there were correlations between the chemistry

and the physical properties of minerals, but direct evidence of their atomic

structure was still lacking.

Not until the early 20th century was this supposition confirmed, when
the German physicist Max von Laue and his colleagues irradiated a crystal

of copper sulfate with X-rays. This experiment produced an X-ray diffrac-

tion pattern on a piece of film placed behind the crystal, graphically repre-

senting its orderly lattice of atoms. Shortly afterward, the first crystal-struc-

ture analysis of a mineral (halite) was published. This development

unleashed a veritable mineral-structure mapping boom. a\k\ b\ the earl}

years oi this century ii had become possible to outline the general rules

wherein the atoms oi the various elements combine to form crystals.
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Atomic structure ofhalite, or table salt, In the

schematicfigure above; a Na+1
cation has

given up the single electron in its outer shell to

form an ionic bond with an anion ofCl'
1

.

Each cation is surrounded byfour anions, and
visa-versa, in the ionic solid, or crystal, thus

formed [opposite pagej.

Atoms, isotopes and ions Atoms consist of a cloud

of negatively charged panicles called electrons,

which orbit around a relatively small, positively

charged nucleus of protons and neutrons. Each

of the more than 100 elements in the periodic

table (see page 3D has its own unique atomic

configuration. The distinctive characteristic of a

given element is the number of protons in its

nucleus, which never varies, and is expressed

as the atomic number. The sum of the number
of protons and neutrons in the nucleus is the

atomic weight. Due to the fact that not every

atom of the same element has the same num-
ber of neutrons, the atomic weight of an ele-

ment is variable.

Atoms of a single element which have dif-

fering atomic weights are called isotopes.

Carbon, for instance, has an equal number of

protons and neutrons in the nucleus of its most

common isotope,
6
C 12

. (Isotopes are often writ-

ten with the atomic number before, and the atomic weight after the chemical

symbol.) However, carbon also has other naturally occurring isotopes such

as
6
CU , which has two additional neutrons in its atomic nucleus.

Many isotopes are unstable, and through the process of radioactive

decay can change into entirely different elements.
6
C l4

, for instance, decays

at a constant, known rate to become the nitrogen isotope
?
N 14

. Scientists use

this relationship to find the age of plant and animal fossils, which when liv-

ing assimilated carbon isotopes according to their relative abundance in the

atmosphere. By comparing the ratio of the original
6
CU to

?
N l4

, they can

determine the time that has passed since the organism died.

Electronic Configuration The present notion of atomic staicture envisions elec-

trons as orbiting the atomic nucleus in specific orbitals, the geometry of

which reflects different energy levels. These orbitals are often referred to as

"shells," since they were once thought to form concentric spheres of vary-

ing radii around the nucleus. It is now known, however, that electrons

occupy both spherical and non-spherical orbitals, interwoven in a complex

fashion. Each orbital can hold a limited number of electrons, from two in

the innermost shell to as many as thirty-two in others. However, the highest

energy orbitals never have more than eight electrons.

The elements are classified on the basis of their electronic structures.

Most of the earth's common elements gain or lose one or more electrons in

order to assume a stable configuration of eight electrons in their outermost

electron shell. These active electrons are called valence electrons, and they

determine the ways in which the elements combine to form minerals.

Sodium, for example, one of the alkali metals on the left side of the peri-

odic table, has eight electrons in its second-highest energy shell, and one

lone valence electron in its unstable outer shell. Chlorine, found all the way

across the table among the halogen elements, has seven valence electrons,

and needs one more to acquire a stable configuration. When a sodium

atom relinquishes its extra electron to chlorine, the two are drawn together

by the opposing charges generated, forming the mineral halite, or table salt.

lonsare positively or negatively charged atoms or groups of atoms.

formed through the gain or loss of one or more elections. An atom thai has

lost electrons becomes a positively charged ion, or cation, while one that

has gained electrons becomes a negatively charged ion. or anion. Ions are

written with a plus or minus symbol denoting their charge, and a number

indicating how many electrons the) have lost or gained. For instance. Fe+2

is a cation which, having lost two electrons, carries a positive charge of +2.

A particular element can form more than one type of ion. Iron, lor instance,
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commonly occurs as trivalent Fe+3 cations as well. An clement retains its

identity despite these changes, because the number of protons in its

nucleus remains the same. Complex ions are those that consist of two or
more atoms of different elements, such as the carbonate ion C( ),

-'.

Atomic Bonds There are only a few basic types of atomic bonds that hold
together the various elements in minerals. Since some minerals may contain
several different elements with different valence requirements, more than
one bond type may be present within a single crystal, furthermore, the dis-

tinctions between the following bond types are sometimes blurred, so the

definitions should be taken with a grain of halite.

Ionic bonds predominate in most minerals, except for the native ele-

ments and sulfides. For ionic bonds to form, atoms must become ionized,

losing or gaining electrons and acquiring an electromagnetic charge. Halite,

mentioned earlier, is an example of an ionically bonded mineral. Since the

attractive forces are exerted in all directions, each cation of sodium in a salt

crystal is surrounded by six anions of chlorine, and vice versa. Thus, the

crystal can be thought of as being composed of interlocking octahedral

units, with an anion at each of the six corners and a cation in the middle.

Because of this constant relationship between ions, salt is said to be

octahedrally coordinated, and is given a coordination number of six.

Different coordination numbers may correspond to other geometric forms,

including the four-cornered silicon tetrahedra of the silicate minerals.

Coordination numbers generally reflect the relative size of the ions: the

larger the ion, the more opposing-charge ions are needed to surround it.

Anions are generally much larger than cations, and tend to take up most of

the space in a crystal. Ions do not need exactly opposing charges to form

ionic bonds. For instance, two Fe +;i ions combine with three O"2 ions to

form the basic unit of the iron oxide hematite, Fe^O,.

Coralent bonds develop between atoms that share their valence elec-

trons with other atoms in order to acquire a stable configuration, rather

than gaining or losing them. While the atoms in ionically bonded crystals

form continuous, homogenous networks, those in covalently bonded crys-

tals tend to form distinct charge-sharing molecules of two or more individ-

ual atoms. The covalent bond is the strongest of all the atomic bonds, and

minerals in which this bond dominates are typically very stable, insoluble,

and have high melting points.

Carbon is one element that behaves in this way, never forming ions, but

readily sharing its electrons. In a diamond crystal, each carbon atom is sur-

rounded by four others, each of which "shares"

its two valence electrons so that all four achieve

the stable configuration of eight electrons in

their outer shell. The coordination number of

carbon in this case is four, and the basic struc-

ture is a tetrahedron. The carbon atoms in

graphite are also covalently bonded, but instead

of forming a network as in diamond, they form

flat sheets held together by weak van der Waals'

forces.

Van der Waals'forces (also called "residual

bonds") are far less strong than either ionic or

covalent bonds, but exist between all ions and

atoms in solids. These forces are the weak
attraction that arises from the electrical polariza-

tion of individual atoms. Usually their influence

is overshadowed by the stronger bond types,

but they are important in holding together cer-

tain mineral structures, such as that of the

micas, which lack strong bonding in a particular

direction. Like the weakest link in a chain, the



weakest bonds determine the physical properties of a mineral, such as

cleavage and hardness.

Metallic bonding is dominant only in the metals, but is also partially

expressed in sulfide minerals such as galena. The metallic elements have

from one to three valence electrons, which are relinquished as their atoms

combine in crystalline form. Thus, crystals of the native metals consist of

very closely spaced, positively charged metal atoms, with "free agent" elec-

trons roaming freely between them. The presence of these mobile electrons

accounts for the excellent thermal and electrical conductivity of the metals,

since the electrons are free to transport energy through the solid metal, be

it a cast-iron pan or copper wire. The shiny luster characteristic of the met-

als and some sulfides arises from the interaction of light with the free elec-

trons, which literally swarm over the surface of the crystal. The malleability

and ductility of the metals reflects their simple, uniform structure: when
subjected to mechanical stress, the atoms simply shift positions without per-

manently severing bonds.

augite

Classification:

inosilicate, pyroxene group

Composition:

(Ca,Na)(Mg,Fe,AI)(Si,AI)
2 6

(calcium, sodium, magnesium,
iron aluminum silicate)

Crystal System:

monoclinic

Hardness:

5.5-6

Specific Gravity:

3.2-3.52

AUGITE IS THE MOST COMMON PYROXENE AND ONE OF THE MOST UBIQUITOUS ROCK-

forming minerals. It is the typical pyroxene of the dark-colored (mafic)

igneous rocks, such as basalts, gabbros, and peridotites. Augite also forms

in the very high-grade metamorphic rocks such as granulites and eclogites,

while other pyroxenes of the diopside-hedenbergite series are typical of

lower-grade metamorphic rocks. There is complete solid solution between

augite and aegirine, with the Ca(Mg,Fe+2 ) of the former being replaced by

Na and Fe+3 in the latter. When the same group of ions is replaced by Na
and Al, the species is called omphacite. Chromium, manganese, and tita-

nium are typically present in augite in small quantities.

Crystals of augite are commonly short prismatic or columnar. Typical

habits include disseminated anhedral crystals, granular masses, and lamellar

aggregates called diallage. It is brittle with an uneven fracture, and displays

the perfect prismatic cleavage at right angles typical of the pyroxenes.

Augite is translucent, and may be dark green, grayish green, brown, or black

in color, with a greenish-grey streak. It has a bright, vitreous luster; indeed,

I euhedrah rystal ofaugite in volcanU rot k

from Sasbach, Kaiserstubl, Sudbaden, Baden

u urttenberg, Germany
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its name is derived from the Greek word augites, meaning "brightness."

Augite and the other pyroxenes are easily distinguished from the amphi-
boles and other dark-colored silicates by their right-angled cleavage. The
closely related pyroxenes diopside and hedenbergite are generally lighter in

color than augite, and crystals of aegirine are generally less stubby.

In addition to the geological environments noted above, augite is also

found in nepheline syenites and in some carbonatites. Although augite is

very common and widespread in its distribution, well-formed crystals are

unusual. The lavas of Vesuvius in Italy commonly contain euhedral phe-

nocrysts of augite, and similar crystals are found encased in basalt in many
areas, notably at Cedar Butte, Oregon, and the Gold Run Creek area,

Colorado. Good crystals are sometimes obtained from the contact metamor-
phic marbles of St. Lawrence County, New York, and Renfrew County,

Ontario. Fine specimens have been obtained from many areas including Val

di Fassa in Trentino, Italy, and Czechoslovakia, the Scandinavian countries,

Greenland, Namibia, India, and Japan.

AllRICHALCITK IS A RELATIVELY RARE MEMBER OF THE HYDROUS CARBONATES, A GROUP

which includes the better known species malachite and azurite. Its name is

apparently derived from a Greek phrase meaning "mountain copper." This

species characteristically forms lustrous, light-blue, tufted aggregates of

slender, acicular crystals on limonite matrix. The crystals are generally trans-

parent, with a silky to pearly luster and a light blue-green streak.

Aurichalcite is extremely fragile, with one perfect cleavage. Open clusters

of acicular crystals distinguish aurichalcite from the compact botryoidal

aggregates of the similarly colored zinc carbonate smithsonite.

Aurichalcite occurs in many parts of the world in the oxidation zones

of zinc and copper sulfide deposits, particularly those rich in dissolved car-

bonate. Classic specimens are found at Mina Ojuela, Mapimi, Durango,

Mexico, where they are associated with calcite and hemimorphite. Fine

specimens of aurichalcite are also found at several locations in the western

United States, including Bisbee, the Banner District, and elsewhere in

Arizona; Cottonwood Canyon, Utah; Kelly, New Mexico; Wellington,

Nevada; and the Darwin District in California. Excellent specimens come
from Tsumeb, Namibia, and Mindouli, in the Congo. The most important

European localities are Laurium, Greece; Chessy, France; Leadhills,

Scotland; and Romania. In an unusual occurrence at the Tin Mountain

Mine, Custer County, South Dakota, aurichalcite occurs in a pegmatite in

association with cassiterite, columbite, hemimorphite, and smithsonite.

aurichalcite

Classification:

carbonate

Composition:

(Zn,Cu)
5
(C0

3 ) 2
(OH)

6
(hydrous zinc copper carbonate)

Crystal System:

orthorhombic

Hardness:

1-2

Specific Gravity:

3.96

Divergent sprays ofau

Sa Duch
Sardinia



Austinitefrom Mina Ojuela, Mapimi Durango,
Mexico.

austinite and conichalcite

Classification:

arsenate

Composition:

Austinite: CaZn(As0
4
)OH

(calcium and zinc arsenate)

Conichalcite: CaCu(As0
4
)(OH)

(hydrous calcium copper arsenate)

Crystal System:

orthorhombic

Hardness:

4-4.5

Specific Gravity:

4.13-4.33

These colorful copper arsenates form a solid-solution series, with specimens

grading toward conichalcite in composition being more common in nature.

Austinite is named for the American mineralogist Austin Flint Rogers (b.

1877), while conichalcite derives its name from the Greek phrase meaning

lime copper—a reference to the calcium and copper in its composition.

Both species typically occur as very tiny equant to prismatic crystals,

which in turn form bladed or acicular aggregates, or botryoidal cnists.

Austinite may be colorless, yellowish white, or bright green, and has a sub-

adamantine luster and a white to pale-green streak. Conichalcite is a vibrant

yellowish to emerald green, with a vitreous to resinous luster and green

streak. Austinite has good prismatic cleavage in one direction, and

conichalcite none; both are very brittle and display an uneven fracture.

Adamite may be very similar in appearance, but it has two good cleavages

and is both softer and heavier than these species.

Austinite and conichalcite are secondary minerals found in the oxidized

portions of hydrothermal copper sulfide veins, where they are typically

associated with limonite, adamite, and other secondary species such as the

copper arsenates olivenite and libethinite. Good specimens of austinite are

found at Gold Hill, Utah; Table Mountain Mine, Arizona; the Cleveland

Mine in Washington; Sterling Hill, New Jersey; and Lomitos, Bolivia.

Excellent specimens of conichalcite have been obtained from the Tintic

District, Utah, and Bisbee, Arizona. Fine specimens of both species occur at

the Mina Ojuela, Mapimi, Durango, Mexico; Bou Azzer, Morocco; Tsumeb,

Namibia; and the Kamare/a Mine, Attica, Greece,
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Bladed c litstn\ <>/ autunitefrom the Daybreal

Mine.Mt Spokane, Washington lutunitewas

the most important soun e oj uranium during

the development ofthefirst nucleai weapons in

the 1940s.

AUTUNITE IS A SOn', HEAVY, FRAGILE, AND RADIOACTIVE MINERAL. LIKE A PHOSPHO-

rescent fungus in the woods, autunite seems vaguely sinister. Although it is

now more of a mineralogical curiosity, it was very popular and much
sought after by both the Allies and the Axis countries in the final days of

the second World War, as the primary source of uranium for atomic

weapons. The atomic bombs that destroyed the Japanese cities of

Hiroshima and Nagasaki were composed of uranium extracted from autu-

nite. Autunite was well-known at that time because of its occurrence with

less lethal ores in hydrothermal veins; since World War II, however, the

nuclear industry has found several more profitable sources of uranium (see

Carnotite, Uraninite).

Autunite forms crusts of extremely thin, squarish crystals; divergent, fan-

shaped aggregates; and chaotic masses of bladed crystals. It is also com-

mon as dull, earthy masses. Lemon-yellow to greenish yellow in color,

autunite has a bright vitreous luster and a yellow streak, and fluoresces

strongly yellow-green under ultraviolet light. Torbernite, Cu(U0
2)2

(P0
4)2

«

8-12 H
2
0, is isostructural with autunite, and the two are commonly associ-

ated. Although very similar in color and morphology to autunite, torbernite

is not fluorescent.

Autunite forms as an alteration product of uranium minerals in

hydrothermal veins, sedimentary deposits, granitic pegmatites, or simply in

hydrothermally altered granites. The finest specimens of this relatively rare

species come from the Daybreak Mine near Spokane, Washington, where

crusts several inches thick have been recovered. Autunite is also found in

the pegmatites of the Black Hills of South Dakota; Grafton Center, New
Hampshire; and Spruce Pine, North Carolina. Excellent specimens are

found at St. Austell and Redruth, Cornwall, England; Sabugal, Portugal: and

Saxony and Autun, France, from whence the name is derived. In Australia.

autunite occurs in the Flinders Range and the Rum Jungle area. Northern

Territory. Specimens are also obtained from Musonoi. Katanga, Zaire; and

from Brazil, Japan, and Iran.

autunite

Classification:

phosphate

Composition:

Ca(UO
2 ) 2

(PO4)
2
«10-12 H

2
(hydrated calcium uranium phosphate)

Crystal System:

tetragonal

Hardness:

2-2.5

Specific Gravity:

3.05-3.2
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axinitc

Classification:

cyclosilicate

Composition:

(Ca,Mn,Fe,Mg)
3
AI

2
(B0

3
)(Si

4 12
)(OH)

(calcium, manganese, iron, magnesium,
aluminum borosilicate)

Crystal System:

triclinic

Hardness:

6.5-7

Specific Gravity:

3.2-3.3

Like the important gem minerals beryl and tourmaline, axinite is a cyclosili-

cate, and is also cut as a gemstone on occasion. Unlike its more common
relatives, whose structures consist of regular layers of Si

6 18
rings, axinite

has a complex structure of Si
4 12

rings interspersed amid borate triangles

and hydroxyl groups. Axinite is one of the many minerals that have been

subdivided into groups of several discrete species on the basis of minor

compositional variation. The members of the axinite group are ferroaxinite,

magnesioaxinite, manganaxinite, and tinzenite. These species are more
alike than different, and are usually referred to collectively as axinite. The
name comes from the Greek axine, or axe—a reference to the sharp,

wedge-shaped crystals.

The color of axinite is usually a distinctive clove-brown, although it may
also be yellow, greenish, gray, or black. It is transparent to translucent, vit-

reous, and the streak is colorless. It has good cleavage in one direction,

and the fracture is uneven to conchoidal. Crystals are commonly flattened,

tabular, and striated, and have very sharp edges; lamellar, granular, bladed

aggregates are common. The distinctive color and the flattened striated

crystals are usually sufficient to distinguish axinite from other species.

Axinite forms in a number of different environments, including contact

metamorphic rocks, high-temperature hydrothermal veins, veins and fis-

sures in granitic and various metamorphic rocks, and some granitic peg-

matites. Large transparent crystals are found near Coarse Gold along

California's Feather River. Bright-yellow crystalline druses of manganaxinite

occur in the zinc mines

of Franklin, Sussex

County, New Jersey.

Attractive specimens are

found in the contact

metamorphic rocks of

the Jensen Quarry at

Crestmore, California.

Crystals 5 cm in length

are found in the tung-

sten mines of the Sierra

Juarez, northern Baja

California. Beautiful

specimens are found in

fissures in schists at St.

Just, Cornwall. Classic

specimens are obtained

from St. Cristophe, near

Bourg d' Oisans, Isere,

France, in association

with epidote, quartz,

and prehnite. Large, lus-

trous crystals are culled

from the Toroku Mine

on the Japanese island

of Kyushu.

The sharp angles between faces in this axinite crystal

from Bourg d'Oisans, France, suggest why this species

is namedfrom the Greek word for axe.
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NAMKI) FOR ITS INTENSE AZURE BLUE COLOR, AZURITE IS FOUND Willi llll i LOSELY

related and more abundant copper carbonate malachite in the oxidation

zones of sulfide copper deposits. These minerals are formed when copper
sulfate is leached from the primary copper ores by oxygenated groundwa-
ter, which reacts with carbonate minerals in the surrounding rock. Azurite

readily alters to malachite in the presence of water, and pseudomorphs of

malachite after azurite crystals are quite common. This change is also seen

in some medieval and early Renaissance paintings, where the once vibrant

blue skies painted with azurite pigment have changed to a muddy green.

Recognizing the drawbacks of azurite pigment, artists eventually switched

to a more expensive—but permanent—lazurite pigment, ultramarine.

Azurite often forms extremely complex crystals displaying a variety of

modifying forms; basic habits include rhombohedral, equant, stout columnar,

tabular, wafer-like or sharp wedge-shaped forms. Massive material occurs as

stalactites, botryoidal or spherical aggregates, commonly in interlayered with

green malachite. Azurite is brilliant azure blue or deep blue-black in color,

sometimes transparent, with a glassy luster. Crystals display conchoidal frac-

ture and three directions of cleavage, and are extremely brittle.

Although found in virtually every hydrothermal copper deposit, large,

sharp crystals are rare and sought after. Fine crystal groups are found at

numerous locations in the western United States, including Morenci and

Bisbee, Arizona; and Magdalena, New Mexico. Excellent specimens are also

obtained from Mazapil, Zacatecas and elsewhere in Mexico; Tsumeb,

Namibia; Broken Hill,

Australia; and the

Guang Dong province

of China. The finest

European specimens

come from the copper

deposits of Chessy,

near Lyon, France;

Laurium, Greece; and

Sardinia. Fine speci-

mens of azurite also

( >ccur in the Ural and

Altai Mountains of the

Soviet Union.

azurite

Classification:

carbonate

Composition:

Cu
3
(C0

3 ) 2
(OH)

2

(copper hydroxyl carbonate)

Crystal System:

monoclinic

Hardness:

3.5-4

Specific Gravity:

3.77

Excellent sharp crystals ofazurite, partially altered to

green malachite, from the the world's greatest crystal-

producing mineral deposit— Tsumeb, Namibia.
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babingtonite

Classification:

inosilicate, pyroxenoid

Composition:

Ca
2
Fe+2Fe+3Si

5 14
(OH)

(calcium iron silicate)

Crystal System:

triclinic

Hardness:

5.5-6

Specific Gravity:

3.36

A nest oflustrous black babingtonite crystals

from Lane's quarry. Westfield, Hampden
County. Massachusetts.

Babingtonite, named for

the Irish physician and

mineralogist William

Babington (b. 1833), is a

rare silicate found in basalt

cavities with zeolite miner-

als, quartz, and calcite.

Although crystals are

small, their greenish to

brownish black coloration

makes them conspicuous

against the background of

their light-colored associ-

ates. Crystals are short

prismatic or platy, with

two directions of cleavage

and uneven fracture; their

luster is vitreous.

In addition to its

occurrence in basalt cavi-

ties, babingtonite is found

in other low-temperature

hydrothermal environ-

ments, especially fissures in diabase, granites, and gneiss. Good specimens

are found in quarries in Passaic County, New Jersey, and in Hampden and

Middlesex Counties, Massachusetts. European localities include the iron

mines of Haytor, Devonshire, England; Herborn, Germany; San Leone,

Sardinia; and Baveno in the Italian Piedmont. Babingtonite is also associ-

ated with the zeolites of the Deccan Basalts in India.
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barite

Classification:

sulfate

Composition:

BaS0
4
(barium sulfate)

Crystal System:

orthorhombic

Hardness:

3-3.5

Specific Gravity:

4.5

Barite has an unusually high specific gravity for a nonmetallic mineral.

which makes even massive specimens readily identifiable in the field.

Miners once believed barite to be a heavy form of gypsum, and cursed it

for being hard to shovel and worthless to boot. Not surprisingly, the name
is derived from the Greek barys, meaning "heavy." The metal barium was

first extracted from this mineral in 1901.

Although considered a worthless gangue mineral for hundreds of years,

barite has come into its own as an important pari of modern industry and

medicine. Ninety percent of all barite mined is made into a slurry for use in

the drilling of deep oil wells, where natural gas under intense pressure ma\

be encountered. The extra weight of this barium mud helps to keep the

explosive gases from bursting out of the drillhole. Barite is also added to

concretes that require extra weight, or are to be used as radiation screens.

Since barium absorbs radiation and X-rays unusually well, it is widely used

in protective shields. Patients undergoing X ra\ examination ol their diges-

tive tracts are compelled to drink a "barium milk-shake." which, because ol

its opacity to this kind of radiation, causes their soil tissues to show up bet-
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ter on the X-ray film. Various barium compounds are also used in television

tubes, signal flares, fireworks, and tracer bullets. Once an important source
of white pigment in the paint industry, barite has largely been replaced by
the titanium pigment derived from rutile and ilmenite.

Barite often occurs in beautiful crystals in hydrothermal deposits such as

sulfide veins, hot spring deposits, and in various sedimentary rocks.

Growing freely in open cav-

ities, these crystals may
adopt many complex forms,

from tabular to prismatic.

Interesting intergrowths of

tabular crystals called

"desert roses" often form in

the sediments of ephemeral

lakebeds, like those in the

Sahara Desert and the Great

Basin. Crystalline aggregates

of barite may be stalactitic,

lamellar, fibrous, cryptocrys-

talline or granular; massive

granular barite is mined as

the main source of barium

ore. Barite is brittle, with an

uneven fracture and a per-

fect pinacoidal cleavage.

Although it is often brown
when first unearthed, due to

inclusions of iron minerals,

barite crystals tend to turn

pale blue on exposure to

light; finely disseminated organic matter or sulfide minerals may give crystals

a gray or black hue. Many barite specimens display distinct fluorescence

under ultraviolet light, and may also display thermoluminescence or phos-

phorescence. Barite and the strontium sulfate celestite form a solid-solution

series, but most specimens are compositionally close to the end members of

the series. These two species are easily confused, but barite is somewhat
heavier and far more common. The barium carbonate witherite is a common
alteration product of barite.

The United States produces more than one million tons of barite annu-

ally, mostly from deposits in the desert ranges of central Nevada. A nearly

equal amount is imported from places as far away as Ireland and Peru. At

an unusual barite mine near Petersburg in southern Alaska, the ore is

drilled, blasted, and removed from a deposit under more than 30m of

water. Specimen-quality barite usually does not occur in large sedimentary

deposits such as these, but rather as a gangue mineral in hydrothermal ore

veins, in association with siderite, fluorite, dolomite, calcite, and various

lead, silver, and antimony sulfides. It is a very common and widespread

species, and fine specimens have been produced from nearly every nation.

The most famous source of barite specimens is the mining regions of

Northumberland, Westmoreland, and Cumberland, where beautifully

formed crystals up to a meter in length have been recovered. Fine crystals

are also found in the mines of Saxony and elsewhere in Germany, as well

as in Romania and Czechoslovakia. Among the many important North

American localities are Cheshire, Connecticut; Rosiclare, Illinois; and the

lead-zinc mines of the Tri-State region, particularly those in Missouri.

Remarkable honey-colored crystals are found in sedimentary concretions in

the badlands of South Dakota, and good 'desert roses in Oklahoma

Barite c rystak from the am tent silver mines of
the Brezeve I lory Distrit i. Pribram,

< zet hoslovakia.
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basalts and basalt cavities

Minerals of Basalt Cavities

albite

analcime

laumontite

mesolite

apophyllite natrolite

babingtonite pectolite

bornite phillipsite

calcite prehnite

chabazite quartz

chalcopyrite scolecite

chlorite stilbite

datolite thomsonite

harmotome

hematite

heulandite

The rocks exposed in these cliffs above the

Columbia River between Oregon and
Washington were deposited asfood basalts

during the Miocene Epoch. The basalts ofthe

Columbia River Plateau cover more than

200,000 square kilometers, and are a source of

many exceptional mineral specimens.

Basalts are the most common of all volcanic rocks. They are dark, fine-

grained, and composed primarily of plagioclase feldspar, the pyroxenes

augite and bronzite, and small amounts of iron and titanium oxides such as

magnetite and ilmenite. Certain varieties contain chromite, olivine, or other

silica-poor species such as nepheline. The so-called flood basalts cover

thousands of square kilometers on the continents; examples include the

Deccan Traps of India, the Snake River Plain of Idaho, and the Columbia

River Plateau of Oregon and Washington. In addition, numerous small

basalt fields are distributed throughout the western United States and many
other countries. The enormous shield volcanoes of Hawaii, Iceland, and
most other volcanic islands are composed of basalt as well. In fact, the

entire sea floor is composed of basaltic rock, extruded at the mid-ocean

ridges and transported outward as the sea-floor spreads, due to the forces

of plate tectonics.

Some magmas of basaltic composition do not eaipt on the earth's sur-

face as basalts, but rather cool more slowly beneath the surface to form the

coarser-grained rock types, diabase and gabbro. These -rocks are coarser-

grained because they cooled slowly, allowing the individual crystals time to

grow larger. Diabases are intermediate between gabbro and basalt in grain

size, and usually form as horizontal sills or vertical dikes in the relatively

confined spaces between other rocks. Although all of these rocks tend to

have simple mineralogy, they often undergo some very interesting late-

stage hydrothermal mineralization, which takes place in various cavities

and fissures.

Gas bubbles that were unable to escape before the basaltic lava hard-

ened into rock are often preserved as cavities, in which a variety of crystals

may form from the ion-enriched waters moving gradually through the rock.

Since these cavities are commonly elliptical in shape, they are termed

amygdaloid—from the Greek word for almond, amygdaloeides. Basalts that

were deposited underwater, known as pillow basalts, are particularly

porous. The characteristic rounded knobs, or "pillows," from which the

term is derived were formed as the lava was cooled by the seawater; subse-

quently, the molten rock inside these knobs leaked out, leaving cavities

beneath the cooled shells. In diabase, cavities consist primarily of fault and

fracture fissures.

Not all basalt cavities host interesting mineral associations. Some remain

completely empty, while others are filled only with crystalline and cryp-

tocrystalline quartz. Concentric layers of chalcedony of varying colors and

degrees of translucency commonly form parallel to cavity walls, or as the

perfectly straight bands called onyx. Since

the layers of onyx are always deposited hor-

izontally, they show which way was "up"

when the cavity was filled. Crystalline

quartz commonly forms in addition to chal-

cedony, often as amethyst. Quartz often

covers or forms pseudomorphs after species

such as aragonite, anhydrite, and glauberite,

which tend to form early on and may later

be dissolved. Many basaltic cavities have

more complex mineralogy, however, and it

is in these cavities that the beautiful and

delicate crystals of prehnite, pectolite. dato-

lite, and zeolite minerals are formed. There

are a number of basalt fields around the

world that produce excellent mineral speci-

mens, including the Deccan Traps of India.

the Rio Grande Do Sul region of Brazil, and

the Columbia River Plateau in Oregon and

Washington, Important sources of secondary basalt cavity species occur in

smaller basalt fields and diabase sills in Germany, France, Scotland, Ireland.

Iceland, Nova Scotia, and the northeastern United States.
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In the winter of 1907, in California's San Benito Countv rwo prospectors

were camping in a wooded glade in the Diablo Range above the mercury-
mining town of New Idria. Waiting in their bedrolls for the morning chill to

subside, they were surprised to see the sun reflected by "thousands of blue

gems" glinting on the slope above their camp. They thought that they had
discovered sapphires, but an examination by mineralogists at the University

of California showed the gems to be a new mineral, which was promptly

named for its place of discovery.

San Benito County is the only locality where benitoite has ever been
found in place. Its discovery in 1907 was particularly gratifying to crystallo-

graphers, who soon realized that benitoite was the sole example of the

ditrigonal-dipyramidal class of the hexagonal crystal system—which had
been purely hypothetical until that point. Unlike the common cyclosilicates

beryl, cordierite and tourmaline, whose structures are based upon circular

rings of six SiO^ tetrahedra, the unique structure of benitoite is based upon
three tetrahedra linked together to form a triangular group. Two other

equally rare minerals share this structure with benitoite, and together

they form the benitoite group of orphan silicates. Bazirite, BaZrSi,0
9 , is

found only on Rockall Island, Inverness-shire, Scotland; pabstite,

Ba(Sn,Ti)Si^0
9

, was found only in a limestone quarry in Santa Cmz,
California, now the site of a housing development.

Benitoite forms flattened triangular crystals of 5 cm or less in size. They

are normally pale to deep, sapphire blue with a vitreous luster, and are

often cloudy due to inclusions of glaucophane. Other colors include pink-

ish, purple, white, or colorless, often occupying zones within a single crys-

tal. Short-wave radiation produces a bluish fluorescence. Transparent crys-

tals have been cut into beautiful gems, which are generally under five

carats in weight and very expensive.

Benitoite has been found in brecciated serpentine at the Dallas Gem
Mine and one other location near the headwaters of the San Benito River.

Crystals are usually nestled in white natrolite, in association with prismatic

black crystals of neptunite, and the rare honey-colored barium-titanium

mineral joaquinite. This deposit now appears to be depleted, however, and

the dust from numerous abandoned asbestos mines in the area makes the

air hazardous to breathe and prospecting inadvisable. Tiny grains of beni-

toite have been found by scientists examining sand grains under the micro-

scope, in places as far afield as Belgium and Texas, suggesting that another

source of specimens may eventually be discovered.

benitoite

Classification:

cyclosilicate

Composition:

BaTiSi
3 9

(barium titanium silicate)

Crystal System:

hexagonal

Hardness:

6-6.5

Specific Gravity:

3.64-3.68

Benitoite crystals in a matrix ofwhite natrolite,

with a brilliant~ait benitoite gem from the

Dallas Gem Mine, San Benito County.

California.



beryl

Classification:

cyclosilicate Be
3
AI

2
Si

6 18

(beryllium aluminum silicate)

Crystal System:

hexagonal

Hardness:

7.5-8

Specific Gravity:

2.63-2.80

Left: Emerald crystals on calcitefrom

Columbia, and a cut stonefrom the

Ekaterinburg region ofthe Ural Mountains in

the Soviet Union. Right: A slender columnar

prism ofaquamarine and an aquamarine

gemstonefrom a pegmatite on Mt. Antero,

Chaffee County, Colorado.

Beryl is one of the most interesting and economically important of all min-

erals, and is remarkably diverse in its varieties and occurrences—even

though common beryl has been found in single crystals weighing as much
as 100 tons, the rare and precious emeralds can be as valuable as diamonds.

The great variation seen among the beryl varieties is due their staicture of

stacked layers of Si
6 18

rings. The central holes in these rings are all

aligned, forming open channels which can accomodate all sorts of extra

molecules and ions (Cs, K, H
7
0, Rb, etc.), which in turn affect the physical

characteristics of their host. The name comes from the Greek betyllos, a term

probably derived from the Sanskrit word for "cat's eye" (chrysoberyl).

Common beryl is of great importance as the primary ore of beryllium, a

metal essential to technological applications ranging from nuclear reactors

to rocket fuel to neon signs. It is also essential to the strong, light alloys

and composites used in the aerospace industry, as well as more common
applications such as bicycle parts and fishing rods. Ironically, virtually all

commercial beryl is mined from rel-

atively small and widely dispersed

pegmatite deposits. In Brazil, the

world's primary source of commer-
cial beryl, miners in small, isolated

workings still separate the beryl

from gangue minerals by hand.

Concentrations of the secondary

beryllium mineral bertrandite,

Be
4
Si 7
CL(OH) 7 , currently provide a

large part of the United States sup-

ply, but such deposits are rare.

As varied as the modern uses of

beryllium are, beryl itself was an

important part of everyday life in

the past, when belief in its healing

and divinatory powers was
widespread. Greek physicians used

water in which a beryl crystal had

been soaked to treat kidney and

bladder stones, and sailors carried aquamarines to ensure the good graces

of Poseidon. Beryl came to be seen as a symbol of purity in the Middle

Ages, and doctors used it as a remedy for gas and to relieve asthma and

liver problems. Equally effective in preventative medicine, beryl was

thought to provide protection against malicious threats such as poisoning,

and to prevent disputes—including marital discord.

The varieties of beryl described below show a remarkable range of col-

ors, from the rich green of emerald to aquamarine blue, golden yellow,

peach, and even red. While the rarer gem varieties are transparent, com-

mon beryl is generally an opaque, milky green. All beryl varieties form

excellent crystals, usually in the form of a simple hexagonal prism with flat,

pinacoidal terminations, although terminations including combinations of

hexagonal or dihexagonal pyramids are also common. Cleavage is indis-

tinct, and crystal faces are often subject to etching by corrosive fluids. Beryl

crystals may resemble those of apatite or tourmaline, but the former is

much softer, and the latter generally striated. Euclase, BeAlSi0
4

(OH), a rare

species which sometimes forms gemmy blue crystals, can be distinguished

from beryl on the basis of its perfect cleavage.

Aquamarine The name aquamarine is taken directly from the Latin term

aqua marina, or "sea water." and refers to blue-green to deep blue beryls

colored by traces of iron. In ancient times, truly sea-green stones were most

prized, but now any hint of green causes the price of a stone to plummet.

Unlike most precious stones, aquamarine sometimes forms very large crys-

tals; stones as large as 20() pounds have been discovered in Brazilian peg-
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matites. Important aquamarine-producing pegmatites occur in the states of
Minas Gerais, Bahia, and Espirito Santo. Brazil. The island of Madagascar is

another important producer, as are Namibia, Zambia, and Mozambique.
Fine aquamarines are also found in the Ural Mountains and elsewhere in

the Soviet Union.

Blue topaz, glass, and synthetic blue spinel are commonly used to imitate

aquamarine. Unlike these substitutes, however, true aquamarine is pleochrok

,

showing a deeper color when viewed in one direction than in another. Drab
greenish beryls are often heated until they take on the color of aquamarine,
and this is considered an acceptable practice by most gemologists.

Emerald Beryl displays a wide range of greenish hues, due to the presence
of various transition metals in trace amounts, but only the bright green
stones colored by chromium have traditionally been considered emeralds.

This began to change in the 1960s, when vibrantly colored deep-green
vanadium-bearing beryls were discovered at Salininha, Brazil; more
recently, similar emeralds from Africa have come on the market. After the

initial controversy, the vanadian beryls were accepted as emeralds,

although chromian emeralds are still thought to have finer color.

Despite having once been considered a symbol of purity, emeralds tend

to contain a great deal of extraneous matter not accounted for in the chem-
ical formula. Almost all emerald crystals display numerous fractures and
inclusions of gasses and liquids, which are readily apparent in cut stones.

These inclusions may contain microscopic crystals of pyrite, calcite, or

mica, or even bits of organic matter. The source of an emerald gemstone
can sometimes be approximated from a study of its inclusions: Columbian
stones, for instance, are characterized by "three-phase" inclusions contain-

ing water, a gas bubble, and a tiny salt crystal.

Colombia is the world's primary source of fine emeralds, although

Brazil produces a greater quantity. There are several emerald deposits in

the country, of which Chivor and Muzo in the mountains north of Bogota

are the most important. These mines were first worked by the native peo-

ples of the area, who traded the stones to other groups as far away as

Mexico. When the Spanish conquistadors invaded the region in the 16th

century, they pillaged great troves of emeralds and sent them back to

Europe. The stones were merely a novelty in Europe, but the Spanish were
able to sell them at great profit to the Islamic rulers of the Mughal and

Ottoman Empires, who saw in the green stones a vision of the gardens of

Paradise. The Spanish colonials forced the local Indians to work as slaves

in the emerald mines under such odious conditions that the Pope and the

King of Spain eventually had to intercede.

Unlike emeralds from most other localities, the chromium-colored

Columbian stones may form euhedral crystals, which grow in small calcite

and plagioclase feldspar veins dissecting calcareous shales. The mines are

worked both by underground tunnelling and by terracing, and the mine

tailings are collected and washed in the rivers below by thousands of inde-

pendent miners called guaqueros, who sell their meager gleanings on the

black market. Although a greater volume of emeralds is produced by Brazil

than by Columbia, the quality and value of the vanadium-colored stones is

much lower. Several mines are located in Goias state, the largest of which

is near Santa Teresinha. Similar deposits in Zambia and Zimbabwe together

produce about twenty percent of the world's emerald supply.

In most of its occurrences worldwide, emerald forms in hydrothermally

altered mica schists. Emeralds were first mined from such deposits over

3500 years ago by the ancient Egyptians, in Sikait-Zebara region near the

Red Sea. Stones from these mines can be seen in ancient jewelry found in

Egyptian tombs, but the mines now appear to be exhausted. The Romans

apparently mined emeralds in the Austrian alps, where stones are some-

times still discovered. In 1830 emeralds were discovered by a charcoal-

burner collecting wood along the Takovaya River in the Ural Mountains of

Simple hexagonalprism ofthe rare red beryl

hixhile on rhyolite matrix, from the Wah Wah
Mountains, Utah.
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Russia. The Takovaya Mines remain an important source of large—though

rarely euhedral—emeralds, as well as chrysoberyl. Smaller emerald deposits

are mined in Afghanistan, Pakistan, Australia, Madagascar, South Africa,

Tanzania, and North Carolina (see Spodumene).

In 1935 Carroll Chatham synthesized emeralds in a simulated hydrother-

mal environment in his San Francisco laboratory. Several months are

required for the crystals to grow in this process, and the resulting stones

are distinguishable from their natural counterparts only on the basis of their

inclusions. Several other concerns currently produce emeralds, using both

chromium and vanadium for color.

Other Varieties One of the most beautiful and unusual types of beryl is mor-

ganite, which was named for the famous New York tycoon and gem fancier

John Pierpont Morgan. It is a warm peach-colored beryl which occurs as

short prismatic or tabular crystals in pegmatites, along with aquamarine,

tourmaline, and topaz. Morganite contains the relatively rare elements

cesium and lithium, which give it a higher specific gravity than other beryls.

Its distinctive color is due to trace amounts of the metal manganese.

Relatively uncommon, morganite occurs in Minas Gerais, Brazil; Namibia;

Madagascar; and San Diego County, California.

Golden beryl is the name commonly applied to golden-yellow stones.

Heliodor, from the Greek phrase meaning "gift of the sun," is the name
commonly applied to yellowish-green beryl. The colors of these varieties are

apparently caused by natural radiation, and they display a distinctive blue

luminescence under ultraviolet light. Both are relatively common, occurring

in Brazil, Namibia, Madagascar, the United States and elsewhere. Colorless

beryl is known as goshenite, after the town of Goshen, Massachusetts.

A very interesting and rare variety of beryl was discovered in the Wah
Wah Mountains of Utah in 1974. This beryl is an intense mby-red color and

occurs as euhedral crystals in the silica-rich volcanic rock rhyolite. It is usu-

ally called bixbite, and should not be confused with the unrelated oxide

bixbyite which occurs in the same environment.

betafite

Classification:

oxide

Composition:

(Ca,Na,U)
2
(Ti,Nb,Ta)

2 6
(OH)

(hydrous uranium titanium niobium oxide)

Crystal System:

isometric

Hardness:

4-5.5

Specific Gravity:

3.7-5.0

This betafite « rystalfrom the Silver CraterMine,

Hastings < ounty, < Ontario, displays nearly

equal development of the < ubU and octahedral

forms
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This important source of thorium, uranium, niobium, and rare earths is also

one of the most commonly collected of the rare pegmatite minerals. It is

prized not for its

color, which is

black or brown
when not coated

with greenish or

yellow alteration

products—but for

its well-formed

crystals, which

may weigh several

kilograms. These

take the form of

octahedra or

dodecahedra,

often modified by

other isometric

tonus, and fre-

quently distorted

by the "flattening"

of a pair of oppos-

ing races

Although some-



times translucent with a vitreous luster, betafite is commonly opaque and
earthy when metamict. It is radioactive, and displays good conchoidal frac-

ture and no cleavage.

Betafite is a common accessory in granitic pegmatites rich in rare earth

elements, and in contact metamorphic marbles bordering such pegmatites,

Common associates include fergusonite, zircon, columbite-tantalite, biotite,

euxinite, allanite, thorite, and beryl. Very sharp crystals over 7 cm in diame-

ter are found with zircon in the Silver Crater Mine, near Bancroft, Ontario.

Smaller specimens are found in pegmatites throughout the western United

States, including the Pidlite pegmatite near Mora, New Mexico, and the

Brown Derby Mine in Gunnison County, Colorado. The classic betafite

localities, however, are the complex pegmatites of the Malagasy Republic,

Madagascar, where single crystals larger than 100 kg have been found; the

species is named for a locality near Betafo. Other sources include Norway,
Brazil, Spain, Pakistan, India, Pern, Manchuria, and the Soviet Union.

Biotite and phlogopite are the two common dark-colored micas. It is useful

to discuss them together since they are so similar in appearance and have

complementary virtues: biotite is by far more common, but euhedral crys-

tals of phlogopite are more often seen in collections. The two micas also

tend to occur in very different geological environments: biotite in silica-rich

metamorphic and igneous rocks, and phlogopite in contact metamorphic

and silica-and-iron-poor igneous rocks.

Phlogopite, like the white mica muscovite, is prized as an electrical

insulator, an application for which iron-rich conductive biotite is unsuitable.

However, a humble alteration product of biotite has great commercial

importance. Vermiculite is a micaceous mineral which forms as biotite loses

its K content and absorbs large amounts of interstitial water. When vermi-

culite is heated, this water flashes into steam, causing the crystal to expand

up to thirty times in volume. The resulting material is very porous and

lightweight, and an excellent insulator for both heat and sound. It is also

used in fireproofing and as a soil amendment in agriculture. The name of

this mineral is

derived from the

Latin vermiculare,

"to breed worms," a

reference to the

way the crystals

expand into worm-
like shapes when
heated. Biotite itself

is named in honor

ofJean Baptiste Biot

(b. 1774), a French

physician who stud-

ied the micas.

The crystals of

biotite and phlogo-

pite usually form as

foliated masses or

disseminated flakes

in rock matrix, or as

thin elongated

plates; biotite crys-

tals form particularly long ribbon-like plates in granitic pegmatites. Biotite

occasionally forms small, squat hexagonal prisms in some intrusive and

extrusive igneous rocks. Phlogopite often forms large, euhedral prismatic

biotite and phlogopite

Classification:

phyllosilicates, mica group

Composition:

biotite: K(Mg,Fe)
3
(AI,Fe)Si

3
O 10

(OH,F)
2

(potassium, magnesium
hydroxyl aluminosilicates)

phlogopite: KMg
3
AISi

3
O 10(OH,F)2

Crystal System:

monoclinic

Hardness:

2-3, harder parallel to cleavage

Specific Gravity:

biotite: 2.8-3.4, increasing with iron content

phlogopite: 2.76-2.9

Cluster oftabular bii >ti
'

Haliburton ( ,
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The lustrous cleavage surface on this phlogopite

crystalfrom Templeton Township. Quehec,

shows deformation due to metamorphic stress.

crystals, which may taper at the ends and assume triangular cross sections.

Both minerals have the excellent basal cleavage typical of the mica group.

Biotite is dark brown, dark green, or black, with a vitreous to submetal-

lic luster. Phlogopite is usually red-brown or dark yellow-brown, but may
also be greenish, white, or even colorless. Its name comes from the Greek,

pblogopos, or "fire-like," because of the distinctive coppery sheen which

most specimens display. Oriented inclusions of aitile commonly cause phl-

ogopite to display asterism in the form of a six- or twelve-sided star. Both

species are translucent, or transparent in very thin sheets, and have a color-

less streak. The best way to distinguish between these species is on the

basis of geological environment. Also, euhedral crystals with a coppeiy

glint suggest phlogopite, while very dark color is indicative of biotite.

Phlogopite occurs primarily in contact metamorphic marbles, as an

accessory in many mafic igneous rocks, and in some unusual magnesium-

rich pegmatites. Biotite is one of the most important rock-forming minerals,

constituting a major part of many granitic rocks (including granitic peg-

matites), and siliceous metamorphic rocks such as the gneisses and schists.

There are few particularly noteworthy sources of biotite specimens,

although many pegmatite districts produce interesting and sometimes very

large crystals of this extremely common mineral. Remarkable phlogopite

specimens, however, are found in many locations around the world.

Perhaps the most famous of these are the well-formed hexagonal prisms

from the Grenville marbles and associated pegmatites in Quebec and

Ontario. The largest mica crystal ever seen was mined from the Lacy Mine

in Ontario; it weighed 90 tons and was nearly 4 x 10 m in size. Good phlo-

gopite crystals are also found in similar deposits across the border in New
York State. Fine specimens are obtained from the zinc mines at Franklin,

New Jersey, and from Fresno County, California. Excellent crystals are also

found in Sri Lanka and at Fort Dauphin in the Malagasy Republic.

bismuth

Classification:

element, semimetal

Composition:

Bi (bismuth)

Crystal System:

hexagonal

Hardness:

2-2.5

Specific Gravity:

9.8

The name bismuth is derived either from the ancient German Wismlth, mean-

ing "mining claim in a meadow"; or from a Greek phrase meaning "lead-

white." The former etymology is more whimsical, but the latter does make
sense. Bismuth was considered a nuisance to ancient metallurgists, because

it made bronze brittle when mistakenly alloyed with copper in the place of

tin. German miners learned to recognize bismuth at an early date, however,

since it was an indication of silver ore. Bismuth compounds are used in

medicine to treat gastric disorders, most notably in the familiar, bright pink

over-the-counter antacid. Metallic bismuth expands on cooling like the

related semimetal arsenic, and is thus used in certain specialized alloys.

Alloys of bismuth with lead, tin, and cadmium have low melting points and

are used as fire plugs in automatic fire-sprinklers and electric fuses.

Elemental bismuth is as stable as any of its compounds, and being rela-

tively common, is thus the chief source of industrial bismuth. It often con-

tains traces of sulfur, tellurium, arsenic, and antimony.

Crystals are rare and usually subhedral; granular or lamellar masses, or

dendritic and skeletal aggregates being the norm. Bismuth is silver-white

with a pink cast, and often tarnished with an iridescent film; its luster is

metallic and its streak silver-white. It is sectile but not malleable, and one of

its three cleavages is excellent and easily developed. Bismuth is distin-

guished from other semimetals by its pronounced cleavage, pink hue, and

faint twinning striations.

Bismuth is found in hydrothermal veins associated with nickel, cobalt,

silver, tin, and uranium minerals, and in some pegmatites and placers. The

most important industrial deposits occur at several places in Bolivia, includ-

ing Sorata, near La Paz. Excellent specimens come from the Cobalt District.

Ontario, and the pitchblende deposits of the Great Bear Lake, Northwest
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I 'einfilling ofinterim king bismuth < rystals

from Chillagoe Queensland Australia

Territories. Fine specimens are also obtained from the pegmatites of

Kingsgate, New South Wales, Australia; the Black Hills of South Dakota;

and San Diego County, California. Important sulfide vein deposits include

the El Carmen Mine, Durango, Mexico; and the mines of the Erzgebirge in

Germany. Additional deposits are located in Cornwall, England; Kongsberg,

Norway; and many other places around the world.

THIS RARE MINERAL IS SEEN MORE OFTEN THAN ONE WOULD SUSPECT FROM ITS LIMITED

distribution, because collectors prize its lustrous, black cubic crystals. These

may be highly modified, and commonly fonn penetration twins. Crystals

are never more than 1-2 cm on edge, and display faint cleavage and sub-

conchoidal fracture. The black crystals are opaque, with a brilliant metallic

luster and a black streak.

Bixbyite is named for the Utah mineral collector Maynard Bixby, and

was first found in the Thomas and Wah Wah Mountains, Juab County, Utah.

Here it forms in cavities in the siliceous volcanic rock rhyolite, in associa-

tion with topaz, hematite, garnet, and the equally rare red beryl bixbite.

Other occurrences include Saddle Mountain, Pinal County, Arizona; San

Luis Potosi, Mexico; and localities in Argentina, India, South Africa, Spain,

and Sweden.

bixbyite

Perfect cubic crystal of

bixbyite on rhyolite matrix,

from the Thomas Range.

Juab County. Utah.

Classification:

oxide

Composition:

(Mn,Fe)
2 3

(manganese iron oxide)

Crystal System:

isometric

Hardness:

6-6.5

Specific Gravity:

4.95
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boleite

Classification:

halide

Composition:

Pb
26
Ag

9
Cu24CI62(OH)48

(hydrated lead copper chloride)

Crystal System:

isometric

Hardness:

3-3.5

Specific Gravity:

5.05

Boleite and its relatives cumengite (which lacks the silver component) and

tetragonal pseudoboleite, Pb
s
Cu

4
Cl

10
(OH)

H , are exceedingly rare and highly

prized by collectors. Mother Nature seems to have designed boleite with

her tongue firmly in cheek: although crystals may look like perfect cubes,

they are actually twins of three interpenetrant individuals; twinning also

results in pseudo-octahedral or pseudododecahedral fonns. To further com-
plicate matters, cumengite forms oriented pseudo-octahedral overgrowths

on boleite crystals, and pseudoboleite grows as short, square prisms emerg-

ing from each face.

Boleite and cumengite are translucent with vitreous luster, and an

unmistakable deep indigo blue color. The streak of boleite is light blue-

green, and that of cumengite is sky-blue. Boleite is named for the premier

locality—the copper mines at Boleo, near the French colonial town of

Santa Rosalia on the Gulf side of Baja California; and cumengite is named
for the French mining engineer Edouard Cumenge (b. 1828).

Boleite and cumengite occur as loose crystals or masses in residual

clays in the leached zone of certain copper sulfide deposits. The source at

Boleo in Baja California has provided the best specimens, including cubes

that may be as large as 2 cm on a side. Boleite has also been found at sev-

eral Arizona copper deposits, including the Mammoth-St. Anthony Mine in

Pinal County, the Apache Mine in Gila County, and the Rowley Mine in

Maricopa County. Other localities include the copper mines in Challacollo

and Huantajaya, Chile; Broken Hill, New South Wales, Australia; the Anarak

region of Iran; and the Ruhr District of Germany. Cumengite occurs by

itself in the cliffs near Falmouth, Cornwall.

Pseudocubic boleite crystals (left), and a crys-

tal ofcumengite (right) from Boleo, near Santa

Rosalia, Baja California, Mexico.

boracite

Classification:

borate

Composition:

Mg
3
B

7 13
CI (magnesium chloroborate)

Crystal System:

orthorhombic

Hardness:

7-7.5

Specific Gravity:

2.95

Dode< ahedrah rystals oj bora< itefrom the -all

mines "/ ( lermany s Hanover District

BORACITE IS A RARE AND UNUSUAL BORATE MINERAL WHICH, I'NLIKE THE MORE COM-

mon hydrated borates, usually occurs in evaporite deposits of marine ori-

gin. Crystals are generally found as isolated rough-surfaced cubes, dodeca-

hedra, pseudo-octahedra, or cubo-octahedra of 2 cm or less in size. These

are transparent to translucent; and may be colorless, white, gray, yellow . or

pale to dark green or blue-green, with a vitreous luster. Boracite crystals are

pyroelectric, becoming electrically charged when rubbed or heated. The

name of this species is an allusion to the boron in its composition.

Boracite is typically found

in association with anhydrite,

gypsum, halite, and carnallite.

but unfortunately, specimens

in matrix are rare, The finest

boracite specimens have tradi-

tionally come from the evapor-

ite deposits o\ Germany.

Particularly good crystals are

[\)u\u\ with sylvite and carnal-

lite in the potash mines ol the

Hanover and Srassfufl Districts,

line crystals are found on the

margins of the [nowroda^ sail
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dome in Poland, at Luneville, France, and in Yorkshire, England. Boracite is

also found in Louisiana's Choctaw salt dome, where it forms part of the
insoluble residue left over from the salt purification process. In California,

boracite has been found at Otis in San Bernardino County.

This important mineral class includes over 100 species, each of which con-

tains boron as the primary anion. The basic building block of the borates is

the triangular borate ion, BO,"3 ; but because this ion is close to the upper
stability limit for its coordination number of three, tetrahedral, four-coordi-

nated BO
(

ions are also common. These basic borate ions combine to form

complex groups, and like the silica tetrahedra in the silicate minerals, can

form elaborate frameworks and infinite chains and sheets. A structure con-

sisting solely of borate triangles, similar to the quartz structure of silica

tetrahedra, is possible but very unstable, and thus does not occur in nature

as a crystalline mineral. Material of this composition readily forms an amor-
phous glass, however, which is used in optics and other industrial applica-

tions that require lightweight glass plates and lenses even more transparent

than their silica counterparts.

The most familiar borates are the hydrated borates, of which the most

common are borax, kernite, colemanite, and ulexite. These species are

found in deposits precipitated from brines in the ephemeral lakes of the

western United States, Australia, Central Asia, and other arid regions over

the last few million years. They form colorless or white crystals and crys-

talline aggregates within the the soft lakebed sediments, and white crusts or

efflorescences on the lakebeds above. Due to the rather loose stnicture of

borate and other ions linked together between layers of unstable water

molecules, the hydrated borates are soft, prone to dehydration, and

extremely soluble in water. For this reason, great care must be taken to pre-

vent specimens from disintegrating after removal from the earth.

The less commonly encountered anhydrous and hydroxyl-halogen

borates are much more durable. Tight clusters of borate ions without inter-

stitial water make these minerals very hard and stable. Examples include

boracite, hambergite, and the rare species sinhalite (MgAlBO^), which was

known only as gem-quality pebbles from the gem-bearing gravels of Sri

Lanka, before finally being discovered in situ

in skarn deposits.

The borates are the primary commercial

source of the element borax, one of the most

useful natural substances. Borax is derived

from the mineral of the same name as well as

the other hydrated borates, and is used in met-

allurgy and in cleaning and pharmaceutical

products (see Borax). The borates also provide

elemental boron, which used to harden steel,

to absorb stray neutrons in nuclear reactors,

and to make a variety of artificial compounds.

Among the many industrial boron compounds
are boron carbide and boron nitride, synthetic

abrasives second only to diamond in hardness

and widely used in drill bits and other tools.

Other boron compounds are added to gasoline

to improve the performance of high-compres-

sion engines, and in fuels for missiles and air-

planes. Synthetic boron fibers are becoming

increasingly important as components of flexi-

ble and durable industrial materials, including

insulation and textiles.

borates

Lath-like crystals ofthe rare hydrated borate

hambergite Be ./>< > ,(OH,F), which isfound
only in pegmatites These crystals arefrom

Anjanabonoina, Malagasy Republic.
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Borax crystals, partially altered topowdery

white tincalconite, from thejennifer Dime.

Kramer District, Kern County. California

borax

Classification:

borate

Composition:

Na
2
B
4 5

(OH)4«8H
2

(hydrated sodium borate)

Crystal System:

monoclinic

Hardness:

2-2.5

Density:

1.7

The mineral borax is the principal source of ixdustrlu borax .and of the

element boron, which is used to make a variety of compounds. This min-

eral, which gets its name from the Arabic word for white, buraq, is one of

the most useful of all natural substances. Because molten borax is able to

dissolve many otherwise insoluble metallic oxides, one of its first uses was
as a flux to aid in metal working. The antiseptic and detergent properties of

borax make it a vital component of cleaning and pharmaceutical products,

such as detergents, medicines, disinfectants and cosmetics. Fibers of borax

glass are widely used in textiles and insulation as well. Elemental boron is

used in a wide variety of compounds, from nonferrous alloys to rocket

fuels (see Borates).

During medieval times, borax was transported to Europe by caravan

from China and Tibet, which were the only known sources of the mineral.

In the early 19th century, a method was found for precipitating sassolite

(H^BO,) from the mineral-rich vapors of naairal geysers in Tuscany. Italy.

The commercial product borax was easily made from this precipitate, and

Tuscany soon became the world's chief source. In 1857, a San Francisco

doctor searching for medicinal springs in northern California discovered

borax in the sediments of a shallow lakebed, and soon Borax Lake had

become the world's pre-eminent source of this mineral. Several years later.

enormous reserves of borax and other borate minerals, including kernite

and ulexite, were found in the dry lakebeds of the Mojave Desert. Today,

the open-pit mine at Boron in Kern County, California provides the bulk of

the world supply, although the largest known deposits are in the Kirka

region of Turkey.

Borax forms stubby prismatic or tabular crystals, usually clustered in

blocky groups on massive borax, like buildings tumbled together in the

wake of an earthquake. Borax is usually colorless or white, but may also be

yellowish, bluish, or greenish; it is transparent to translucent with vitreous

to earthy luster and a white streak. It is very brittle, with one perfect cleav-

age and conchoidal fracture. Borax is easily soluble in water, and can be

distinguished by its astringency and taint sweet taste when touched to the

tongue. Unless given a protective coating, borax quickly loses half of its

water content after being removed from the ground, altering to the pow-

dery, opaque mineral tincalconite.

Borax is found in the evaporite deposits derived from the waters ot

saline lakes m arid regions, and in some hot spring deposits. Layers up to

3 m in thickness are mined in the Boron Open Pit in Kern County,
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California; borax is also extracted from Searles Lake in San Bernardino
Count)- and other depressions throughout the Great Basin region. Borax
Lake in northern California produces fine large crystals seen in many muse-
ums. Borax deposits are also found in the Salta Province oi Argentina, and
in India, Kashmir, Turkey, Iran, Tibet, and Soviet Central Asia. The deposit

at Lop Nor in China's Taklamakan Desert, located on the ancient Silk Road
caravan route, is now a nuclear test site.

BORNITE, NAMED FOR THE At STRIAN MINERALOGIST IGNAZ VON BORN (B. 1742), Is

one of the most important ores of copper and is certainly among the more
colorful. Its colorful nickname—"peacock ore"—is a reference to the

intense multicolored (but primarily purple) iridescence that is developed on
fracture surfaces on exposure. There is extensive solid solution between
the copper sulfides bornite, covellite, and chalcopyrite at high tempera-
tures. On cooling, the individual species separate, or "exsolve," forming

massive aggregates.

Bornite crystals formed at temperatures above 228°C display isometric-

symmetry, while those formed at lower temperature, including the bulk of

bornite ores, are tetragonal. Although nearly always massive, bornite is

seen in pseudocubic, -octahedral, or -dodecahedral crystals with curved or

rough faces. Less tarnished specimens are bronze-colored with metallic lus-

ter, and the streak is light gray to black. Bornite is best distinguished from

other sulfides by its striking iridescence, but is usually associated intimately

with covellite and chalcocite, to which it easily alters.

Although sometimes found in pegmatites and basalt cavities, economic
concentrations of bornite are restricted to the oxidation zones of copper
deposits,- where it is associated with the usual colorful cast of secondary

species. Bornite is also found in some layered igneous intrusions, where it

forms from the alteration of primary sulfide chalcopyrite. Bornite itself is

easily altered, and crystals are often replaced by covellite or secondary

chalcopyrite. Good crystals have been collected in the mines of Redmth,

Cornwall, England; and Tsumeb, Namibia. Fine crystals are also found at

Butte, Montana, and Bristol, Connecticut. Massive bornite is found in virtu-

ally every oxidized copper deposit the world over.

bornite

Classification:

sulfide

Composition:

Cu
5
FeS

4 (copper iron sulfide)

Crystal System:

isometric and tetragonal

Hardness:

3

Specific Gravity:

5.06-5.08
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I nusual columnar aggregates ofbornite cm
talsfrom the Cam Brea Mint: llloi>ci)i.

Cornwall
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bournonite

Classification:

sulfide (sulfosalt)

Composition:

CuPbSbS
3
(lead copper antimony sulfide)

Crystal System:

orthorhombic

Hardness:

2.5-3

Specific Gravity:

5.8-5.9

Bournonite, named for the French mineralogist Count Jacques Louis de

Bournon (b. 1751) is an important ore of lead, copper, and antimony. It is

also prized by collectors for its interesting crystals. These are commonly
stubby prisms which form fourling twins of a characteristic flattened, radiat-

ing "cogwheel" shape. More often, however, bournonite occurs as massive

granular aggregates. Bournonite is brittle, with a subconchoidal to uneven

fracture, and three distinct cleavages. It is steel-gray to iron-black in color,

with a metallic luster and gray-black streak.

Perhaps the most abundant of the sulfosalts, bournonite occurs in

medium-temperature hydrothermal veins in association with stibnite, chal-

cocite, galena, tetrahedrite, chalcopyrite, siderite, and quartz. The best spec-

imens are the lustrous cogwheel twins from the Wheal Boys Mine,

Endellion, and from Liskeard, Cornwall, England. Excellent crystals are also

found at Andreasberg, in the Harz Mountains, and Willroth, Germany;

Kapnik, Romania; and at Pribram, Czechoslovakia. Very large crystals are

found at Machacamarca, Bolivia, and Park City, Utah. Very attractive small,

untwinned crystals on tetrahedrite come from Concepcion del Oro,

Zacatecas, Mexico.

Classic "cogwheel" twins ofbournonitefrom

the Herodsfoot Mine, Lanreath, Liskeard,

Cornwall.

brookite

Classification:

oxide

Composition:

Ti0
2
(titanium oxide)

Crystal System:

orthorhombic

Hardness:

5.5-6

Specific Gravity:

4.1

Brookite, named for the English mineralogist Henry James Brooke ( b. 1 I),

is the rarest of the three polymorphs of titanium oxide, the others being

anatase and rutile. The structure of brookite is characterized by octahedra

of TiO/, each of which share three edges. In aitile, similar octahedra share

only two edges, and this structure seems to be stable under the widest

range of conditions, since rutile is the most common of the polymorphs.

Although potentially an ore of titanium, brookite has never been found in

sufficient concentration to be commercially exploited.

Crystals of brookite take a variety of forms, from tabular to prismatic.

pseudohexagonal or pyramidal, and are commonly striated. They are trans-

parent to translucent, and brown to black in color, with an adamantine to

submetallic luster and a yellow or grayish-brown streak.

Brookite is most commonly found in Alpine vugs, the crystal-lined fis-

sures which occur in gneisses and schists in the Alps and other mountain-

ous regions. Brookite also occurs as an accessory in some igneous rocks

and contact mctamorphic deposits, and as a clelrilal mineral in sedimentary
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rocks. The best specimens are

found in the Alps—at Bourg

d'Oisans, France; in the

Binnatal and St. Gotthard

regions of Switzerland; near

Salzburg, Austria; and in the Val

d'Ossola and elsewhere in Italy.

Sharp, black, lustrous crystals

of varied habit are found in the

contact metamorphic deposits

of Magnet Cove, Arkansas, and

Mont St. Hilare, Quebec.

Flattened < rystals ofbrookitefrom near

Tremadcn Gwynedd, Wales

Brucite, named for the early New York mineralogist Archibald Bruce, is an

important ore of magnesium (see Magnesite). This light metallic element is

very important in the manufac-

ture of light alloys, and in

pyrotechnics, to which it pro-

vides an intense white light; var-

ious magnesium compounds are

vital to medicine and the photo-

graphic and chemical industries.

Brucite has a very simple, sheet-

like structure consisting of two

layers of closely packed

hydroxy 1 (OH) ions, between

which the magnesium ions are

nestled in octahedral coordina-

tion. Since the magnesium and

hydroxyl ions satisfy each others

charge requirements, the struc-

tural sheets of brucite are held

together only by Van der Waals'

forces, as in the sheet silicates.

Brucite is usually found as

foliated or finely granular

masses, or very rarely as broad,

tabular hexagonal crystals.

Perfect cleavage produces flexible but inelastic sheets. The color of brucite

ranges from colorless through green, blue, and pinkish; the manganese-

bearing variety may be yellow, brown, or reddish. Brucite is transparent or

translucent, with pearly or waxy luster and a white streak. It most closeh,

resembles gypsum, from which it can be distinguished by its eas> solubility

in dilute acid. At high temperatures, hydroxyl is driven off and brucite con-

verts to periclase (MgO).

Brucite is characteristic of low-grade metamorphic rocks such as serpen

tinites and chloritic or dolomitic schists, in which it forms by alteration of pri-

mary manganese minerals. Commonly associated species include arag<

calcite, chrysotile asbestos, and talc. It is also found in contact metamorphic

dolomites and low-temperature hydrothermal veins. The finest specimens are

crystals that may be 15 cm in length, found in the past in the \\

Low's chromite mines, Lancaster County, Pennsylvania; and pale-blue speci-

mens from the Tilly Foster Iron Mine, Brewster, New York. Brucite is com-

mon in the serpentinites of the California Coast Ranges in the \sbestos

Thetford Mines, Quebec; and at Bancroft, Ontario. Othei soun

Hoboken, New Jersey; the asbestos mines at Bajeno\ u

the Shetland Islands of Scotland; England; Sweden; Itah

brucite

Classification:

hydroxide

Composition:

Mg(OH)
2
(magnesium hydroxide)

Crystal System:

hexagonal (rhombohedral)

Hardness:

2.5

Specific Gravity:

2.39

Massive brucitefrom the Tilly FosterMine,

Brewster, Sen York.
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calcite

Classification:

carbonate

Composition:

CaC03
(calcium carbonate)

Crystal System:

hexagonal (rhombohedral)

Hardness:

3

Specific Gravity:

2.6-2.8

Although extremely common in nature, calcite is one of the most fascinating

minerals; it occurs in such a wide variety of forms that some mineral collec-

tors specialize in this one species alone. The name comes from chalix, the

Greek word for lime. The production of lime was one of the first uses

found for calcite. When heated to a certain temperature, calcite loses C0
2

and decomposes into lime, CaO, which is then mixed with water to make
slaked lime or cement, Ca(OH) 7 . As it dries, cement absorbs CO, and gives

off water, solidifying as reconstituted CaCO^. At first, cement was used pri-

marily as mortar to hold stones in place. The Romans discovered that burn-

ing volcanic ash with the calcite would produce a much more durable

cement, and they pioneered the construction of entire buildings from this

material. After the fall of Rome, cement was little used as a structural mate-

rial, but by the early 19th century English engineers were mixing clay with

slaked lime to build lighthouses, bridges and tunnels. Now there are all

kinds of elaborate recipies for producing cements with just the right

strength, weight and drying time for every concievable use, and the "artifi-

cial stone" continues to spread across the landscape.

Calcite has perfect rhombohedral cleavage, and the transparent cleav-

age fragments thus produced exhibit the property of double refraction.

Because the light entering a calcite crystal is broken into two separate rays,

images observed through the parallel faces of a cleavage fragment appear

doubled. This property remained an interesting novelty until it was adapted

for the construction of lenses for light-polarizing microscopes, which are

indispensable to the study of rocks and minerals. This property also made
calcite lenses ideal for the sights used by bombardiers, and large quantities

of clear calcite were mined for this purpose during the Second World War.

Now, the advent of "smart bombs" has made it unnecessary for military

personnel to actually see what they are destroying.

Calcite often forms excellent

crystals, sometimes of enormous

size. Hundreds of combinations of

crystal forms have been observed

in calcite, more than in any other

mineral species. Among the more

common crystals are the tapering

scalenohedral-prismatic f( inns,

blocky rhombohedral shapes, and

tabular forms with dominant basal

faces. Calcite forms nearly every

possible kind of twin, including

The elaborate coralformations ofthis

Caribbean reefare colonies ofmil

lions oftiny coralpolyps, which draw

t alcium carbonatefrom seawaterto

form their c dlcite skeletons

Opposite page: (
'h issu si < ih n H >Ih •

dralor "dogtooth < ah ite i rystals

from the Pallaflat Mine. Biggrigg,

Egremont, < umbria
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These delicate calcite

"soda straws" in a

New Mexico cavern

are an unusual type

ofhollow stalactite,

formed by waters

laden with calcium

carbonate dripping

from the cave ceiling.

polysynthetic twins and heart-shaped contact twins. "Sand cal-

cite" crystals that have grown in situ in sediments retain a dis-

tinct crystal form, even though they may contain up to 65%
sand by volume. Common aggregate habits of calcite include

the chatoyant, fibrous satin spar, stalactitic cave onyx, and the

fine to coarsely crystalline form typical of the metamorphic

rock marble.

Pure calcium carbonate is usually colorless and transpar-

ent, or translucent and white, but inclusions of extraneous

material can give calcite a wide range of colors. Inclusions of

hematite commonly cause a reddish hue; other variations are

yellow, brown, pink, violet, blue, and green. The luster is vit-

reous to greasy, and the streak white. The best way to recog-

nize calcite is by its perfect cleavage, which always yields

perfect, sharp rhombohedra. Its vigorous reaction with cold,

dilute hydrochloric acid distinguishes calcite from dolomite,

siderite and other carbonates whose reactions are more mild.

Calcite is the calcium end-member of a solid-solution series

with the manganese carbonate rhodochrosite.

Calcite is a very common mineral, occurring in extremely

large amounts as the primary constituent of the sedimentary

rock limestone, and its more coarsely crystalline, metamorphic

counterpart, marble. Limestone is formed from sediments

composed of the skeletons of marine animals, such as the

corals and the planktonic foraminifera, and plants, such as

the calcareous algae and the planktonic coccolitbophorids.

The corals and calcareous algae form enormous accumula-

tions in warm shallow seas, while the planktonic material can accumulate

on the ocean floor in deposits of remarkable purity, free from contamination

by other sediments. The microscopic plates of the coccoliths have accumu-

lated in huge amounts since they first evolved in the Mesozoic Era. The

light, porous stone formed by these fossils is called chalk—not to be con-

fused with blackboard chalk, which is now made from gypsum. Much of

southern England and northern France is underlain by chalk, which makes

the Cliffs at Dover white and the wines of Chablis "flinty." Although the

original form of calcium carbonate may actually be aragonite or magnesium-

rich calcite, geological processes gradually turn it into calcite or dolomite

after burial.

These marine plants and animals may play an important part in control-

ling the climate of the earth. As they precipitate their skeletons of calcium car-

bonate, they draw dissolved carbon dioxide (CO,) out of the seawater. The

ocean is then able to absorb more heat-trapping CO, from the atmosphere,

and thus help to control the "greenhouse effect." If marine organisms did not

precipitate shells of CaCO v this so-called drawdown would not occur, and

the addition of CO, to the atmosphere from volcanic and other sources

would cause the earth's surface temperature to rise to unbearable levels,

Calcite occurs in virtually every other rock type as well, although it is

uncommon in most igneous rocks. Notable exceptions are the carbonatites,

magmatic rocks composed primarily of either calcite or dolomite. The ori-

gin of carbonatites was highly controversial, until the actual molten magma
was observed in the carbonatite volcano OI Doinyo Lengai near Mt.

Kilimanjaro in the East African Rift. Calcite is so common in fine specimens

that only a few important localities arc worth mentioning. The most excep-

tional sources in North America arc the Tri-State mining district of Missouri.

Kansas, and Oklahoma; the lead-zinc deposits of Wisconsin and Illinois;

and the Elmwood mine in Smith County, Tennessee. Marvelous crystals in

every possible form have been found in the mines of Cornwall.

Cumberland, Durham, and Lancashire. England. Large cleavage fragments

of perfectly transparent calcite are known as "Iceland spar," alter the

famous basalt cavity deposit at Eskifjord, Iceland.
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This strange and beatjti-

ful mineral grows in rich,

green carpets of tiny

prismatic crystals on

matrix in the upper, oxi-

dized zones of lead-cop-

per sulfide veins, incor-

porating nearly every

type of ion available in

its environment. The
crystals are usually of

microscopic size, form-

ing divergent groups or

massive aggregates;

however, some may
reach 1.25 cm in length

and display lustrous, stri-

ated faces. Crystals are

transparent to translu-

cent, and their color

ranges from dark green

to blue, with a vitreous

to resinous luster and a

bluish- or greenish-white

streak.

The best specimens

have come from Arizona,

particularly the large, blue clusters from the Mammoth Mine, Tiger, Arizona.

Caledonite is found in many other lead-copper sulfide deposits in the west-

ern United States, including the the Wonder Prospect at Darwin in Inyo

County, where it is associated with linarite. Other countries from which fine

caledonite specimens are obtained include Canada, Chile, England, France,

Germany, Namibia, Sardinia—and, of course, Scotland, from whose ancient

name Caledonia this mineral's name is derived.

caledonite

Classification:

sulfate

Composition:

CU 2Pb5(S04 ) 3
C0

3
(OH)

6

(copper-lead hydroxyl carbonate sulfate)

Crystal System:

orthorhombic

Hardness:

2.5-3

Specific Gravity:

5.76

Crust ofcaledonitefrom Tsumeb, Namibia

Calomel is also known as "horn mercury" or simply mercurous chloride. It

was a common household drug for centuries, taken as a cathartic (purga-

tive). Modern applications of mercury chloride include insect and fungus

control in agriculture.

The name apparently

comes from the Greek

phrase kalon meli,

meaning "fair honey"

—

an allusion to its sweet

taste (do not taste

calomel however, as it

contains mercury). This

property is also reflected

in its Latin name,

Mercuris dulcis, or

"sweet mercury."

An alternative deriva-

tion of this species is

often given, based on
the Greek phrase kalos

melas, meaning "beauti-

ful black"—supposedly a

calomel

Classification:

halide

Composition:

HgCI (mercury chloride)

Crystal System:

tetragonal

Hardness:

1.5

Specific Gravity:

7.16

Cluster oj . i

Plateros, /<<
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reference to the tendency of this otherwise white-to-yellowish-gray species

to darken on exposure to natural light. Calomel is transparent to translucent,

with an adamantine luster; exposure to ultraviolet light produces a dark-red

fluorescence. Crystals are often complex, usually tabular, but also equant,

prismatic, or pyramidal. Massive earthy cmsts are more common, however.

Calomel is an uncommon secondary mercury mineral which forms at

the expense of native mercury, cinnabar, and other primary species in the

oxidized portions of hydrothermal mercury deposits. Good crystals are

found in the Terlingua District, Texas; in the Denio District, Oregon; in the

Sunflower District, Arizona; and near Jackport, Arkansas. Calomel is also

found in the mercury deposits of California's Coast Ranges in San Mateo

and Napa Counties. Other sources include Zacatecas and Queretaro,

Mexico; Gvassington Moor, Yorkshire, England; and locations in France,

Germany, and Spain.

carbonates
Although most of the seventy species of carbonates are uncommon to rare,

much of the earth's surface is covered with rocks composed almost exclu-

sively of the two most important species, calcite and dolomite. The preva-

lence of these minerals is due to the fact that marine organisms like algae,

plankton, and coral cause carbonate minerals to precipitate from seawater.

When these plants and animals die, their carbonate skeletons collect to

form sediments which may eventually turn into carbonate rocks like lime-

stone, dolostone, or marble. The carbonate anion (CO^~2
) consists of one

carbon atom bonded to three oxygen atoms, and forms the basic structural

unit which determines the symmetry of carbonate crystals.

The most commonly encountered carbonates belong to one of three

basic groups: the calcite, aragonite, and dolomite groups. The calcite group

is characterized by the combination of a small metal cation with the car-

bonate anion, and includes the similar species calcite, CaCO^, magnesite,

MgCOv siderite, FeCOv rhodochrosite, MnC0
3

, and smithsonite, ZnCOv
The aragonite group includes those species characterized by single, large

metal cations, including witherite, BaCO^ strontianite, SrCOv and cerrusite,

PbCO v Although aragonite, CaCO^, shares the same chemical composition

Fine prismatic crystals ofthe rare secondary

lead carbonate phosgenite. PbJCO^JClj. from
Matlock Derbyshire. Phosgenite crystallizes

from saline hydrothermalfluids in which

galena has been dissolved.



as calcite, its structure is of this type. The dolomite group includes

dolomite. CaMg(C0
3
)2 ,

and ankerite, Ca(Fe,Mg)(C0
3
)2 , which contain two

metal cations associated with the carbonate anion in alternating layers. The
only other commonly encountered carbonates are the colorful hydrous
copper carbonates azurite, Cu

3
(CO,)

2
(OH)

2 , and malachite. Cu
2
C< >.<<)ll),.

The carbonates display a remarkable variety of crystal forms and habits,

but the group as a whole shares a number of distinct characteristics. Man}
common carbonates dissolve easily in acids, with the release of carbon diox-

ide, resulting in mild to vigorous effervescence. Carbonate minerals are soft,

with hardnesses between 3 and 5, and tend to break readily along character-

istic cleavage planes. Most carbonates are white or colorless, although many
of the species found in hydrothermal ore deposits (like azurite,

rhodochrosite, and smithsonite) can be brightly colored indeed, due to the

presence of metal ions such as copper and manganese.

Carnallite, named i ok mi Pri ssian mining engineer Rudolph von Carnall

(b. 1804), is a very important source of potassium, which is essential as a

fertilizer and vital to the the chemical and pharmaceutical industries (see

Sylvite). Like other evaporite minerals, carnallite forms extensive beds of

granular material. Interesting pseudohexagonal crystals are sometimes pro-

duced from the mines, but they tend to absorb water and disintegrate on

exposure. The crystals are colorless and transparent, or red due to hematite

inclusions, and display a vitreous or greasy luster. Carnallite is further distin-

guished by its strong fluorescence; solubility in water; and bitter, salty taste.

A late-forming component of evaporite deposits, carnallite is found in

association with other halides like sylvite and halite (salt). It is mined along

with these minerals from extensive deposits in west Texas and southern

New Mexico; Stassfuit, Germany; and the Ukraine. Other notable deposits

occur in Iran, Mali, China, Tunisia, and Spain.

carnallite

Classification:

halide

Composition:

KMgCI
3
«6H

2

(hydrated potassium magnesium chloride)

Crystal System:

orthorhombic

Hardness:

2.5

Specific Gravity:

1.6

Carnallite grainsfrom the salt mm
Stassfuri, Magdeburg. Germany.



Left: In the event ofthermonuclear war, the

multiple nuclear warheads in the cone of this

intercontinental ballistic missile are designed to

rain destruction over a vast area ofthe earth 's

surface. Theplulonium in these warheads is

made using enriched uraniumfrom carnotite.

Right: Massive, earthy carnotitefrom the

canyonlands ofsouthern Utah.

carnotite

Classification:

vanadate

Composition:

K
2
(U0

2 ) 2
(V0

4 ) 2
-3H

2

(hydrated potassium uranium vanadate)

Crystal System:

monoclinic

Hardness:

unknown—soft

Specific Gravity:

4.95

Carnotite, named for the French chemist and engineer Marie-Adolf Carnot

(b. 1839), is one of the most important ores of uranium and a significant

source of vanadium as well. It is extremely radioactive, and for this reason

should not be included in one's mineral collection, despite its attractive

canary-yellow color. Microscopic crystals of carnotite are very rare, and it

usually occurs as opaque, earthy, or powdery aggregates. The Indians of

the American Southwest apparently used this soft yellow mineral for adorn-

ment and war paint, but a later generation of Americans found an even

more war-like application: carnotite was the main source of the uranium

enriched to make fissionable uranium for the Cold War arms race.

Extensive reserves of carnotite are located in the Triassic and Jurassic

sandstones of the Colorado Plateau region of the American Southwest. For

a brief period in the 1920s, carnotite was mined in small quantities to pro-

duce radium for luminescent watch dials. The advent of the arms race,

however, turned this dangerous substance into the focus of a national

frenzy. During the "uranium msh" after the Second World War, amateur

prospectors probed every canyon in the Colorado Plateau with Geiger

counters, even flying across vast stretches of desert dangling scintillometers

from small aircraft. Production peaked at the height of the Cold War in the

mid-1950s, when the United States Government was paying a guaranteed

price for large quantities of "yellow cake" (processed carnotite), to produce

its enormous hydrogen bombs and other nuclear devices. New sources of

fissionable material have since been found, although carnotite continues to

be mined on the Navajo Indian Reservation in Arizona and New Mexico, at

great expense to the health of the local population.

Sandstones derived from the weathering of igneous rocks often contain

appreciable quantities of primary uranium minerals like allanite and urani-

nite, in the form of small grains. Over the millennia, oxygenated groundwa-

ter flowing through these porous formations dissolves these grains, gradually

transports the uranium and other elements and ions through the rock. The

uranium minerals in such orebodies from a "rolling front," dissolving on the

upstream side and repreeipitating at the leading edge. Thus, over the millen-

nia, the deposit moves imperceptibly through the porous rock. Since many
of these sandstone formations represent ancient streambeds or river chan-

nels, the orebodies are restricted to a relatively small area. Organic matter in

the sediments influences the precipitation of carnotite and other minerals;
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one giant log over 30m long and lm in diameter was once found to be pel

rifled with carnotite, and was worth nearly a quarter-million dollars to its

lucky discoverers. Although primarily known for producing uranium and
vanadium from carnotite and other minerals, copper, molybdenum, sele

nium, and silver have also been mined from such deposits.

In the United States, carnotite also occurs in Wyoming and South
Dakota, and in Carbon County, Pennsylvania. Extensive deposits are found
in the Ferghana Basin of Soviet Turkestan, and in South Australia. In Africa,

carnotite is mined at Katanga, Zaire; Mounana, Gabon; and at El Borouj

and Louis Genii, Morocco.

Kasstteros is the Greek word for tin, and cassiterite is the most important

ore of this metal. Around six thousand years ago, it was discovered that tin

and copper could be alloyed to produce a relatively strong metal, called

bronze (sec Copper). This discovery is one of the developments that facili-

tated the technological, commercial, and political advances that catapulted

human culture out of the Stone Age. Around three thousand years ago, the

Phoenicians began importing large quantities of tin into the Mediterranean

region from islands to the north, then called the Cassiterides. It is now
known that these ancient seafarers sailed nearly 2000 km north to the

British Isles, trading for tin with the Celtic miners of Cornwall. These
deposits were later exploited by the Romans, and remained an important

source of tin into the present century.

Cassiterite is still the primary ore of tin, but the metal itself is becoming
less important than it was in ancient times, or even in the recent past.

Although the terms "tin can" and "tin foil" are still in use, these products are

now likely to contain no tin at all. Tin was used to make household foil

because of its great malleability, which allows it to be made into very thin

sheets; now, however, it has been replaced by the relatively abundant,

strong and light metal aluminum in foils. "Tin" cans are actually steel, with

an electroplating of tin or tin-lead alloy to protect them from rusting. The
introduction of less expensive, lead-free containers of aluminum, paper,

and plastic has resulted in a decline in tin-plating. Pewter is an alloy con-

sisting primarily of tin, with variable amounts of lead, antimony, bismuth,

copper, and zinc. It was used as early as Roman times, and was the main

material for tableware in England and much of Europe from the Middle

Ages through the eighteenth century. Pewter fell out of fashion as the use

of other metals and of china became more widespread, and as the toxic

cassiterite

Classification:

oxide

Composition:

Sn0
2

(tin oxide)

Crystal System:

tetragonal

Hardness:

6-7

Specific gravity:

6.8-7.1

Left: Lustrous aggregate ofcassiterite crystals

from Panasqueira Mine. Sara da Estrella,

Portugal. Right: The casting ofbronze, tbe

versatile alloy ofcopperand tin, was already a

highly i lei eloped a)l when this 25-cnt-tall

Greek statue ofZeus teas sculpted in the fourth

century BC.
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properties of lead began to be understood. One lead-tin alloy that retains

its importance is solder, which is primarily used to secure electrical connec-

tions in electronics.

Cassiterite has the same structure as aitile, and like rutile forms lustrous,

stubby prismatic crystals of complex habit, often in elbow-shaped twins. It

is most commonly seen, however, as tough, concentrically banded, botry-

oidal masses known as "wood tin." This massive material is brown, and
crystals are black and translucent (transparent on thin edges), with an

adamantine luster and a white streak. Cassiterite can be distinguished from

most other heavy black minerals by its translucency.

The tin deposits of Cornwall were formed through a process called greis-

enization, in which granitic rocks are invaded and altered by fluorine- and

boron-rich hydrothermal fluids at medium-to-high temperatures. This process

converts the granite to a mixture of quartz, kaolin clay, lepidolite, fluorite,

tourmaline, and topaz. Ore minerals, such as cassiterite, molybdenite, mtile,

and wolframite, tend to occur in discrete veins in the altered granite. Such

deposits were once mined in the Bohemia region of Czechoslovakia and

Saxony, Germany. Today, the only important vein deposits of cassiterite are

those in Bolivia, including the Araca, Llallagua, and Ouro districts, where

crystals as large as 8 cm in diameter have been recovered.

Cassiterite forms in a variety of other geological environments as well,

including contact metamorphic deposits, pegmatites, and rhyolites. Fine crys-

tals occur in the pegmatites of New England, Southern California, the Black

Hills of South Dakota, and elsewhere; and wood-tin aggregates are found in

vast rhyolite fields of northern Mexico and New Mexico. Since cassiterite is

hard, tough, and heavy, it easily weathers out of the primary deposits to col-

lect in placers, and the largest deposits occur in river and beach placers

where cassiterite has been accumulating over millennia. The ancient tin min-

ers, lacking explosives or mechanical mining equipment, secured all of their

ore from placer deposits. Great quantities of cassiterite are recovered from

"tin belts" in the Andes of South America, Southwest Africa, Western

Australia and Tasmania, and Southeast Asia. The placers of the Malay

Peninsula, Thailand, and Sumatra supply the bulk of the world's tin needs.

celestite

Classification:

sulfate

Composition:

SrS0
4
(strontium sulfate)

Crystal System:

orthorhombic

Hardness:

3-3.5

Specific Gravity:

3.95-3.97

Bladed i rystah oft elestitefrom Clay < 'enter,

Ohio

The Latin word coelestis, or "heavenly" provides the name of this pale blue

mineral. Celestite is the most important ore of strontium, which is used to

produce the crimson flame in tracer bullets, flares, and fireworks. It is also

used in refining sugar from sugar beets, and in the manufacture of batter-

ies, paint, aibber, glass, porcelain, and depilatories—chemical hair-removal

products. Strontium has similar properties to barium, and thus celestite

finds similar uses to barite as a radiation absorber in the nuclear industry.

There is com-

plete solid-solu-

tion series

between barite

and celestite,

and a limited

series between

anhydrite and

celestite.

Celestite crys-

tals are some-

times tabular but

more often pris-

matic, generally

resembling barite

in morphology.
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Frequently, celestite occurs as massive, radiating or granular crystalline aggre-

gates, or as concretions with terminated crystals pointing inward. In addition

to its nominal sky-blue color, celestite may be white, colorless, yellowish,

reddish, greenish, or brownish. It is a very fragile mineral, with perfect basal

cleavage. Celestite can be distinguished from barite by its lower density.

Celestite is most abundant in carbonate rocks and evaporate deposits.

The sulfur mines of Agrigento in Sicily produce excellent specimens in

association with gypsum, aragonite, and sulfur. It is also found in

hydrothermal sulfide veins and basalt cavities. Some of the finest specimens

have been recovered from pegmatite deposits, such as those in

Czechoslovakia and Madagascar. Exceptional crystals 75 cm in length are

found at Put-in Bay and other sites around Lake Erie. Large deposits of

massive celestite are exploited in Gloucestershire, England, the Soviet

Union, and Tunisia.

Till- NAMH OF Tills SPECIES COMES FROM Till- LATIN CERUSSA, OR "WHITE LEAD," AND

is an important ore of that metal (see Galena). Cerrusite is renowned for its

variety of crystal habits. Single crystals may be tabular or prismatic, but

cerussite is usually twinned in the form of pseudohexagonal "sixlings" of

three intersecting individuals, with deep reentrant angles. Another common
habit is the "jackstraw" aggregate, which consists of numerous reticulated

crystals intersecting at 60° angles. These aggregates may form symmetrical,

dendritic groups resembling a Christmas tree, or open frameworks like an

arbor lattice.

Cemssite is usually transparent or translucent and colorless to white,

although it may be colored blue, green, or black by inclusions; the streak is

colorless to white. This species is distinguished by its strong luster, which

ranges from adamantine to submetallic. Occasionally, specimens of cerus-

site will fluoresce yellow under long-wave ultraviolet light. Cerussite resem-

bles the much rarer lead carbonate phosgenite, PbCOCl,, and, to a lesser

extent, the sulfate anglesite. It can be distinguished from these species most

readily by its distinctive growth habits.

Cerussite is a secondary mineral which precipitates from carbonated

hydrothermal fluids in which other lead minerals, such as galena, have been

dissolved. It is most often found in the enriched portions of lead-zinc

hydrothermal replacement deposits and in other sulfide deposits, in associa-

tion with secondary minerals such as anglesite, smithsonite, pyromorphite,

and goethite. Particularly beautiful crystals, including snowflake-like jack-

straw aggregates, occur at Tsumeb, Namibia; Broken Hill, New South Wales,

Australia; Dundas, Tasmania; Mt. Te Aroha, New Zealand; and the Toussit

Mine, Oujda, Morocco. Among the many North American deposits that pro-

duce fine specimens are the

Mammoth Mine in Pinal

County, Arizona; Idaho's

Coeur d'Alene District, the

Organ Mountains of New
Mexico; Phoenixville,

Pennsylvania; and Leadville,

Colorado. Important

European sources include

Lanarkshire. Scotland; Monte

Poni and Monte Yeccio.

Sardinia; and numerous other

localities in Germany and

eastern Europe.

cerussite

Classification:

carbonate

Composition:

PbC0
3
(lead carbonate)

Crystal System:

orthorhombic

Hardness

3-3.5

Specific Gravity:

6.55
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chabazite

Classification:

tectosilicate, zeolite group

Composition:

Ca
2
AI

2
Si

4 12
«6H

2

(hydrated calcium aluminum silicate)

Crystal System:

hexagonal rhombohedral

Hardness:

4-5

Specific Gravity:

2.05-2.16

Chabazite is named for chabazios, one of a score of stones celebrated by the

ancient Greek poet Orpheus in his Litbica. Orpheus believed that all things

possess a soul, including the minerals, and that the essence of God was the

formative power embodied in natural things. This notion reflects the tradition

of animism, common to many indigenous peoples around the world.

Chabazite has a very loose atomic structure, in which large open spaces

between silica tetrahedra are connected to one another by channels

approximately 3-9 angstroms in diameter (one millimeter equals ten million

angstroms). Since these channels allow molecules of lesser diameter to pass

right through the crystal while trapping larger ones, chabazite can be used

as a "molecular sieve" to separate and purify certain mixed gasses and liq-

uids. Although most zeolites used for this purpose are manufactured syn-

thetically, natural chabazite is still mined for commercial use.

This common zeolite mineral usually occurs as simple, pseudocubic,

rhombohedral crystals, which often form penetration twins. Usually translu-

cent and colorless or white, chabazite may also be yellowish, pinkish,

greenish, or reddish, with a vitreous luster and a white streak. It displays

rhombohedral cleavage, but not as well-developed as that of calcite and

dolomite; chabazite is further distinguished from these carbonates by its

hardness and lack of effervescence in dilute hydrochloric acid.

Chabazite is found primarily in basalt cavities associated with other zeo-

lites, as well as in fractures in metamorphic rocks. Beautiful flesh-red crys-

tals, locally known as acadialite, are found in the basalts of Nova Scotia

(home of the French Acadians). Excellent specimens come from the basalts

of Ireland's Giant's Causeway, the Faeroe Islands, Iceland, and the Isle of

Skye in Scotland. Other European localities include Aussig, Czechoslovakia;

Oberstein, Germany; and Seiser Alp in Italy. Good specimens have also

been found in the Columbia River Plateau near Ritter Hot Springs and

Goble, Oregon, and in the diabase sills near Patterson, New Jersey.

Chabazite is found down under near Melbourne, Australia, and along the

west coast of Tasmania.

Pseudoi ubu < rystals ofchabazitefrom the

basalt < <ii iiifs <<i < tberstein, Birkenfeld,

Rheinland I '/ah. Germany



Many people are familiar with chalcanthitf. in its synthetic form; high

school chemistry teachers often demonstrate the wonders of crystallization

to students by precipitating large vivid blue crystals of this copper sulfate

from solution, in their classrooms or laboratories. Mineral forgers often affix

such synthetic chalcanthite crystals to rock matrix, offering them to unwit-

ting collectors as natural specimens. The medieval name for chalcanthite

—

"blue vitriol"—could equally well describe the response of the collector

who has just discovered such a forgery.

Unfortunately, chalcanthite does better in captivity than in the wild:

since it dissolves so easily, natural crystals are rare. These crystals are usu-

ally thick and tabular or short and prismatic; they may also be found as

curved, parallel aggregates known as ram's bonis. Most commonly, chal-

canthite occurs in massive or stalactitic aggregates, or fibrous veins. The
most distinctive characteristic of this mineral is its intense color, which

ranges from pale sky-blue to deep blue, sometimes tinted with green.

Crystals are transparent to translucent, with vitreous to resinous luster and a

colorless streak. Specimens tend to disintegrate in humid climates; and they

may give off water when heated.

Chalcanthite is a secondary mineral found in the oxidized zone of cop-

per-sulfide-bearing hydrothermal deposits, in association with other

hydrated copper and iron sulfates. Crystals sometimes fonn on the timbers

of old mines. It is mined as an ore of copper at Chuquicamata and other

places in Chile. Many of the copper deposits in Arizona, California,

Colorado, Nevada, and New Mexico produce interesting specimens as well.

chalcanthite

Classification:

sulfate

Composition:

CuS04
*5H

2
(hydrated copper sulfate)

Crystal System:

triclinic

Hardness:

2.5

Specific Gravity:

2.28

Massive cbakai

17



chalcocite

Classification:

sulfide

Composition:

Cu
2
S (copper sulfide)

Crystal System:

orthorhombic

Hardness:

2.5-3

Specific Gravity:

5.5-5.8

Classic pseudobexagonal twins ofchalcocite

from St Ives, Consols, Cornwall.

Chalcocite is one of the most

important copper ores and is

named from the Greek word
for that metal, chalkos.

Although sometimes forming as

a primary mineral, economi-

cally important concentrations

of chalcocite are always sec-

ondary. Copper deposits are

often "enriched" by secondary

chalcocite in the following

manner. As oxidizing waters

percolate downward through a

sulfide deposit, primary copper

minerals are dissolved, and the

copper is transported down-
ward in the form of soluble sulfates. At the water table, these solutions enter

a reducing (low-oxygen) environment, and the copper is precipitated in thick

layers (called "blankets") of chalcocite. Some of the world's richest copper

deposits were formed in this way, including the deposits at Bisbee, Miami,

and Morenci, Arizona; Butte, Montana; and Spain's Rio Tinto. Chalcocite is

also one of the most important ore minerals in the enormous low-grade por-

phyry-copper deposits which now supply most of the world's copper.

Although chalcocite forms striated, prismatic, or tabular single crystals,

the most common crystalline form is pseudohexagonal prismatic twins.

Most material is massive and granular, however. Crystals may be black with

a metallic luster, but massive chalcocite is usually dull gray in color, with

greenish alteration. The streak is dark gray to black. Chalcocite is brittle,

with conchoidal fracture, and is slightly sectile as well.

Primary chalcocite is disseminated throughout hydrothermal sulfide

deposits, in association with bornite, chalcopyrite, enargite, and pyrite.

Most specimens are examples of secondary material, however, which has

been reprecipitated along with typical secondary copper minerals like cov-

ellite, cuprite, malachite, and azurite. Chalcocite is mined in many places in

the western United States, including Alaska, Arizona, Utah, Montana,

Nevada, and New Mexico. Excellent specimens are recovered from the

mines at Butte, Montana, and from a deposit near Bristol, Connecticut. The

classic European source is Cornwall, England, from which magnificent

pseudohexagonal crystals are obtained; other European sources include the

Soviet Union, Czechoslovakia, Sardinia, Spain, and many places in

Germany. Important African sources are Tsumeb and Messina in Namibia,

and the South African Transvaal. Fine specimens also come from Chile,

Peru, Mexico, and Australia.

chalcopyrite

Classification:

sulfide

Composition:

CuFeS
2
(copper sulfide)

Crystal System:

tetragonal

Hardness:

3.5-4

Specific Gravity:

4.2

Chalcopyrite means "copper pyrite," chalkos being the Greek word for "cop-

per," and pyrite [ha general term for metallic minerals that produce sparks

when struck. This common species is the most important ore of copper,

providing about 80% of the world supply (see Copper). Small amounts of

gold and silver may substitute for copper in the chalcopyrite structure, and

in many places these metals are produced as a by-product of copper min-

ing. Chalcopyrite is also the primary source of copper for the many beauti-

ful and interesting secondary copper minerals found in the enriched zones

of hydrothermal sulfide veins, including azurite, cuprite, covellite, and

malachite.

Chalcopyrite forms curious double-wedge-shaped (disphenoidal) crys-

tals, which resemble tetrahedrons; aggregates of parallel individuals are

common. Usually, however, chalcopyrite occurs in massive form, either
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granular or botryoidal. The color is dark or brassy yellow, with an irides-

cent tarnish on broken surfaces. Chalcopyrite has a very strong metallic lus-

ter on fresh surfaces, and a greenish-black streak. Like pyrite, chalcopyrite

is known as "fools gold" because of its yellow color and bright luster, but it

is easily distinguished from gold by its brittleness. Chalcopyrite is distin-

guished from pyrite by its streak, color, and hardness—it can be scratched

by a steel knife-blade, while pyrite cannot.

Chalcopyrite is extremely common and widespread, occurring in many
different geological environments. The most economically important of

these have been the hydrothermal sulfide vein and replacement deposits.

Of increasing importance are the enormous low-grade porphyry-copper

deposits, which form through the alteration of primary copper-rich igneous

bodies. Another type of magmatic copper deposit in which chalcopyrite is

the primary ore mineral is the layered igneous intnisions, such as the one

at Sudbury, Ontario, where the associated species include pyrrhotite and

pentlandite. Other locations that produce specimens of this common
species include Ducktown, Tennessee, and elsewhere in the Tri-State dis-

trict; Butte, Montana; Bingham, Utah; and many other copper deposits in

the western United States. Important European localities include Cornwall,

England; Falun, Sweden; Rio Tinto, Spain; Schemnitz, Czechoslovakia; and

Freiburg, Germany. Chalcopyrite specimens are also obtained from Zaire,

Chile, Peru, Australia, New Guinea, Japan, Cypais, and the Soviet Union, to

name just a few of the many countries in which it is found.

These raw copper ingots were cast in theform

ofanodes at the smeller a! the Ajo copper mine

in Arizona. At a refinery, they will he dissolved

ni an elecrolytic solution, through which the

c upper ions trill [hiss to accrete onto a ( opper

cathode as the pure metal Impurities dropping

to the bottom ofthe rat will then befurther

processedfor gold, silver, platinum and other

valuable metals < I >eiinis Cox, United States

Geological Survey.

)

These disphenoidal crystals ofchalcopyrite

front the Robinson Mine in Treei c. Kansas.

resemble isometric tetrahedra hut actually

show tetragonal symmetry



The medieval scholar Albertus Magnus noted

that the best ore ofsilver is "found in the earth

as a soft, thick mush, " like this specimen of
chlorargyritefrom Mercedes del Nudo,

Tres Puntos, Chile.

chlorargyrite (cerargyrite)

Classification:

halide

Composition:

AgCI (silver chloride)

Crystal System:

isometric

Hardness:

2.5

Specific Gravity:

5.56

Scattered throughout the forlorn desert ranges of the West are several

crumbling ghost towns, all with the same enigmatic name: Chloride. The
chloride so dear to the miner's hearts was chlorargyrite, a secondary silver

mineral that occurs in rich but limited concentrations on the surface of sil-

ver-bearing sulfide deposits. "Chloride" formed a veneer of rich ore over

many a marginal deposit, through a process called supergene enrichment,

whereby metals are leached out of the rock by hydrothermal fluids and
redeposited in localized concentrations. Prospectors searched out these

rich deposits, and boomtowns would spring up almost overnight where

they were discovered. When these were mined out, the towns folded up
and the miners moved on to pursue deeper diggings. The name reflects

the mineral's chlorine and silver content, argentum being the Latin word
for "silver."

Crystals of this species are cubic, sometimes modified by other isomet-

ric forms, but most material is massive,either encrusting, or stalactitic.

Chlorargyrite is transparent to translucent, colorless when fresh, but turns

gray to brown on exposure; the luster is resinous or adamantine and the

streak is white. Chlorargyrite is sectile and ductile, and has no cleavage; the

lack of cleavage helps to distinguish chlorargyrite from the mercury chlo-

ride calomel, which displays cubic cleavage.

Chlorargyrite is found in the upper regions of hydrothermal sulfide

veins, in association with acanthite, stephanite, and calcite. This was one of

the main silver ores of Nevada's famous Comstock Lode; large amounts

were also mined at Treasure Hill, Nevada. Kuhedral specimens occur in the

Silver City District, Owyhee County, Idaho. Chlorargyrite is common in the

Andean silver deposits of Bolivia, Peru, and Chile. In Europe, it is found in

England, France, Italy, and Spain, and in the mines of Saxony and the Harz

Mountains of Germany. Large concentrations are found at Broken Hill, New
South Wales, Australia.
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Cleavages <>/\ hlorite spe< iju ally thevariety oj

clinot hlore < ailedpenninite /nun

ValDi Vizze, Italy

The various species of the chlorite group ark common in all kinds of ge-

ological environments, hut often go unnoticed due to their typically drab

camouflage coloration and usually massive habits. Well-crystallized chlorites

cleave easily into flexible sheets, like the micas, and share many properties

of the clay minerals as well. The general formula above is divided into two
parts, which represent the two staictural units that are repeated in alternat-

ing layers in chlorite. Curiously, these two units essentially mimic the com-
position and structure of the phyllosilicate talc and the hydroxide brucite.

Nine separate species have been identified within this group, but geologists

usually refer to all of the chlorite group minerals collectively as "chlorite."

Aluminum, chromium, lithium, nickel, or manganese substitute for magne-

sium or iron to varying degrees in these species, giving the chlorite group a

wide range of physical properties. Many chlorite species are further divided

into varieties; clinochlore, for example, has seven varieties, ranging from

average-looking dull-green types to the vibrant crimson of kammererite.

Generally, chlorite minerals are translucent to transparent, and some
shade of dark green, blue-green, olive-green, or bright green; thus the

name, which comes from the Greek, chloros, meaning "green." In addition

to the red variety mentioned, yellow, brown, and white chlorites are also

known. The streak is colorless; the luster is vitreous, but pearly on the

cleavage planes. Crystals are usually tabular hexagonal prisms, like the

micas, splitting easily and often along the one perfect basal cleavage. The

chlorite minerals are most abundant as massive, foliated aggregates, as

scaly crusts and coatings, or as earthy masses. Chlorite is harder than talc.

and unlike the micas, cleavage plates do not rebound elastically when bent.

The chlorite minerals are generally formed through the alteration of

pyroxene, amphibole, biotite, garnet, and other silicate minerals containing

iron, aluminum, and magnesium, and commonly comprise a large propor-

tion of siliceous metamorphic rocks such as schists. Along with actinolite,

albite, and epidote, chlorite is an essential component of the abundant

greenschist facies metamorphic rocks, which form when rocks are sub-

jected to temperatures in the range of 300°C-500°C at fairly low pressures.

Euhedral chlorite crystals are more common in contact metamorphic envi-

ronments and hydrothermal deposits, however. Kammererite. the much

sought after violet variety of clinochlore. occurs with chromite in serpen-

tinites in Brome and Richmond Counties, Quebec; at low s Mine and

Wood's Chrome Mine, Lancaster County, Pennsylvania; and in Turkey.

chloritegroup

Classification:

phyllosilicates

Composition:

(Mg,Fe)
3
(Si,AI)

4O 10
(OH)

2
.(Mg,Fe)

3
(OH)

6
(magnesium-iron hydroxyl aluminum
silicates)

Crystal System:

monoclinic and triclinic (pseudohexagonal)

Hardness:

2-2.5

Specific Gravity:

2.6-3.3, increasing with iron



Good specimens of clinochlore are found in Renfrew County, Ontario; and

at the Tilly Foster Iron Mine near Brewster, New York. Excellent green crys-

tals are found in contact metamorphic

deposits of the Ala Valley, in the Italian

Piedmont. Fine chlorite crystals are common
in the Alps, at Zermatt, Switzerland; in the

Austrian Zillertal; and near Trentino, Italy.

Twinned, dipyramidal crystal ofthe rare chro-

mian variety ofclinochlore called kdmmererite,

from the Kop Krom Mine, Askale, Turkey.

chromite

Classification:

oxide, spinel group

Composition:

FeCr
2 4

(iron chromium oxide)

Crystal System:

isometric

Hardness:

5.5

Specific Gravity:

4.5-4.8

Chromite is a member of the spinel group of oxides, and is isomorphous with

both spinel and magnetite. It forms a solid-solution series with magne-

siochromite, MgCr
? 4

, and other members of the spinel group. This species

is the main ore for chromium, a metal vital for leather tanning, various pig-

ments, and especially for the production of alloys such as stainless steel. Its

most familiar use, however, is in the protective and decorative electroplat-

ing of other more easily corroded metals. Lots of shiny "chrome" once sym-

bolized America's love affair with the automobile, but the huge hulks of

chrome-plated iron that once graced every suburban driveway have gone

the way of the dinosaur.

Chromite forms small octahedral crystals, but is usually seen as dissemi-

nated anhedral grains or granular masses. The fracture is even and regular,

but cleavage is absent. It is black and opaque, with submetallic to pitchy

luster and a brown streak. Chromite can be distinguished from spinel by its

more metallic luster, and from magnetite by its much weaker magnetism.

Chromite concentrations occur in two types of deposits, the layered

igneous intrusions and ophiolite complexes. The layered intaisions consist

of layers of various igneous rock types, often enriched in vanadium, plat-

inum group elements, and titanium as well as chromium. In the layered

intaisions, chromite is concentrated in layers known as chromitites.

Important deposits of this type include the Stillwater Complex in Montana.

the Great Dyke of Zimbabwe, and the Bushveld Complex of South Africa.

Chromite is also found in lense-shaped bodies in ophiolite complexes,

which are essentially slices of the sea floor, consisting of layers of basalts,

Spherit ill blebs <</ < hromiu in serpentine, from

Verkhne Tagil Verkhotune District intheUral

Mountains, i SSR
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gabbros, and various ultramafic rocks. Such deposits are exposed on the
continents in certain tectonic-ally active regions like California, the

Mediterranean region, and the Western Pacific, where they have been thrust

up on to the continental crust. Chromite is widespread in small concentra-

tions in the ophiolites of California's Coast Ranges, from Santa Barbara

County northward into Oregon and Washington. Large deposits are mined
in Turkey, the Philippines, New Caledonia, the Baltic countries, India,

Canada, and Cuba.

Commonly associated minerals are pyroxenes, magnetite, and
pyrrhotite. The original peridotite or other mafic rock in which grains of

chromite formed may have subsequently been altered to serpentine; thus, it

is often seen in association with this mineral and with other secondary

species such as talc and uvarovite garnet. Grains of chromite may also be

concentrated in placer deposits with mona/.ite, rutile, and other heavy min-

erals. Chromite has also been found in meteorites.

Chrysoberyl is a mineral with \\ n>i\nn problem—even its name, which

means "golden beryl," is confusing. Until the German geologist A.G.

Warner performed the first chemical analysis of chrysoberyl in 1789, it was
assumed to be a variety of beryl. The chemical formula suggests that it

might be a member ot the spinel group of oxides, but its pseudohexago-

nal crystals do not imply an isometric structure. The difference in structure

is due to the small size of the Be+i ions and to the hexagonal packing of

oxygen, which gives chrysoberyl a structure more like that of the silicate

olivine. The relatively common yellow form of chrysoberyl is a minor

gemstone, but much more valuable are the two unusual gem varieties

alexandrite and cats-eye.

Alexandrite was first discovered in 1830 in the emerald mines near

Sverdlovsk in the Ural Mountains of Russia, and named for Alexander II,

heir apparent to the Russian throne. Russian alexandrite is blue-green in

natural light, but indoors under incandescent or candlelight turns a bright

purple-red. It is thought that the color shift in alexandrite may be due to the

differential absorption of different wavelengths of light by trace amounts of

chromium. A similar effect has been observed in some grossular garnets

from East Africa. Alexandrite has been synthesized, but it is difficult to man-

ufacture and nearly as expensive as its natural counterpart. Much more

commonly seen is a synthetic vanadium-bearing corundum with a blue-grey

to lilac color shift, which is widely sold as natural alexandrite.

The other important variety of gem chrysoberyl is cat's-eye, or cymo-

phane, which has been a popular gemstone in the Far East for millennia.

Cat's-eye is a translucent gem
which, when cut in rounded cabo-

chon form, exhibits a striking cha-

toyant effect consisting of a verj

bright, narrow band of light that

moves across the surface of the

st< >ne as it is turned. This chatoy-

ancy is due to the presence of innu-

merable, minute inclusions ot rutile.

which are oriented in parallel, per-

pendicular to the "eye." Main other

minerals with similar inclusions can

be cut into gems which display the

cat's-eye effect, including quartz,

tourmaline, and even apatite. None,

however, has the fine, bright eye iA

chrysoberyl, which is the only cha-

toyant stone referred to simply as

chrysoberyl

.*~~^T

1

%^J
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Hfe.

Classification:

oxide

Composition:

BeAI
2 4

(beryllium aluminum oxide)

Crystal System:

orthorhombic

Hardness:

8.5

Specific Gravity:

3.68-3.78

Santo, Brazil, with n .

gem .
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cats-eye. Composites of the fibrous zeolite ulexite and synthetic sapphire

are sometimes used to simulate cat's eye.

Crystals of chrysoberyl are commonly tabular or short prismatic in

habit, with lustrous smooth or striated faces and a vitreous luster.

Chrysoberyl is usually twinned, either in the form of heart-shaped contact

twins or pseudohexagonal sixlings. Three cleavages may be evident, and

the fracture is conchoidal to uneven. Chrysoberyl is transparent to translu-

cent, yellow, various shades of green and brown, and of course red under

artificial light in the case of alexandrite. The most distinctive characteristic

of chrysoberyl is its extreme hardness, which is surpassed only by corun-

dum and diamond.

Chrysoberyl occurs primarily in granite pegmatites, gneisses, mica

schists, and dolomitic marbles, and much of the gem material is collected

from sedimentary placer deposits. Large crude crystals and aggregates occur

in the pegmatites of Custer County, South Dakota, and near Golden,

Colorado. Small crystals are found in the pegmatites of Maine and else-

where in New England, and at Greenfield, New York. The finest crystallized

specimens of chrysoberyl are the lustrous twins from Lavra de Hematita

and Collatina, Espirito Santo, Brazil; these large sixlings are composed of

broadly tabular members which give the groups an almost spherical shape.

Cats-eye is also found in Brazilian placers.

The best specimens of alexandrite are the tabular sixlings from the orig-

inal localities on the Takowaya and Sanarka Rivers in the Urals, which

occur in biotite schist with emerald and phenakite. Alexandrite and cats-eye

are found in the gem gravels of Ceylon and to a lesser extent at Mogok,

Burma. Alexandrite from these regions is generally less vividly colored than

the Russian material. Fine tabular crystals and twins are found at Lake

AJaotra and elsewhere in Madagascar. Notable deposits of this rare species

exist in the Swiss and Austrian Alps, Germany, Czechoslovakia, Tanzania,

Zaire, and Zimbabwe, among other places.

chrysocolla

Classification:

silicate

Composition:

(Cu,AI)
2
H
2
Si

2 5
(OH)

4
«A7H

2

(hydrous copper aluminum silicate)

Crystal System:

monoclinic

Hardness:

2-4

Specific Gravity:

2.0-2.4

This spe< mien of( hrysoi <>lla is >/<</ ( rystalline,

but is < overed by a drusy < oating oftranspar-

ent (jimrtz.

Artificial preparations used as

a flux in the soldering of gold

were referred to by the

ancient Greeks as chrysos

kolla, or "gold glue," and

somehow the name came to

be applied to this species.

Chrysocolla is sometimes used

as an ornamental stone, its

striking blue-green color often

mixed with the rich green of

malachite. Both species are

rather soft, however, and a

more durable alternative is chalcedony with chrysocolla inclusions, which

is commonly offered simply as chrysocolla.

This species forms microscopic, acicular crystals, but usually occurs as

cryptocrystalline aggregates with a botryoidal morphology and uneven to

conchoidal fracture. Also amorphous and earthy, Chrysocolla is translucent,

green, blue, or blue-green; sometimes colored brown or black due to

impurities. The luster is vitreous to earthy, and the streak white to pale

blue or green. Chrysocolla is harder than turquoise, and much sorter

than chalcedony.

This species is an abundant ami widespread secondary mineral, forming

in the oxidized /one of hydrothermal copper sulfide deposits in association
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with azurite, malachite, cuprite, limonite, and native copper. Chrysocolla is

particularly abundant in the copper deposits of the western United Stales,

and is also found in Michigan and in Lebanon County, Pennsylvania. Other
sources worldwide include Mexico, Chile, England, the Soviet Union,

Zambia, Zaire, and Australia.

Thk name, cinnabar is apparently derived from the ancient Persian term

zinjifrah, meaning "dragon's blood"—a reference to its blood-red color and
perhaps its potent qualities as well. Cinnabar is the sole ore of mercury,

and massive cinnabar actually sweats droplets of mercury—the only metal

that is liquid at ordinary temperatures. According to the 13th-century

scholar Albertus Magnus, mercury contained the elements Water and Earth

in equal parts and, although poisonous to humans, was useful for killing

"lice and nits and other things that are produced from filth in the pores.
"

Mercury found in the native state was called "live-" or "quick silver," since it

flows and jiggles in the flask without ever evaporating or solidifying. Pliny

and others thought that the mercury extracted from cinnabar was a differ-

ent kind, and named it "water silver,"or hydrargyrum, from which the

chemical symbol for mercury (Hg) is derived.

A practical use for mercury was discovered at an early date. When
added to finely crushed ore, mercury instantly forms an alloy called an

amalgam with the tiny particles of gold or silver. When this amalgam is

heated, the mercury is driven off as vapor, leaving the precious metals

behind. The Carthaginians, and later the Romans, developed mercury mines

at Almaden in Spain to produce mercury for gold mines in their far-flung

provinces. The mines at Almaden are still in operation, and miners there

sometime encounter ancient tunnels abandoned nearly two millennia ago.

Unfortunately, mercury is highly poisonous, and miners were subject

to chronic degenerative diseases as a result of working with it. Among the

symptoms of mercury poisoning is mental instability; since mercury was

also used in working

felt, hatters often dis-

played erratic behav-

ior—thus the expres-

sion "mad as a hatter"

and the Mad Hatter

of Alice in

Wonderland. Mercury

is hard to get rid of

once it has been

introduced into the

environment. It is

one of the heavy

metals which tend to

collect in the tissues

of animals, becoming

more highly concen-

trated at higher levels

in the food chain and causing a variety of degenerative diseases and birth

defects. Thus birds of prey, porpoises, tuna, and humans carry the legacy

of hundreds of years of irresponsible industrial waste management.

Mercury amalgamation has been supplanted by other ore-processing

techniques in the industrial countries, but continues on a considerable scale

in the third world, especially in Brazil. Mercury is still used to prepare chlo-

rine and other chemicals through electrolysis, and in catalysts, drugs, and

cinnabar

Classification:

sulfide

Composition:

HgS (mercury sulfide)

Crystal System:

hexagonal

Hardness:

2-2.5

Specific Gravity:

8.1

Left Excellent interpenetratin

cinnabar on quai
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agriculture. Its combination of metallic properties and liquidity make mer-

cury ideal for use in switches (such as home thermostats), barometers, ther-

mometers, and a plethora of scientific instruments. Mercury lamps are made
by passing an electrical current through mercury vapor sealed in a closed

tube, producing a blue-green light which extends into the ultraviolet end of

the spectrum.

Cinnabar crystals are rare and highly sought after. They are rhombohe-

dral to thick tabular or prismatic, and very often form penetration twins.

More typically, cinnabar is found in fine-grained massive aggregates or as

incrustations on other minerals. It is brittle to somewhat sectile, with a con-

choidal to uneven fracture and perfect cleavage. The most distinctive fea-

ture of cinnabar is its intense red color and matching scarlet streak. It is

transparent to translucent, with an adamantine or silvery submetallic luster.

Realgar is similar in appearance but lacks the silvery adamantine luster and

excellent cleavage of cinnabar crystals; cuprite is also similar, but softer.

Metacinnabar is a metallic, gray, high-temperature polymorph, which crys-

tallizes in the isometric system as rough-faced tetrahedra.

Cinnabar and native mercury are found in near-surface, low-tempera-

ture hydrothermal deposits, disseminated in the fractured country rock in

the vicinity of hot springs or recent volcanic rocks. Commonly associated

species include calcite, pyrite, stibnite, marcasite, metacinnabar, opal, and

quartz. The best cinnabar specimens known are the deep red, transparent,

twinned crystals as large as 2.5 cm from mines in China's Guizou and

Hunan Provinces. The ancient mines at Almaden, Ciudad Real, Spain, still

produce fine sharp crystals over 1 cm in size. Fine crystals are found at

Charcas, San Luis Potosi, Mexico; and on Mount Avala, near Belgrade,

Yugoslavia. Locations in the United States include the Cahill Mine,

Humboldt County, Nevada; and New Almaden, San Mateo County, and

New Idria, San Benito County, California.

clay minerals

•nH
2
Q

Classification:

phyllosilicates

Composition:

kaolinite: AI
4
Si

4O 10
(OH)

8

illite:

(K,H
3
O)(AI,Mg,Fe)

2
(Si,AI)

4O 10
[(OH)

2
,H

2
O]

montmorillonite:

(Na,Ca)03(AI,Mg) 2
Si

4O 10
(OH)

2

(hydrous silicates of aluminum,

magnesium and iron)

Crystal System:

monoclinic

Hardness:

1-2

Specific Gravity:

2-3

Kaolinite i, laypseudomorph afterfeldspar, from

North Goonbarrow, Bugle, St Austell, Cornwall

Vlany sut h spet minis have been faked

through the years, hut the relU tfeldspar i leavage

evident in this spei imen shows it to beauthentit

to the I

cations

minera

logical

An important part of

our everyday life,

the clay minerals go

virtually unnoticed

and unappreciated.

Like all books and

magazines illustrated

with photographs,

the pages of this

book are composed

nearly one third of

clay, since the addi-

tion of clay to paper

makes pages bright,

smooth, and chemi-

cally inert. The

bricks from which

your house or apart-

ment may be con-

structed are clay, as

are many of the

things inside, from

your cups and plates

itter in Kitty's box. The clays used in these and a host of other appli-

are not merely raw sediment dug from the earth al random, but

Is with distinct properties, found in limited amounts in particular geo-

environments.
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The clays are a rather loosely defined group of finely crystalline or

amorphous hydrous sheet silicates, generally formed through the alteration

of primary silicate minerals. Their general structure is characterized by sili-

con and aluminum ions in tetrahedral coordination with oxygen, combined
with aluminum, iron, magnesium, lithium, chromium, manganese, and
other ions (in various combinations) in octahedral coordination with the

same oxygen ions. These structures are arranged in layers (or sheets), and
since the net charge of each layer is negative, cations of various elements

including calcium, sodium, and potassium are nestled between the layers.

These layers are held together by very weak (van der Waals') forces, and in

the presence of water they open up like an accordion file to accommodate
the water molecules. The mixture known as bentonite, for instance,

expands in volume eight times when hydrated.

This property permits the individual clay layers to glide readily over one
another, and gives clays their characteristic plasticity. Human beings long

ago discovered that clays could be molded into useful or pleasing shapes,

which would retain their form when dried. The basic structure of clay

remains unchanged when sun-dried, and wetting can restore its plasticity.

However, it was eventually discovered that baking clay in a red hot fire

would make the artifact impervious to water. This is because the staicture

of the clay has been permanently altered into a substance called

metakaolin, which, while retaining a sheet structure, no longer accepts for-

eign molecules. If the clay is fired until it is white-hot (at a temperature

over 1000°C) the sheet structure collapses altogether, producing an even

more durable ceramic called stoneware. At much higher temperatures, the

clay begins to lose its crystallinity, forming a very hard, glassy, and com-

pletely nonporous ceramic called porcelain.

Dozens of distinct clay species are recognized, each differing slightly in

composition or structure, but three main groups can be distinguished. The
clay minerals of the kaolinite group are the simplest in composition, and

are the primary type used in ceramics. They generally form from the break-

down of feldspars; large kaolinite deposits form from the weathering of

The discovery that clay could befashioned into

useful and durable wares was one ofthe major

advances ofthe laic Stone \ge Potters have

been shaping clay on wheels s«< h as this for

over 6000 years

All of the phyllosilicates have structures

based on sheets qfSi04 telrahedra. hi kaoli-

nite these sheets are bonded to another

layer composed ofoctahedra. in which an
aluminum ion is bonded tofour hydroxl

and two oxygen ions, '/hoc simple two-

layer sheets are loosely bonded to others by

weak van der Waal'sforces; the characteris-

tic plasticity of clay resultsfrom the < . I

with which these sheets slide over one
another.

granites and other feldspar-rich rocks. The name comes from the Chinese

word for high ridge, kauling, which is the name of a locality in China

where kaolinite was mined for porcelain. In Cornwall, England, flotation is

used to separate kaolin from the grains of quartz in decomposed granite. In

Georgia, kaolinite is mined from relatively pure beds, which formed as

kaolin naturally separated during erosion of rotten granites settled into shal-

low lagoons.

The clays of the montmorillonite group, named for an occurrence in

France, form through the alteration of volcanic glass and asscx lated silicate
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minerals in volcanic ash beds. Since they represent a point in time (a vol-

canic eruption), these beds are very useful to geologists and archaeologists

interested in dating strata. Some such ash-fall deposits fonn a readily identi-

fiable time horizon, extending across thousands of square kilometers, and

through all kinds of sediments. Commercially, these clays are called ben-

tonite, and are used extensively in the oil-well-drilling process, to add vis-

cosity to the water in the well. Because of its absorbent qualities, bentonite

is also used in the purification of petroleum and edible oils. Bentonite was
known as fuller's earth in the past, when it was widely used by the fabric

workers called "fullers" to draw excess oils and impurities from wool. An
alternate name for the montmorillonite group is the smectite group, derived

from the Latin word for cleansing, smecticus.

The third major group of clay minerals is the illite group, named for the

state of Illinois. These clays are the most important volumetrically, forming

a large part of the mudstones, shales and other sedimentary rocks. Illites

are intermediate in structure and composition between muscovite mica and

the clay montmorillonite. Unusually pure deposits of Ulite are mined near

Eldorado, in Saskatchewan, Canada.

Clays are very common and are mined in many parts of the world,

although particularly pure deposits are at premium. The clays seldom make
dramatic specimens. Exceptions are pseudomorphs of clay after silicate

crystals, such as the commonly seen replacements of tourmaline and spo-

dumene crystals in pegmatites. Only kaolinite is seen in crystals, which may
form hexagonal platelets up to 2 mm in size. The clays are transparent to

translucent as individual crystals, but generally occur as opaque earthy

aggregates. They are generally white in color, but may be yellowish,

brownish, reddish, bluish, or even lavender, depending on the presence of

impurities or metal ions such as manganese, chromium, or lithium. Clays

are easily recognized as soft, light earth}' aggregates that become plastic

when wet. but distinguishing between the different groups is practically

impossible for the non-specialist.

cleavage

The micas are sheet silicates with ray weak

bonds between layers, resulting in theperfeci

cleavage demonstrated hen-

Thk term cleavage reeers to the characteristic, regular breakage patterns

displayed by crystalline minerals; other patterns of breakage fall under the

rubric offracture. Cleavage occurs along definite planar surfaces, which are

determined by the internal atomic structure of a mineral. In some instances,

cleavage results from the variation in the bond strengths in different crystal-

lographic directions. In graphite, for example, a strong covalent bond holds

the atoms of carbon together in sheets, but the sheets themselv es are con-

nected only by weak van der Waals" forces. Thus, while graphite has no

cleavage at all through its layers, excellent cleavage exists between them. In

minerals with only one bond type, cleavage can occur along planes defined

by the widest gaps between atoms. The strong symmetrical bonds in all

directions that connect the silicon and oxygen atoms in quartz, on the other

hand, give this species very poor cleavage.

Like the external morphology of crystals, cleavage is related to the symme-

try of the basic unit cell. For this reason, cleavages can be described in

terms of crystal forms, such as octahedral, cubic, pinacoidal (basal), and so

on. Calcite. for instance, has hundreds of crystal habits, yet always cleaves

into simple rhombohedra—the shape of its unit cell. Easily developed

cleavage which results in Hat planes is referred to as "perfect cleavage,"

while less well-defined cleavages are termed "imperfect" or "poor."

The numbei and orientation of cleavage planes varies widely between

the different mineral species, reflecting the diversity of their internal struc-

tures. Many common minerals .ire easily identified through their character-

istic cleavage patterns. Cubic crystals of halite, tor instance, cleave easily

into perfect cubes, while similarly-shaped crystals o( fluorite form octahe-
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dra. The pyroxenes and amphiboles,

two important rock-forming silicate

groups that often look very similar, are

easily distinguished by the different

angles between their cleavages.

Parting is a type of planar breakage

that occurs in some minerals. It is not a

true cleavage, as breakage occurs only

along planes of weakness not directly

related to a mineral's internal structure.

Farting occurs between members of

twins (even where twinning is not other-

wise apparent), and in crystals that have

undergone strain in a metamorphic environment. While partings are limited

to specific areas of weakness, there is an almost infinite number of parallel

cleavages in any crystal, extending down to the smallest structural units.

Galena has ///,• sameatomU structure as halite

Its ( leavages mimu the \uii/>h- c ubU geometry

of its mill ( ell

COBALTITE is NAMED

for the kobold, a

mischievous under-

ground spirit of old

Germany, whose
capacity to frustrate

was evoked by the

difficulty involved

in smelting silver

ores that contained

cobalt. Due to its

chemical similarity

to cobalt, iron is

typically present in

cobaltite in concen-

trations up to 10%.

In addition, a solid-

solution series

exists between

cobaltite and gers-

dorffite (NiAsS),

although specimens

of intermediate composition are rare. The metal cobalt is used in several

specialized alloys, and cobalt oxide is mixed with other compounds to

make smalt, the vibrant blue pigment used in glass-making and ceramic

glazes. Cobalt chloride is a wonderful invisible ink, turning blue and legible

when heated, then disappearing again! Sheep that are fed cobalt supplements

produce better wool, and are more resistant to certain diseases.

The kobold's sense of humor is also apparent in the symmetry oi' this

mineral, which was long thought to belong to the isometric system because

of its pseudoisometric cubes, octahedra, and pyritohedra. Cobaltite crystals

are commonly striated in different directions on adjacent faces, in the man-

ner of pyrite. This species occurs predominantly in massive granular, steel-

gray aggregates with a violet-to-purple tinge, metallic luster, and grayish-

black streak. Crystals display perfect pseudocubic cleavage and uneven

fracture.

Cobaltite is usually disseminated in metamorphic rocks, or in high-tem-

perature hydrothermal veins in association with other cobalt and nickel sul-

fides. Specimens have been found in Lemhi County, Idaho, and Boulder

cobaltite

Classification:

sulfide

Composition:

(Co,Fe)AsS (cobalt arsenic sulfide)

Crystal System:

orthorhombic

Hardness:

5.5

Specific Gravity:

6.3

Pseudocubic cobaltite crystals in quartz, from

Espanola, Sudbury, Ontario
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City, Colorado, and at numerous locations in the Sierra Nevada of

California. Sharp crystals as large as 3 cm in size occur at Hakansbo,

Tunaberg, and Riddarhytten, Sweden. Fine octahedral and cubic crystals

have been recovered from the Columbus Mine near Cobalt, Ontario.

Excellent specimens are also found in contact metamorphic rocks near

Bimbowrie, Australia. The largest commercial producer of cobaltite is Zaire,

where it occurs in association with copper ores.

colemanite

Classification:

borate

Composition:

CaB
3 4

(OH)
3
-H

2

(hydrated calcium borate)

Crystal System:

monoclinic

Hardness:

4-4.5

Specific Gravity:

2.4

Before the dist overy ofi olemanite < rystals at

Ryan, ui theAmargosa Range above Death

Valley, California (pictured here), efflores

i ent es <>/ ulexiteplw kedfrom nearby dry lake

provided the world's mam sunn c ofborax

COLMANITE IS ONE OF THE PRIMARY ORES OF BORON, WHICH IS INDISPENSABLE TO THE

chemical and pharmaceutical industries, and serves as an ingredient in high-

stress alloys, glass, paint, and rocket fuel, among other uses (see Borax). It

is named for William Coleman, an early entrepreneur in the borax business

in California's Death Valley. For forty years following its discovery in 1882,

colemanite was the main source of borax, before the kernite and borax

deposits in the lakebeds of the Mojave Desert were discovered.

Perhaps the most aesthetically appealing of the borates, colemanite

forms sharp dipyramidal or prismatic crystals with complex terminations.

Crystals are clear if not tinted yellow or red by impurities, and have a vitre-

ous luster. Colmanite is also found as granular, massive cleavable aggre-

gates, and as crystal-lined geodes.

Colmanite is an evaporite mineral which forms in the intermontane

basins of the western United States, Central Asia, and other arid regions.

Most specimens come from the vast open pit at Boron, California. There are

other deposits throughout the Mojave Desert, and in the Muddy Mountains

and White Basin of Nevada. Commercial deposits are exploited at Eskisahir,

Turkey; Kazakhstan in the Soviet Union; and Jujuy Province, Argentina.



COLUMBUE AND TANTALITE ARE (RESPECTTVED ) llll NIOBI1 M AM) I \\i \| I \i i \\> \n vi-

hers of a solid-solution scries. These haw been further broken down into the

discrete species ferrotantalite, manganotantalite, ferrocolumbite,

manganocolumbite, and wagnocolumbite—the latter being a magnesium-rich
species found only in pegmatites that dissect bodies of dolomite rock in the

remote Pamir Range of central Asia. These distinctions are only heard in the

laboratory, however, and "columbite-tantalite" remains the most useful term

These minerals are the primary ores of niobium and tantalum. Niobium
(once called columbiwri) was first isolated from a specimen of columbite

from America, and named for its country of origin. Tantalite was named for

Tantalus, whose mythic trials chemists sympathized with when they were

unable to dissolve the mineral for analysis (apparently 19th century

chemists were well-versed in the classics). Niobium is required for the man-
ufacture of stainless steel, and for alloys that retain their strength at high

speeds and temperatures, as in jet engines and other aerospace applica-

tions. Tantalum is extremely resistant to chemical corrosion, and thus finds

use in medicine (scalpels, skull plates, sutures, etc.) and in various appara-

tus for the chemical industry. Both metals and several compounds derived

from them find use in specialized electronic applications.

Crystals of columbite and tantalite typically occur as euhedral individu-

als or parallel aggregates, embedded in a matrix of quartz and feldspar.

They are typically prismatic, stubby or tabular, striated, and often form

heart-shaped twins. The color ranges from black in columbite to brownish-

black in tantalite; both are opaque with submetallic luster and a black to

dark-red streak. Tantalite often displays reddish internal reflections. One
good cleavage is in evidence, but it is not as well-developed as the cleav-

age of the similar-appearing species wolframite, which is also heftier.

Another similar species is fergusonite (YNbO
(

), which has a different crystal

morphology and is much less common.
Columbite and tantalite are common in granitic pegmatites, especially

the complex ones rich in lithium, phosphate, and rare earths, and are also

concentrated in some placer deposits. Single crystals exceeding 100 kg in

weight are known, but most pegmatites contain an abundance of small

crystals. Typical associates include quartz, feldspar, muscovite, lepidolite,

cassiterite, and microlite. Mineable concentrations occur in Western

Australia, Mozambique, Madagascar, Brazil, Norway, and the Soviet Union.

Notable North American occurrences include the pegmatite districts of

Maine, Connecticut, Virginia, North Carolina, Colorado, South Dakota, New-

Mexico, and California.

columbite-tantalite series

Classification:

oxides

Composition:

(Fe,Mn)(Nb,Ta)
2 6

(iron manganese niobium tantalum oxides)

Crystal System:

orthorhombic

Hardness:

6

Specific Gravity:

5.2-7.9, increasing with tantalum content

mi

l±v

Left: Columbite crystal in

from Standish, Maine Right,

tantalite crystal

Brazilianpegma
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copper

Classification:

native element

Composition:

Cu

Crystal System:

isometric

Hardness:

2.5-3

Specific Gravity:

8.94

Copper has a bright color and luster, is very

malleable, and is much more common in its

nativeform than other metals. For these rea-

sons copper wasfavored by many indigenous

peoplesfor ornaments ofall kinds.

Like gold and silver, copper is malleable and fairly conspicuous in its native

state, and thus was discovered and worked by humans beings at an early

date. Among the oldest worked copper objects are some short tubes dis-

covered at the Catal Huyuk site in Turkey, which were probably attached

to the fringes of a skirt seven thousand years ago. The technique of work-

ing native copper by hammering and bending it into the desired shape was
used by pre-industrial peoples into the nineteenth century. North American

Indians and Eskimos worked with lumps of pure copper, fashioning them
into fish hooks, knives, arrowheads, and sometimes highly artistic ceremo-

nial objects such as embossed breastplates. The Indians of the Pacific

Northwest used their "coppers" as symbols of wealth, one such copper slab

being worth several thousand blankets. Indians of the Lake Superior region

mined native copper from shallow workings on Isle Royale and the

Keweenaw Peninsula, in what is now Michigan. The objects they fashioned

from this copper were traded far and wide, and have been found in

archaeological sites throughout North America. The source of the copper is

easily identified through analysis, since native copper is naturally alloyed

with different proportions of other metals or semi-metals, depending on its

source. The Great Lakes copper, for instance, contains appreciable silver

but is otherwise pure, while copper from Mexico is usually laden with

arsenic and other impurities.

It was eventually discovered that hammered copper objects are made
much stronger through repeated heating, or annealing, and it is likely that

this technological development led directly to the casting of the molten

metal. Copper was being cast in the Middle East as early as five thousand

years ago, ushering in the minor industrial revolution of the Chalcolithic

Era, or "copper stone age"—the bridge between the Neolithic (Late Stone

Age) and the Bronze Age. Casting probably evolved independently in Asia,

and at a much later date in South America. It is thought that the casting of

native metals preceded the actual smelting of ores. Imagine the impact of

the discovery that the "precious" metal copper could be won from such

abundant ores as malachite! The next major metallurgical innovation was

the invention of the alloy of copper and tin called bronze, which is much
stronger than copper alone. Armies equipped with bronze swords and

bronze armor, like that of Alexander the Great, "forged" the great empires

of the ancient world.

Today, iron is the most important metal in human culture, but copper

runs a close second. Because of its high electrical conductivity and great

ductility (which allows it to be drawn into fine wires), copper is widely used

in the electrical and electronics industries. Copper is also used in roofing,

water pipes, and a host of other special applications. It remains an impor-

tant alloy, combined with tin to make bronze, with zinc to make brass, and

with gold and silver in jewelry. Most of the copper produced today comes

from compounds such as copper sulfides and carbonates, but nearly all

copper deposits contain at least a small amount of the native metal.

Copper crystals are usually octahedral, cubic, dodecahedral, or combi-

nations of these forms; however, crystals are rarely seen as isolated individ-

uals. Native copper usually occurs as aggregates of many flattened or other-

wise distorted crystals, in arborescent or wiry structures squeezed into

fissures and crevices. Copper is sectile, malleable, and ductile, with a

hackly fracture. Fresh surfaces are a pale rose-red with a strong metallic

luster, tarnishing rapidly to the familiar copper-red color, and then to a

penny-brown. Blackish or greenish crusts may also develop in the presence

of sulfur or carbonate ions. Copper is opaque, but can be drawn into

extremely thin foils which transmit a greenish light. The streak is shiny,

pale red.

Copper is widespread in limited amounts as a secondary mineral in

fiydrothermal sulfide veins, where it may form as fine crystals in the oxida-

tion /one along with azurite, malachite, cuprite, and various sulfides.

Important deposits of this type include Ajo and Bisbee, Arizona; Santa Rita.

New Mexico, and many oilier locations in the western United States. In
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Europe, interesting copper specimens are obtained from sulfide veins in

Cornwall, England, and in Scotland, Germany, Italy, and the Soviet Union.

The island of Cyprus is the eastern Mediterranean was one of the most

important sources of copper in ancient times. The name copper is derived

from the Greek name for Cypnis, Kyprios. Other important locations of this

type are found in Mexico, Bolivia, Chile, and Tsumeb, Namibia.

The most impressive occurrences of native copper are primary, how-

ever. Copper is sometimes associated with basic igneous rocks such as

basalts. The copper may form in cavities in these rocks, or in the interstices

of nearby sedimentary rocks. Usually such deposits are very limited in

extent, but in two places in the world such deposits of native copper are

extensive enough to be mined. One is at Corocoro, Bolivia, where native

copper is found finely disseminated in sandstone, sometimes forming

highly unusual pseudomorphs after aragonite. The other, and far more

important deposit is on the Keweenaw Peninsula in Lake Superior.

The Algonquin Indians presented the French explorer Champlain with a

large chunk of solid copper in 1608, but it was almost 250 years later that

the Indians' copper deposits were finally located on Michigan's Keweenaw
Peninsula. Over the following century the 200-mile-long series of ancient

conglomerates and lava flows experienced the first mining boom in the

United States, and became its first great copper-producing district.

Hydrothermal solutions rising from the lava flows had precipitated native

copper and some native silver in the pore spaces of the conglomerates,

cementing the sediments and sometimes even replacing the pebbles and

cobbles. Most of this copper was disseminated throughout the sediments,

but some of the masses of native copper were so large that they had to be

sawed into small pieces by hand before they could be removed from the

mines. The largest single mass of native copper found in the mines of the

Keweenaw Peninsula weighed 520 tons.

Dendritic cif>i>n[i>citt> ofnative copperfrom

Cornwall. England.



coral

Classification:

organic gemstone

Composition:

CaC0
3 , with variable amounts of organic

material

Hardness:

2.5-4

Specific Gravity:

2.4-2.7

m

Left: This Nicaraguan craftsman ispolishing

sections ofblack coral, an inexpensive but

attractive variety. Right: Skeleton ofa

Corallium rubrum colony, and coral

cabochonsfrom the Mediterranean region.

Note thepits andgrooves in the colony, and tin

distinctive texture ofthepolished coral

Coral is the framework, or "skeleton," of a colony of marine animals of the

phylum Cnidaria. The individual coral animals, or polyps, precipitate cal-

cium carbonate, CaCOv from the surrounding seawater, gradually building

up an arborescent structure. Coral and pearls are unique among gemstones

in that they are a renewable resource. Coral, however, is not cultivated, but

collected in the wild from a limited environment, with the result that it is

disappearing in much of its former range. Thus, coral may have the dubi-

ous honor of being the first gemstone to actually become extinct.

Coral has been prized by cultures around the world since the pale-

olithic era, and was traded thousands of miles away from its coastal sources

by early peoples. Although it is attractive enough as an ornamental mate-

rial, the reasons for its popularity are undoubtedly related to the fact that it

comes from the sea. Other gemstones are just that

—

stones, while coral is

the remains of a delicate and beautiful living organism that flourished deep

beneath the waves. As did other groups throughout Asia, Africa, and

Mesoamerica, the ancient Romans believed strongly in the curative powers

of coral. Like a mood ring, red coral was thought to.change color according

to the wearer's health. The art of coral-carving remained undeveloped in

ancient Rome, however, since the magical powers of coral were thought to

be effective only as long as it remained in iLs natural form. Like other red

stones, coral was thought to provide protection in battle in medieval times;

coral amulets were also regarded as effective protection for children and to

aid women in childbirth.

Coral occurs throughout the world in shallow tropical and subtropical

waters, although some varieties grow at much greater depths. The most

important sources are Asia and the Mediterranean Sea, especially along the

coasts of North Africa and Italy. The coral that grows here is Corallum

rubrum, which provides

red, pink, and white

material. Closely related

varieties of coral are

native to the waters of the

Red Sea, East Asia and the

Indo-Pacific. The distantly

related Heliopom of the

Pacific provides the

porous blue coral, which

is not as durable and does

not take as high a high

polish as red coral.

Members of the genus

Gorgonia, and several

other genera provide the

interesting black coral,

which is not calcareous,

but tough and proteina-

ceous like horn. Black

coral is much more com-

mon, and less valuable

than the other varieties.

Most corals exhibit distinctive organic structures including such as con-

centric banding, which help to distinguish coral from common imitations

such as opaque glass, plastic, and cemented calcite. Coral can also be iden-

tified on the basis of its hardness, and the fact that it effervesces in dilute

acid. A sophisticated synthetic coral has recently come on the market, and

one can only hope that there will be as much care given to nurturing li\ ing

coral as there is to simulating dead coral.
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This mineral is not often seen i\ colle< noNS, owing ro its rarity in sharp

crystals; it is usually enclosed in matrix. Like beryl, cordierite lias a silicate

ring structure characterized by long, open channels; these typically contain

variable quantities of water, calcium, sodium, and potassium. Cordierite is

one of the most conspicuously pleochroic of minerals, often changing in

color from yellow or gray to violet-blue when viewed from different angles.

The name honors the French geologist Pierre Louis Cordier (b. 1777); an

alternate name, dichroite (meaning "two colors") describes its pleochroism.

The violet-colored gem variety of cordierite is commonly referred to as

iolite, from the Greek ion, meaning "violet."

Cordierite is transparent to translucent; pale to dark blue, violet, gray,

brown, or black in color; and has a vitreous luster and a colorless streak. It

has a poor cleavage in one direction and subconchoidal fracture. Cordierite

may form short prismatic crystals with rectangular cross sections, but it usu-

ally occurs as shapeless blebs in the enclosing rock or as massive aggre-

gates. When not identifiable by its color and marked dichroism, cordierite

can easily be confused with quartz. Coaindum is also similar in appear-

ance, but much harder.

Cordierite is generally found in aluminum-rich metamorphic rocks. It is

associated with quartz, andalusite, sillimanite, and biotite in gneisses and

other regional metamorphic rocks; and with comndum and spinel in con-

tact metamorphic rocks. It is also found in some andesites, granites, and

pegmatites. Massive cordierite occurs in several places in Connecticut, New
York, and New I Iampshire; in several western states; and in the

Yellowknife District of the Northwest Territories. Massive material, and

rarely crystals, is also found Antarctica, Australia, England, Finland, India,

Norway, Germany, Madagascar, Japan, Brazil, and Greenland.

cordierite

Classification:

cyclosilicate

Composition:

(Mg,Fe)
2
AI

4
Si

5
O

l8
«nH

2
(magnesium-iron-aluminum silicate)

Crystal System:

orthorhombic

Hardness:

7-7.5

Specific Gravity:

2.53-2.78

Massive cordierite, variety iolite, from near

Antsirabe, Malagasy Republic



corundum

Classification:

oxide

Composition:

Al
2 3

(aluminum oxide)

Crystal system:

hexagonal

Hardness:

9

Specific gravity:

4

A ruby crystal and cut stonesfrom Burma,

with the black aggregate ofcorundum and
magnetite called emery.

The native lapidaries of India and Sri Lanka once considered the brilliant

red rubies and multicolored sapphires that they polished to be the "ripe"

and "unripe" versions of the same stone. They reasoned that the two must

be related, because both shared the same great hardness. Their contempo-

raries in Europe, however, divided gems on the basis of color. Rubies, gar-

nets, and spinels were considered together under the rubric carbunculus,

meaning "ember," while sapphire referred to a number of blue stones. The

name corundum is probably derived from the Sanskrit kunwinda, via the

Tamil (native Sri Lankan) name for ruby, kuruntam. The name ruby comes
from the Latin word for red, ruber, while sapphire originated as sanipriya,

which in Sanskrit means "dear to the planet Saturn." Sapphires were

thought to intercede on their owners behalf with Saturn, whose astrological

influence was otherwise generally unfavorable.

Corundum is classified with hematite and ilmenite on the basis of its

structure, which is characterized by close hexagonal packing of oxygen.

The bonding of oxygen and aluminum in this structure give corundum its

great hardness, which is exceeded only by diamond, as well as a higher

specific gravity than most nonmetallic minerals. These two factors in combi-

nation account for the prevalence of corundum in sedimentary placer

deposits, from which virtually all of the gem material is secured.

Corundum has been mined as an abrasive material for millennia, in the

form of emery , a black, magnetic rock composed of magnetite and corun-

dum. The lapidaries of ancient Greece and Egypt used emery mined on the

Agean island of Naxos and on the coast of Asia Minor to cut and polish

gemstones, and some of these ancient mines are still in use today. However,

it was discovered in the 19th century that emery was composed of two min-

erals, one of which had negligible abrasive qualities, and its use declined in

favor of pure corundum from uncontaminated deposits. Early in the present

century, a technique was developed for producing large quantities of artifi-

cial corundum from the common aluminum ore bauxite (see Diaspore). This



development ended the mining of pure corundum, but emery is still used to

make grinding wheels for lapidaries, machinists and opticians.

Corundum crystals commonly take the form of six-sided, tapering
hexagonal dipyramids, typically striated barrel-shaped, and sometimes
exhibiting rhombohedral faces. Ruby crystals in particular may take a tabu-

lar form. Although corundum has no cleavage, pervasive polysynthetic
twinning commonly produces cubic or prismatic parting. During the grad-
ual crystallization of either rubies or sapphires, excess titanium impurities

may exsolve as slender, acicular crystals of rutile, which become aligned at

60° angles according to the crystal's hexagonal symmetry. This gives rise to

asterism, in which light is reflected from the rutile inclusions in the form of
a six-rayed star. Star sapphires are more common than star rubies.

Pure corundum is colorless, and the substitution of certain transition

elements for aluminum is responsible for the intense coloration of the gem
varieties. Chromium is responsible for the color of ruby, while iron, tita-

nium and other elements cause the coloration of sapphires. The term ruby
is used only for deep-red gem corundum, and all other color variants are

referred to as sapphires. Sapphires may be pink, green, yellow, violet, or

colorless, but the most sought-after hue is bright cornflower blue.

In medieval Europe, sapphires inherited the therapeutic effects which
lapis lazuli and other blue stones were traditionally thought to bestow on
the eyes, and owners of the stones enjoyed a good business in treating the

afflicted. Star sapphires have traditionally been considered good protection

against the Evil Eye and general misfortune; they were called "victory

stones" in medieval Europe, and carried into battle. In both Europe and
Asia, rubies were thought to have the same influence in averting physical

harm that was ascribed to garnets and other red stones.

Corundum is widely distributed in small amounts in rocks which are

relatively poor in silica and rich in aluminum, including igneous rocks like

syenites, and metamorphic rocks like marbles, mica schists, gniesses, and
granulites. Rubies are confined the metamorphic environments, where they

occur in association with zircon and spinel; sapphires are also found in

mafic igneous rocks and with feldspars in pegmatites. Although aibies and

sapphires are often found together in placer deposits, the best examples of

each variety come from different locations.

The finest rubies are found in the region around Mogok, Burma. These

stones display the deep red "pigeon blood" color which is most prized.

Some stones are found in the marble which underlies this region, but most

gem material is obtained from the placer deposits which have been accu-

mulating for millennia in the streambeds. A much greater quantity of rubies

is produced from similar deposits north of Bangkok, Thailand, but these

are rarely of the same quality; deposits near Batdambang, Cambodia, also

produce fine stones. Rubies are mined in many African countries, including

Kenya, Tanzania, and South Africa, as well as in Brazil and China.

The placers of Sri Lanka are the premier source of high-quality sap-

phires, which occur in association with rubies and other gem minerals such

as garnet, spinel, topaz, tourmaline, and zircon in the Ratnapura and

Rakwana districts. Three quarters of the world's sapphires are produced

from a broad area of Queensland, Australia, where the stones have been

weathered from basalt to collect in the sediments. Although the quantity of

these stones is great, their quality is generally poor. Small but very colorful

sapphires are found in the gravels of the Missouri River, and in a narrow

dike of igneous rock called lamprophyre at Yogo Gulch, Montana.

Sapphires are also found in most of the localities listed above for ruby; per-

haps the finest being the cornflower blue stones from Cambodia.

Euhedral crystals of common corundum and large quantities of massive

material occur in nepheline syenites at Bancroft and Craigmont, Ontario,

and in metamorphic rocks throughout the Appalachian Mountains region.

Crystals as large as 170 kg have been found in Madagascar, and very large

crystals also occur in some South African pegmatites. Emery, in addition to

A 19th centur]

them tnth •.,
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A boule ofsynthetic ruby being created using

the Verneuil Process. Gemstones cutfrom ibis

artificial crystal will be almost identical to

natural rubies.

the Mediterranean occurrences noted above, occurs near Chester,

Massachusetts, and Peekskill, New York.

One of the first successful attempts at manufacturing gemstones came at

the turn of the century, when the French chemist Auguste Verneuil synthe-

sized corundum from powdered aluminum oxide. This powder, with impu-

rities added to create the desired color, is fused to form liquid droplets in

an extremely hot flame of 2050° C. This molten material then drips down to

crystallize as an elongate cylinder called a boule, which can be cut into

stones. In 1947, the Linde Company in the United States produced the first

synthetic star rubies and star sapphires, by introducing excess titanium into

the mix and imitating the natural process of rutile exsolution on cooling.

Synthetic corundum is identical with the natural mineral in all its chemi-

cal and physical properties, but unlike natural gems, is generally flawless.

Such stones are quite inexpensive, in contrast to natural aibies (for exam-
ple) which typically cost more per carat than diamonds. The demand for

natural gems, despite their expense and the availability of excellent substi-

tutes, highlights the fact that aesthetic beauty is not the sole attraction of

gemstones. Indeed, natural gems are fascinating in large part because of the

absence of human influence.

covellite

Classification:

sulfide

Composition:

CuS (copper sulfide)

Crystal System:

hexagonal

Hardness:

1.5-2

Specific Gravity:

4.6-4.7

Also known as indigo coppkr for its deep blue color, this mineral is named

for the Italian mineralogist Niccolo Covelli (b. 1790), who collected speci-

mens from Mt. Vesuvius. Unlike most simple sulfides, covellite is not a pri-

mary mineral but occurs as an alteration product of chalcopyrite, chalcocite,

bornite, enargite, and other primary copper sulfides. Relatively common in

its foliated massive form, crystallized specimens are rare and highly valued.

Crystals occur as subparallel aggregates of thin, tabular, hexagonal plates,

with broad basal pinacoid faces displaying curious hexagonal striations.

Covellite is a distinctive deep indigo-blue, with a purple iridescence; it is

opaque, with a submetallic luster and and a metallic gray streak. Somewhat
sectile and flexible, covellite has an uneven fracture and one easy, perfect

cleavage. The distinctive color and well-developed cleavage distinguish

covellite from other copper sulfides. Its characteristic aggregates of

extremely thin crystals are also unique.

Covellite occurs in the enriched portions of hydrothermal copper sulfide

veins, and is commonly intergrown with bornite, chalcopyrite, chalcocite,

enargite, and pyrite. Common throughout the western United States, the

finest specimens being the box-works of thin crystals 3 cm or more in

diameter from Butte, Silver Bow County, Montana. Large masses occur in

the La Sal District of Utah, and at the Kennecott Mine, in Alaska's Copper
River District. Excellent crystallized specimens are found in the Calabona

Mine, Alghero, Sardinia; at Bor, Yugoslavia; Tsumeb, Namibia; and numer-

ous other locations worldwide.

Broadplates oft ovellitefrom thefamous laniard Mine Unite. Montana—onceoneof

the nmsi important i rystal-prodm ing mines in the world
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cristobalite

Classification:

tectosilicate, silica group

Composition:

Si0
2

(silicon dioxide)

Crystal System:

high—cristobalite: isometric

low-cristobalite: tetragonal

Hardness:

7

Specific Gravity:

2.3

Cristobalite is the highest temperature form of the three important poly-

morphs of SiO„ the others of which are quartz and tridymite. It initially

crystallizes in the isometric system as high cristobalite, which is only stable

at temperatures above 1470°C, converting to low cristobalite at normal sur-

face temperatures. Low cristobalite has the most open and symmetrical

structure of all the silca polymorphs. Although this structure is technically

unstable at surface temperatures, all three polymorphs can and do coexist

in nature, as considerable time and energy are required to transform the

high-temperature polymorphs into the stable quartz structure.

Cristobalite usually occurs as spherical cryptocrystalline aggregates, in

the interior of small cavities in felsic igneous rocks such as andesites, rhyo-

lites, and obsidian, sometimes associated with yellow fayalite (olivine).

Since cristobalite often forms an important part of the groundmass of these

rocks as well, it can be considered a common mineral, if an inconspicuous

one. Spheailites of cristobalite in obsidian are commonly seen from Inyo

County, California, the San Juan Range of Colorado, and elsewhere in the

western United States. Cristobalite has been found as pseudo-octahedral or

pseudocubic crystals under 4 mm in greatest dimension, at the type locality

in the andesites of Cerro San Cristobal, Mexico.

Tiny crystalline aggregates ofcristobalite in

volcanic rock, from Lakahnans, Reydarfjordw

Iceland.

crocoite

Classification:

chromate

Composition:

PbCr04
(lead chromate)

Crystal System:

monoclimc

Hardness:

2.5-3

Specific Gravity:

5.9-6.1

Tin Greek word for "saffron," krokos, provided the name of this deep

orange-red mineral, and indeed, its color is identical to that ol the saffron

crocus' precious stigma. The first crystals of this mineral were found at

Beresovsk, near Sverdlovsk in the Ural Mountains of the Soviet Union, and

from these the element chromium was first isolated in 1797 (see Chromite).

Crocoite is isostructural with the chemically unrelated rare-earth phosphate

monazite, CeP0
4

. Although too rare to be valuable as an ore of chromium,

crocoite is highly prized by mineral collectors lor its striking crystals.

Equant octahedral and acute rhombohedral crystals ol crocoite are

known. Inn the typical habil is elongated striated prisms and acicular nee-

dles, often bunched in parallel alignment or haphazard]) jumbled together

in "jackstraw" aggregates The largest crystals ma\ reach a length ol more

than lo em. Crocite is translucent, with a greasy adamantine luster and a
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lambent yellowish red color, like the dying embers ol a campfire, It is an
extremely delicate mineral, with three cleavages, conchoidal to uneven
fracture, and an orange-yellow streak. Handle with care.

The crystallization of this rare mineral is made possible only in environ-

ments where lead-bearing sulfide veins are hosted by chrome-bearing

country rocks. These unusual geological conditions make crocoite a rare

species, and specimens are accordingly expensive. Common associates

include cerrusite, wulfenite, and vanadinite. The only place where crocoite

has ever been found in abundance is the famous, but now apparently

depleted occurrence in the Dundas District in Tasmania, Australia. Most of

the finest specimens seen in collections and museums are from this locality.

From its discovery in the 1880s through the 1920s, great wagon-loads of

crocoite were hauled from the mines at Dundas to be smelted for their lead

content—a thought that horrifies collectors today. The smaller but geologi-

cally similar deposits—in the Urals; at Rezbanya, Romania; and at

Congonhas do Campo and Goyabeira in the state of Minas Gerais, Brazil

—

also seem to be depleted. North American occurrences include the Vulture

District, Nevada; the El Dorado Mine in Riverside County, and the Darwin

Mines in Inyo County, California.

Crocoite i rystals in afissure oflimonitegossan

from the classic locality ai Dundas, Tasmania



cryolite

Composition:

Na
3
(AIF

6 )
(sodium aluminum fluoride)

Crystal System:

monoclinic

Hardness:

2.5-3

Specific Gravity:

2.95

Parallel aggregate ofcryolite crystalsfrom
Irigtut, Arsukfjord, Greenland.

The name cryolite is

derived from the Greek

word kyros, meaning
"frost," an appropriate

designation for a

speeies that is almost

identical in appearance

to ice and which is

found in the arctic

wastes of Greenland. It

has some importance as

a clouding agent in the

glass and enamel indus-

try, but is most impor-

tant as a flux in the

electrolytic production

of aluminum. The melt-

ing point of raw alu-

minum oxide is above

2000°C, but with the

addition of cryolite it

drops to little more than

1000°C. Since the

demand for cryolite can

no longer be met by

natural sources, it is synthetically produced from fluorite today.

Cryolite is usually found in massive coarsely crystalline aggregates,

rarely as good crystals of pseudocubic form. Crystals are usually colorless,

and cloudy masses of cryolite are snow-white, reddish, gray, or black. It

has a glassy luster and a very low refractive index, almost identical to that

of water; when placed in water, a crystal of cryolite will seem to disappear.

At a temperature of just over 560°C, monoclinic cryolite alters to cubic sym-

metry. Clear crystals of cryolite were formed at low temperatures and are

monoclinic in symmetry, while the more common cloudy masses have

undergone structural modification above this temperature.

Cryolite is almost always pegmatitic in origin, the transparent crystals

having formed in fractures in the massive material. The only commercially

important deposit for this useful fluorine mineral was at Ivigtut. on the

Arsukfjord, in South Greenland, which has been worked since about 1850.

Mining was halted in 1962 due to the depletion of the deposit. Specimens

are obtained from pegmatites in El Paso County, Colorado, and in a car-

bonatite in Fremont County. Euhedral crystals up to 1 cm in size are found

in the Francon Quarry, near Montreal, Quebec. Small amounts are obtained

from Salient, Huesca Province, Spain, and Miask in the Ural Mountains of

the Soviet Union.

crystal systems

and crystal symmetry

Till M MMETRY OF CRYSTALS Is ONE ( >l Till MOST INTRIGUING ASPECTS OF MINERALS.

Regardless of environmental conditions or the presence of impurities, the

angle between any two corresponding laces will be the same in every

crystal of a particular type—even though individual crystals and their taees

may vary greatly in size ami shape. This relationship was first proven in

Ki() (
) by Nicolaus Steno, working with crystals of quartz. Although symme-

try is most apparent in the regular arrangement of crystal faces, it ol

course reflects (he basic structure of a mineral on the atomic level. In the

first century A. I)., Pliny the Elder suggested that the regular hexagonal

crystals of quartz must be composed of a framework ot six-sided "bricks."

In 1784, the French naturalist Rene Hauv observed that calcite crystals
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always break into perfect little rhombohedral fragments, whatever their

external shape, and formulated the concept of "integral molcules." Today
we call the smallest grouping of atoms which exhibits the basic symmetry
of a mineral the unit cell.

On the basis of its crystal symmetry, any mineral can be placed into one
of thirty-two crystal classes, which are in turn grouped into six basic crystal

systems. These systems are defined according to a set of imaginary axes, which
intersect at the center of an ideal crystal; the basic symmetry ol the system is

determined by the length of these axes and by the angles at which they

intersect. Although a crystal system may embrace hundreds of possible

forms, each preserves the relationships described by the basic model.

Crystals display three basic kinds of symmetry: plane symmetry, axial

symmetry, and symmetry about a center. A crystal is said to have plane

symmetry if a "mirror plane" passing through its center divides it into two
identical halves. Many organisms, including human beings, display this type

of symmetry. Symmetry about an axis is characterized by the repetition of

identical faces as a crystal is rotated around a particular axis. Such symme-
try can be described as a twofold, threefold, fourfold, etc., depending on
how many times these laces are repeated in one 360° rotation. Symmetry
about a center characterizes crystals in which each face has a counterpart

parallel to it on the opposite side of the crystal.

A crystal may display more than one plane, axis or center of symmetry,

and may in fact have several of these in combination. Simple isometric

forms such as the cube and octahedron, for instance, have nine axes of

rotation and nine planes of symmetry, in addition to a center of symmetry.

At the other end of the spectrum is the pedial class of the triclinic system,

which has no symmetry whatsoever The various crystal systems are dis-

cussed below in order of decreasing symmetry.

The Isometric System Crystals of this system (also called the cubic system)

derive their high degree of symmetry from three mutually perpendicular

axes of identical length. This geometry results in forms which are equidi-

mensional, or "equant" in appearance, covered with many similar faces

—

thus the name of this system, which comes from the Greek phrase meaning

"equal measure." There are fifteen basic forms in the isometric system,

including the tetrahedron, which has four faces; the cube, with six faces;

the octahedron, with eight faces; and the dodecahedron and pyritohedron,

both with twelve faces. More unusual forms include the trapezohedron,

with twenty-four faces and the hexoctahedron, with forty-eight faces.

The identification of many isometric minerals is facilitated by their ten-

dency to crystallize in one particular crystal form. The oxides of the spinel

group, for instance, tend to form simple octahedra, while the garnets typi-

cally crystallize as dodecahedra. Other species, such as fluorite, often dis-

play a combination of crystal forms. The greater the number of different

forms present in combination, the more individual faces a crystal has, and

the more "rounded" it will appear.

The Hexagonal System The crystals of this system are characterized by three

axes of equal length, which intersect at angles of 120° and all lie in the

same plane. Perpendicular to this plane is another axis of indeterminate

length, called the c axis. A typical hexagonal form is the six sided prii

either elongate, as in tourmaline, or squat and tabular, as in apatite.

Doubling of this form results in twelve-sided, dihexagonal prisms. Such

forms are typically truncated by parallel pinacoidal (also called basal >

planes, by pyramids or dipyramids, or by combinations of these forms.

Crystals of the trigonal and rhombohedral classes of the hexagonal sw
tern display only three-fold symmetry, and are sometimes classed sepa-

rately in the "rhombohedral system." Like other hexagonal crystals, rhom-

bohedral forms have three axes of equal length, plus a fourth ol van

length. In this case, however, the three similar axes do not lie in the same-
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plane. The basic forms of this group include the simple rhombohedron, the

trapezohedron, and the scalenohedron, typical of calcite. These forms often

occur in combination with more symmetrical hexagonal forms, as in quartz

crystals, which often consist of a hexagonal prism is terminated by one or

more rhombohedra.

$g>i

The Tetragonal System As in the isometric system, tetragonal crystals have three

mutually perpendicular axes, but in this case only two are of equal length.

Like hexagonal crystals, the basic forms here include prisms and pyramids,

but in this case the symmetry is only four-fold—thus the name of the system,

which means "four-sided." Doubled versions of these forms result in eight-

sided, ditetragonal forms with eight similar faces. Tetragonal versions of the

trapezehedron and scalenohedron also exist, as does an elongated version of

the tetrahedron called the tetragonal disphenoid, sometimes seen in chal-

copyrite. Other common tetragonal minerals include rutile and zircon.

The OrthorhombiC System Orthorhombic crystals are similar to those of the

tetragonal system in that they have three mutually-perpendicular axes, but

in this case the axes are all of different lengths, resulting in two-fold sym-

metry at best. Simple combinations of prismatic, pinacoidal and pyramidal

forms result in stout, blocky crystals, such as those of columbite, olivine

and topaz. Extreme development in one crystallographic direction or

another results in platy or tabular forms, such as barite, or elongate forms

as seen in stibnite and sillimanite.

The MonocliniC System The monoclinic ("single inclination") system is named
for the way in which it differs from the orthorhombic system. Although

both are characterized by three axes of differing length, in monoclinic

forms only two axes are perpendicular, while one makes an angle with the

others. This results in crystals which are similar to those of the orthorhom-

bic system, but slightly askew. Prism faces are typically parallel to the

eccentric axis, with pinacoidal or pyramidal faces parallel to the two mutu-

ally perpendicular axes. The elongate prisms of gypsum with their sharply

angled, parallel terminations are an example of this morphology.

The TriCliniC System The name of this system means "three inclinations,"

reflecting asymmetrical geometry of its forms. Triclinic crystals have three

axes of differing lengths, none of which are perpendicular to the others.

The only regular forms recognizable in triclinic crystals are the two parallel

faces of the pinacoid, and the pedion—a face with no symmetrical relation-

ship to any other. The most important triclinic species are the feldspars of

the plagioclase series. Sharp, angular forms, such as the distinctive, wedge-

shaped crystals of axinite are common in this system.

cuprite

Classification:

oxide

Composition:

Cu
2

(copper oxide)

Crystal System:

isometric

3.5-4

Specific Gravity

6.14

ClU'RITK IS A SECONDARY COPPER ORE WHICH OFTEN FORMS VERY ATTRACTIVE TRANS-

parent red crystals, earning it the miners' name "ruby copper." Its scientific

name comes from the Latin cuprum, or copper, reflecting its composition.

Crystals are usually cubic, octahedral, or dodeeahedral in shape, with the

dominant isometric form typically being modified by one or more of the

others in a variety of interesting ways. A hair-like variety called "plush cop-

per," or chalcotrichite, forms delicate, felted mats and masses. Cuprite com-

monly occurs in granular aggregates as well, often mixed with earthy

limonite. Pseudomorphs oi malachite after cuprite arc fairly common, par-

ticularly from the classic locality at Chessy, near Lyon, France The color ot

cuprite crystals is carmine red; massive specimens are typically dark red or

red-brown. The luster is adamantine to slightly metallic, due to its high

refractive index, which exceeds that of diamond.
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Cuprite is found in the oxidation /one of hydrothermal sulfide veins, in
association with other secondary species such as native copper, chalcocite,
antlerite, limonite, and the copper carbonates. It is an economically impor-
tant copper ore in some localities, important sources include Tsumeb and
the Onganja Mine in Namibia, and locations in Zaire, Japan, Australia,
Mexico, Bolivia, and Chile. In addition to the Chessy occurrence, European
sources include Germany, Hungary, and Cornwall, England. Handsome
crystals come from mines in Pennsylvania and Tennessee; Bisbee, Clifton,

and Morenci, Arizona; and numerous other locations throughout the west
em United States.

Twinned cuprite crystals amid a druse ofsmaller crystalsfrom the West Phoenix Mine.

Linkinhorne, Cornwall.



danburite

Classification:

tectosilicate

Composition:

CaB
2
Si

2 8
(calcium borosilicate)

Crystal System:

orthorhombic

Hardness:

7

Specific Gravity:

2.97-3.02

Danburite is namkd for an old source in the city of Danbury, Connecticut.

An unusual mineral which occurs in small amounts in a variety of different

geological environments, danburite is easily mistaken for the much more

common topaz. Like topaz, it forms stout prismatic crystals with wedge-

shaped terminations. These are usually clear or white, but may also be

pinkish, yellow, green, or brown. Danburite has one indistinct cleavage,

conchoidal fracture, a vitreous to greasy luster, and a colorless streak.

Topaz is harder than danburite, and is also distinguished by its prominent

basal cleavage.

At the Danbury locality and at Russell, St. Lawrence County, New York,

danburite is associated with feldspar in contact metamorphic dolomites.

Fine specimens are found in the crystal-lined vugs in the metamorphic

rocks of the Alps,

particularly at Piz

Valacha, near Uri,

Switzerland. Large

crystals to 8 cm
occur in the

hydrothermal sulfide

veins of Charcas,

San Luis Potosi,

Mexico. Even larger

danburite crystals,

associated with

green tourmaline,

have recently been

recovered from an

unusual pegmatite

near La Huerta,

northern Baja

California.

Transparent yellow

crystals have been

recovered from the

gem gravels around

Mogok, Burma, and

cut into fine gems.

Danburite is also

found on the

Japanese island of

Kyushu; on Mt. Bity

and elsewhere in

Madagascar; and in

the Soviet Union.

Danburitefrom WinalaBufa, Charcas, San

I ins Potosi, Mexit o
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DATOLITE IS AN UNCOMMON MINERAL, BUT STILL THE MOM AB1 NDAN1 Ml MBEF OF
the gadolinite group, named for a rare beryllium rare-earth silicate. Its

structure consists of stacked layers of SiCr and B((),OH) retrahedra,

bonded together by calcium ions. Despite this orderly, layered arrange-

ment, datolite has no cleavage to speak of. Although it has been used as a

source of boron, it is not an important ore. Datolite's name is derived from
the Greek dateisthai, "to divide," since its coarser-grained aggregates tend

to crumble easily.

Crystals are usually complex, typically forming blunt wedges with a

bewildering variety of faces scattered across matrix. Datolite is also found

in the granular aggregates, and rarely in compact, porcelanous nodules. It

is colorless, white, greenish, yellowish, or pinkish, and transparent to

translucent, with a vitreous luster and a colorless streak.

Datolite is found in basalt cavities with zeolites, apophyllite, prehnite,

quartz, and calcite, as well as in fissures in granites, gneisses, serpentines,

and in some hydrothermal veins. Excellent crystals as large as 7 cm on
edge are found in basalt at Lane Quarry, near Westfield, Massachusetts.

Good specimens are also found in northern New Jersey, in parts of

Connecticut, and at several sites in California. Fine crystals occur in the sil-

ver veins of Guanajuato, Mexico; at Andreasberg, Harz, Germany; and at

Arendal, Norway. The unusual porcelaneous nodules are found with cop-

per in the basalts of the Keweenaw Peninsula, Michigan; these have been

cut into interesting cabochons containing flecks of native copper.

datolite

Classification:

nesosilicate

Composition:

CaBSi0
4(OH)

(hydrous calcium borosilicate)

Crystal System:

monoclinic

Hardness:

5-5.5

Specific Gravity:

2.8-3

Datulu



descloizite and mottvamite

Classification:

vanadates

Composition:

(Zn,Cu)Pb(V0
4
)(OH)

(hydrous zinc and/or copper lead vanadates)

Crystal System:

orthorhombic

Hardness:

3.5

Specific Gravity:

5.8-6.3

Plumose crystalline aggregate ofdescloizite

from Berg Aukas, Grootfontein, Namibia.

These two species form a solid-solution series, of which descloizite is the

zinc-rich and mottramite the copper-rich end member. Both are rare, but

important ores of vanadium nonetheless. Descloizite's tongue-twisting

name honors the French mineralogist Alfred Louis Oliver Legrand des

Cloizeaux (b. 1817), while mottramite is named for the English locality of

Mottram St. Andrews, Cheshire.

Both species commonly form crusts of small plumose crystal aggre-

gates, or botryoidal masses; on rare occasions they may occur as discrete,

flattened pseudo-octahedral crystals. Descloizite is reddish brown to black,

becoming greenish as the composition approaches that of mottramite.

Both are transparent or translucent with a greasy luster, and have streaks

ranging from red-brown to

greenish brown.

Descloizite and mottramite

are found in the alteration

zone of lead, zinc, and copper

sulfide veins, associated with

vanadinite, cerussite, wulfen-

ite, and pyromorphite. By far

the best specimens have come
from Namibia, particularly

Grootfontien and Tsumeb in

the Otavi District. Other

African sources include

Mouana, Gabon; Broken Hill,

Zaire; and Algeria, Tunisia,

and Zimbabwe. In addition to

the Cheshire locality,

European sources are mines

in Cap Ganone, France;

Germany, particularly the

Clara Mine in the Black Forest;

and Austria and Italy. Good specimens are found in many parts of the

western United States as well, particularly at the Silver Queen Mine, Galena,

South Dakota; and the Mammoth Mine, Tiger, Arizona. Other sources

include Argentina, Bolivia, Brazil, Mexico, and Iran.
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diamond

Classification:

native element

Composition:

C (carbon)

Crystal system:

isometric

Hardness:

10

Specific Gravity:

3.51

Even in antiqltity diamond was known as the hardest substance on earth,

which is why the Greeks called it adamas, meaning "the invincible."

Diamond has the most compact and strongly bonded structure of the four

known polymorphs of carbon, and this accounts for its remarkable hard-

ness. Graphite is the most common polymorph of carbon, and is formed

under most geological conditions; the other two polymorphs, cbaoite and

lonsdaleite, are extremely rare and occur only in meteorites.

The first diamonds seen in Europe were rare uncut crystals from placer

deposits near Golconda, India. Although prized for their hardness in

ancient times, these rough stones were valued less than pearls or most

other colored stones. During the Middle Ages diamonds became increas-

ingly popular, particularly as talismans intended to give the bearer super-

natural powers. Naturally, diamond was associated with strength and invin-

cibility in the medieval imagination. A diamond was thought to make its

wearer invulnerable in battle; to foster courage; and to protect against

against poisons, scurvy, gout, arthritis, and other maladies.

Diamonds have now displaced all colored stones, except the best qual-

ity rubies and emeralds, as the most valuable ofgemstones. Three quarters

of the world's diamond production is used in industrial applications, par-

ticularly grinding wheels and drill bits. More than 10,000 kg of natural



diamonds, and a similar quantity of synthetic diamonds, are produced
each year.

Diamonds form at depths greater than 150 km in the earth's mantle, at

temperatures greater than 1000°C, and under pressures greater than 50,000
times that at the surface. They are brought to the earth's surface by kimber-
lites, gas-rich magmas which originate deep within the mantle and empt
explosively through fissures called diamond pipes, or diatremes. Kimberlite
is very complex in composition, containing fragments of a variety of mantle
rocks, including the ultramafic igneous rocks in which diamonds are

thought to originally form. These rocks are called lheuzolites and eclogites,

and also contain olivine, pyrope garnet, and pyroxenes.

Above: Diamond crystals infancy colors

displaying a variety offorms.

Left: Diamond crystalsfrom Zaire, showing a
variety ofisometricforms, etching and
twinning, and ait gem.

Diamond crystals take the form of octahedrons, dodecahedrons, and
cubes, with the first two shapes being by far the more common.
Combinations of these forms are also very common, and in diamonds from

the Congo and a few other regions, each form is equally developed. Crystal

faces often show rounded faces and surface stmctures acquired during

growth, as well as surface marks from subsequent pitting and etching.

Twinning is very common in diamonds and sometimes presents difficulties

in cleaving and cutting. Twinned crystals usually have triangular flattened

forms. Diamond crystals and aggregates that display irregular or radial

growth and which are gray to black in color due to graphite inclusions, are

known as either bort or carbonado and are used in industrial applications.

Diamond is brittle, with a perfect cleavage parallel to the octahedral faces

and conchoidal fracture. Bort and carbonado are extremely tough, twins

less so, and single crystals even less.

Diamond crystals are mostly colorless, with only slight tints of yellow,

brown, or green; nitrogen is thought to be responsible for the slight yellow-

ish tint of many diamonds. Brightly colored diamonds are extremely rare;

known as "fancy" diamonds, they command much higher prices than even

the cleanest colorless stones. Common fancy colors include golden-yellow,

orange-yellow, coffee-brown, green, blue, red, and pink. These colors are

caused by the substitution of other elements in the diamond structure, or

slight perturbations in the structure itself. Canary-yellow, cognac-brown,

and dark-brown diamonds are colored by iron, the rare blue diamonds by

boron; and the pinkish-red ones by manganese. The artificial bombardment

of diamonds with electrons or neutrons can cause color change as well.

Electron bombardment can give colorless stones a blue tint, while neutron

bombardment can impart a green color—which, in turn, can be changed to

yellow or brown with heat treatment. Diamonds range from full trans-

Archbishop Mitty High School Library

San Jose, California
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The "Big Hole" at Kimberley, South Africa.

Between its discovery in 1872 and abandon-

ment in 1914, over 25, 000,000 tons of
kimberlite rock were excavatedfrom this

deposit, yielding over 14,000,000 carats of

diamonds.

parency to translu-

cent and opaque.

The striking dia-

mond luster is

caused by its high

refractive index; the

play of colors, or

"fire," is due to its

strong dispersion.

These properties

are best displayed

in a brilliant cut

gemstone, which is

the most common
diamond cut. Some

diamonds may fluoresce pale blue, green, yellow, or more rarely, red.

In 1953, an industrial process for producing diamond from graphite was
discovered, employing temperatures in excess of 1400°C and pressures of

50,000-60,000 atm. Diamonds formed in this process are small, and are

suitable only for industrial purposes. Larger diamonds have been synthe-

sized, however—some over 1 carat in size and often displaying beautiful

colors, but the process is prohibitively expensive. Other synthetic gem-
stones are commonly substituted for diamond, however. These include

strontium titanate (fabulite), synthetic rutile (titania), yttrium aluminum gar-

net (YAG), gadolinium gallium garnet, and zirconium oxide (cubic zirco-

nia). Each is a passable imitation of diamond, and both YAG and cubic zir-

conia are excellent.

The first diamond deposits known were the placers located east of the

Deccan Highlands in India, in the area of Golconda. Among the many
famous diamonds found there is the blue Hope Diamond, and the

Kohinoor, or "Mountain of Light." India remained the world's premier

source of diamonds until the discovery of placer deposits in Brazil in 1721.

These diamonds may have been weathered from kimberlites in Africa, prior

to the breakup of Africa and South America by the forces of plate tectonics

during the late Mesozoic Era. Crystals embedded in ancient conglomerates,

and the alluvium derived from their erosion, are still found in a number of

Brazilian states and in neighboring parts of Venezuela and Guyana. Brazil

remained the world's primary source of diamonds until 1866, when a little

boy was found playing with a 21 -carat stone on the banks of the Orange

River in South Africa.

Numerous placer deposits were soon discovered in the region, and in

1869 the discovery of a 50-carat stone in a dry wash led to the discovery of

the first kimberlite, near Jagersfontien, South Africa. Over 700 kimberlites

have been discovered in South Africa, and these have produced many
remarkable stones, including the largest diamond ever found—the fist-

sized, 3106-carat Cullinan Diamond, unearthed in 1905 at the Premier Mine

near Pretoria. Diamond pipes are also mined in Botswana, Tanzania, and

Zaire, and vast beach placers are worked along the desert coast of Namibia.

Individual miners working the streams of Ghana, Liberia, and Siena Leone

produce a surprisingly large quantity of Africa's diamonds.

In the early 19th century, diamonds were discovered in placer deposits

near the Ural Mountains of Russia, and after World War II, kimberlites were

found north of Lake Baikal in Siberia. The largest diamond yet found there

is the Star of Yakutia, weighing l$l carats. In 198S, mining commenced on

a diamond-bearing kimberlite near Lake Argyle in Western Australia, and

now the Argyle Mine produces nearly one third of the world's diamond

supply, Diamonds have been found in placer deposits at various locations

in North America, including the Appalachian Mountains, California, and the

glacial moraines around the Great Lakes region. Kimberlites have been

found in the Colorado Rockies and at Murfreesboro, lake County, Arkansas,

where crystals weighing up to K) carats have been discovered.
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DlASPORE IS A CONSTITUENT OF TWO ECONOMICALLY IMPORTAN1 MINERAL \GGRE-

gates: the natural abrasive emery (see Corundum), and bauxite, the pri-

mary ore of aluminum. Bauxite is composed of diaspore, its polymorph
boemite, and gibbsite, Al(OH)v any one of which may predominate. This

massive material forms through the weathering of aluminum-rich rocks in

tropical and subtropical regions, occurring as earthy or pisolitic ("pea-like")

aggregates. Although aluminum is by far the most abundant metal in the

earth's crust, a method for commercially producing the metal from its ores

was not developed until 1886. Since then, its properties of low density and

great strength have made aluminum a vital industrial metal of innumerable

uses. Bauxite is also used to produce synthetic Al
2
0, abrasive and refracto-

ries. Of the three components of bauxite, only diaspore is regularly seen in

crystalline form. The name, from the Greek diaspora, or "scattering,"

reflects this mineral's habit of decrepitating, or bursting apart when heated.

Although usually occurring in massive form, diaspore sometimes forms

thin tabular or acicular crystals, occasionally as pseudohexagonal twins.

The color ranges from white to yellowish, pink, gray, or green; the man-

ganese-rich variety mangandiaspore is rose to dark red. It is transparent to

subtranslucent with a vitreous to pearly luster and a white streak. Diaspore

is very delicate, with three directions of cleavage, one perfect. This cleav-

age, plus its hardness and tendency to decrepitate, serve to distinguish dias-

pore from axinite.

Diaspore is very widespread and commonly occurs with comndum,
chlorite, magnetite, and spinel in marbles and schists, or with gibbsite as a

constituent of some bauxites and aluminum-rich clays. Diaspore bladed

crystals to 7 cm in length are found in cavities in emery at Chester,

Massachusetts, and on the Greek island of Naxos. Good specimens are also

found in New Hampshire, Pennsylvania, and at the Champion Sparkplug

Mine in California's White Mountains. The red variety mangandiaspore is

found in South Africa's Postmasburg District.

diaspore

Classification:

hydroxide

Composition:

AIO(OH) (aluminum hydroxide)

Crystal System:

orthorhombic

Hardness:

6.5-7

Specific Gravity:

3.3-3.5

Acicular diaspore crystals in emery from Chester. Massachusetts.
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diopside

Classification:

pyroxene group

Composition:

MgCaSi
2 6

(calcium magnesium silicate)

Crystal System:

monoclinic

Hardness:

5.5-6.5

Specific Gravity:

3.22-3.28

Stubbyprisms ofdiopsidefrom Nordmark,

Varmland, Sweden.

Diopside forms a solid-solution series with the calcium iron pyroxene

hedenbergite, CaFeSi
2 6 , as well as with the calcium-iron-manganese

pyroxene johannsenite, Ca(Mn,Fe+2)Si206. An important rock-forming min-

eral, diopside is more often encountered in euhedral crystals than other

pyroxenes. The name is from the Greek phrase meaning "two views," in

reference to the two-fold monoclinic symmetry it exhibits. Transparent crys-

tals of diopside, and chatoyant material displaying cat's-eye or star patterns,

are sometimes fashioned into gemstones.

Crystals of diopside are commonly short prisms with blunt wedge-

shaped terminations, and lamellar or granular aggregates are common.
Diopside is transparent to translucent, with a vitreous or dull luster. The

color is usually

some shade of gray-

ish green, but color-

less, white, brown,

or greenish black

are also common
;

the streak is white

or grayish. Gem
material may be

blue or rose col-

ored. Diopside dis-

plays good cleavage

in two directions, at

nearly right angles

—

like all members of

the pyroxene group.

Epidote and olivine are similar in appearance, but are each a different, dis-

tinctive shade of green, and lack the distinctive cleavage of diopside.

Diopside is a very common and widespread mineral, forming in cal-

cium-rich metamorphic and igneous rocks, including some mafic and ultra-

mafic igneous rocks, and in carbonatites with calcite or dolomite. In igneous

rocks, diopside usually contains some iron and aluminum, grading into the

compositional range of augite, which is far more common in these environ-

ments. Most diopside specimens come from contact metamorphic bodies,

where diopside forms from the reaction between dolomite and quartz,

occurring in association with grossular garnet, wollastonite, and phlo-

gopite. Excellent specimens crystals to 15 cm in length are found in the mar-

bles of Haliburton County, Ontario; Sherbrooke County, Quebec; and St.

Lawrence County, New York. Fine transparent crystals are found in the Ala

Valley and elsewhere in northern Italy, at Nordmark, Sweden, and in many
other locations.

dioptase

Classification:

cyclosilicate

Composition:

CuSi0
2
(OH)

2
(hydrous copper silicate)

Crystal System:

hexagonal (rhombohedral)

Hardness:

5

Specific Gravity:

3.28-3.53

When discovered in the late 18th century in Central Asia, this unusual cop-

per silicate was at first thought to be emerald because of its brilliant emer-

ald-green color. Although it is relatively soft, dioptase has been fashioned

into small, beautiful gems. The name comes from the Greek diopteia,

meaning "to see through"—a reference to the fact that minute internal

cleavage fractures are usually visible within the crystals.

Dioptase crystals usually occur as short columnar prisms tenninated

with rhombohedral faces, rarely exceeding one-half inch in length. They

are transparent to translucent with a vitreous to greasy luster and a blue-

green streak. In addition to the typical green color, dioptase may be deep

blue-green or even turquoise-blue. The distinctive color and hardness of

dioptase distinguish it from all other species in its geological environment.

Dioptase forms at a late stage of hydrothermal alteration, in the oxida-

tion zones of copper deposits. Characteristic associates include chrysocolla.
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brochantite, malachite, azurite, and other secondary copper minerals. The
classic source is Altyn-Tube, near Tashkent, in the Kirgiz Republic of the

Soviet Union, where exceptional crystals are found perched on white lime-

stone matrix. Most specimens currently come from Africa, particularly from

Tsumeb and Guchab, Namibia; additional sources are the Katanga District

in Zaire, and Mindouli and other locations in the Congo. Fine specimens

have been obtained from the Nishapur region of Iran; and from Copiapo in

the Atacama Desert and other locations in Chile. Outstanding specimens

are rare from American sources, which include the Soda Lake Mountains of

California, and the Mammoth-St. Anthony mines in Tiger as well as other

locations in Arizona.

Druse ofdioptase crystalsfrom Tsumeb,

Grootfontein, Namibia
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dolomite and ankevite

Classification:

carbonates

Composition:

dolomite: CaMg(C0
3 ) 2

(calcium magnesium carbonate)

ankerite: Ca(Fe,Mg)(C0
3 )2

(calcium iron magnesium carbonate)

Crystal System:

hexagonal (rhombohedral)

Hardness:

3.5-4

Specific Gravity:

2.85 (dolomite)

2.97(ankerite)

Left: Curved rbombobedra ofdolomite from St.

Catherine's quarry, Wetland County, Ontario.

Right: Ankerite crystals on quartzfrom Morro

Velho, Minas Gerais, Brazil.

Dolomite and ankerite form a solid-solution series, and though the former

is far more common than the latter, they are similar in appearance and crys-

tal form and are often confused with one another. Magnesium often substi-

tutes for calcium in calcite (CaCO,), but dolomite differs in that magnesium
and calcium each have their own structural sites. The dolomite structure is

characterized by alternating layers, each composed entirely of either cal-

cium, magnesium, or carbonate ions. Ankerite has a similar structure,

except that some of the magnesium sites are filled by iron; if less than 20%
of the sites are so filled, the mineral is considered merely aferroan (iron-

rich) dolomite. Manganese commonly substitutes for magnesium in both

species. Dolomite is named for the French mineralogist Deodat de

Dolomieu (b. 1750), and ankerite for the Austrian mineralogist Matthias J.

Anker (b. 1772).

The typical crystal form of both dolomite and ankerite is the rhombohe-

dron, a shape which resembles a box that is leaning over to one side.

Crystals characteristically display a saddle-shaped modification of this form,

in which the sagging rhombohedron also appears to have been sat upon.

Dolomite crystals may also be tabular or octahedral, or in the form of a

prism terminated by a rhombohedron. Both species display perfect, easy

cleavage and subchonchoidal fracture. Common colors include gray, white,

yellow, brown, and pink; both species are transparent to translucent, with a

pearly to vitreous luster and a white streak. The saddle-shaped crystals help

to distinguish these species from other carbonates. Both are much less

responsive to the acid test than is calcite.

Along with calcite, dolomite is the major constituent of carbonate rocks.

Dolomitic sedimentary rocks are called dolostones, to distinguish them from

the calcitic limestones; metamorphosed dolostones are referred to as is

dolomites, and are similarly analogous to marble. Dolomite also forms as a

hydrothermal mineral in fissures in serpentines and other magnesium-rich

rocks, and in ore deposits. Fine dolomite crystals are found in the Tri-State

lead-zinc deposits of Oklahoma, Missouri, and Kansas; Guanajuato, Mexico,

and in similar deposits throughout North America. Good specimens are also

found in Cornwall, England, and at many locations in Italy and Germany.

Ankerite is usually precipitated from carbonate-rich solutions derived

from the dissolution of siderite, FeCOv in hydrothermal veins. It is a com-

mon gangue mineral at the Antwerp iron mine in Jefferson County, New
York; at the Homestake gold mine in Lead, South Dakota; in the Tintic

District in Utah; and the Coeur d'Alene region of Idaho. European sources

include Lancashire, England; Erzberg, Austria; France; and many parts of

Eastern Europe.
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Although relattved i n< < >mmon, enargite is a very important ore mineral,

containing nearly 50% copper and appreciable arsenic as well. Additionally,

most enargite specimens contain some iron and zinc, and antimony may
substitute for as much as 6% of the arsenic component. The name comes

from the Greek enargos, meaning "distinct," an allusion to the perfect pris-

matic cleavage which is developed in nearly every specimen.

Enargite forms unmistakable prismatic or tabular crystals with vertical

striations, usually lens-shaped in cross section. Twins, including cyclic

sixlings, are common, as are lamellar aggregates and granular masses.

Three directions of prismatic cleavage are developed, one of which is per-

fect. Enargite is gray to black in color, with a dark gray streak, and is

opaque with a metallic luster, turning dull when coated by chalcocite. The

ever-present cleavage surfaces are usually sufficient to distinguished enar-

gite from other dark sulfides and sulfosalts.

Enargite forms in medium-temperature hydrothermal veins, in associa-

tion with quartz and copper sulfides, or in low-temperature replacement

deposits with galena and sphalerite. Excellent specimens are found at

Butte, Montana; Bingham, Utah; the Tri-State District in Arkansas and

Missouri, and the silver mines of Colorado's San Juan Mountains. Fine

specimens come from a number of South American deposits, including

Chuquicamata, Chile; Morococha and Cerro de Pasco, Peru; and La Paz,

Bolivia. Enargite is also found on the Philippine island of Luzon; at

Tsumeb, Namibia; Bor, Yugoslavia; Sardinia; and numerous other

European locations.

enargite

Classification:

sulfosalt

Composition:

Cu
3
AsS

4
(copper sulfosalt)

Crystal System:

orthorhombic

Hardness:

3

Specific Gravity:

4.45

Enargite crystalsfrom the Leonard Mine. Butte,

Montana.
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enstatite and hypersthene

Classification:

inosilicates, pyroxene group

Composition:

enstatite: MgSi0
3

hypersthene: (Mg,Fe) Si0
3

(magnesium or magnesium-iron silicates)

Crystal System:

orthorhombic

Hardness:

5.5

Density:

3.2-3.4

Top: Cleavagefragment ofhypersthenefrom

Paistijarvi, Heinola, Finland.

Bottom: Grains ofenstatite in granulite rock

from Webster, Jackson County, North Carolina.

Enstatite and hypersthenf. are very important rock-forming minerals,

referred to by geologists as the ortbopyroxenes because of their

orthorhombic symmetry. Enstatite and hypersthene form a complete solid-

solution series, with iron substituting for as much as 90% of the magne-

sium, although most hypersthene specimens contain the two elements in

equal proportions. A pure iron end member called orthoferrosilite, FeSiO^

is very rarely observed in nature, since its components are more stable in

the form of olivine (fayalite) and SiO,. The name enstatite comes from the

Greek word meaning "opponent," in honor of its resistant, refractory prop-

erties. The name hypersthene is derived from the phrase meaning "very

strong," an allusion to its being harder than the similar-appearing amphi-

bole hornblende.

These pyroxenes very rarely form distinct, stubby, prismatic crystals;

they usually occur as fibrous or lamellar masses. Enstatite can be colorless,

yellowish green, gray, olive, or brown, becoming darker with increasing

iron content. Crystals are translucent with vitreous luster; bronzite is a

name applied to an intermediate member with a distinctive submetallic lus-

ter. Distinguished from

the amphiboles by their

nearly right-angled

pyroxene cleavage.

Unlike most pyrox-

enes, pure enstatite is

probably more abun-

dant in metamorphic

than in igneous rocks,

because most magmas
contain too much iron

to allow its formation.

It is most abundant in

high-grade metamor-

phic rocks such as

granulites, where it

forms through the

dehydration of magne-

sian amphiboles such

as anthophyllite.

Bronzite and hypers-

thene, however, are

common constituents

of various mafic and

ultramafic plutonic and

volcanic rocks, includ-

ing gabbros and peri-

dotites. It is also found

in both stony and

metallic meteorites.

Good crystals have

been found in the Tilly

Foster Mine in

Brewster, New York, in

the California Coast

ranges, and at many
other widely distributed

locations.
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When a hard, green, glassy mineral is encountered in the held, chances

are very good that it is epidote. Although most important in low-grade

metamorphic environments, this mineral is found in almost all types of

rock, very frequently as well-developed crystals. Epidote is the iron-rich

end member of a solid-solution series with the somewhat less-common
species clinozoisite, which resembles epidote in everything but color; the

epidote group also contains the rare earth mineral allanite. This group is

characterized by the presence of Si,0
7
groups, which are essentially two

silica tetrahedra sharing one of their oxygens. The structure of the epidote

group minerals consists of these groups and regular silica tetrahedra strung

out along chains of interconnected aluminum groups, along with ions of

calcium, iron, or whatever else fits. It is these long chains which give the

epidote group minerals their characteristic elongate habits. The name epi-

dote comes from the Greek word meaning "increase," apparently in refer-

ence to its slightly asymmetrical crystal shape. Clinozoisite means "mono-

clinic polymorph of zoisite," but zoisite should really have the derivative

title, since its structure appears to be a twin-like repetition of the epidote

stmcture.

Epidote group

crystals are typically

prismatic, tabular or

bladed, and often dis-

play deeply striated

faces. Epidote and cli-

nozoisite commonly
occur as granular

masses or as aggre-

gates of fine, inter-

meshed crystals in

veins and fracture fill-

ings. The color of the

former is usually a

distinctive, deep

pistachio-green, but

ranges from yellowish

green to brownish to

nearly black.

Clinozoisite is typi-

cally a much lighter

green, or gray. Both

are transparent to

nearly opaque, with a

bright vitreous luster and a colorless streak. Epidote may be confused with

green tourmaline in pegmatites.

Epidote is a primary mineral in felsic igneous rocks containing calcium.

and may form large crystals in some granitic pegmatites. However, it is

most common in regional metamorphic rocks of the greenschist facies,

where it forms through the alteration of iron-, calcium-, and aluminum-rich

primary silicate minerals. Epidote is also very common in contact metamor-

phic rocks, and in fissures in all kinds of rocks from which the necessary

ions can be leached. Since epidote is so common, only a few of the classic

sources are listed. Among the most sought-after specimens are the slender,

perfectly terminated crystals from Untersulzbachtal, Austria; equally famous

specimens come from contact metamorphic deposits on Prince of Wales

Island, Alaska. Fine crystals are found in the pegmatites of northern Baja

California, and in the marbles of the Crestmore Quarry. Riverside,

California. European localities include Bourg d'Oisans, France; Arendal

Norway; and the Ala Valley of northern Italy.

epidote and clinozoisite

Classification:

sorosilicates, epidote group

Composition:

epidote: Ca2
(AI,Fe)AI

2
0(Si04 )(Si2 7

)(OH)

clinozoisite: Ca2
Ai

3
0(Si04 )(Si 2 7

)(OH)

(hydrous calcium iron aluminum silicate)

Crystal System:

monoclinic

Hardness:

6-7

Specific Gravity:

3.25-3.45

Prismatic epidote crystalsfrom the classic

Alpine source a! Knappenwand,

I 'ntersulzbachthal, near Salzburg, Austria
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erythrite and annabergite

Classification:

arsenates

Composition:

erythrite: Co
3
(As0

4 ) 2
»8H

2
annabergite: Ni

3
(As0

4 )2
«8H

2

(hydrated arsenate, cobalt, and nickel)

Crystal system:

monoclinic

Hardness:

1 .5-2.5

Specific Gravity:

3.18 (erythrite),

3.07 (annabergite)

Radiating acicular erythrite crystalsfrom
Schneeberg, Germany.

Erythrite and annabergite are coloreul and conspicuous minerals which have

long been an important prospecting guide for miners in search of cobalt and

nickel deposits. The name of the former is derived from the Greek erythros,

or "red," in honor of its characteristic deep purplish-red color; the latter

takes its name from the the German mining town of Annaberg. These miner-

als form a complete solid-solution series, and the composition of any speci-

men within the series can be approximated from its color. As its nickel con-

tent increases, erythrite loses its color to become pinkish or colorless, while

annabergite is pale green, becoming vibrant greenish yellow in highly nicke-

liferous specimens. While erythrite crystals as much as 10 cm in length have

been found, the crystals of

annabergite are always

quite small, and form acic-

ular or leafy aggregates,

earthy coatings, or thin

films. Erythrite and

annabergite have perfect

cleavage, easily separating

into thin, flexible, sectile

sections with vitreous to

pearly luster.

Erythrite and annaber-

gite form in the oxidation

zones of hydrothermal

cobalt-nickel deposits,

through alteration of pri-

mary cobalt-nickel miner-

als such as skutterudite and cobaltite. The classic producer of erythrite

specimens is the mining region of Schneeberg, Saxony; now, however, the

finest specimens are found at Bou Azzer, Morocco, which produces particu-

larly large and beautiful crystal clusters. Other important sources include

the Blackbird District, Lemhi County, Idaho; Mina Sara Alicia near Alamos,

Sonora, Mexico; and the Cobalt District of Ontario.

evaporites

Evaporite Minerals

anhydrite colemanite

aragonite glauberite

boracite gypsum

borax halite

calcite hanksite

carnallite howlite

celestite kernite

the Dead Sea between Israel andJordan is a

< lassii evaporite environment the influx <f

fresh wate) barely keepspat < with the rate oj

evaporation Here halite thefirst t ompound
toprei ipitate in most evaporite sequences—
i r\si<illr.es on the surfai eofan artifu ial

embayment

A variety of mineral species form through precipitation from concentrated

brines, accumulating in sedimentary deposits called evaporites. While some
evaporites may represent the actual evaporation of entire inland seas, it is

far more likely that thick evaporite deposits are formed through the gradual

settling of precipitates from saturated bodies of water over thousands of

years. Such seas are located in basins such as the Mediterranean, where the

influx of fresh water is limited, and the evaporation rates high. This is how
the enormous deposits of halite (salt), gypsum, and other minerals known
as "saline giants" are thought to have formed. Such deposits underlie large

areas of Eastern Europe, Michigan, the Gulf of Mexico, and other regions.

Smaller evaporites are formed from the continuous influx of mineralized

surface and ground waters to inland lakes with high rates of evaporation. The

latter are characteristic of

desert regions with high

mountains and nearly flat

valley floors, typical of the

western United States. Asia

Minor, and Central Asia.

Instead of thick layers of

halite and gypsum, such

deposits contain an

unusual abundance of

borate minerals.
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TlIF FELDSPARS ARE ONE OF THE MOST IMPORTANT GROUPS OF ROCK-FORMING MINFR-

als. They are the major constituents of many igneous and metamorphic

rock types, and together constitute approximately 60% of the earth's crust.

Although the feldspars do not survive weathering as well as quartz, and are

less important in the clastic sedimentary rocks, their alteration products are

well-represented in abundant mudstones and shales. On weathering, the

feldspars generally alter into clay minerals, which fonn an important group

in their own right, both commercially and as an important part of soils. The

feldspars are economically important as raw materials for the manufacture

of ceramics, such as porcelain and tiles, and special types of glass. Feldspar

is also used in scouring powders, since its hardness is lower than the steel

and enamel of household surfaces. Some transparent or chatoyant feldspars

are used as semiprecious stones, and other colorful feldspathic rocks are

used in buildings and monuments. Since feldspar is so commonly turned

up in plowed fields overlying igneous rocks, the name of this group comes

from the Germanic term feldt spat, or "field spar" {spar being the general

term for minerals with prominent cleavage).

The feldspars are aluminosilicates whose structure is based on a three-

dimensional array of A10
4
and Si0

4
tetrahedra, arranged in four-member

rings linked by shared oxygen atoms. Large spaces between the tetrahedra

are occupied by cations of (primarily) sodium (Na), potassium (K), and cal-

cium (Ca). These cations are not strongly bonded to the oxygen in the Si-Al

rings, and as a result, the feldspars display two prominent and easily devel-

oped cleavages. The general chemical formula of the feldspars can be writ-

ten as X(Si,Al)
4 8 , with the cation X being Ca+2 or Ba+2

in the alkaline

earth feldspars, or Na+
or K+

for the alkali feldspars. A complete range of

compositions is observed between the sodium- and calcium-rich feldspars,

and is known as the plagiociase series. The sodium- and potassium-rich

feldspars do not form a solid-solution series; species of intermediate com-

position that form at high temperatures exsolve on cooling to form perthite

crystals—finely intergrown mixtures of two distinct species.

The most common of the alkali feldspars are the potassium feldspars

(or potash feldspars, or simply K-spars), a series of polymorphs of

KAlSi
3 8 ; these may contain appreciable amounts of sodium in the potas-

sium site. The two main polymorphs are microcline, which is triclinic in

symmetry, and orthoclase, which is monoclinic. The plagiociase solid-solu-

tion series is divided arbitrarily into species according to the relative pro-

portions of sodium and calcium they contain, with albite (NaAlSi
3 8)

as the

sodium-rich end member, and anorthite (CaAl
2
Si

2 8)
the calcic one. The

plagiociase feldspars are generally slightly harder than the potassium

feldspars, because the sodium-oxygen and the calcium-oxygen bonds

shorter and stronger than the potassium-oxygen I

feldspars which do not fit exactly into the orthoclase-

scheme. A barium- to potassium-rich series called the hyalophanes

between orthoclase and the barium-rich

Another odd feldspar is the ammonium-ricl

(NPLAlSiXU, found in certain am ting hydrt

Under ideal circumstances, all fel<
'

,

»ars would b

parent; in the real world, how s not the c

thefeldspargroup



rendered translucent to opaque due to innumerable internal reflections aris-

ing from polysynthetic twin planes, exsolution interfaces, and cleavage sur-

faces. The feldspars commonly contain foreign materials which lend them

color; the pinks, browns and brick-red color commonly seen in feldspars

results from finely dispersed flakes of hematite. Iron (and titanium) oxides

may also lend a dark color to the plagioclases, although this can also be
caused by external radiation, as with smoky quartz. Rare blues and greens,

including the striking amazonite variety of microcline, result from the pres-

ence of lead and water in the cation site. In addition, feldspars commonly
display pervasive alteration to clay minerals.

No other group of minerals has more frequent and varied twinning

habits. Feldspar twins fall into three main types. Both potassium and pla-

gioclase feldspars display growth twins, which may be contact or interpen-

etrant twins (Baveno, Carlsbad, Manebach, etc.), or polysynthetic.

The triclinic feldspars are characterized by two main types of polysyn-

thetic twinning, the albite and pericline habits. Both kinds of result in

lamellae from 1 mm to submicroscopic width, plainly evident from the fine

striations on cleavage planes that mark the reentrant gaps between individ-

ual members. The second main kind of twinning is through inversion or

transformation. Microcline, for example, is characterized by a peculiar

tweed-like pattern that results from albite and pericline twins, oriented at

right angles to each-other, which formed as the crystal changed from mon-
oclinic to triclinic symmetry during cooling. The third common kind of

twinning in feldspars is polysynthetic twinning imposed by external forces,

such as mechanical stress on the surrounding rock.

Three-point diagram indicating the composi-

tional relationships between thefeldspars. The

apices ofthe triangle represent the end mem-
bers ofsolid-solution series, with species of

intermediate composition lying in between.

Thepotassium feldspars orthoclase and micro-

clinefall within the compositional range of

sanidine on this diagram.

POTASSIUM -RICH

\ MOLECULAR

\ PERCENTAGE

"ALBITE OLIGOCLASE ANDESINE LABRATJORITE BYTOWNfTE A,NOfiT>

SODIUM-RICH
PLAGIOCLASE FELDSPARS

CALCIUM-RICH
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This relatively uncommon group of rock-forming minerals consists 01 \\\

minosilicates of sodium, potassium, or calcium. The feldspathoids are

chemically similar to the feldspars, but generally contain about two thirds

the amount of silica. Accordingly, they form in rocks that are loo depleted

of silica to form feldspars, and contain more alkali elements and aluminum
than can be accommodated by feldspars. Feldspathoids may be found in

the same rock as feldspars, but never with quartz.

Like the feldspars, the feldspathoids are tectosilicates, their stmcture

characterized by the three-dimensional framework of AlO, and SiO tetra-

hedra. They differ in that their framework contains large interstices which

can accommodate both the large alkali ions (K has the largest atomic radius

of any element) and others such as chlorine (sodalite), carbonate (cancri-

nite), sulfate, sulfur, and chlorine (lazurite).

Most of the feldspathoids are restricted to igneous rocks. The most com-

mon feldspathoid is nepheline, which forms extensive bodies of the plu-

tonic igneous rock nepheline syenite, from magmas depleted in silica.

Lazurite is the only feldspathoid not fonried in igneous rocks; it is found in

contact metamorphic marbles where it occurs as massive blue aggregates

with calcite and pyrite called lapis lazuli. The lithium-bearing feldspathoid

petalite is found in pegmatites.

feldspathoids

Cancrinite, Na
(
faCOfAlSiOJb

•2H,Ofrom

Litchfield, Maine. Wis rarefeldspathoid is

formed through the alteration ofnepheline m
thepresence ofCO ,-richfluids



fluorite

Classification:

halide

Composition:

CaF
2
(calcium fluoride)

Crystal System:

isometric

Hardness:

4

Specific Gravity:

3.18

The element fluorine is a pale yellow, poisonous and corrosive gas at ordi-

nary temperatures. Fortunately, fluorine does not occur naturally in its

unpleasant native form, but always in combination with other elements.

The most common fluorine-bearing mineral is fluorite, which is also the

only commercial source of fluorine. In commerce and mining, fluorite goes

by the old mining term fluorspar. The ancient Greeks and Romans prized

fluorite for its variety of delicate colors, translucency, and ease of carving,

and made lovely goblets, vases, and reliefs from large crystalline masses.

The American Indians also carved effigies and beads from fluorite.

Since fluorite often occurs in association with metallic ore minerals in

sulfide deposits, it is no surprise that it was discovered at an early date to

be an indispensable aid to smelting. When added to the ore prior to smelt-

ing, fluorite acts as a flux—facilitating the melting process and helping to

draw sulfur and phosphorous out of the molten metal and into the slag on
top; it also helps to make the slag fluid, so that it can be easily drawn off.

For these reasons, it takes its name from the Latin word Jluere, "to flow."

Fluorite is primarily used in the production of iron and steel; over 10 kg of

the mineral are necessary per ton of metal produced, depending on the

nature of the ore.

Another major use of fluorite is in the production of hydrofluoric acid,

used in the refining of aluminum from its ores. Hydrofluoric acid is also

used to produce fluorocarbons, organic compounds used in refrigeration,

solvents, pharmaceuticals, and formerly, in aerosol sprays. The use of fluo-

rine compounds (chlorofluorocarbons) in aerosol sprays is being discontin-

ued because of the danger these compounds pose to the protective layer of

ozone in the earth's upper atmosphere.

Fluorite has hundreds of other highly specialized uses. Crystalline fluo-

rite is used to make prisms in various scientific instruments, added to glass

to make optical lenses, and used to make the opaque glazes for household

appliances. Large amounts of sodium fluoride are added to drinking water

and toothpaste to fortify the teeth and reduce the incidence of tooth

decay. So extensive are the uses of fluorine and its various compounds
that the world's reserves of fluorite are expected to be exhausted by the

beginning of the next millennia. Fortunately, there are enormous low-

grade reserves of fluorine in phosphorite deposits, in the form of calcium

fluorapatite (see Apatite).

Crystals of fluorite are very common. Simple cubes, sometimes modified

by other isometric forms, are the predominant habit, but octahedra and

dodecahedra also occur. Interpenetrant twins are fairly common. The crys-

tal faces are generally smooth, cubes more so than octahedra. Fluorite has

very easy and perfect octahedral cleavage—the large loose octahedra seen

for sale everywhere are cobbed by hand from cubic crystals. Natural and

artificial octahedra can be distinguished by the smooth but undulating tex-

ture of the cleavage faces on the latter, caused by internal imperfections.

The fracture is subchonchoidal to splintery. Crystals of fluorite are usually

seen in clusters of similar individuals; other habits include granular, botry-

oidal, and even fibrous.

Few minerals can match fluorite for variety of color. Crystals are trans-

parent to translucent, colorless, purple, violet, blue, green, yellow, orange,

brown, red, or nearly black, with a vitreous luster. In general, octahedral

crystals tend to be light-colored, and cubic crystals darker. The various col-

ors are caused by a variety of impurities, including hydrocarbons. Some
crystals display zones of different colors or shades, parallel to the crystal

faces. Under ultraviolet light, fluorite fluoresces blue, white, pale violet, or

reddish; the term fluorescence is in fact derived from this species. Different

fluorite specimens luminesce under different conditions, depending on the

impurities they contain. Some varieties display thermoluminescence. emit-

ting light when heated, while others are triboluminescent and glow when
rubbed or struck. Fluorite is characterized by its distinctive crystal shape

and octahedral cleavage; massive material can be distinguished from calcite

by its greater hardness and unresponsiveness to dilute hydrochloric acid.
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Fluorite is a very common and widespread mineral found in a variety of
geological environments. The primary source is hydrothermal ore deposits,

where it occurs in association with barite, calcite, dolomite, galena, quartz,

and sphalerite. It also crystallizes in sedimentary rock cavities, in associa-

tion with calcite, celestite, dolomite, and gypsum. Fluorite is found in

smaller amounts in some Alpine fissures and in pegmatites.

Large fluorite veins mined in southern Illinois provide excellent and
sometimes enormous crystal groups. The largest deposits are in Hardin and
Pope counties; others are found in adjacent parts of Kentucky. Large yel-

lowish groups of cubic crystals are recovered from the sedimentary lime-

stones of Putnam and Ottawa counties, Ohio. Clusters of lovely blue cubes
are found in the Hansonburg District of Socorro County, New Mexico.

Green octahedra are associated with rhodochrosite in the Sunnyside Mine,

San Juan County, Colorado; large blue cubes are found in pegmatites of the

Crystal Peak area, Teller County, Colorado. Fine specimens are found in

Hastings County and elsewhere in Ontario.

The English lead mines provide some remarkable fluorite specimens,

including the green and purple penetration twins from Weardale, Durham,
and the deep blue cubes from the Wheal Mary Mine in Cornwall. Fine

specimens are also obtained from Beer Alston, Devonshire, and Alston and

Cleator Moors in Cumberland. "Blue John" is the name given to the deep
purple or blue granular fluorite from the Blue John Mine in Derbyshire,

which is cut into ornamental objects. Other important European sources of

fluorite include the German mining districts in the Harz, Saxony, and

Bavaria. Much sought after are the pink octahedra found at various loca-

tions in the Alps. Large commercial fluorite deposits are exploited in

Mongolia, China, Spain, Thailand, South Africa, and the Soviet Union.

Aggregate offluorite showing multiple genera-

tions ofgrowth, from the Minerva No 2 Mine

Cave-in-Rock, Illinois.
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fracture
The term fracture describes the characteristics of a mineral's broken si k-

faces not due to cleavage or parting (see Cleavage). Like cleavage, a min-

eral's fracture is a distinctive physical property and aids in the identifica-

tion process. The nature of a mineral's fracture is related to the breaking of

molecular bonds across crystallographic planes rather than along them, as

in cleavage. The fracture patterns of minerals with similar bond strengths

in all directions are probably determined by the distribution of internal

crystal defects.

Several useful terms have evolved to describe fracture, and these are

used throughout this book. Although imprecise, these terms are intuitive

and descriptive. Smooth, curved fracture surfaces like those of broken glass

are termed conchoidal, which means "shell-shaped." Less-smooth, or inter-

mpted conchoidal fractures are termed subcbonchoidal. A flat fracture sur-

face which is not a cleavage is termed even, or uneven if slightly rough;

greater roughness is denoted by the term regular, and greater roughness

still, by the term irregular. Jagged, fibrous, or splintery fracture surfaces

may be called hackly, after the hackles, or stiff hairs, on the mff of an

angry dog. Minerals from which shavings can be cut with a knife blade are

termed sectile, the native metals display this property, as do graphite,

molybdenite, argentite, realgar, and a few other nonmetal species.

Minerals can also be generally described according to the ease with

which they break. Minerals that are broken with great difficulty, such as the

native metals and aggregates like rhodonite and jade, are said to be tough.

Most minerals, however, can be described as brittle, meaning that they can

be broken with ease; those with which even greater care must be taken are

simply labeled very brittle. Friable minerals are those like graphite which

tend to disintegrate when nibbed between the fingers.

franklinite

Classification:

oxide, spinel group

Composition:

(Zn,Fe,Mn) (Fe,Mn)
2 4

(zinc manganese iron oxide)

Crystal System:

isometric

Hardness:

5.5-6.5

Specific Gravity:

5.1

Octabcdra ofblackfranklinite m white calcite,

withpeach colored willemite, from Franklin,

Sussex County, Newfersey

This rare mineral is named for

its primary occurrence at

Franklin and Sterling Hill,

Ogdensburg, New Jersey,

where it was exploited for

zinc in the past. When first

noticed, franklinite was

thought to be magnetite. After

its tme nature was discovered,

and the value of zinc had

risen sufficiently, a special fur-

nace was designed which was

able to separate the zinc oxide

from the iron and manganese

residues. These latter were

then smelted to form the alloy

spiegeleisen, which is used in

steel-making. Franklinite has

since become too rare to be a

commercially important ore mineral, and its greatest importance is scien-

tific, as the rarest of the spinel group oxides (see Spinel).

Franklinite forms octahedral or dodecahedral crystals with rounded

faces and modified edges, generally embedded in marble. It is black with

red tints, and has a metallic luster and reddish-brown streak. Franklinite is

only weakly magnetic, which distinguishes it from magnetite, but can be

further magnetized by heating. Franklinite only occurs in contact metamor-

phic dolomites, associated with /.incite, willemite. magnetite, rhodonite, and

garnet. Besides the Ogdensburg deposit, the only other notable sources are

Langban, Sweden; and Ocna de Fer, Vasko, and Banat, Romania.
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The high density, softness, and metallic luster of galena (from the Greek

galeae, "lead ore") made it an obvious choice for early efforts at smelting.

At first this was accomplished simply by throwing raw galena into a camp-

fire, where the sulfide was reduced to native lead, to be recovered from the

cold ashes in the morning. Lumps of lead produced in this fashion, dating

back 5000 years, have been found in archaeological sites. Warriors from the

Balearic islands of the Mediterranean were feared throughout the ancient

world for their deadly slings laden with lead missiles, produced from local

deposits of galena. American pioneers later produced lead for bullets in the

same way; Confederate and Union troops battled throughout the Civil War

for control of the rich galena deposits of eastern Missouri.

Galena is not only the most important source of lead—it is also one of

the main sources of silver, an element that does not even appear in its for-

mula. This is due both to the substitution of silver atoms for those of lead,

and to the physical admixture of silver sulfides such as tetrahedrite and

acanthite in massive galena. The atomic structure of galena is identical to

that of halite, with lead in the sodium position and sulfur in the place of

chlorine; similar-appearing species with the same structure include altaite

(PbTe) and alabandite (MnS). Galena is easily oxidized in nature, forming

the alteration products anglesite

(PbS0
4
) and cerussite (PbCOp.

Lead is a mildly toxic ele-

ment that causes brain damage
upon prolonged exposure. For

this reason, the uses of lead are

declining somewhat, especially

as a paint pigment and an anti-

knock compound in gasolines. It

is still vital to the production of

soft alloys such as solder and

type metal, and is essential for

storage batteries, which consti-

tute its primary use. It is also the

preferred material for radiation

shields. Lead is made into the

compounds litharge, PbO, and

minium, Pb,C> , which are used

to make glass crystal, glazes, and

pigments. It is still indispensable

in its traditional and intentionally

dangerous use, as ammunition.

Galena commonly occurs in

beautifully formed crystals, often

of large size. These are found

mostly as cubes, octahedrons,

dodecahedrons, or combinations

of these forms, and commonly as twins. The color is a lead gray, sometimes

with a faint reddish tint. It has a strong metallic luster, especially on fresh

cleavages; crystal faces and massive pieces are usually tarnisl ed and dull.

galena

Classification:

sulfide

Composition:

PbS (lead sulfide)

Crystal System:

isometric

Hardness:

2.5-3

Specific Gravity:

7.58

Left: Rough cubes ofgalenafrom Catena.

Cherokee County. Kansas Right: A miner a!

the Broken Hill Mine in New South W .

Australia, drills holes in massii <

rich ore. in preparationfor blast
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Galena has perfect cleavage in three directions, producing cubic fragments;

this cleavage and its extraordinary density make galena unmistakable.

Galena is primarily a mineral of hydrothermal sulfide deposits, where it

typically occurs in association with the zinc sulfide sphalerite. It is found in

lesser quantities in sedimentary and metamorphic environments, as well as

in the metamorphic sulfide deposit at Broken Hill in New South Wales,

Australia. Sources of galena specimens are very numerous, and a number
of American deposits have produced fine specimens. The most notable

galena deposit in the United States, and perhaps the world, is the Tri-State

mining district, particularly along the Viburnum Trend lead belt of eastern

Missouri. Large well-developed crystals on dolomite matrix, with sphalerite

and chalcopyrite are found here in great quantity; single crystals may be as

large as 25 cm on an edge. In the Coeur d'Alene District of Idaho, galena is

mined primarily for its silver content. Among the important European

occurrences are those in Freiberg, the Harz Mountains, Westphalia, and

Nassau, Germany; Cumberland, Cornwall, and Derbyshire, England;

Pribram, Czechoslovakia; Laurium, Greece; Sardinia; "and Yugoslavia.

gavnetgvoup

Classification:

nesosilicates

Composition:

Almandite Fe2+
3
AI

2
(Si0

4 ) 3

(iron-aluminum silicate)

Andradite Ca
3
Fe3+

2
(Si0

4 ) 3

(calcium-iron silicate)

Grossular Ca
3
AI

2
(Si0

4 ) 3

(calcium-aluminum silicate)

Pyrope Mg
3
AI

2
(Si0

4 ) 3

(magnesium-aluminum silicate)

Spessartite Mn
3
AI

2
(Si0

4 ) 3

(Manganese-aluminum silicate)

Uvarovite Ca
3
Cr

2
(Si04) 3

(calcium-chromium silicate)

Crystal System:

isometric

Hardness:

6.5-7.5

Specific Gravity:

3.5-4.3

The garnet group is one of the best examples of the principle of solid solu-

tion, in which a single general formula accommodates a wide range of dif-

ferent chemical compositions. All garnets share the same crystal structure,

but with corresponding places in that structure occupied by different ions.

Iron, for example, fills the same niche in almandite as magnesium does in

pyrope. Since the partial substitution of one element for another is the rule

rather than the exception, the formulas at left really represent idealized,

pure species seldom found in nature. The garnet group can be divided into

two subseries (pyrope-almandite-spessartite, and uvarovite-grossularite-

andradite), with solid solution generally occurring only between the three

end-members of each. This division is due to the fact that hybrids between

the two groups tend to be unstable, and because rocks suitable for their

formation are rare.

Garnets are relatively common and often weather out of their host rock

as perfect little faceted crystals—no polishing required. They were thus

among the earliest stones to attract the attention of humans, and they have

been found in graves and shrines throughout Europe, Asia, and the

Americas. In antiquity and the Middle Ages garnets were used according to

the theory of similia similibus curantur, or "like cures like." Thus red gar-

nets were the prescription for any malady associated with redness, such as

blood disorders or anger. As a preventative measure, they were thought to

confer invulnerability in battle. During the "pacification" of Kashmir in the

1890s, British army surgeons were surprised to find garnet crystals embed-

ded in their patients; it is not known if the hostile Hunzas loaded their

ancient flintlocks with garnet bullets for their special powers, or because

they had no lead.

Garnet as a gemstone had its heyday in the Victorian era, when other

dark "anti-gems" such as pyrite and jet were also popular. Now the most

sought-after gem garnets are the rare green variety of andradite called

demantoid, and the even rarer green variety of grossular garnet called tsa-

vorite. Garnet is an important industrial mineral as well: its hardness and

lack of cleavage (which allow it to be crushed into regular fragments) make

it highly suitable as an abrasive material. The most important garnet deposit

in the United States is at Gore Mountain in the New York Adirondacks.

where almandite is mined for use in sandpaper.

While most isometric minerals crystallize primarily in cubes and octahe-

dra, the garnet structure favors the development of equidimensional, almost

spherical shapes such as the twelve-sided dodecahedron and the twenty-

four-sided trapezohedron. The generally reddish, round crystals resemble

the seeds ol a pomegranate, and it is from granatum (pomegranate) that
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the name garnet is derived. Well-formed garnet crystals arc common; since

the garnet structure is very stable, garnets crystallize easily even in the most
high-pressure and temperature igneous and metamorphic environments.

The occurrence of garnet is as varied as its chemical composition and

color. Iron-rich garnets are particularly abundant in regional metamorphic

rocks such as schists and gneisses, forming at the expense of chlorite as

temperatures exceed 500° C. The appearance of garnets in these rocks is

thus a useful means of determining their metamorphic grade (see

Metamorphic Rocks) and even of mapping the boundaries (or isograds)

between fades. The calcium-rich garnets usually form as a product of con-

tact metamorphism in crystalline limestones. Garnets also form in all types

of igneous rocks, from mantle peridotites to pegmatites. Because of their

high density and resistance to chemical and mechanical weathering, garnets

are common in placer deposits.

There are at least sixteen distinct species recognized in the garnet

group, but most of these are very rare. The six most important garnet

species are described below.

Almandite This deep-red iron-aluminum garnet, also called almandine, is one

of the more abundant types,

and is widespread in such

siliceous metamorphic rocks as

schist and gneiss. Almandite

polished in cabochon form was

the main type of carbuncle used

in ancient times; the name
comes from the Anatolian city

of Alabanda, where the stones

were polished in antiquity.

Although crystals may be well-

formed, they are often internally

shattered, and tend to fall apart

if an attempt is made to

remove them from their

matrix. Inclusions found in

some crystals give rise to aster-

ism, which can be seen as four-rayed stars in polished stones.

Excellent examples of almandite can be obtained from innumerable

locations around the world. Among the classic specimens are the euhedral

crystals in biotite schist matrix are found near Wrangell, Alaska, and the

very large crystals mined near Salida, Colorado. Fine star garnets occur in

the gravels of Emerald Creek, Benewah County, Idaho, and transparent

gem crystals are obtained from placer deposits at several locations in India

and Sri Lanka.

Andradite Named for the Brazilian mineralogist J. B. d'Andrada e Silva (b.

1763), this common calcium-iron garnet displays a wide range of hues,

including black (melanite), brown, brownish-red, brownish-green, yellow,

and even vibrant emerald green. The green variety is known as

demantoid, and is the most valuable of all of the garnets. Faceted stones

display its high refractive index and dispersion, properties which earned it

a name derived from the Dutch word for diamond. While andradite often

occurs as euhedral, dodecahedral crystals, demantoid usually is found i

massive nodules. Demantoid is easily distinguished from other species and

synthetics on microscopic examination, as it almost invariably contains tiny

inclusions of fibrous actinolite, which form distinctive divergent sprays

called "horsetails."

Andradite is typically formed in calcareous contact metamorphic rcxks.

although the varieties melanite and demantoid are restricted to serpentines.

Demantoid was discovered in the 1860s by gold miners in

Almandite crystal in biotite schistfrom

Wrangell, Alaska. Theforms are the

dodecahedron (diamond-shapedfaces) modi-

fied by highly reflective trapezohedralfaces.

Oval almandite gemstone isfrom Prussia.



Crystals andgemstone ofthe demantoid vari-

ety ofandradite, from Lanzada, Val Malenco.

Lombardy, Italy.

the Ural Mountains in the Soviet Union, and later found in situ in serpentines

along the Bobrovka River. Euhedral crystals of demantoid are found in the

serpentines of the Ala Valley, in the Italian Piedmont. Excellent specimens of

andradite are found in cavities in marble at Stanley Butte, Graham County,

Arizona; and at Franklin and Sterling Hill, New Jersey. Fine crystals of melan-

ite occur in the carbonatite at Magnet Cove, Arkansas; and in altered serpen-

tine in San Benito County, California (see Benitoite). Good melanite speci-

mens are also found in the lavas of Vesuvius, and elsewhere in Italy.

Grossularite The name of this garnet is derived from the name of the goose-

berry genus, Grossulatia, since grossularite crystals are often the same
limpid green color as gooseberry fruit. Grossularite is a very common
species and often occurs as fine crystals, usually simple dodecahedrons.

Grossularite has the broadest color range of all the garnets; it may be color-

less or white, greenish, yellow, yellow-orange, orange-red, reddish brown,

or pink. A great many varietal names have been applied to grossularite

gemstones of different colors, including hessonite, hyacinth, and rosalite;

some of these names are of great antiquity, and all have been applied to

different minerals. In the early 1970s a new variety of grossularite was dis-

covered in the Taita Hills of southern Kenya. Colored an intense emerald

green by traces of vanadium, this new variety of grossular was named tsa-

vorite after the nearby Tsavo Plains. The supply of this stone is very limited,

both by geology and the political climate, so the price remains quite high.

Grossularite occurs primarily in contact metamorphic deposits, in associ-

ation with diopside, wollastonite, and idocrase. Among the most remarkable

specimens of this species are the light-colored large (to 10 cm) crystals from

Lake Jaco, Chihuahua, Mexico; similar crystals occur near Xalostoc, Morelos.

Other classic localities include Eden Mills, Vermont; Mont St. Hilare, Quebec;

and the Ala Valley of Italy, where fine druses of orange crystals are found in

association with diopside. Bright green, massive cryptocrystalline grossularite

is mined in Transvaal State, north of Pretoria, South Africa, and sold for

ornamental purposes as "South African jade."

Pyrope The name of this deep red. orange-ret I. or purplish garnet comes

from the Greek pyropos, which means "fire-eyed." Pure pyrope forms .it

depths greater than 40 km in the earth's mantle, and thus occurs in kimber-

lites (see Diamond) and mantle xenoliths (see Olivine). Mixed crystals

dost- to pyrope composition are more widely distributed in mafic igneous
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Crystals ofgrossularite u ith, \reen < hhrUefrom
Pollux, in the Pennine Alps oj Switzerland,

with a ( in stonefrom Paposa, Chile

rocks, serpentines, and high-grade metamorphic rocks. Pyrope crystals are

unusually durable, and commonly weather out of their host rocks to collect

as small rounded grains in placer deposits and beach sands. An orange-red

variety intermediate in composition between pyrope and almandite is

known as rhodolite.

The major source of garnet gems from the Renaissance through the

Victorian Era were the "Bohemian" pyrope deposits in the vicinity of

Trebenice, Czechoslovakia. In Africa, pyrope is produced as a byproduct of

diamond mining. Pyrope occurs in association with ultramafic igneous

rocks in Madras, India, New South Wales and Queensland, Australia; and in

Arizona, New Mexico, and Utah. Good specimens of the rhodolite variety

are obtained from Macon County, North Carolina.

Spessartite This orange-red garnet is named for the Spessart mining district

in Bavaria, where it has been found. Gemstones of this unusually-colored

garnet are beautiful but little known, since gem-quality spessartite is quite

rare. Most gem spessartite is found in granitic pegmatites, as etched masses

covered with diamond-shaped pits, but also as fine dodecahedral or trape-

zohedral crystals in gem pockets. Good small crystals are also found in cav-

ities in rhyolites, and massive spessartite occurs as well in manganese-rich

contact metamorphic deposits, with rhodonite and manganese oxides.

Specimens of spessartite are found in all major pegmatite districts,

including those of Brazil, Africa, and the Malagasy Republic. However, the

Rough crystals ofpyropefrom the Kimberley

Diamond Mine in South Africa, with a cut

stonefrom Tanzania.
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Left: Malformed trapezohedral crystal ofspes-

sartitefrom Tibagy, Brazil, with a cabochon

from Mogok, Burma. Right: Uvarovite crystals

from Saranovskaja, near Bissersk in the Ural

Mountains ofRussia.
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finest specimens and gem material are obtained from the Rutherford Mine

No. 2 pegmatite at Amelia Court House, Virginia, and the pegmatites of the

Ramona District, San Diego County, California. Loose pebbles of gem mate-

rial are obtained from the gem gravels of Sri Lanka. Unusually dark trape-

zohedral crystals are found in cavities in rhyolite near Ely, Nevada, and at

Ruby Mountain, Colorado, in association with topaz.

Uvarovite This vivid green, chromium-rich garnet is named after Count

Sergei Uvarov (b. 1786), a Russian nobleman. Uvarovite is relatively rare,

and usually occurs as druses of tiny emerald-green crystals in serpentines,

in association with chromite. Fine crystal druses are obtained from the

many small chromite prospects along the west coast of the United States,

particularly near Riddle, Oregon, and in Whatcom County, Washington;

also the Red Ledge gold mine, Yuba County. Good specimens are also

found in the Thetford Mines, Megantic County, and at Magog, Stanstead

County, Quebec. Uvarovite also occurs near Bissersk, in the Ural Mountains

of the Soviet Union; at the Kop Krom Mine in Turkey; and in crystals up to

2 cm in size at Outokumpu, Finland. Uvarovite is also found in the

Bushveld complex in South Africa (see Platinum).

glauberite

Classification:

sulfate

Composition:

Na
2
Ca(S04 ) 2

(sodium calcium sulfate)

Crystal System:

monoclinic

Hardness:

2.5-3

Specific Gravity:

2.8

Glauberite* rystalfrom Borax Lake, San

Bernardino < bunty, i alifornia

Glauberite is a very plain mineral mined for the compound called Glaubers

salt, which is used in dying, as a cathartic in medicine, and in solar energy

applications. Crystals are tabular, prismatic, or dipyramidal, and sometimes

striated or rounded; also as massive aggregates and crusts. The color may
be white, yellow, or reddish, with a greasy luster and a white streak.

Glauberite is easily altered, and minerals such as quartz and gypsum com-

monly form pseudomorphs after its crystals.

Glauberite is precipitated from saline solutions in the sediments of

ephemeral lakes in arid regions, formed from the exhalation of fumaroles in

volcanic rocks, and deposited from hydrothermal fluids in basalt cavities.

Good specimens are obtained

from the Searles Lake, Borax

Lake, and the Salton Sea area,

California; the Great Salt Lake

of Utah; and Camp Verde,

Yavapai County, Arizona.

Glauberite is also found in the

ancient evaporites of Sal/burg,

Austria; Russia; and Texas and

\rw Mexico. Sublimated crys-

tals are found in lavas on the

islands of Lipari and Vulcano,

off ihe coasl of Sicily.
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Swords may be beaten into plowshares and back again into swords, but all

will eventually end up as rust—and rust consists primarily of the mineral

goethite. Pyrite, chalcopyrite, magnetite, siderite, and most other iron-rich

minerals will alter to goethite over time, since it is the most stable iron

compound at the earth's surface. By virtue of sheer volume, goethite is an
important iron ore. Its more colorful red and orange earthy forms are called

ochre, and have been used since early prehistory to decorate bodies and
cave walls. For reasons known only to them, the Neanderthals sometimes

covered their dead with ocher before burial. The name honors the German
poet and philosopher Johann Wolfgang von Goethe (b. 1749) for his little-

known but important contributions to the natural sciences.

Despite all this, goethite is a very unprepossessing mineral. Thin tablets,

or prismatic crystals with vertical striations are known, but are very rare.

The typical habit of goethite is an amorphous, earthy lump; its common
aggregate habits include fibrous botryoidal, stalactitic, concretionary, and

oolitic. The color ranges from brown to black, with a silky luster, and

brownish-yellow streak. Its perfect cleavage makes it friable, so that it feels

soft and greasy. Rseudomorphs of goethite after pyrite and other iron min-

erals are very common.
Goethite is one of the most ubiquitous mineral species. It is the primary

constituent of limonite, which is a catch-all phrase for mixtures of iron

oxides and hydroxides which form in virtually all geological environments

where iron and oxygen and hydroxyl come together. Limonite forms the

gossan or "iron hat" that typically caps sulfide and gold-quartz veins, and

great black lumps of "bog ore" in swamps and springs. It is a major compo-

nent of commercial iron deposits in the Mayani and Moa districts of Cuba,

and in France, Germany, Canada, and the Lake Superior region of the

United States. Interesting crystallized specimens are found in Colorado;

Pribram, Czechoslovakia; and Cornwall, England.

goethite

Classification:

hydroxide

Composition:

FeOOH (iron hydroxide)

Crystal System:

orthorhombic

Hardness:

5-5.5

Specific Gravity:

3.3-4.3,

increasing with decreasing porosity

Fractured b l

Com trail, si



gold

Classification:

native element

Composition:

Au (gold) usually 10%-15% silver; natural

alloys with higher silver concentrations are

called electrum

Crystal System:

isometric

Hardness:

2.5-3

Specific Gravity:

19.297 (pure)

Dendritic crystalline aggregate ofgold from the

Swank River Conglomerate, Kittitas County,

Washington.

Despite its rarity, gold

was probably the first

metal used by ancient

peoples. Even the

smallest flakes are very

conspicuous, and no
other metal has a simi-

lar combination of aes-

thetic and physical

properties. Humans
have been accumulat-

ing gold since the

Neolithic period, and

the actual mining of

gold, as opposed to the

casual collection of

nuggets from

streambeds, probably

began over 6000 years

ago in the Middle East.

By the time of the

Sumerian culture in

Mesopotamia nearly

5000 years ago, artists

were crafting elaborate

jewelry, chalices, and

religious articles from

gold. Medieval

alchemists postulated that gold was divine, since it alone was incoraiptible

while all other "baser" metals could be altered chemically. In vain, they

labored to wash the worldly taint from base metals such as lead, so that

they could be "resurrected" as gold.

Because of its intrinsic and its symbolic value, gold has long been held

by nations as a monetary standard and coveted for the power and wealth

that it represents. The exploration of distant lands, the waging of wars, and

the destruction of civilizations has been done as much for the sake of gold

as for any other reason. In the 16th century, the Spanish conquistadors

Cortes and Pizarro plundered the Aztec and Inca Empires, respectively, in

search for "El Dorado," the mythical city of gold. When this failed to materi-

alize, the conquerors enslaved the natives and worked generations of them

to their deaths in the mines. It is estimated that the Spanish conquest of the

Americas more than tripled the amount of gold in Europe. Thus, a golden

pendant fashioned for a pre-Columbian noble may now be part of an ingot

covered with ownership and purity stamps in a vault beneath a bank in

Switzerland... or perhaps part of the Voyager spacecraft, slipping out of the

solar system at thousands of miles per hour.

Because of its physical properties, gold has long been the metal of

choice for jewelers and craftsmen; it can be cast into delicate shapes,

carved, easily soldered, drawn readily into wire, and hammered into the

thinnest sheets of any metal. These same properties, along with its excel-

lent thermal and electrical conductivity, make gold an important industrial

metal as well. Pure gold is too soft for most practical uses, and therefore it

is often alloyed with silver, copper, platinum, or nickel. Gold alloyed with

silver is slightly lighter in color than pure gold, whereas gold alloyed with

copper (red gold) has a reddish color, and gold with nickel is nearly white.

The proportions most commonly encountered are 585 parts per thousand

( I i karat), 750 ppt ( IS karat), and 900 ppl (22 karat); pure gold is 1\ karat.

The naturally occurring alloy of silver and gold is called electrum.

Gold is rarely seen in distinct crystals, which are mostly rudely shaped

and cavernous, or "hoppered." Octahedra are most common, usually flat-

tened to form extremeh thin plates, sometimes with triangular surface mark-

122



ings; less common forms are dodecahedrons and cubes. Although crystals

are usually very small, single flattened octahedra over 30 cm wide are

known. Most specimens form dendritic growths of numerous, subparallel

crystals, which have grown in thin crevices in quartz. Complex twinning is

typical of dendritic specimens. Gold is highly malleable, sectile, and ductile,

and has a hackly fracture; it has a metallic luster and a shining yellow streak.

The color of gold is an unmistakable rich yellow, becoming a lighter whitish

yellow with increasing silver content. Silver also lowers the specific gravity

slightly. The existence of naturally alloyed silver and gold (electrum) is due
to the very similar atomic structure of silver and gold, and to their similar

atomic radii; atoms of silver can easily occupy sites in the structure of gold.

Due to the smaller size of the copper atom, copper is found much less fre-

quently naturally alloyed with gold, despite their similar crystal structures.

As the 12th century scholar Alain de Lille first pointed out, all that glit-

ters is not gold. The brassy-yellow iron sulfide pyrite ("fool's gold"), and
the copper-iron sulfide chalcopyrite have been mistaken for gold, but this is

indeed foolish. Gold is malleable and can be hammered completely flat,

while pyrite and chalcopyrite are brittle and shatter, and have dark streaks.

The golden-colored phyllosilicate vermiculite is sometimes mistaken for

gold, but only from a distance, as the two share no physical properties

whatsoever. Nuggets, thin Hakes, and fine gold dust are found in many
locations around the world, but well-crystallized specimens are rare; fine

crystallized specimens of gold and even water-worn nuggets can be worth

several times their "bullion value."

Gold is widespread in very small amounts in many rock types, but the

greatest concentrations are found in hydrothermal gold-quartz veins associ-

ated with granitic rocks. Although the gold in such deposits may occur as

crystallized specimens in cavities, it is usually mixed with the more abundant

iron sulfide pyrite, which weathers into a rusty mixture of iron oxides at the

surface of the earth. Such iron-stained outcrops are called gossans, and are

an important prospecting guide. As these primary deposits are eroded, the

gold is washed into streams and rivers to become concentrated in placer

deposits as gold dust and nuggets. Such small flakes of gold, spotted in the

millrace of Sutters Mill on the south fork of American River led to the "gold

rush" California of 1849, the greatest in history. Tens of thousands of miners

scoured the streams and rivers draining the Sierra Nevada, removing hun-

dreds of millions of dollars worth of gold over the course of a decade. After

the placer deposits began to be exhausted, production shifted to the mines

of the Mother Lode, an extensive system of gold-quartz veins that follows

the Melones Fault Zone for two hundred miles along the western slope of

the mountains. The mines of the Mother Lode country produce excellent

crystallized specimens of gold, particularly the Red Ledge and Empire Mines

in Nevada County, and from others in El Dorado, Placer, Siskiyou, and

Tuolumne counties. Many other rushes have occurred throughout history, in

Alaska, Australia, and even now in the rain forests of Brazil.

Other important producers of crystallized gold in North America include

the Red Mountain Pass area of San Juan County, and the Breckenridge

District, Summit County, Colorado. The Hollinger and Dome mines in

Ontario's Porcupine District also produce fine specimens, as do many
mines in the states of Chihuahua, Hidalgo, Sonora, and Zacatecas, Mexico.

Delicate dendritic growths of pale yellow electrum. usually twinned, are

found in the mines of Verespatak, in the Bihar Mountains of Romania. Fine

crystals are also obtained from many locations in Australia, including

Koolgardie, western Australia; the Flinders Range. South Australia; and

Bendigo and Ballarat, Victoria.

The largest and most important gold deposit in the world is tlu

silized placer of Precambrian age discovered in 18<S(> at Witwatersrand

Johannesburg, South Africa. Here gold is found in an ancient quartz con-

glomerate, eroded from a Precambrian mountain range. The gold-bearing

rocks occur as vast, flat sheets called reels, which stretch across hundreds

of kilometers and extend to depths ol over 4000 m.

Top: Miners mustprobe the most remote comers

ofthe globe in their search for thai elusive

metal—gold. At this mine near Wan. in the

Highlands ofPapua New Guinea, gold is iron

from reins and breccias in hydrothermally

altered volcanic rock. Bottom: Gold cacique,

or "chieftain pendant crafted by an artisan of

the Tairona culture ofColumbia < loth to mid-

16th century). The only suchpre-Columbian

gold artifacts to sun ire the Spanish conquest

were those that bad been buried with the dead
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graphite

Classification:

native element

Composition:

C (carbon)

Crystal System:

hexagonal

Hardness:

1-2

Specific Gravity:

2.09-2.23

Graphite is the ugly duckling of the carbon polymorphs, which in addition

to diamond, include two extraterrestrial species found only in meteorites.

Unlike its high-pressure cousin diamond, graphite is soft, weak, and sooty

in color. Graphite has been used as a pigment for writing and for artistic

purposes for millennia; the "lead" in pencils is actually a mixture of

graphite and clay. The name comes from the Greek word graphein, mean-
ing "to write." Plumbago is another archaic name derived from the Latin

word for lead, plumbum; in ancient times, both graphite and the lead sul-

fide galena were used for writing. This mineral has many other uses unre-

lated its graphic qualities: because of its stability at high temperatures and

its good electrical conductivity, it is made into crucibles and electrodes.

Most of the graphite mined is powdered for use as the lubricant "graphite

grease," applied in places where petroleum lubricants are unsuitable. Even

though most commercial graphite is synthesized from coal, natural graphite

continues to be mined.

Graphite crystals commonly form thin hexagonal tablets with triangular

striations, and foliated, granular, or earthy masses. A perfect cleavage

extends in one direction, producing thin, flexible laminae which resemble

mica, but are inelastic. It is steel-gray to iron-black in color, with a metallic

luster and a gray to black streak. Graphite is sectile and friable, with a

greasy feel. Molybdenite is heavier, and has a distinct bluish cast.

Graphite forms through the metamorphism of the organic carbon in

sedimentary rocks, and thus forms small flecks in marble and in regional

metamorphic rocks such as schist. It can also form through the metamor-

phism of coal, as in Sonora, Mexico, and Rhode Island. Graphite occurs

very rarely as a primary igneous mineral in some pegmatites and nepheline

syenites, and in basalts that have assimilated carbonaceous sediments or

even flowed over forests. Euhedral crystals occur near Ticonderoga, New
York, in hydrothermal veins with quartz, tourmaline, apatite, and titanite; in

the marbles at the Sterling Hill Mine at Ogdensburg, Sussex County, New
Jersey; and in the schists of Clay County, Alabama. Large commercial

deposits are exploited in China, the Soviet Union, the Koreas, India,

Mexico, Sri Lanka, and the Malagasy Republic.

Lustrous stellate aggregates ofgraphitefrom
Buckingham, Lahelle County, Quebec.
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Greenockite is both rare and difficult to IDENTIFY, BUT Is prized by collei

tors of microscopic crystals. It typically forms earthy films on zinc minerals
such as smithsonite or sphalerite, which may contain trace amounts of cad-

mium (particularly on the yellow cadmium-rich variety of smithsonite called

"turkey-fat" ore). These minerals are the primary sources of cadmium for

industry, although secondary greenockite undoubtedly makes a contribu-

tion. Cadmium and its sulfide are very poisonous, but find benign uses in

medicine, in electronic circuitry and photoelectric cells. Artificial cadmium
sulfide is the important pigment "cadmium yellow" used in painting.

Crystals are very small and quite rare, usually forming hemimorphic
dipyramids with horizontal striations. Greenockite crystals may resemble

those of either polymorph of (Zn,Fe)S, wurtzite or sphalerite. In fact, the

largest greenockite crystals found to date (1-cm specimens from the Scottish

locality) were originally thought to be sphalerite. The color ranges from yel-

low through orange to deep red, with a strong adamantine to resinous lus-

ter and an orange to red streak.

Greenockite most commonly occurs as an alteration product on cad-

mium-bearing secondary minerals in hydrothermal sulfide veins. Notable

localities include Joplin, Missouri; Marion County, Arkansas; Eureka,

Nevada; Mono County, California; and Hanover, New Mexico. Fine speci-

mens are found at Tsumeb, Namibia; in Australia; and in several European

countries. Excellent deep-red crystals, sometimes cyclically twinned, are

found in the tin veins of Llallagua and Asunta, Bolivia, in association with

cassiterite, marcasite, and wavellite. Greenockite is also found in cavities in

volcanic rocks, in association with calcite, prehnite, and zeolites. The classic

source is in the porphyries of Bishopton, Strathclyde, Scotland; it also

occurs in basalt cavities, as in Passaic County, New Jersey. Another type of

occurrence is in the unique contact-metamorphic zinc deposit at Franklin,

New Jersey.

greenockite

Classification:

sulfide

Composition:

CdS (cadmium sulfide)

Crystal System:

hexagonal

Hardness:

3-3.5

Specific Gravity:

4.82

Greenockite crystalfrom Bishopton,

Strathclyde, Scotland.
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gypsum

Classification:

sulfate

Composition:

CaS04«2H 2
(hydrous calcium sulfate)

Crystal System:

monoclinic

Hardness:

2

Specific Gravity:

2.32

The first use of gypsum in ancient times was in its fine-grained, compact

form known as alabaster. All of the ancient cultures of the Mediterranean

region carved alabaster into statues, goblets, and artifacts of all kinds, but

no group was as enamored of the material as the Etmscans of ancient

Tuscany. The Etmscans quarried alabaster near the fortified hill-town of

Volterra, trading their handicrafts throughout the ancient world. It was con-

sidered de riguer for all prominent Etruscans to have an alabaster sarcopha-

gus carved for their mortal remains, with a reclining sculpture of the

deceased adorning the lid.

The most important industrial use of gypsum was discovered at an early

date as well. When heated to about 200°C, gypsum loses most of its water

and forms the semihydrated compound CaS0
4
«1/2H,0, or plaster. When

mixed with water, plaster "sets," forming an interlocking mat of microscopic

crystals. Since plaster is not weatherproof, it is used primarily in interiors in

the form of drywall, acoustic ceilings, and moldings. "Plaster of Paris" is a

high-quality variety used in sculpture and to make delicate castings; it is

named for the ancient deposit on Montmartre in Paris. Gypsum is also used

in agriculture to loosen up clay-rich soils, as a filler in the paper and tex-

tiles industries, and in the production of sulfuric acid.

Smaller gypsum crystals are usually tabular and roughly diamond-

shaped. Prismatic crystals are

also common, and may reach

more than 3 m in length if

allowed to grow unimpeded in

an open cavity. Intergrowths of

platy crystals commonly form

rosettes, called "sand roses" or

"desert roses," in soft sediments;

arborescent growths called

helectites often form on the

walls of caverns. Twinning is

very common in gypsum, either

as swallow-tail twins or the simi-

lar butterfly twins. Gypsum is

most common in massive form, sometimes fibrous and chatoyant as satin

spar, or translucent and finely granular as alabaster. Gypsum is extremely

delicate, displaying three directions of cleavage (one perfect) and a splin-

tery fracture; cleavage fragments are slightly flexible, but not elastic.

Gypsum crystals are colorless and transparent unless clouded by inclusions,

while massive material is translucent and white, if not colored gray, yellow-

ish, reddish, or greenish by inclusions. The luster is vitreous to pearly, and

the streak white. The most distinctive characteristic of gypsum is its easy

cleavage and softness: it can be easily scratched with the fingernail. Objects

carved from alabaster can often be distinguished from marble on the basis

of their differing thermal conductivities: alabaster usually feels warm to the

touch, while marble feels cool.

Gypsum is precipitated in enormous amounts in evaporite deposits, but

not without some difficulty. At water temperatures above 40°C, the precipi-

tation of anhydrite is favored, and in the highly concentrated brines charac-

teristic of evaporites, the formation of anhydrite rather than gypsum occurs

at even lower temperatures. In marine evaporites, gypsum is precipitated

only at the very beginning of the evaporation process, when salinities are

low, and thus typically underlies other evaporite minerals. Main evaporite

deposits reflect cyclic changes in salinity over time, and are characterized

by thick sequences of anhydrite and gypsum in alternating layers.

Anhydrite often alters to gypsum as it absorbs groundwater, expanding

over half again in volume. Thus, the original anhydrite beds are warped

and folded into serpentine shapes called enteroliths ("intestine-like") folds.

Gypsum grains weathered from evaporites form the beautiful dunes ol

New Mexico's White Sands National Monument.

126



The large, clear crystals of gypsum seen in museum collections (some-
times called selenite) rarely form in evaporite deposits. Such crystals usu-

ally form as secondary minerals in hydrothermal sulfide veins, as sulfate-

rich solutions react with calcium from dissolved carbonates. Extraordinary

crystals nearly 2 m long were found in such an environment in the "Cave

of the Swords" at Naica, Chihuahua, Mexico; crystals over 9 m long were
found at the Braden Mine in Chile. More modest, but equally fine speci-

mens are obtained from the sulfur deposits of Sicily and many other loca-

tions worldwide,

Alabaster bust ofthepharaoh Tutankhamen,

taken from bis tomb in Egypt S l alley of Kings

Opposite page: Massive beddedgypsum being mined in Virginiafor use in cement,

plaster, drywall, and many other applications. (Courtesy ofU S. Gypsum Corp.) Below:

Fish-tail twins ofgypsumfrom the island ofLinosa, near Malta in the Mediterranean Sea
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halides

Atacamite

Boleite and Cumengite

Calomel

Carnallite

Chlorargyrite

Cryolite

Fluorite

Halite

Sylvite

The halides are compounds formed by the relatively large anions of the

halogen elements, fluorine (F), chlorine (CD, bromine (Br), and iodine (I).

When these anions encounter large, oppositely charged cations of sodium,

potassium, and other elements, they combine ionically to form very tight

crystalline structures of great symmetry. In some halides, such as atacamite,

Cu
2
Cl(OH)v the presence of smaller cations makes room for oxygen, water,

or hydroxy! (OH). There are at least 85 species of halides, but the bromides

and iodides are very rare.

Chlorine is by far the most abundant of the halogen elements, and the

chlorides are accordingly the most common of the halides. Halite (NaCl), or

table salt, is a chloride mineral which forms vast deposits in sedimentary

rocks, and is vital to human nutrition. Halite has a very simple structure

(see Atomic Structure) in which every anion is surrounded by six neighbors

to form an octahedral unit. The halides sylvite (KG) and chlorargyrite

(AgCl) share this structure, as does the sulfide galena (PbS) and the oxide

periclase (MgO). Another important halide structure is that of fluorite

(CaF
7 ),

in which the fluorine and calcium ions are distributed in the form of a

simple cubic unit, with a coordination number of eight. This same stnicture

is shared by the oxides thorianite (Th0
2
) and uraninite (UO,).

Ionic bonding in the halides makes them poor conductors of heat and

electricity in the solid state. In solution, however, the halides dissolve into

their constituent ions to become excellent electrolytic conductors. A syn-

thetic version of the rare fluoride cryolite (Na,AlF
6
) is used in molten form

in the electrolytic preparation of aluminum metal.

Hanksite,

KNa22(S04)9(COjfl, is a

rare and complex halide

found in the sediments of

Searles Lake, San

Bernardino County, and
other ephemeral lakes i)i

California.

128



Halitk (from the Greek hals, or "salt") in more hi w mm u ondiment—n is

absolutely essential to human metabolism, and is one of the most vital

industrial minerals as well. Among other things, salt allows the body to

retain the correct amount of water for the proper functioning of cells and
organs, and is essential to the production of digestive fluids. Rock salt was
one of the first mineral resources to be mined and traded among humans,
and extensive trade routes criss-crossed every continent to connect salt-pro-

ducing regions with those less well-endowed. The earliest known under-

ground salt workings were developed by the Bronze Age Celts at Hallstatt

in Austria. An important use of salt in preindustrial cultures was as a food
preservative. Most of the halite currently produced finds use in the chemi-
cal industry for the production of the metal sodium and its various com-
pounds, including baking soda, lye (sodium hydroxide), and chlorine com-
pounds like hydrochloric acid. Approximately one fourth is used for

cooking and animal feed salt.

As an evaporite mineral, salt forms large deposits of massive granular

material, but euhedral crystals do grow in open cavities or in pools of

hypersaline water. These are usually simple cubes, rarely displaying octahe-

dral or dodecahedral modifications, but often showing the cavernous faces

that result from accelerated growth at the edges (hopper crystals). Salt is

usually transparent to translucent, with a vitreous luster, and usually color-

less, although iron oxides and other impurities may color it red, yellow, or

even blue. Salt is very brittle, has a conchoidal fracture and perfect cubic

cleavage, and is highly soluble in water.

Salt is one of the most abundant evaporite minerals, and forms enor-

mous deposits of marine sedimentary origin in many regions of the globe.

In a typical evaporite sequence, the least soluble compounds are the first to

precipitate: anhydrite, gypsum, then halite, followed by the highly soluble

potassium and magnesium salts like sylvite and carnallite. Halite forms

nearly 75% of the dissolved minerals in seawater, so it is no surprise that

evaporite deposits are dominated by salt layers, which can be hundreds of

meters thick. The largest evaporite deposits, formed in great inland seas in

past geological epochs, are known as the "saline giants."

Another important source of salt are the salt domes that occur along the

Gulf Coast of the United States and in Spain, Germany, and Iran. Since lay-

ers of salt are lighter than

the overlying sediments,

they tends to flow

upward through zones of

weakness as the sedi-

mentary rocks become
compacted, rising in great

vertical columns toward

the surface. Other chemi-

cal sediments such as

anhydrite, gypsum, and

sulfur are commonly
associated with the

domes, as are valuable

hydrocarbons. In arid

regions, a salt column
that has reached the sur-

face simply continues to

extrude salt across the

landscape, since there is

not enough rainfall to dis-

solve it.

halite

Classification:

halide

Composition:

NaCI (sodium chloride)

Crystal System:

isometric

Hardness:

2

Specific Gravity:

2.16

Left: Cubic crystal ofhalitefrom Urieliezka,

Poland. Right: lop—In many areas such as

the west African country if Mali. Mill is a pre-

cious commodity to he measured out by the

gram. Bottom—Salt is harvested by the ton at

saltworks in and coastal regions, such as this

one near Dampier Western Australia
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Diagram comparing the Mob s scale of relative

hardness to one measure ofabsolute hardness.
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hardness
When a metallic mineral is scratched by a harder object, the atoms flow

outward, leaving a groove. In other minerals, however, atomic bonds are

actually broken, and scratching results in fracturing on a microscopic scale.

The physical property called hardness is a measure of a mineral's resistance

to this disruption, and is a useful diagnostic tool for mineral identification.

The mineralogist Friedrich Mohs (b. 1773) devised a simple hardness scale

which is still in use and indicates the relative, rather than absolute hardness

of the minerals listed (see graph).

With the aid of sophisticated measuring devices, more precise hardness

scales have since been developed primarily for industrial applications,

where it is necessary to know the absolute hardness of an alloy or other

compound. These scales measures a substance's resistance to indentation

(Knoop), abrasion (Pfaff), or grinding (Rosiwall). On these scales, the great

difference between mineral hardnesses becomes apparent; while the softest

minerals are all very close in hardness, logarithmic increases appear

between quartz, topaz, and corundum. The absolute hardness of diamond

is four times that of corundum.

The prevalence of small atoms and ions tends to promote greater hard-

ness, as does stronger atomic bonding. However, the atomic structure of

minerals is far more important in determining hardness than is chemical

composition, as is shown by the polymorphs diamond and graphite, which

occupy opposite ends of the hardness scale. Diamond has a very uniform,

covalently bonded framework structure which is equally strong in every

direction, while graphite, though also containing eovalent bonds, is weak-

ened by the presence of impotent van der Waals' bonds between its struc-

tural layers.

Because crystal properties vary with direction, hardness sometimes

varies depending upon where it is measured. An excellent example of this

phenomenon is kyanite, which has a Mohs hardness of 5 parallel to its long

crystallographic axis, but a hardness of 7 across it. Calcite also displays this

property, with a hardness of 3 on all surfaces except the cleavage or crystal

face perpendicular to its long axis, which has a hardness of 2.
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Harmotome i rystalsfrom Strontian,

Strathclyde, Scotland

This unusual zeolite is made unmistakable by its crystals, which nearly

always form cruciform penetration twins, either simple or double ("fourl-

ing") twins. The ends of these twins resemble star drill bits. Harmotome
may be white, gray, yellow, orange, or brown, and is transparent or translu-

cent with a vitreous luster and white streak. Phillipsite,

KCa(Al 7Si6 16
)»6H

2
0, is the only mineral with a similar habit.

Harmotome typically crystallizes in basalt cavities with other zeolites,

but also in more felsic volcanic rocks, in cavities in gneisses, and low-tem-

perature hydrothermal veins. Specimens are collected near Thomaston

Dam, Connecticut; and Glen Riddle, Delaware, and small crystals are found

in gneiss near Ossining, New York. Canadian sources include Nisikkatch

Lake, Saskatchewan; Rabbit Mountain, Ontario; and Mont St. Hilare,

Quebec. Fine twins are also found at Andreasberg, Harz, Germany; at

Strontian, Scotland, and in North Wales.

harmotome

Classification:

tectosilicates, zeolite group

Composition:

Ba(AI
2
Si

6 16)'6H2
(hydrated barium potassium

aluminum silicate)

Crystal System:

monoclinic

Hardness:

4.5

Specific Gravity:

2.4-2.5

A RARE MINERAL FORMED UNDER UNLIKELY CONDITIONS, HAUER1TE IS AN ECCENTRIC

sulfide in a class of prosaic ores. A member of the pyrite group, it is far

more uncommon than one

would expect from its simple

chemistry, only crystallizing in

very low-temperature environ-

ments. Hauerite forms small

octahedral or cubo-octahedral

crystals, with perfect cleavage.

It is opaque, blackish brow n

in color, with an adamantine

to submetallic luster and a

gray-black streak.

Hauerite occurs primarily

in evaporite deposits with

gypsum, calcite, and native

sulfur, crystallizing as a result

of the reduction of primary

hauerite

Classification:

sulfide

Composition:

MnS
2
(manganese sulfide!

Crystal System:

isometric

3.5-4.5

Specific Gravity:

3.4

Octahe.

Catania S
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evaporite minerals. Classic specimens, including crystals over 2 cm long,

are found in the sulfur-bearing clays of Raddusa and Destricello, Sicily.

Good specimens also occur at Kalinka and Schemnitz, Czechoslovakia, and
in schists around Lake Wakatipu, New Zealand. Hauerite is fairly common
in concretions capping the salt domes of Louisiana and Texas, and even in

the manganese nodules which develop gradually over the millennia on the

sea floor.

hematite

Classification:

oxide

Composition:

Fe
2 3

(iron oxide)

Crystal System:

hexagonal (rhombohedral)

Hardness:

5-6

Specific Gravity:

5.2-5.3

Because of its striking red streak, hematite takes its name from the Greek

word haima, or "blood"; it is still sometimes referred to as "bloodstone."

The ancients often fashioned pendants, beads, and other jewelry from

hematite, and must have been impressed

when this black, metallic stone produced

a blood-red slurry on the grinding wheel.

Hematite pendants were worn by war-

riors to ward off wounds or aid in their

healing, and preparations including

ground hematite were used to treat a

variety of ailments. Since iron is indeed

an essential nutrient and a vital compo-
nent of blood hemoglobin, such concoc-

tions may indeed have been therapeutic.

As our primary source of iron ore,

hematite is among the most important of

all industrial minerals.

Hematite crystals show a rich variety

of forms, including thin to thick tabular,

pyramidal, rhombohedral, and even pris-

matic. The most distinctive aggregate

forms are botryoidal masses pictured

here, and the rosettes of thin tabular

plates, known as "iron roses". Massive material may be earthy, granular, or

micaceous and brilliantly metallic, in which case it is known as specular

hematite. Crystals are opaque and black to steel-gray in color (deep blood-

red on very thin edges), with a submetallic to metallic luster and an irides-

cent tarnish. Massive material is brownish red to bright red, with a dull or

earthy luster. Hematite is easily distinguished from massive goethite,

ilmenite, and magnetite by its red streak. Hematite often forms pseudo-

morphs after magnetite crystals, which are known as martite.

Enormous deposits of hematite precipitated from sea water in the dis-

tant past, and now form important orebodies in many different parts of the

world. All of these deposits were formed before two billion years ago,

around the time that oxygen became an important part of the earth's atmo-

sphere. Since iron is readily soluble in seawater in the absence of oxygen,

the ancient seas were laden with iron in the same way that modern seawa-

ter is salty. In fact, so much iron was dissolved in the oceans that it precipi-

tated out to form the sedimentary hematite deposits that are mined today.

These deposits usually contain hematite and chert (see Quartz) interbed-

dc(.\ in narrow bands, and are referred to as banded iron formations. These

deposits can become even more enriched in iron through the dissolution

and removal of the silica component by hvdrothermal fluids.

Hematite is widely distributed in other geological environments as well,

although usually in smaller concentrations. It is an accessory mineral in

many igneous and metamorphie rocks (especially contact metamorphic
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deposits), hydrothermal veins, and volcanic tuffs and ashes. The sedimen-

tary banded iron formations are the most important volumetrically, reaching

thicknesses of hundreds of meters in the Lake Superior region and other

parts of the world. The large ore deposits at Itibiara, Bahia, Brazil often

produce good crystals. Well-formed crystals occur in the Alpine clefts of

Switzerland, and in the volcanic rocks of Etna and Vesuvius in Italy and the

Madiera Islands. Other localities include Bimbowrie, South Australia; Banat,

Romania; and the Island of Elba, Italy.

Opposite page: Banded ironformation at Cerro Bolivar, Venezuela. Weathering ofthe

originalfinely layered sedimentary chert and magnetite has leached out the silica, pro-

ducing this high-grade hematite iron ore. IPhoto courtesy ofDennis Cox, USGS,

)

Below: Botryoidal mass ofhematitefrom Cumbria, England.
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As is often the case, the hemimorphite crystals in these divergent aggregates display only

one termination, obscuring their hemimorphic character.

hemimorphite

Classification:

sorosilicate

Composition;

Zn4(Si2 7)(OH)2;H2
(hydrous zinc silicate)

Crystal System:

orthorhombic

Hardness:

4.5-5

Specific Gravity:

3.4-3.5

Hemimorphite is named for the crystallographic property of hemimor-

phism, of which it an excellent example. Its crystals typically display very

different forms or combinations of forms at their opposing ends, where

symmetrically related faces would normally be expected. This polar struc-

ture is due to the silica tetrahedra in hemimorphite's Si
2 7 groups all being

in the same orientation, with bases facing the opposite direction from their

points. Other species exhibiting hemimorphism include greenockite and

tourmaline. In antiquity, hemimorphite was classed with other zinc minerals

as calamine.

The distinctive crystals of this species consist of a prism flattened in one

direction, terminated by a combination of domes and pedion faces at one

end, and pyramidal faces at the other. Aggregates of divergent crystals are

common, as are mammilary or granular masses. Hemimorphite displays

one perfect cleavage, and is strongly pyroelectric and piezoelectric. The
luster is vitreous and the color usually white, although green, blue, and yel-

low hues are also common. Hemimorphite is heavier than similar-appear-

ing aggregates of prehnite crystals, and unlike botryoidal smithsonite, does

not effervesce in acid.

Hemimorphite occurs in the oxidized region of zinc-bearing sulphide

deposits, in association with other secondary species such as anglesite. cenis-

site, and smithsonite. Fine specimens are found in the zinc mines of

Missouri, at Leadville, Colorado, in the Organ Mountains of New Mexico, and

in the Elkhorn Mountains of Montana. Numerous Mexican sources include

Mapimi, Durango and Santa Fualia, Chihuahua. Good specimens are also

obtained from Cumberland and Derbyshire, England; Moresnei. Belgium;

and locations in Germany, Sardinia, Romania, Algeria, and Namibia.
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HETEROSITE AND PHRPURITK ARE ALTERATION PRODUCTS OF 1 1 II MASSIVE ISROWN

phosphates tripliylite and lithiophilite, respectively, differing from their par-

ent minerals only in the absence of lithium. They are found in pegmatites

along with a host of other, rarer secondary species. Both of these phos-

phates are conspicuous for their coloration, which is a deep rose red to

purple—thus the name purpurite. The name heterosite is derived from the

Greek word meaning "different."

Although small crystals are known, most material is either massive, or

as anhedral grains displaying good cleavage. Both species are subtranslu-

cent to opaque, with a dull to satiny luster and a reddish-purple streak.

They are commonly coated with tertiary alteration products, in the form of

brown or black iron and manganese oxides.

Heterosite and purpurite are found in most complex pegmatite districts,

including the Black Hills of South Dakota; San Diego County, California;

Yavapai County, Arizona; Kings Mountain, North Carolina; and Fairfield

County, Connecticut. Significant European localities include Chanteloube,

France; Varutrask, Sweden; Mangualde, Portugal; and the pegmatites of

Bavaria, Germany. Other occurrences are the Karibib District, Namibia;

Namaqualand, South Africa; the Buranga pegmatite, Rwanda; the Pilbara

District, Western Australia; and Afghanistan.

heterosite and puvpnritc

Classification:

phosphates

Composition:

heterosite: (Fe+3,Mn +3)P0
4

purpurite: (Mn +3 ,Fe+3)P0
4

(manganese iron phosphates)

Crystal System:

orthorhombic

Hardness:

4-4.5

Specific Gravity:

3.69

Anhedralfragment of heterosite, displaying cleavage, from Chanteloube en Razes, near

Limoges, France
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heulandite

Classification:

tectosilicate, zeolite group

Composition:

(Na,K,Ca,Sr,Ba)
5
AI

9
Si

27 72'260H
(hydrous sodium calcium aluminum silicate)

Crystal System:

monoclinic

Hardness:

3.5-4

Specific Gravity:

2.1-2.2

These heulandite crystalsfrom Tiegarhorn,

Iceland grew inside a small gas cavity in a

basaltic lava.

Heulandite is one of the most open-structured of the zeolite minerals, ob-
taining several sets of open channels which house a variety of large ions

and water molecules. These

channels dissect layers of six-

membered (Si,Al)O
t
tetrahedra,

which give heulandite its easily

developed basal cleavage. This

species is characterized by tabu-

lar, coffin-shaped crystals, often

in warped, subparallel aggre-

gates. Crystals are colorless, yel-

low, green, or reddish orange,

and are transparent or translu-

cent with a pearly luster and a

white streak.

Heulandite crystallizes in cav-

ities in basalts and other volcanic

rocks, in association with calcite

and other zeolites. It is some-

times found in contact metamor-

phic deposits, as well as in some
sedimentary rocks and even sul-

fide veins. Heulandite is well-rep-

resented from the basalts of the

Columbia River Plateau; Nova
Scotia; Rio Grande do Sul, Brazil;

India; the Faeroe Islands, and

especially Iceland. Fine speci-

mens are found in the diabase sills of the northern New Jersey; in the silver

veins of Andreasberg, Germany; and in Kongsberg, Norway.

hornblende

Classification:

inosilicate, amphibole group

Composition:

(Ca,Na,K)
2 .3

(Mg,Fe+2,Fe+3 ,AI)
5
(AI,Si)

8 22
(OH)

2

(complex potassium calcium

iron-magnesium silicate)

Crystal System:

monoclinic

Hardness:

5-6

Specific Gravity:

3.0-3.4, increasing with iron

"Hornblende" is actually a solid-solution series between the two composi-

tional extremes ferrohornblende and magnesiohornblende, but most natu-

ral hornblendes contain both iron and magnesium. The intriguing name for

this common amphibole is an ancient German miner's term for the mineral.

Horn, meaning the same in English, probably refers to the shape or color

of the crystals, while blenden, meaning "to blind or deceive," appears to be

a petulant reference to its uselessness as an ore. Hornblende is one of the

most important rock-forming minerals; the igneous rock type hornblendite

and the metamorphic rock amphibolite may be composed almost entirely

of hornblende.

Hornblende is abundant as small grains in rock, or as prismatic, stubby

crystals, which may appear hexagonal in cross section. It also commonly
forms acicular or fibrous aggregates in parallel orientation. Hornblende is

brittle, with an uneven to subchonchoidal fracture and perfect prismatic

cleavage at approximately 120°, which yields fragments of diamond-shaped

cross section. Colors tend toward black, dark green, or brown, and crystals

are opaque, translucent, or, very rarely, transparent, with a vitreous luster

ami a colorless streak. Hornblende is distinguished from tremolite and acti-

nolite by its darker color, and from the pyroxenes by the wider angle

between cleavages; similar-appearing black tourmaline lacks cleavage alto-

gether, Hornblende pseudomorphs produced from the alteration of pyrox-

enes are known as unililc.

As noted, hornblende is an important component ol main metamorphic

rocks, hi mu. i schists and gneisses, it is commonh associated with alman-
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elite garnet, biotite mica, and quartz; in greenschists, with albite feldspar
and epidote. Hornblende is an important part of plutonic igneous roc ks < »1

intermediate composition, such as

the diorites, and to a lesser extent

of volcanic rocks like basalts and

andesite. It is also found in associ

ation with aegirine and nepheline

in nepheline syenites. Good crys-

tals are found in the Grenville mar-

bles of Canada, particularly along

the Madawaska River in Lanark

County, Ontario. Fine specimens

are also>found in marbles in New
York state, and at Franklin, New
Jersey. Interesting specimens are

obtained from main -

localities

worldwide. Many specimens in

collections labeled "hornblende"

may actually be the related amphi-

boles edenite,

NaCa
2
(Mg,Fe+2)

5
Si
7
Al0

22
(OH)

2 , or

pargasite,

NaCa
2
(Mg,Fe+2)4AlSi6Al2 22

(OH)
2

.

Extraordinary black hornblende crystal, with

white analcime, from Mont St. Hilare, Quebec

HOWLITE IS EXTREMELY RARE IN CRYSTALLINE FORM, AND ALMOST ALWAYS OCCURS AS

compact nodular masses which resemble heads of cauliflower sculpted in

porcelain (although only clowns and ballerinas actually receive this honor).

These are occasionally carved and polished as decorative objects. Howlite

is always white in color, with a subvitreous luster, white streak, and con-

choidal fracture. Datolite is similar in appearance but is harder, and unlike

howlite does not dissolve in hydrochloric acid. The species is named for its

discoverer, Nova Scotia geologist Henry How (b. 1828).

Howlite is a mineral of the continental evaporite association, typically

occurring with other borate minerals in arid regions. At the original source

near Windsor, Nova Scotia, howlite is found as nodules in anhydrite, associ-

ated with ulexite; it is also found

in Newfoundland and New
Brunswick. Most specimens of

howlite are obtained from

California, where it occurs as nod-

ules, often very large, with cole-

manite and ulexite. Important

sources include the Sterling Borax

Mine in Tick Canyon, and deposits

near Lang, Los Angeles County;

Gower Gulch, Inyo County; and

deposits near Daggett, San

Bernardino County.

howlite

Classification:

borate

Composition:

Ca
2
B
5
Si0

9
(OH)

5

(hydrated calcium silicon borate)

Crystal System:

monoclinic

Hardness:

3.5

Specific Gravity:

2.45

Nodular mass

Ham •
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hydrothermal deposits

Hot spring at Emerald Pool, Yellowstone

National Park, Wyoming. When hydrothermal

fluids reach the surface ofthe earth, their min-

eral load is precipitated in hot spring deposits.

These relatively low temperature deposits are

important sources of mercury, antimony,

arsenic, and other elements.

Some of the most important sources of economically valuable minerals, and

of beautiful mineral specimens are the hydrothermal sulfide deposits. There

are different types of hydrothermal orebodies, formed through a variety of

processes; all share certain important characteristics, however. The term

hydrothermal is derived from the words meaning water and beat, as these

two elements are essential in the formation of all such deposits. In general,

hot aqueous solutions derived from seawater, groundwater or magma circu-

late through cracks in the rocks. The circulation of these solutions is driven

by heat provided by the magma. The solutions contain metal and other

ions derived either from the magma itself or more likely by leaching of the

rocks through which the hot solutions are circulating. As the solutions work
their way up through the crust they cool, decompress and react further

with their wall rocks. Due to these changes the solutions eventually

become supersaturated \r\ components of a certain mineral, at which point

that mineral begins to precipitate. Many solutions carry sulfur, which com-
bines with the dissolved metal ions to precipitate as sulfides.

Hydrothermal sulfide

deposits have been mined
for thousands of years, and

many different classification

schemes have been

advanced since the system-

atic study of ore deposits

began during the

Renaissance. The dominant

method of classification has

long been one in which ore

deposits are divided accord-

ing of their supposed tem-

perature of formation, which

was thought to depend on depth. Classification schemes based on ore

genesis—how a deposit actually formed—were generally flawed, since so

little was really known about geological processes. In recent years, how-
ever, advances in geology, geochemistry, and geophysics have made the

genetic classification of hydrothermal ore deposits attractive again.

Sulfide Veins Historically, the most important source of sulfide ores—and

mineral crystals as well—have been the hydrothermal sulfide veins. Veins

are fractures, faults, and other planes of weakness in country rock in which

ore minerals, along with quartz and other gangue minerals, have precipi-

tated from hydrothermal fluids. Vein deposits have been divided into a

large number of types based on their mineralogy, which is detennined by

both the original composition of the hydrothermal fluids and the composi-

tion of the country rock. Veins typically exist in groups having approxi-

mately similar orientation, the orientation being detennined by that of the

original fracture network of the country rocks. They are found in specific

localities because the sources of both heat and fluids at depth are them-

selves localized. For example, hydrothermal veins are common in the root

regions large plutons. Here hydrothermal activity ma}' be particularly

intense—in fact, instead of forming well-defined veins the fluids may per-

meate the rock and alter it completely. This is what happened in the cases

of the hydrothermal porphyry copper deposits (see (.halcopvrite). In them

the ore is disseminated and spread through vast tonnages of altered rock.

The porphyry copper deposits have surpassed by far vein deposits in eco-

nomic importance; however, they produce virtually no well-crystallized

mineral specimens.

Because veins are usually associated with igneous intrusions, they are

well represented in areas of mountain-building. This is especially true ol

the volcanic mountain ranges such as the Andes of South America, which

arc formed through the re-melting of oceanic crust as it is pushed (sub-
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ducted) under the edge of a continent. It is thought that the metals concen-

trated in the oceanic cmst by the hydrothermal processes described below

end up in the new magmas under these mountain ranges. As the magmas
rise and are emplaced in the crust, metal-bearing hydrothermal solutions

are given off by the magmas as they crystallize. The varying behavior of the

different metals in solution may determine the regional variations noted in

the mineralogy of hydrothermal veins.

Submarine Sulfide Deposits In 1979, marine geologists discovered submarine

hot springs flowing from vents on the oceanic spreading center called the

East Pacific Rise, where basaltic magmas well up to form new sea floor. It

has been determined that these springs result where sea water circulates

through fractures in the sea floor, to be heated by hot rocks deep within

the crust, and then ascend to the surface laden with metals leached from

the surrounding rock. Where the hydrothermal solutions come into contact

with the cold waters on the sea floor, large amounts of copper, zinc. iron,

manganese, and lead sulfides are deposited. Similar springs have been dis-

covered on spreading centers in other parts of the oceans, often associated

with unusual communities of animals which depend on them for survival.

In many regions where the large segments of the sea floor called ophiolites

are exposed on land (see Chromite), rich sulfide deposits are found which

were formed from submarine hot springs.

Hot Spring Deposits When hydrothermal solutions reach the surface

as opposed to under the sea, they form the familiar hot springs an<

sers. Although these solutions may have traveled through a

of rock, and lost much of their original heat, they often contain metals i

solution which can precipitate near tr

hydrothermal deposits are the primary' commercial souro

mercury, and they often produce fine mineral specimens

Diagram showing sonic ofthefeatures related

to hydrothermal deposits

1. Metamorphic rocks

2. Skarn < contact metamorphic replacement

deposit)

3. Igneous intrusion

4. Medium temperature rem deposits

5. Gossan 'leached zone)

6. Low-temperature vein dep

7. Zone ofoxidized enrichment

8. Water table

9. Zone ofsupergene enrichment

10. Sedimentary rocks

11. Primary sulfide ore

12. Hydrothermal replacement deposit

Minerals of Hot Spring Deposits

anhydrite gypsum

arsenic mercury

barite opal

calcite orpiment

calomel qu -

chalce'- realgar

cinnat stibnite

dolorr sulfur



Secondary Vein Minerals

adamite

anglesite

antlerite

atacamite

aurichalcite

autunite

azurite

bornite

brochantite

caledonite

chlorargyrite

cerussite

chalcanthite

chalcocite,

chrysocolla

copper

coquimbite

covellite

crocoite

cuprite

descloizite

dioptase

enargite

erythrite

fluorite

goethite

gypsum

hemimorphite

libethenite

linarite

malachite

mimetite

mottramite

olivenite

phosgenite

pyromorphite

scorodite

silver

smithsonite

torbernite

vanadinite

vivianite

willemite

wulfenite

spring deposits in Califoi.iia's Napa Valley, and at several locations in the

Great Basin of Nevada, contain large low-grade deposits of finely dissemi-

nated gold. Such deposits are referred to as "bulk-minable," and are

becoming one of the most important sources of gold.

Replacement Deposits Hydrothermal replacement deposits are the one type of

sulfide deposit not obviously associated with igneous magmas, although

there is evidence that very deep-seated heat sources may be involved.

These deposits form through the replacement of carbonate rocks such as

limestones and dolomites by sulfide minerals such as galena and sphalerite,

at relatively low temperatures of less than 150°C. The process of hydrother-

mal replacement is also important in the formation of contact metamorphic

skarn deposits (see Metamorphic Rocks).

Sulfide Vein Alteration The primary sulfides and other minerals which com-
prise all types of hydrothermal sulfide deposits undergo changes once they

have been initially deposited, either due to chemical alteration by a second

generation of hydrothermal fluids, including groundwater, or simply due to

oxidation. The secondary mineral species thus formed may replace some or

all of the primary vein minerals. The region of a vein or body of mineral-

ized rock nearest the surface is known as the oxidized zone, and is topped

by a mass or body of mineralized rock of porous limonite known as a gos-

san, or "iron hat," which formed through the leaching of primary pyrite and

chalcopyrite. The part of the oxidized zone which lies within the area of

water table fluctuation is called the zone of oxidized enrichment, and a

wide range of colorful secondary minerals crystallize here. Below this is the

zone of secondary enrichment, where the bulk of the metals leached from

the oxidized zone are redeposited below the water table (see Chalcocite).

Secondary veins furnish some of the most interesting mineral speci-

mens. The carbonates and sulfates are the most important sources of min-

eral specimens among the secondary minerals. In general, primary sulfide

minerals are first converted into sulfates, which in turn react with primary

vein or country rock carbonates (aragonite, calcite, and dolomite) to pro-

duce secondary carbonates. Secondary sulfides and sulfosalts may be

important ore minerals in the enriched zone.

hydroxides

goethite

romanechite

diaspore

manganite

brucite

The hydroxides are characterized by the presence of water (H,0)

molecules or hydroxyl (OH) ions. These groups have the property of

forming weak atomic bonds and tend to be driven off by heating. Thus.

the hydroxides are limited in distribution to low-temperature superficial

deposits such as sedimentary rocks and the upper portions of hydrother-

mal veins.

Many of the hydroxides form as alteration products after other minerals.

and as a result are poorly crystallized and porous. They tend to grow on

the minerals they are replacing as radiating masses of minute crystals, or as

pseudomorphs. Rust, composed of goethite. FeOOH, and other minerals, is

a particularly widespread example of this group. Romanechite and mangan-

ite, along with other manganese hydroxides form the important manganese

ore "wad," which is mined from large deposits of sedimentary origin.

Similarly, diaspore. AlOOll. and related species form an aggregate called

bauxite, which is the major source of aluminum.
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HYDROXYLHERDERTTE FORMS A SERIES Willi HERDERITE, WHICH DIFFERS OND IN IIIAI II

contains fluorine. Hydroxylherderite is fairly rare, but has been found as

wonderful sharp, colorful crystals in many pegmatites around the world. The
only verified specimen of herderite, however, is a single gem in the collec-

tion of the Smithsonian Institution. Some confusion arises from the fact that

the shorter name is often used in place of tongue-twister hydroxylherderite.

Crystals are rare, stout prismatic to tabular in habit, and often of

pseudo-orthorhombic symmetry; aggregates are typically botryoidal.

Twinning is frequently observed, and there is one (poor) direction of cleav-

age. Hydroxylherderite ranges in color through yellow, light green, green-

ish blue, blue, and purple, and it is transparent to translucent with vitreous

luster. Apatite is a very similar but much more common pegmatite species;

it is difficult to distinguish massive material without chemical tests.

Hydroxylherderite forms as a late-stage hydrothermal mineral in granitic

pegmatites. Magnificent hydroxylherderite crystals to 18 cm in length are

found at Virgem da Lapa and the Golconda pegmatite in Minas Gerais,

Brazil. Less dramatic but euhedral crystals are found at Newry, Hebron,

Paris, Auburn, and Poland, Maine; the State Forest Mine, East Hampton,

Connecticut; North Groton, New Hampshire; and Kings Mountain, North

Carolina. European sources include Viitaneimi, Finland; Mursinsk in the

Urals of Russia; and locations in Bavaria and Saxony, Germany.

hydroxylherderite

Classification:

phosphate

Composition:

CaBe(P0
4)(OH)

(hydrated calcium beryllium phosphate)

Crystal System:

monoclinic

Hardness:

5-5.5

Specific Gravity:

2.95-3.01

Hydroxylherderite with tourmaline and albite

(variety cleavelandite)from the Xandra Mine.

\ "irgem da Lapa, Brazil.
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the igneous rocks

Igneous magmas which reach the earth s sur-

face cool rapidly toform extrusive rocks, such

as thisfresh basaltic lava.

A THIN BUT WIDESPREAD VENEER OF SEDIMENTARY AND METAMORPHIC ROCKS

serves to obscure the importance of the igneous rocks, which in fact com-
prise about 95% of the earth's cmst. Heat and pressure can cause the local-

ized melting of deep crust and mantle rocks within the earth, giving rise to

bodies of molten rock called magmas. As a magma cools, minerals crystal-

lize from it—but these are not always the same minerals present in the

rocks from which the magma formed. The kind and proportion of different

species present are determined both by the composition of the original

melt, and by the changes it undergoes prior to cooling. For example, some
of the chemical elements may be selectively crystallized as minerals, and
the rest of the magma drawn off to crystallize elsewhere, in a process

called magmatic differentiation.

Magmatic rocks are generally called igneous rocks (from the Indo-

European root for "fire"), and divided into two main divisions: the intrusive

and extrusive types. Intrusive rocks such as granite cool gradually at depth

within the earth, and may form bodies of mountain-range proportions

called batholiths or plutons; intrusive rocks are also called plutonic.

Extrusive rocks, such as basalt, form when a magma erupts to cool rapidly

at the earth's surface. An intrusive and an extrusive rock may form from the

same magma and be identical in composition, but differ in texture due to

different rates of cooling.

The igneous rocks are classified according to the nature of their con-

stituent minerals, which reflect the composition of the magmas from which

they solidified, and by their textural characteristics, which indicate the phys-

ical conditions under which they formed. Since virtually all igneous rocks

are composed primarily of silicate minerals, a chemical classification

scheme based on silica content is useful. Although the common igneous

rocks contain from 40% to 75% SiO„ the less silicic rocks often have their

entire silica content tied up in dark silicate minerals, and contain no free

quartz. The terms most often used to distinguish between silica-rich and sil-

ica-poor rocks today reflect the division of silicate minerals and the rocks

they form into predominantly light- or dark-colored groups. Rocks com-

posed primarily of light-colored minerals are referred to as felsic, a term

derived from their dominant mineral groups, the feldspars and the silica

polymorphs. Dark-colored rocks dominated by the pyroxenes, amphiboles,

and olivines are termed mafic, because these minerals are rich in magne-

sium and/or ferrous iron.

The most felsic igneous rocks are granite and granodiorite, and their

fine-grained volcanic counterparts rhyolite and dacite. Among the many
rocks of intermediate composition are monzonite and diorite, whose vol-

canic equivalents are latite and andesite. At the mafic end of the spectrum

are the gabbros, whose volcanic equivalents are the basalts (see Basalt

Cavities). The felsic rocks do contain mafic minerals, typically in the form

of biotite mica and amphiboles, but are predominantly composed of quartz

(or its high-temperature polymorphs) and/or potassium feldspars. Rocks of

intermediate composition tend to have little or no quartz, although they are

sufficiently rich in silica to form alkali feldspar or sodic plagioclase. The

mafic rocks such as gabbro contain calcic plagioclase. along with amphi-

boles, pyroxenes, .ind other dark minerals such as ilmenite and magnetite.

The ultramafic rocks, which comprise the earth's mantle, are the least
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silicic of all igneous rocks; peridotite, for instance, is composed almosl
exclusively of olivine and pyroxenes. Extrusive ultramafic rocks, known as

komatiites, are very rare and formed mostly in

Precambrian times. Syenite and its extrusive equiva-

lent trachyte are sodium- and potassium-rich rocks

which are poor in silica, but light-colored nonethe-

less (see Feldspathoids). Perhaps the most chemi-

cally eccentric igneous rocks are the carbonatites

(see Calcite), which crystallize from magmas
enriched in carbon dioxide. These rocks are com-
posed primarily of calcium, magnesium, and
sodium carbonates, and contain only minor silica.

The igneous rocks are classified independently

of their composition, according to textural criteria.

Since the size of individual mineral grains reflects

the rate at which a magma cools, the intrusive

rocks tend to be coarse-grained, and the extrusive rocks fine-grained. Most
intmsive rocks cool slowly deep within the earth, their crystals generally

forming homogenous textures of equant grains. However, very coarse-

grained igneous rocks (see Pegmatites) form by crystallization of water-rich

magmas.

Magmas which reach the surface of the earth form fine-grained volcanic

rocks, which can be divided into two textural classes. The pyroclastic vol-

canic rocks include the tuffs and other rocks formed from fragments of

crystals and glass. The other major textural class of volcanics is lava, such

as the basalt or rhyolite, which flows from volcanoes or large fissures in the

earth's crust. Basalts are usually entirely crystalline, though fine-grained,

while the glassy variety of rhyolite called obsidian is completely noncrys-

talline. Many volcanic rocks display a porphyritic texture, containing euhe-

dral crystalline grains called phenocrysts in a finer-grained or glassy ground-

mass. The illustrations of leucite and augite in this book are fine examples

of this texture.

Left: Granite. Right: Gabbro.

Below: Structures ofintrusive and extrusive

igneous rocks.

1. Basaltic lava plateau

2. Rhyolite dome

3. Obsidianflow

4. Maar
5. lavaflow

6. Basaltic volcano

7. Diatreme

8. Diabase sill

9. Metamorphic rocks

10. Pegmatite

11. PIuton
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llmenite crystalfrom the eponymous locality

near Orenburg, in the Ilmen Mountains ofthe

Soviet ! nion.

ilmenite

Classification:

oxide

Composition:

Fe+2Ti0
3
(iron titanium oxide)

Crystal System:

hexagonal (rhombohedral)

Hardness:

5-6

Specific Gravity:

4.72

. \n engineer examines the components ofa jet

engine made with titanium alloy. Because of

its great strength and resistance to heat and
corrosion, titanium is idealfor many
aerospat e applu ations

Ilmenite is one of the primary ores of titanium, a metal essential to the

aerospace and other industries because of its corrosion resistance, high

melting point (1800°C), and especially its great strength. Ilmenite is also the

principle source of titanium dioxide, the whitest of white paint pigments

and by far the most important pigment used in paints. Rutile (TiO,) is

preferable for both of these uses because of its lack of iron, but ilmenite is

by far the more abundant species. Ilmenite is also used as aggregate in

heavyweight, high-stress concretes necessary for special purposes like

bridges and dams. The name of this species comes from a locality in the

Ilmen Mountains of the Soviet Union.

Ilmenite crystals are commonly thick tabular or acute rhombohedral,

but most material occurs as lamellar or granular aggregates, and as dissemi-

nated grains in igneous rocks. Cleavage is lacking, but parting is observed,

as is conchoidal fracture. The color is iron-black to brownish black, with a

metallic to dull luster and a black streak. Ilmenite is distinguished from

hematite by its black streak, and from the strongly magnetic iron oxide

magnetite by its much weaker magnetism; mtile has a stronger luster and is

not magnetic at all, while columbite-tantalite is heavier.

Ilmenite is a primary magmatic mineral in many igneous rocks, particu-

larly in gabbros. and is frequently found intergrown with magnetite.

Minable concentrations of ilmenite are

formed in layered igneous complexes

through magmatic segregation (the sep-

aration and concentration of one min-

eral species in molten rock). Ilmenite is

concentrated in black sands with rutile.

monazite, and zircon by wave action in

coastal areas in many parts of the

world; large amounts are recovered

from beach deposits in Florida, Western

Australia, and South Africa. Good crys-

tals of ilmenite occur in the emery

mines of Chester, Massachusetts; at

Roseland, Virginia; with magnetite in

dikes in gabbro at Iron Mountain,

Wyoming; ana with rutile, spinel, and

biotite in gabbro al St. I frbain,

Charleroix, Quebe<
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Stoutprisms ofilvaite

/mm theLaxey nunc,

South Mountain,

Owyhee County,

Idaho.

This rare and unusual species is named after the island of Elba, from

whence the first specimens were obtained. Ilvaite forms stout prismatic

crystals with diamond-shaped cross sections and vertical striations on the

prism faces, or radiating aggregates of acicular crystals. It is translucent with

submetallic luster, and dark brown to almost black in color; the streak

is black with a brownish or greenish cast. Lawsonite, CaAl
?
(Si

; 7
XOH),»

H
?
0, is a closely related sorosilicate found in metamorphic rocks of the

blueschist fades, but rarely seen in collections.

Ilvaite is found in contact metamorphic deposits, or in sodalite syenites.

Wonderful crystals to 8 cm long are found at the Laxey Mine, Owyhee
County, Idaho; other North American occurrences include Colorado's North

Pole Basin, the Dragoon Mountains of Arizona, and Balmat, New York. The

original deposits at Rio Marina and Capo Calamita, Elba, still produce sharp

crystals and fibrous, radiating aggregates associated with hedenbergite,

magnetite, andradite, and pyrite. Other sources include Trepca, Yugoslavia;

the island of Seriphos in the Greek Cyclades; Julianehab, Greenland; and

Japan and England.

ilvaite

Classification:

sorosilicate

Composition:

CaFe2+
2
Fe3+0(Si

? 7
)OH

(hydrous calcium iron silicate)

Crystal System:

orthorhombic and monoclinic

Hardness:

5.5-6

Specific Gravity:

3.8-4.1

The organic material which comprises the teeth of several large endangered

animal species is called ivory. Most ornamental ivory comes from the elon-

gated incisors, or tusks, of the African elephant, but much is also obtained

from the smaller tusked Asian (or Indian) elephant. Other sources of ivory

include the walrus, hippopotamus, and the narwhal and spemi whales.

Ivory is composed of the very same substance as human teeth: the calcium

phosphate apatite and calcium carbonate, in an organic framework of the

proteinaceous material dentine. Because of its unique physical properties.

ivory has been a popular ornamental material since ancient times. Although

it is soft enough to be easily carved, its organic structure renders ii tough

and relatively flexible—perfect for wear in jewelry and use in decorative

objects. The name ivory is of ancient Egyptian origin, via the Latin ebur.

Since mastodons and mammoths roamed the steppes of ice-age Europe

and Asia, their fossil remains there are fairly widespread. In his Natural

History, the Roman scholar Pliny recorded the prevalent belie! that ele-

phants buried their tusks, which doubtless arose from the discovery of such

fossils. Ivory reached a pinnacle of popularity in the 13th century in both

ivory

Classification:

organic "gemstone"

Composition:

primarily calcium phosphate

Hardness:

approximately 2.5

Specific Gravity:

1.80
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Left: Tooth ofa sperm whale. Right' Cawing
the tusk ofan Indian elephant i>i Bali. Whole

tusks are often cawed i>i shallow reliefso that

they can he labeled as "artifacts, thereby cir-

cumventing bans on the importation ofraw

ivory.

Europe and the Far East, with much of the supply coming from fossil

sources in Siberia. Little distinction was made between fresh and fossil

material, except that fossil ivory tends to be mottled or stained (see

Vivianite). In the badlands of Inner Mongolia, the Chinese villagers still

mine the remains of 15-million-year-old shovel-tusked proboscideans.

These so called "dragon bones" are not used for ornamental purposes, but

ground into powder and mixed with various herbs, minerals, and parts of

modern animals to make traditional remedies.

Ivory has been used in many cultures as a symbol of wealth. The
monarchs of Egypt and Mesopotamia cherished ivory, appointing their

palaces with ivory thrones and fixtures. Elephant ivory was prized in the

Middle Ages for its exotic origins, and became increasingly popular for

small objects such as chessmen, sword hilts, and religious carvings. The
long, twisted tusks of the arctic narwhal whale were objects of special won-
der in medieval Europe, and were thought to be unicorn horns—relics

from before the Flood.

The Victorian bourgeoisie demonstrated their status by treating this

hard-won material from the Dark Continent with casual disregard, fashion-

ing all sorts of mundane objects from ivory—including piano keys,

umbrella handles, and billiard balls. At the same time. American whalers

who hunted the sperm whale for its oil enlivened their long days at sea

with the art of scrimshaw, carving miniature maritime scenes on the conical

teeth of their quarry. Sperm whales are now protected by international

treaty, but plenty of teeth still find their way into the hands of scrimshan-

ders and collectors.

Genuine ivory is distinguished by its longitudinal grain, which is

defined by variations in translucency, and which forms a subtle, curving,

lace-like pattern on carved sur-

faces. Freshly killed ivory is a

warm off-white color, but like

human teeth ivory tends to yellow

with age. Ivory may also crack as

it ages and dries out, the cracks

forming a distinctive pattern paral-

lel to the grain. There are all kinds

of excellent substitutes for ivory,

including bone, several kinds of

plastics, and the Tagua nut of the

South American rain forest, also

known as "vegetable ivory." Genuine ivory is higher in density than almost

all of its imitations, and when burned, gives the distinctive smell of singed

hair, while plastics yield an acrid, chemical odor.

Although its export and import are regulated, the enormous trade in

illegal ivory is steadily decimating the remaining elephant population. Even

the smallest ivory trinket requires the death of one of these magnificent,

intelligent animals, which share the earth with us in ever-dwindling num-

bers. This lucrative trade has led to increased poaching in practically every

country of sub-Saharan Africa, despite the valiant efforts of rangers and

wardens to stop it.

Recently, a group of South African scientists devised a sleuthing tool

which may help break the poaching and smuggling rings. This innovative

technique uses analyses of the ratios between three sets of isotopes of nat-

urally occurring elements in ivory (see Atomic Structure) to deduce where

a piece of ivory originated. Specific carbon isotopes vary according to type

of forage an elephant eats, while nitrogen isotopes reflect the drought

stress it has experienced, and strontium or lead isotopes (which substitute

for calcium in ivory) can reveal the age of the rocks underlying the animal's

range. Using these three sets of data, the scientists have been able to pin-

point fairly closely the origin of contraband ivory. Hopefully, this informa-

tion will allow game wardens to break the line of supply between the

poachers and their markets.
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Jadeite is a rare pm*oxene, which in its massive form provides the more

valuable of the two different minerals referred to as jade; the other being

the massive variety of the amphiboles actinolite and tremolite known as

nephrite. Although the two jades have in common the properties of

extreme toughness and similar coloration, they are different chemically.

Their structures differ as well, massive jadeite being a cryptocrystalline

aggregate of equant grains, and nephrite a dense felted mass of short fibers.

It is frequently difficult to distinguish one from the other, but a rather subtle

distinction may be made on the basis of luster—nephrite generally appears

oily, and jadeite vitreous.

Jade implements fashioned by primitive peoples have been found in

numerous places in Asia, Europe, and the Americas. Jadeite was most

highly prized by the pre-Conquest Mesoamerican cultures, beginning with

the Olmec as early as 1500 BC. The role of jadeite in Mesoamerican cul-

tures, while not the same as that of nephrite in Chinese culture, was of

equal importance. It played an important part in the cosmology and social

life of these peoples, car-

rying important spiritual

meaning as well as being

a vital trade commodity.

Although the Maya might

use jade to buy cocoa, for

instance, they would also

place a piece in the mouth

of a departed relative to

provide sustenance on the

journey to the otherworld,

Xibalba.

The Spanish con-

querors of Mexico and

Central America were puz-

zled by the high esteem in

which the green stone

—

innocuous to them—was

held. Not wanting such a

large portion of their pil-

lage to lose its value in

translation, they followed

the medieval practice of

assigning curative powers

to rare stones, and offered

jade as a preventative for

kidney failure—then as

now a serious chronic dis-

ease. Thus, jade was named "piedra de ijada," Spanish for stone of the

flank—the location of the kidneys. This was translated into French as pierre

de le ejade, and when jadeite was first distinguished from nephrite by the

French chemist Alexis Damour in 1863. the scientific name was coined

from the original "trade name." The source of the jade used by pre-

Columbian peoples was a mystery' for over 450 years, until the ancient

jadeite

Classification:

nesosilicate, pyroxene group

Composition:

NaAISi
2 6

(sodium aluminum silicate)

Crystal System:

monoclinic

Hardness:

6.5-7

Specific Gravity:

3.3-3.5

Rough jadeite and a polished cabochonfrom

the Uyu Chaung River. Sagaing. Burma
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Jadeite cawing thought to represent the Mayan
god ofsacrifice by decapitation, from Rio Azul,

Guatemala (350-500 AD).

quarries were discovered in the Motagua Valley of Guatemala. Although

some Guatemalan jade is mined and worked for the tourist trade, almost all

commercial jade is now produced from deposits in Burma.

Crystals of jadeite are extremely rare, although tiny ones are found in

cavities in massive material. These crystals form elongated prisms or rectan-

gular plates, and are usually striated and often twinned. The characteristic

habit of this species is massive, as an aggregate of equant to bladed micro-

scopic crystals. Massive jadeite has a splintery, uneven fracture, difficult to

develop because of its extreme toughness; this durability causes jade to sur-

vive stream transport very well. Jadeite is translucent to opaque, with a vit-

reous to dull luster and a white streak. Among the many colors of this

species are apple-green to emerald-green, white, pale lavender, bluish

lavender, and reddish brown. The value of jade increases with its trans-

parency, depth of color, and freedom from mottling and other imperfec-

tions. The most sought-after colors are the violets and emerald-green, the

latter known as "Imperial Jade."

Many minerals have been used to imitate jade. The most common simu-

lant is massive serpentine, which may have a very convincing color and
luster but can be easily detected by its inferior hardness. More difficult to

detect are harder silicates, such as the massive variety of vesuvianite called

californite, massive diopside, and massive green grossularite garnet. The
jade-workers of ancient Mesoamerica prized any hard, green stone with

similar qualities to true jade, and for this reason even authentic artifacts

cannot be assumed to be made of jadeite. An expert opinion is usually nec-

essary to distinguish between jade and its many imitations.

Jadeite is intermediate in composition between the much more com-
mon sodium aluminum silicates nepheline and albite (plagioclase), and

only forms in lieu of these species in very high-pressure metamorphic

rocks. It is thus found in areas of continental collision, such as the

California Coast Ranges and the Alps, typically in rocks of the blueschist

facies, and in altered ultrabasic rocks such as serpentinites. In California,

masses of jadeite are found in serpentinite from San Benito County north-

ward into the San Francisco Bay area. Small pale-green crystals up to 0.6

cm in length occur with calcite in veins in glaucophane schist near

Cloverdale, Sonoma County, California. The finest gem-quality jadeite, and

virtually the entire world supply of gem material, comes from serpentines

near Tawmaw, Upper Burma. Other deposits have been exploited in

China's Hunan Province, Tibet, Guatemala, Japan, and New Zealand.

jamesonite and
boulangerite

Classification:

sulfosalts

Composition:

jamesonite: Pb
4
FeSb

6
S 14

(lead iron antimony sulfide)

boulangerite: PbgS^S,,
(lead antimony sulfide)

Crystal System:

jamesonite: monoclinic,

boulangerite: orthorhombic

Hardness:

2.5-3

Specific Gravity:

6.2-5.63

Jamesonite and boulangerite are minor ores of lead, known as "feather ore"

in the miner's florid ergot because of their plumose aggregate habits. The
official names honor the Scottish mineralogist Robert Jameson (b. 1774),

and the French mining engineer Charles Louis Boulanger (b. 1810). Crystals

of these species are prismatic, generally forming felted masses of long nee-

dles, sometimes arranged in a radiating (plumose) form. Their color is steel-

gray to black, often with an iridescent tarnish; their luster is metallic and

the streak grayish to black. The cleavage is good in one direction, and the

fracture uneven. Stibnite can be very similar in appearance, but it is flexible

whereas these are brittle.

Jamesonite and boulangerite form in hydrothermal sulfide veins in asso-

ciation with other sulfosalts and sulfides, carbonates, and quartz. They are

found in many places throughout the United States, including the Coeur

d'Alene and Wood River districts, Idaho; the Bingham and Park City dis-

tricts, Utah; Silver City, South Dakota; Gunnison County, Colorado; and var-

ious locations in California, Nevada, and Washington. Classic specimens are

found at the Mina Noehe Buena near Ma/apil, Zacatecas, Mexico. Other

notable North American locations include British Columbia, New
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Felted muss ofat it ular boulangerite < rystals

from the \<h be Buena Mine, An atet as,

MexU a

Brunswick, and Ontario, Canada. Among the important European sources

are Molieres, France; Pribram, Czechoslovakia; Felsobanya, Romania; and
England, Germany, Yugoslavia, and Sardinia. Fine specimens have also

been found in Algeria, Australia, China, Bolivia, and Argentina.

Jet is a very hard and durable variety of coal, which is hard enough to take

a high polish. It has been fashioned into ornamental objects such as beads

and amulets for at least 3000 years, but the pinnacle of its popularity came
during the Victorian era. Victorian matrons were enamored of its stern

plainness, and found it especially suitable for funerals. Like the other

Victorian gems, marcasite (actually pyrite) and garnet, jet is currently enjoy-

ing a renaissance.

Jet is derived from the compression of lignite, a soft brownish material

formed from ancient driftwood fragments and other organic matter which

are dispersed throughout some sedimentary rocks. The classic source of

this material is the town of Whitby in Yorkshire, England, where jet has

been mined and polished for generations. Jet from this deposit often retains

the original shape of the fossil branches from which it formed. Jet is also

found in many other parts of Europe, in Nova Scotia, and in the western

United States.

Jet is inexpensive, but there

are a number of imitations. Black

tourmaline, chalcedony, obsidian,

glass, and garnet are sometimes

represented as jet, but all are

much harder and cold to the

touch. The plastic bakelite, and

the dense rubber vulcanite both

resemble jet, but give off an acrid

odor when heated. Common
anthracite coal is much more brit-

tle than jet, and even if polished

will not survive daily wear.

Classification:

organic gemstone

Composition:

primarily carbon (C)

Hardness:

3-4

Specific Gravity:

1 .30-1 .35

Antiquejet

materialfrot
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kernite

Classification:

borate

Composition:

Na
2
B
4 6

(OH)
2
'3H

2

(hydrous sodium borate)

Crystal System:

monoclinic

Hardness:

2.5-3

Specific Gravity:

1.9

This borate mineral is named for Kern County in California's Mojave Desert,

where it is mined as a source of commercial boron (see Borax) in the large

open pit mine at Boron in the Kramer District. Although kernite is found in

only one other location, in the Tincalayu Mine in Argentina's Salta Province,

it is hardly a rare mineral. The deposit at Boron contains millions of tons of

kernite; single crystals of kernite have been found measuring 1 x 3 m, and

crystals 1 m in diameter are common. Accordingly, specimens of kernite

are readily available to collectors.

The large crystals found at Boron are rarely euhedral, but usually form

as large grains. Equant crystals are known, and these are commonly
twinned. Kernite is very brittle, and has four easy, perfect cleavages which

divide crystals into long lath-shaped fragments. Transparent and colorless

when fresh, most specimens are white and opaque because kernite alters

readily to tincalconite, like many other borates. The luster on fresh surfaces

is vitreous to pearly, and the streak white. Kernite is distinguished from

other borates by its rectilinear cleavage pattern; like many other evaporite

minerals, it is soluble in cold water.

Kernite occurs primarily near the base of the thick evaporite sequence

at Boron, buried beneath 300 m of Tertiary sediments. Because of this

depth restriction and other features observed in the field, it is believed that

kernite forms through the recrys-

tallization of borax as the latter is

subjected to the increased pres-

sures and temperatures at depth.

Other borates typically associ-

ated with kernite include borax,

colemanite, and ulexite.

Transparent < leavagefragment ofkernitefrom
Kramer, Kern < bunty i alifornia
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Kyanite is onf. of the three major alumin< jsilicates, and is trimi >rpi k >i is with
sillimanite and andalusite. These polymorphs are helpful for determining

the degree of metamorphism the enclosing rocks have undergone. The
presence of kyanite, for instance, implies that the rock formed under the

influence of medium temperatures and relatively high pressure (see phase
diagram, Andalusite). At lower pressures, the crystallization of one of the

other two polymorphs will he favored. Like its polymorphs, kyanite is used

in the manufacture of high-temperature porcelain products such as spark

plugs, electrical insulators, and acid-resistant containers. Transparent mate-

rial is sometimes faceted, but the easily developed cleavage makes kyanite

a poor choice of gemstone. The name comes from the Greek kyanos, or

"blue," in reference to its most common color.

Kyanite forms elongated, bladed crystals, often twinned or twisted in

appearance, with perfect prismatic cleavage. It typically forms radiating or

jumbled aggregates of bladed individuals. The color of kyanite is usually

light blue, white, gray, or greenish, and it is transparent or translucent, with

a vitreous to pearly luster and a colorless streak. Kyanite resembles no
other species, and is easily identified by its peculiar strength properties

—

crystals are easily scratched by a knife blade parallel to their length, but

remain unscathed in the perpendicular direction.

Kyanite forms in aluminum-rich regionally metamorphosed rocks, par-

ticularly mica schists and gneisses, in association with other aluminous sili-

cates, such as staurolite and garnet, and occasionally corundum. It also

forms, infrequently, as a primary igneous mineral in some granites and

granitic pegmatites. Kyanite occurs in quantity in the emery deposits at

Chesterfield, Massachusetts; throughout the metamorphic province of New
England; and at many places in the southern Appalachians. Very large crys-

tals are found in Minas Gerais, Brazil, and near Machakos, Kenya. In

Europe, fine specimens are obtained from Pizzo Forno, Switzerland;

Morbihan, France; and the Austrian Tyrol. Economically viable deposits are

mined at Lapsa Bum, India, and in Kenya and Australia.

kyanite

Classification:

nesosilicate

Composition:

AI
2
Si0

5
(aluminum silicate)

Crystal System:

triclinic

Hardness:

6-7.5 along cleavage planes

4-5 across cleavage planes

Specific Gravity:

3.53-3.67

Blue kyaniti
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laumontite

Classification:

tectosilicate, zeolite group

Composition:

CaAI
2
Si

4 12
«4H

2

(hydrated calcium aluminum silicate)

Crystal System:

monoclinic

Hardness:

3.5-4

Specific Gravity:

2.2-2.4

Laumontite is named for Francois Nicholas Pierre Gillet de Laumont

(b. 1747), who discovered the first specimens in the cliffs of Brittany.

Laumontite forms elongated, prismatic crystals with chisel-like terminations,

and columnar, fibrous and radiating aggregates. It is usually white, though

it may also be tinged yellow or pink, and is transparent with a vitreous to

pearly luster. Laumontite crystals are extremely fragile, with two perfect

cleavages, and great care must be taken in collecting and storing speci-

mens. When exposed to the atmosphere, laumontite becomes opaque and

begins to disintegrate due to dehydration; thus it is usually coated with a

sealant or kept in an airtight container when collected.

Laumontite is one of the typical zeolite minerals of basalt cavities, and

also forms in fissures and in many other types of igneous, sedimentary, and

metamorphic rocks and in some low-temperature hydrothermal veins.

Remarkable crystals, 30 cm in length, were recently discovered near

Bishop, California, during a road-building project. Good specimens are also

found in the French Pyrenees; New Zealand; northern Norway; and

Patterson, New Jersey. Additional sources include the Alpine vugs near

Ticino, Switzerland, and the Val d'Ossola, Italy.

/•.v< eptional crystals oflaumontitefrom Drain. Douglas ( ounty, Oregon.
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Lazulitk and scorzalite form a complete solid-solution series, but specimens

representing the lazulite end are far more abundant in nature. Lazulite is

easily confused with lazurite, the main ingredient of lapis lazuli, often

through wishful thinking. But even though lazulite and scorzalite are not

gemstones, they are highly prized by mineral collectors, particularly speci-

mens showing distinct crystal faces. The name lazulite is derived from the

Persian lazbuward, meaning "blue"; scorzalite is named for the Brazilian

mineralogist Evarista Pena Scorza (b. 1899).

Crystals take the form of simple dipyramids, are commonly twinned, and

are rarely euhedral. They are very brittle, with good cleavage, and are almost

impossible to remove from the surrounding matrix. They commonly appear

as granular aggregates or disseminated grains. Both materials are deep blue

to nearly black in color, transparent to opaque, and have a vitreous to dull

luster and a white streak. Strongly pleochroic, they may appear dark blue,

green-blue, or colorless depending on crystallographic orientation.

These species are found in quartzites and other quartz-rich metamor-

phic rocks, as well as in quartz veins and granitic pegmatites. Associated

species include andalusite, kyanite, quartz, sillimanite, dumortierite, rutile,

pyrophyllite, garnet, and mica. Deep-blue anhedral masses occur in the

Champion Sparkplug Mine, in the White Mountains of California. Sharp,

shattered, short dipyramidal crystals occur with kyanite and mtile on
Graves Mountain, Lincoln County, Georgia. Good crystals embedded in

quartz and calcite occur near Werfen, Austria, and crystals to 30 cm in

length can be found near Horrsjoburg, Sweden. Specimens have also been

obtained from the Blow River, Yukon Territory; the Burunda pegmatite in

Rwanda, and several locations in Madagascar. Gem-quality crystals are

found in the placers of Minas Gerais, Brazil.

lazulite series

Classification:

phosphates

Composition:

lazulite—MgAI
2
(P0

4 ) 2
(OH)

2

(magnesium-rich end member)
scorzalite—FeAI

2
(P0

4 ) 2
(OH)

2
(iron-rich end member) (magnesium-iron

aluminum hydroxyl phosphates)

Crystal System:

monoclinic

Hardness:

5.5-6

Specific Gravity:

3.1-3.4

Dipyramidal lazulite crystal, still in its quartzite matrix hutfalling apart, from Graves

Mountain, Lincoln County, Georgia.
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lazurite

Classification:

tectosilicate, feldspathoid, sodalite group

Composition:

(Na,Ca)
8
(AISi0

4 ) 6
(SCyS.CI)

2

(sodium-calcium aluminosilicate,

with sulfate, sulfur, and chlorine)

Crystal System:

isometric

Hardness:

5-5.5

Specific Gravity:

2.4-2.45

Lazurite is toe main constituent of lapis lazuli, and like lazulite, takes its

name from the ancient Persian word lazhuward. Lapis, a natural composite

of the minerals lazurite, calcite, and pyrite, has been prized as an ornamen-

tal stone for over 6000 years; the lapis lazuli mines high above the Kokeha
Valley in northeastern Afghanistan were ancient even when visited by

Marco Polo in 1271. Perhaps because deep-blue lapis with its flecks of

brassy pyrite resembles an evening sky dotted with sparkling stars, it was
long regarded as a cure for melancholy (the "blues"), and a talisman against

the spirits of darkness. The cultures of ancient Mesopotamia traded lapis far

and wide, regarding it at least as highly as gold. The Egyptians were

equally fond of the stone, and nobles such as Tutankhamen were interred

with great stores of lapis grave goods. Powdered lazurite is the basis for the

pigment ultramarine, the deep blue color essential to artists' palettes. The
production of synthetic ultramarine has fortunately alleviated the need to

grind up natural lapis lazuli.

Crystals of lazurite are very rare, but cmde dodecahedrons over 2 cm in

diameter are occasionally found in Afghanistan. Lazurite is most commonly
seen as granular aggregates contaminated with calcite, pyrite, and other sili-

cate minerals, in the form of lapis lazuli. Pure lazurite is an intense deep
blue, but the color of lapis lazuli is lightened by the presence of calcite.

The luster is dull to greasy, and the streak light blue. Crystals are brittle,

with an uneven fracture and poorly developed dodecahedral cleavage.

Lazurite is distinguished by its characteristic association with white cal-

cite and tiny yellow pyrite crystals. Blue-dyed chalcedony or glass are

sometimes offered as lapis lazuli, but are easily distinguished from it by

their greater hardness, smooth conchoidal fracture and lack of "impurities."

The synthetic gemstone manufacturer Pierre Gilson of Paris has developed

an artificial lapis containing pyrite. but the relatively low cost of natural

lapis has not encouraged the spread of this clever imitation. Lazurite resem-

bles sodalite and the

phosphate lazulite,

but is generally much
finer grained than

these minerals.

Lazurite is formed

through the contact

metamorphism of

marbles and is not

widespread. Euhedral

crystals are found

only at the Firgamu

mines in the Kokeha
River Valley,

Badakshan.

Afghanistan. Very

similar lazurite is pro-

duced from the Sayan

Mountains, near Lake

Baikal, in the Soviet Union. Very large masses of pale blue lapis, generally

containing more calcite than the Asian material, are found in the Andes ol

Ovalle. Chile. Lazurite is also found in Italy near Mt. Vesuvius and in the

Albani Mountains, and on Canada's Baffin Island. Very high-quality, dark-

blue lapis has been found on Italian Mountain in the Sawatch Mountains of

Colorado, and in the San Gabriel and San Bernardino Mountains of

Southern California.

Above: P& toral ornament in the shape ofa scarab beetle ui symbol ofresurrection to the

am win Egyptians)from the tomb ofthe 18th Dynastypharaoh Tutankhamen Above the

s< arab is a carnelian sun. and below is <i semicircular stone ofblue-green amazonite

Oppositepage: Massive lazurite with calcite andpyrite < lapis lazuli)from the Firgamu

mines, Kokeha River Valley, Badakshan, Afghanistan
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lepidolite

Classification:

phyllosilicate, mica group

Composition:

K(Li,AI)
2 .3

(Si,AI)4O
10
(F,OH)

2

(hydrous potassium lithium aluminum
silicate)

Crystal System:

monoclinic

Hardness:

2.5-4, softer on cleavage surfaces

Specific Gravity:

2.8-2.9

Large cleavagefragment, or "book" of lepidolite

from Londonderry, Coolgardie, Western

Australia.

The Greek word for "fish scales," lepidos, provides the name of this mica,

but only the most colorful tropical fish has the same flashing, vibrant color.

Lepidolite gets its unusual pink to lilac hue from its lithium content; it also

contains Na, Rb and Cs in substitution for K. It has been mined as an ore of

this important element (the lightest metal), although most of the world's

supply now comes from lithium brines. Lithium and its various artificial

compounds are used in an amazing variety of applications, from atomic

energy and metallurgy to the treatment of manic-depressive psychoses.

Sometimes lepidolite is found incrusting other minerals as distinct bar-

rel-shaped or tabular crystals, but more commonly it forms massive aggre-

gates of tiny flakes. Despite its softness, such massive material is carved

into decorative objects to take advantage of its gaudy color and sparkle.

Lepidolite occurs in complex pegmatites with other lithium minerals

like colored tourmaline and amblygonite. Major sources include the mines

of the Pala District in San Diego County, California; the Harding Mine in

DLxon, New Mexico; the

pegmatite districts of

New England; and the

Black Hills of South

Dakota. The pegmatites

of Madagascar and Minas

Gerais, Brazil, produce

uncommonly large crys-

tals. Other sources

include Mozambique,

Sweden, Japan—in short,

everywhere complex

pegmatites are found.

leucite

Classification:

tectosilicate

Composition:

KAISi
2 6

(potassium aluminum silicate)

Crystal System:

tetragonal

Hardness:

5.5-6

Specific Gravity:

2.4-2.5

Leucite trapezohedrafrom Ariccia, near Rome,

Italy. Notice bow the volcanic rock pulled away

from the large crystal as it contracted on

cooling.

Leucite is not one of

those minerals that spend

hundreds of years gradu-

ally adding ion after ion

in some quiet crevice. If

you walk up to a fresh

volcanic tuff, still steam-

ing on the slopes of

Mount Vesuvius in Italy,

you will find perfect little

trapezohedra of leucite

resting fully formed in the

otherwise glassy ground-

mass. The name comes

from the Greek leukois,

"white," in reference to its

color.

Leucite forms euhe-

dral, trapezohedral crystals, which are commonly twinned. The crystals are

pseudoisometric, expressing a memory of their unstable high-temperature

isometric symmetry. Leucite may be colorless and transparent; or translu-

cent and colored white, gray, yellowish, or reddish, with a vitreous to dull

luster and a white streak. The crystals have no cleavage to speak of, and

are brittle with conchoidal fracture. Garnet has a similar crystal form, but is

harder and usually darker in color; the zeolite analcime is also similar, but

has a brighter luster.

This species forms in potassium-rich, silica-poor lavas. Good crystals

have been found at Hamburg, New Jersey; Magnet Cove, Garland County,
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Arkansas; the Bearpaw Mountains of Montana; the Leucite I [ills and
Absarokas of Wyoming; and along the shores of British Columbia's

Vancouver Island. It is common in the lavas of Vesuvius and in the Alban

Hills near Rome. Fine specimens are also found at Weisental,

Czechoslovakia, and in France, Gemiany, Australia, Zaire, Uganda, and

numerous other locations worldwide.

LlBI-THl-NITK IS VERY SIMILAR TO THK RELATED COPPER PHOSPHATE OLIVENITE IN ITS

physical characteristics and occurrence, and although its crystals rarely

exceed 0.5 cm in length, it sometimes affords attractive specimens. Crystals

are equant, acicular, bladed or short prismatic in habit, and typically form

velvety mats or crusts on matrix. Two directions of prismatic cleavage may
be observed. The colors include every shade of green, from pale yellowish

green to nearly black, and the luster is vitreous to greasy.

Like olivenite, libethenite is usually found in the oxidation zone of cop-

per deposits, associated with adamite, azurite, malachite, limonite, and

other secondary minerals. The best specimens are the dark-green crystals

on quartz from the original source near Libethen, Neusohl, Romania. North

American localities include the Perkiomen Mine, Montgomery County,

Pennsylvania; the Santa Rita district, New Mexico; Yerington, Nevada; and,

in Arizona, Castle Dome in Gila County and the Coronado Mine, in the

Morenci District. Specimens have also been recovered from glaucophane

schist near Llanada, California. Other sources include Cornwall, England;

Chuquicamata and Coquimbo, Chile; Mindouli, Congo; and Kitwe and

Kabwe, Zambia.

libethenite

Classification:

phosphate

Composition:

CU 2
(P0

4
)(OH)

(copper hydroxyl phosphate)

Crystal System:

orthorhombic

Hardness:

4

Specific Gravity:

3.97

Crystals oflibethenitefrom Tagilsk, in the UralMountains, Russia
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linarite

Classification:

sulfate

Composition:

PbCu(S0
4
)(OH)

2
(lead copper sulfate)

Crystal System:

monoclinic

Hardness:

2.5

Specific Gravity:

5.3

Linarite is an uncommon, attractive secondary species that forms in the oxi-

dized regions of lead- and copper-bearing sulfide veins. The name refers

to a locality near Linares, in Spain's Jaen province. Crystals may take a

thin, tabular form or an elongated prismatic one, and they often form clus-

ters of randomly oriented prisms. Linarite is brittle, with conchoidal frac-

ture and two directions of cleavage, one perfect and another poor. Its crys-

tals are transparent to translucent, and deep azure-blue in color, with a

vitreous to subadamantine luster and a pale-blue streak. This species is

similar in appearance to azurite, but is softer, heavier, and fails to effer-

vesce in dilute acid.

Linarite is commonly associated with malachite, cerussite, smithsonite,

and brochantite in the oxidized enrichment zone of sulfide deposits. The
finest specimens are the crystals to 10 cm in length from the Mammoth
Mine in Pinal County. Arizona. Additional locations in the United States are

the Coeur d'Alene District, Idaho; Butte, Montana; Park City and the Tintic

District, Utah; and Cerro Gordo, Inyo County, California. Good specimens

are found at Tsumeb, Namibia, and in many parts of Europe, including Red

Gill, Cumberland, England; Lolling, Austria; and Sardinia.

Prismatic crystals oflinaritefrom Red Gill,

Caldbeck Fells, Cumbria.

158



The term luminescence covers all

kinds of light emitted by miner-

als besides that resulting from

incandescent or daylight. Most

kinds of luminescence can only

be seen tinder special types of

lamps, or in the dark. The study

of luminescence is not trivial,

however, as it can be an effec-

tive means of identifying many
minerals. Like the colors seen

under white light, luminescence

primarily results from the pres-

ence of transition element ions and various impurities, together referred to

as "activators."

When the activator elements in a mineral become excited by exposure

to ultraviolet light, x-rays or shower of electrons, it is said to be fluorescent

:

In this process the incident energy is absorbed by a specific electron, which

is thereby elevated to a higher energy state. The excited electron sponta-

neously falls back to its more stable, lower energy state and emits an

amount of energy equal to the energy difference between the two states.

Luminescence is the emission of energy in the form of visible radiation.

Sometimes this continues to occur after the incident source of radiation is

turned off, and the mineral continues to luminesce for a fraction of a sec-

ond, or even minutes. This type of behavior, which can be considered a

type of fluorescence, is termed phosphorescence. Not all fluorescent miner-

als respond to the same wavelengths of ultraviolet radiation. Some fluo-

resce only under long-wave radiation, and others only under shortwave.

Because fluorescence may be due to element which is not intrinsic to a

mineral's formula, not all specimens of the same species will display the

same kind of fluorescence—if any at all. Scheelite for instance, only dis-

plays its characteristic blue fluorescence when there is substitution of

molybdenum for tungsten; pure CaWO does not fluoresce. Similarly, the

commonly fluorescent species calcite and fluorite owe their luminescence

entirely to extraneous elements. Nonetheless, the distinctive fluorescence of

certain species can often be relied upon for practical purposes such as

identification and ore separation. At the Bikita pegmatite in Zimbabwe, for

example, the lithium aluminum silicate eucryptite is mined as an ore of

lithium. Although it looks exactly like quartz in daylight, it can easily be

recognized under ultraviolet light by its distinctive pink fluorescence.

Other kinds of luminescence are observable without the aid of special

lamps or other equipment. When some minerals are heated, usually

between the temperatures of 50° and 475° C, they become thermolumines-

cent. This type of luminescence is also due to the presence of activators, and

is shown by the nonmetallic minerals apatite, calcite, fluorite, lepidolite and

some feldspars. Minerals which

emit light on being abraded or

crushed are referred to as tribo-

luminescent. This property was

observed early on in dark mine

tunnels, where massive fluorite

and sphalerite would emit an

eerie glow on being struck by a

miner's pick. This property is

best represented in nonmetallic

minerals with good cleavage,

including amblygonite, calcite,

lepidolite and pectolite.

luminescence

Willemite and calcitefrom Franklin. New
Jersey, in white light(above), and under

ultraviolet light (below). Willemitefrom
Franklinfluoresces green, and calcite red. but

the activator in both i ases is thought to be

manganese
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luster
Although luster, the manner in which light is reflected from a mineral's sur-

face, is a rather subjective property, it is an extremely useful diagnostic

tool. Luster varies according to a mineral's refractive index. Thus, minerals

of low refractive index will appear dull on fresh surfaces, while those of

higher refractive index will be more reflective, or lustrous. The least reflec-

tive type of luster is termed dull or earthy, and refers to the granular sur-

faces of massive materials like limonite. Waxy luster is developed on the

more reflective surfaces of cryptocrystalline aggregates like chalcedony.

Slightly more reflective species are termed greasy or oily. Minerals like fluo-

rite and quartz, which have a low refractive index but fairly bright luster,

are referred to as vitreous, which means "glass-like." A yet higher refractive

index yields a resinous luster, which is comparable to the appearance of a

varnished wood surface. Nonmetallic minerals with very high luster, like

diamond and zircon, are called adamantine, and the luster of species like

rutile, verging on the metallic, is termed submetallic. The highest possible

degree of reflection is displayed by minerals with a metallic luster, like

pyrite, which reflects virtually all of the light which strikes it.

magnesite

Classification:

carbonate

Composition:

MgC0
3
(magnesium carbonate)

Crystal System:

hexagonal (rhombohedral)

Hardness:

3.75-4.25

Specific Gravity:

3.0-3.1

Magnesite is an important source of magnesium, which in the form of magne-

sium oxide (magnesia) is familiar as the antacid and mild laxative in the

cobalt-blue bottle. Magnesium compounds are used to make the refractory

firebrick which line the furnaces used in steel-making, and have a wide

variety of other industrial uses as well. The name comes, by way of magne-

sium, from the cryptic Latin phrase magnes carneus, or "flesh magnet,"

possibly a reference to the use of magnesia and citrus as a cathartic.

Magnesite generally occurs as coarse to fine-grained, chalky or porcela-

neous masses with conchoidal fracture. Very rarely, magnesite is found as

well-formed rhombohedral crystals, even more rarely as tabular, prismatic

or scalenohedral forms with perfect rhombohedral cleavage. Crystals are

transparent to translucent, white, yellow, or gray in color, with a vitreous

luster and a white streak. Impure material commonly displays blue or green

fluorescence under ultraviolet light. Magnesite fonns a solid-solution series

with the iron carbonate siderite; intermediate, iron-rich magnesite is marked

by its brownish hue and strong luster. Magnesite can be distinguished from

calcite by its greater hardness, density, and failure to effervesce in cold

hydrochloric acid.

Magnesite is a widespread mineral which occurs in many different rock

types. The primary mode of formation is through the hydrothermal alter-

ation of magnesium-rich rocks like peridotite by groundwater laden with

carbonate ions (carbonic acid). Gradual chemical processes may result in

the primary carbonates calcite or dolomite being altered to magnesite in

some metamorphic rocks. Magnesite also occurs in smaller amounts in

hydrothermal veins, and may form as a primary mineral in rare igneous

rocks such as carbonatites.

Large deposits of magnesite are mined in many parts of the world,

including Algeria, Austria. India, Korea, Manchuria, Poland, and the Soviet
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Union. Good crystals arc

found in Austria, particu-

larly the Zillcrtal area; at

Snarum, Norway; in the

Alpine clefts of St.

Gotthard, Switzerland;

and the Alto Adige, Italy.

Extensive magnesite

deposits occur in the

western United States,

particularly in the ('oast

Ranges of California and

the Paradise Range of

Nevada. Probably the

finest specimens are those from the pegmatites of the Sena Das Eguas,

Bahia, Brazil, where transparent, euhedral crystals to 5 cm on edge have

been found.

Right: Magnesite mine in hydrothermally

altered rock, Gabbs, Nevada. Machine at left

drills bolesfor explosives

Left: Massive magnesitefrom Euboea, Greece.

People have been fascinated by the unique properties of magnetite since

ancient times. All specimens of magnetite can be attracted by an artificial

magnet, and the relatively rare variety known as lodestone is itself naturally

magnetic. Lodestone was known to early Greek writers as the Heraclean

Stone, and classified loosely with amber, which also appears to have the

power of attraction because of its ability to store static electricity. All sorts

of wonderful powers were ascribed to the lodestone, notably the ability to

draw forth dreams and phantoms from the spirit world. Since a magnet can

both attract and repel, loclestones were used both for love charms, and to

detect marital infidelity. The name magnetite is derived from the ancient

region of Magnesia in Asia Minor, now the environs of Manisa, Turkey.

By the 2nd century BC, the Chinese had discovered the use of magnetism

to determine the north and south, and by the 12th century AD Arab traders

had conveyed the concept of the compass to Europe. Magnetite is now of

interest chiefly as an ore of iron rather than for its magnetic properties. Most

of the artificial magnets used in industry today are based on iron alloys called

ferrites, with other elements added according to the intended application.

Although several minerals containing iron, nickel, or cobalt display

some magnetic properties, none are as responsive to an external field as

magnetite. Magnetism is basically caused at the atomic level by the pres-

ence of unpaired, and thus unstable electrons. In most elements, the

momenta of the spins of paired electrons cancel one another out, making

their atoms magnetically neutral; some of the transition and rare-earth ele-

ments, however, are not magnetically neutral in their stable configuration.

This results from the presence of unpaired electrons in their inner orbitals,

which allow each atom to develop a net magnetic charge. When such

atoms occur together in a crystal, their charges may become aligned, and

their effects combined—resulting in the property offerromagnetism. The

magnetism of lodestone is due to this sort of special atomic arrangement.

Particles of magnetite and other iron-rich minerals deposited in sedi-

ments or in cooling igneous rocks (such as fresh volcanic lavas) tend to

align their magnetic poles parallel to the earth's magnetic field, so that the

geometry of the field is recorded in the hardened rock. Since the earth's

magnetic field changes its orientation at random intervals, scientists have

learned how to tell when a rock was formed by studying the orientation oi

the magnetic minerals it contains. In addition, comparing the alignment of

magnetite

Classification:

oxide, spinel group

Composition:

Fe
3 4

(iron oxide)

Crystal System:

isometric

Hardness:

5.5-6.5

Specific Gravity:

5.2



magnetite particles in a rock to the expected alignment for a particular

region can indicate how much a rock has moved since being formed.

Paleomagnetism, as this fascinating science is called, is very valuable in dat-

ing rocks and fossils, and in tracking the paths of the drifting continents.

Magnetite crystals are opaque and iron-black, with a metallic to dull lus-

ter and a black streak. The most common crystal form is the octahedron,

followed by the dodecahedron; these are often modified by other isometric

forms. Striations and twinning are common. Magnetite has good parting,

but no cleavage, and an uneven to subconchoidal fracture. Chromite and
black spinel are similar in appearance, but the fomier has a brown streak

and the latter a white one. Franklinite also has a brown streak, and ilmenite

is less magnetic and differs in crystal morphology.

Magnetite is a late-crystallizing component of many mafic igneous

rocks, widespread as small grains in volcanic rocks such as basalts, and in

larger concentrations as strata in layered igneous intrusions. In metamor-

phic rocks, magnetite is formed from the breakdown of iron sulfides and

silicates. It is a relatively durable mineral, and survives the weathering of its

host rocks to form black sands, sometimes in minable quantities. Magnetite

occurs in smaller concentrations than hematite, but is- the richer of the two

primary iron ores. The largest magnetite deposit in the world may be the

Kiruna District in northern Sweden, where it is mined to supply the vigor-

Left- Naturally magnetized magnetite

"lodestone "from Andover, NewJersey.

Right Magnetite octabedrafrom the

Hinnentbal, Valais. Switzerland.
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oiis Swedish steel industry. Other major deposits include the Bushveld
complex of South Africa; the Ural Mountains of Russia; and locations in

New York, Utah, and Wyoming. Beautiful crystals are found in many parts

of the world, including the Austrian and Italian AJps.

Mai-achiti: is a i moi rioi s skcommky cakuona'it: mim:kal, forming in nkari.y all

copper-bearing sulfide deposits, sometimes in great quantity. It is most
commonly .seen in its massive, handed fomi, which is used to advantage as

a decorative stone. Malachite was mined by the ancient Egyptians in the

Sinai, and malachite from the Ural Mountains was equally popular in

Imperial Russia, appearing in every imaginable form, from tabletops to sar-

cophagi. In medieval times, malachite was thought to protect newborns,

and talismans of the stone were placed in cradles. The name is derived

from the Greek word for "mallow," a herbaceous plant, in allusion to its

leaf-green color.

Malachite crystals are very rare and small, usually occurring as short

prisms in radiating sprays. Crystals composed of malachite are almost

always pseu-

^m domorphs
after the

closely related

species azu-

rite. The clas-

sic habit of

this species is

fibrous aggre-

gates in botry-

oidal or stalac-

titic form.

Crystals are

brittle, with

perfect cleav-

age in one

direction and

subconchoidal

to uneven

fracture; massive material is fairly tough. Malachite is opaque to translucent,

and light to dark green in color, with a light-green streak. Its luster ranges

from vitreous to adamantine in crystalline material, and is silky or dull and

earthy in massive material. Massive material displays concentric banding.

Malachite can be confused with brochantite, but the latter rarely forms

botryoidal masses, and the former rarely forms crystals.

Malachite is commonly associated with azurite and other secondary

copper minerals in the upper, oxidized zone of hydrothermal sulfide veins.

The classic sources are the Goumshevsk and Mednorudyansk mines in the

Ural mountains of Russia, where masses as large as 50 tons have been

mined. The copper mines of Arizona—notably those in Bisbee, Ccxhise

County; Morenci, Greenlee County; and Glo!">e, Gila County—produce line

specimens of massive malachite, and pseudomorphs of malachite after azu-

rite. Today, ornamental malachite is produced primarily in Africa, where

important sources include Tsumeb, Namibia; Katanga Province, Zaire; and

Bwana Mkubwa, Zambia.

malachite

Classification:

carbonate

Composition:

Cu2C03
(OH)

2
(hydrous copper carbonate)

Crystal System:

monoclinic

3.5-^4

Specific Gravity:

4.05

Reniform malachite on aznritc-from Pinal

County, Arizona.
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manganite

Classification:

oxide

Composition:

MnO(OH) (hydrated manganese oxide)

Crystal System:

monoclinic

Hardness:

4

Specific Gravity:

4.3

Manganite is an important source of manganese, an extremely hard metal

similar to iron but not magnetic, and useful in alloys such as manganese
steel. Manganite crystals usually take the form of small, striated prisms

with flat or wedge-shaped terminations and sharp edges. These are often

clustered together in bundles of parallel rods, and may form either contact

or penetration twins. Massive material is commonly fibrous and compact,

forming concretions, stalactites, and fissure fillings. Crystals are brittle, with

uneven fracture and three pronounced cleavages. Manganite is opaque,

steel-gray to black in color, and displays a submetallic luster and red-

brown streak.

Crystalline manganite is formed in low-temperature hydrothermal

deposits with braunite, hausmannite, barite, calcite, and siderite. Massive

lumps and crusts are formed in superficial deposits such as bogs and shal-

low water environments, in association with pyrolusite and goethite.

Compact masses of manganite are mined from sedimentary manganese

deposits in many parts of the world, including Nikopol in the Soviet

Ukraine, and India, Brazil, and South Africa, but good crystallized speci-

mens are rare. The finest specimens known are the crystalline aggregates

on quartz, with barite and calcite, from Ilfeld in the Harz Mountains of

Germany. North American localities include Picton County, Nova Scotia;

Negaunee, Michigan; and numerous deposits in the state of Virginia.

Classic radiating clusters ofrod-like manganite crystalsfrom Ilfeld, Harz Mountains,

Germany.
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Like pyrite and a few other sulfides, marcasite produces a spark when struck

against quartz. In ancient times, this property was much appreciated by

nomadic peoples such as the Arab bedouin, who would pause in their trav-

els to make coffee-fires at the drop of a burnoose. The name marcasite is

thus derived from the Arabic word markaschatsa, meaning "firestone," a

term applied in olden times to all species with incendiary properties. The
faceted "marcasite" of Victorian jewelry is actually pyrite; marcasite is much
too delicate and unstable to withstand wear in jewelry. Like pyrite, marca-

site is a major source of sulfuric acid for industry.

Marcasite rarely appears in simple, flattened prismatic crystals; it is more

frequently twinned in the form of spear-shaped fivelings and the fanlike

aggregates of stubby, twinned crystals known as "cockscombs." Radiating
,

nodular or stalactitic massive aggregates are also common. Marcasite is pale

yellow with a slightly greenish tinge, bright metallic luster, and greenish-

black streak. This fragile species oxidizes rapidly, altering to melanterite

(FeS0
4
*7H

2
0) unless coated with some protective substance. It is easily

distinguished from pyrite by its unusual crystalline habits.

Marcasite is much less common than its polymorph pyrite, both

because it is restricted to low-temperature environments, and because it is

so easily altered. Some of the best specimens are found in low-temperature

hydrothermal veins, particularly the so-called Mississippi Valley-type

replacement deposits in limestone, in association with zinc and lead sul-

fides. Excellent specimens are found in the Tri-State mining districts and
other lead-zinc deposits throughout the Mississippi Valley, and in cavities in

dolomite at Mineral Point, Wisconsin. Fine specimens also originate in the

sulfide deposits of Germany, Czechoslovakia, Romania, Bolivia, and else-

where. Marcasite also crystallizes in all kinds of sediments under oxygen-

poor conditions, forming spear-shaped or disc-shaped aggregates (the latter

called "suns"). Excellent aggregates are found in the brick-clay deposits at

Red Bank, New Jersey, and in the chalk cliffs around the English Channel.

marcasite

Classification:

sulfide

Composition:

FeS
2
(iron sulfide)

Crystal System:

orthorhombic

Hardness:

6-6.5

Specific Gravity:

4.9

Spear-shaped twins of marcasite in chalk, from
near Dover, Kent

%

\mmw
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mcsolitc

tectosilicate, zeolite group

Na
2
Ca

2
AI

6
Si

9
O30

'8H
2
O

(hydrous sodium, calcium, aluminum silicate)

Crystal System:

monoclinic

Specific Gravity:

2.25

This zeolite takes its name from the Greek phrase meaning "middle-stone,"

since it was supposed to lie midway in composition and properties

between natrolite and scolecite. Mesolite crystals are always twinned, and

form very delicate acicular or fibrous divergent clusters, as well as compact

masses. Cleavage is perfectly developed in two directions, and the fracture

is uneven. Crystals are white or colorless, transparent to translucent, with a

vitreous or silky luster and a colorless streak. Mesolite is distinguished from

other zeolites by its fine, needlelike crystals, which are slightly coarser than

those of natrolite.

Like all zeolites, mesolite forms in low-temperature hydrothermal envi-

ronments such as basalt cavities, in association with datolite, prehnite, and

other zeolites. Fine specimens are found in the basalts of the Columbia River

Plateau in Oregon and Washington, the Bay of Fundy District, Nova Scotia,

and in the traprock quarries of New Jersey. Other significant localities include

Scotland, Ireland, Sicily, India, Australia, Greenland, and the Faeroes. Crystals

15 cm in length are found at Teigarhorn, Bemfjord, Iceland.

Divergent, acicular

tufts of mesolitefrom

Neubauerberg,

Czechoslovakia

-metamorphic rocks

Soma Minerals

hi Regional MetamorpNc Rocks

almandite kyanite

anatase muscovite

andalusite plagioclase

biotite pyrite

brookite pyroxenes

chlorite quartz

cordierite rhodonite

corundum rutile

epidote sillimanite

graphite staurolite

hornblende talc

The metamorphic rocks are formed when igneous, sedimentary, or other

the metamorphic rocks are subjected to heat, pressure or deformation to

the point that their original mineralogy and texture is altered ( metamorpho-

sis means "changed form" in Latin). Metamorphic rocks form under the

broad range of conditions between the normal atmospheric pressures and

temperature under which sedimentary rocks form, and the very high tem-

perature conditions that give rise to igneous rocks. Unlike igneous rocks,

however, which crystallize from magmas of variable composition, even

those metamorphic rocks which recrystallized at extremely high tempera-

tures generally retain their initial overall compostion. When significant

amounts of new elements are introduced by hydrothermal fluids during

metamorphism, the process is referred to as metasomatism. The metamor-

phic rocks are divided into the regional and contact metamorphic groups,

based on the nature of the metamorphism.

Regional Metamorphism When areas of rock of hundreds or even thousands of

square kilometers in extent are subjected to increased heat and pressure,
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Diagram showing the generalpressure and temperature conditions ofthe major

metamorphicfades.

due to deep burial or tectonic pressures, regional metamorphism results.

Most regional metamorphic rocks display a distinctive texture called schis-

tosity, which results from the parallel alignment of platy minerals along pla-

nar surfaces. This texture is best exemplified by slate, which has such per-

fectly planar parting that it is suitable for use as roofing tile and

blackboards. Slates are formed from the recrystallization of sedimentary

shales at relatively low temperatures, and are thus so fine-grained that their

individual crystals are indistinct. Perhaps the most abundant metamorphic

rock are the schists, which form under a broad range of pressure-tempera-

ture conditions, and have a wide mineralogical range. Schists are typically

named for their most abundant or conspicuous mineral component, e.g.,

mica schist, garnet schist, or staurolite schist. The gneisses are regional

metamorphic rocks which have undergone a higher degree of metamor-

phism than the schists, and have recrystallized with a more equigranular

texture. Gneisses usually display an indistinct foliation in the forms of paral-

lel orientation of platy minerals or of compositional bands, composed of

alternating layers of light and dark minerals.

Metamorphic Facies Regional metamorphic rocks can be classified on the

basis of metamorphic grade, a subjective term which represents the relative

intensity of the metamorphism. Slate, schist, and gneiss, for example, can

be thought of as representing low, medium, and high grades of metamor-

phism, respectively. A more meaningful classification scheme is one based

upon typical mineral assemblages (i.e., groups of minerals) called facies,

which are understood to form under a particular set of physical conditions.

The presence of a particular mineral assemblage indicates the metamorphic

facies to which a rock belongs, and implies the conditions under which it

formed. The assemblage albite, muscovite, the amphibole glaucophane,

with or without jadeite is characteristic of the blueschistfacies, for instance,
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Some Minerals

in Contact Metamorphic Rocks

actinolite

andradite

anorthite

apatite

aragonite

axinite

biotite

brucite

calcite

chalcopyrite

chlorite

clinozoisite

corundum

diopside

dolomite

epidote

fluorite

galena

graphite

grossularite

hematite

idocrase

ilmenite

ilvaite

magnetite

phlogopite

quartz

rhodochrosite

rhodonite

rutile

spinel

tourmaline

titanite

tremolite

wollastonite

zircon

zoisite

which is known to form only in the very high-pressure and relatively low-

temperature environments that exist where the earth's crustal plates are

being subducted. A rock consisting of plagioclase, hypersthene, and garnet

might belong to the granulitefades, and have undergone high-temperature

metamorphism nearly to the melting point.

Contact Metamorphism Contact metamorphic rocks form concentric zones, or

aureoles, around igneous intmsions. They form because the magma simply

bakes the rock into which it intaides. Although some contact metamorphic

rocks display foliation, the vast majority have a granular texture. The con-

tact metamorphism of shale, for instance, produces the equigranular and

fine-grained rock born/els, as opposed to the foliated regional metamorphic

rock slate. Hydrothermal fluids from the intmsion, the country rock, or both

are typically associated with contact metamorphism. These fluids are agents

of metasomatism, introducing new chemical elements into the intruded

rock. Metasomatic deposits formed where an magma has intruded carbon-

ate rocks such as limestones or marbles are known as skarn deposits.

Skarns are one of the few geological environments where there is an abun-

dance of both silica and calcium, resulting in an interesting suites of calc-

silicate minerals such as wollastonite and grossular garnet. Contact metaso-

matic skarns often form important orebodies, such as the zinc deposit at

Franklin, New Jersey.

The marbles and dolomites are metamorphosed carbonate rocks com-

posed primarily of calcite or dolomite, respectively, which can form

through either regional or contact metamorphism. Quartzite is similarly

formed through

either the regional

or contact meta-

morphic alteration

of relatively pure

quartz sandstones.

Stronglyfolded schists in thejacumba

Mountains ofSouthern California, showing

foliation and compositional zoning.

microcline

Classification:

tectosilicate, feldspar group

Composition:

KAISigOg (potassium aluminum silicate)

Crystal System:

triclinic

Hardness:

6-6.5

Specific Gravity:

2.55-2.63

Sometimes displaying vibrant red or intense blue-green coloration, microcline

is one of the more glamorous of the feldspars, a group not known tor its

dramatic specimens. The ancient Egyptians prized the blue-green variety

amazonite, which compares favorably to turquoise in intensity ot color. The

potassium feldspars microcline and orthoclase (known as k-spar to the initi-

ated) are polymorphs, with oiihoclase crystallizing in the monoclinic system.

The name microcline comes from the Greek phrase meaning "small inclina-

tion," in reference to the slight inclination of one crystallographic axis which

gives this species triclinic symmetry. Despite this difference, the external

morphology of both species is very similar, as are their physical properties.

Microcline forms in relatively low temperature igneous environments, while

oiihoclase is typical of higher-temperature rocks An even higher tempera

Hire polymorph called s.micline occurs in some- volcanic rocks.
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Microcline is usually the dominant feldspar in pegmatites, sometimes

forming crystals of enormous size—an entire feldspar quarry was operated

within a single crystal in the Ural Mountains! Smaller crystals commonly
grow freely into open cavities, which explains the abundance of euhedral

specimens of this species. Microcline in pegmatites is not usually pure, but

an intimate intergrowth with the plagioclase feldspar albite, as a composite

called perthite. The two species initially crystallize as a single species at

high temperatures, hut as the magma begins to cool, the potassium and

sodium feldspars draw apart (exsolve), and the plagioclase is confined into

narrow strips called exsolution lamellae. In the final perthite crystal, these

lamellae appear as parallel lines or an unmistakable fine plaid pattern.

Another microcline hybrid with a distinctive texture is the rock type

graphic granite, which is commonly associated with pegmatites. Graphic

granite is a regular intergrowth of quartz and microcline, in which the

quartz forms angular, cuneiform-like patterns in a feldspar matrix. These

patterns arise from the concurrent growth of both phases, rather than from

exsolution proper.

Microcline crystals are similar to those of orthoclase in habit, forming

short prismatic to tabular blocky individuals. Twinning is very common,
both polysynthetic and in several habits shared with orthoclase, including

the Baveno, Carlsbad, and Manebach twin laws. Microcline has perfect

cleavage in two directions, and four directions of parting, a feature which is

distinctive even in massive material. White, gray, yellowish, flesh-red, and

pink are the most common colors; the greenish or bluish-green variety

amazonite is much more rare, and gains its coloration from trace amounts

of lead. The luster is vit-

reous, or pearly on

cleavages, and most

crystals are translucent.

Perthitic intergrowths are

especially evident in red

crystals and in ama-

zonite, which show off

the plaid-like pattern of

white albite and are

often capped with albite

as well.

As noted, microcline

is best represented in

granitic pegmatites. It

also occurs in other fel-

sic igneous rocks, and in

metamorphic rocks, though less abundantly than orthoclase. Good speci-

mens can be obtained from virtually any of the world's many pegmatite dis-

tricts, including those in Japan, Brazil, Madagascar, Norway, Sweden,

Germany, Italy, Afghanistan, the Ural and Ilmen Mountains of the Soviet

Union, and many parts of Africa. In North America, fine specimens come
from the pegmatites of New England, the southern Appalachians, the Black

Hills of South Dakota, and San Diego County and northern Baja California.

Amazonite is the most sought-after form of microcline, both for gem-

stones and mineral specimens, and its occurrence is much more restricted

than that of microcline. The finest crystals are found in Colorado in the

many small pegmatites cutting the Pikes Peak granite; particularly notable

are the pegmatites of Crystal Peak, near Lake George in Teller County. The

deeply colored amazonite crystals from Colorado are often capped by

albite, and associated with very dark crystals of smoky quartz. Amazonite is

also obtained from the pegmatites near Amelia Court House, Virginia;

Renfrew County, Ontario; and various mines in Minas Gerais, Brazil.

Microcline. randy amazonite, from Pikes

Peak, Colorado,
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Octahedral crystals ofpyrochlore in calcitefrom the Oka carbonatite, Deux-Montagnes

County. Quebec.

microlite and pyvochlore

Classification:

oxides

Composition:

microlite: (Na,Ca)
2
Ta

2 6
(0,OH,F)

pyrochlore:

(Na,Ca,U)
2
(Nb,Ta,Ti)

2 6
(OH,F)

(hydrous sodium.calcium, tantalum,

niobium oxides)

Crystal System:

isometric

Hardness:

5-5.5

Specific Gravity:

4.3-6.4

MICROLITE AND PYROCHLORK ARK THK TWO MOST COMMON MEMBERS OF A GROl'P OF

at least twenty distinct species (including betafite), known as the pyrochlore

group. The minerals of this group are one of the main repositories of trace

elements in pegmatite bodies; other members include ions of Ba, Bi, Ce, Cs,

Pb, Sn, Y, and Zr, among others. These two minerals are the end members

of a solid-solution series, but tend to be restricted to different geological

environments: microlite occurs in granite pegmatites, while pyrochlore is

usually found in carbonatites and nepheline-syenite pegmatites.

Microlite and pyrochlore form highly modified octahedral crystals, typi-

cally metamict due to the partial substitution of thorium and uranium. They
usually occur in the form of disseminated subhedral grains, however. The

color ranges from colorless to yellow, brown or reddish; microlite is some-

times emerald green. The streak is yellow to brown, and the luster vitreous

to resinous.

Microlite is a primary mineral in granitic pegmatites, found in associa-

tion with lepidolite, spodumene, and columbite-tantalite. Large, sharp crys-

tals to 2 cm are obtained from Amelia Court House, Virginia; more modest

specimens occur in the pegmatite districts of New England, New Mexico.

Colorado, and the Black Hills of South Dakota. Excellent specimens occur

in the Virgem da Lapa region, Minas Gerais, Brazil; [veland, Norway;

Veaitrask, Sweden; Wodinga, Australia; and the Malagasy Republic. Fine

crystals of pyrochlore are found at St. Peter's Dome and the Powderhorn

District, Colorado; Hybla, Ontario; Oka, Quebec; Frederiksvarn, Norway;

Laacher See and Kaiserstuhl, Germany; and in the carbonatites of several

countries in Central and Past Africa, particularly Mbeya. Tanzania.
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Divergent sprays ofacicular millerite crystals, from Antwerp, New York.

MlLLERJTE IS NAMED AFTER THE ENGLISH MINERALOGIST W. H. MlLLER (B. 1801).

Although sometimes found in abundance with other nickel minerals, it is

not considered an important ore species. Crystals of millerite are greatly

elongated and acicular, terminated by a rhombohedron, and typically form

radiating sprays and matted aggregates. Crystals are brittle but elastic, with

perfect cleavage. They are opaque and metallic yellow when freshly

unearthed, but tarnish rapidly to a dingy green; the streak is greenish black.

Millerite is found in low-temperature hydrothermal environments,

including limestones, serpentines, and carbonate replacement deposits, or

as a secondary mineral in magmatic nickel deposits with pentlandite and

niccolite. Fine specimens are found in geodes and in limestone cavities at

various places in the Mississippi River Valley, and in the mercury mines of

California. Unusually large crystalline masses are found at Timagami,

Ontario; and at the Marbridge Mine in Quebec. Excellent specimens are

obtained from Glamorgan, Wales; Siegen, Westphalia, Germany; Kladno-

Rodna, and Joachimstal, Czechoslovakia; Kambalda, Australia; and in

Finland, Bulgaria, and Namibia.

millerite

Classification:

sulfide

Composition:

NiS (nickel sulfide)

Crystal System:

hexagonal (rhombohedral)

Hardness:

3-3.5

Specific Gravity:

5.41-5.42
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Divergent clusters oftapering, pseudohexagonal mimetiteprisms, from Tsumeb,

Grootfontein, Namibia.

mimetite

Classification:

arsenate

Composition:

Pb
5
(As0

4 ) 3
CI (lead chloroarsenate)

Crystal System:

monoclinic (pseudohexagonal)

Hardness:

3.5-4

Specific Gravity:

7.28

Mimetite is the arsenate end member oe a solid-solution series, of which the

more common lead phosphate pyromorphite, Pb
5
(P0

4
),Cl, is the phos-

phatic end member. Both minerals are known for their well-developed and

colorful crystals, but the two species are rarely well-represented in the

same deposit. Mimetite is an incidental source of lead, and, because of its

resemblance to pyromorphite, takes its name from the Greek word

mimetes, meaning "imitator."

Mimetite crystals are usually acicular, and often take the form of pseu-

dohexagonal prisms; most material is massive, as botiyoidal, reniform, or

incrusting aggregates. Crystals are brittle, with a subconehoidal to uneven

fracture and no cleavage. Mimetite is usually transparent to translucent, and

some shade of yellow, orange, or brown, with an adamantine to resinous

luster and a white streak. The best means of distinguishing between the

very similar species mimetite, pyromorphite, and vanadinite is on the basis

of their very distinctive colors; in the case of ambiguous coloration, chemi-

cal tests are needed.

Mimetite is a secondary mineral formed in the oxidized portion ol

hydrothermal lead sulfide deposits, in association with anglesite, cerrusite,

barite, galena, hemimorphite, wulfenite, mottramite, smithsonite, and vana-

dinite. The finest North American occurrences are in Mexico, al Santa

Eulalia, Chihuahua; Mapimi. Durango; near Magdalena, Sonora; and ai the

Bilbao Mine, Ojo Caliente, Zacatecas, Among the numerous occurrences in

the I Inited States are the mines of Phoenixville, Pennsylvania, and the

Banner District, Arizona. European localities include the Cornwall and

Cumberland districts of England; Leadhills and Wanlockhead, Scotland;

and mines m Sweden. France, and Germany. Excellent specimens have

come from Tsumeb, Namibia; broken Mill. New South Wales. Australia;

and Algeria.
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Till NAME OF THIS MINERAL IS DERIVED FROM HIT GREEK WORD FOR "LEAD," MOLYB-

dos. Molybdenite is the most important ore of molybdenum, which, in fact,

is not at all like lead. Molybdenum has a very high melting point, and is

used to make extremely durable and heat-resistant steels for high-speed

tools, automobile pans, aerospace and other applications, because of its

resistance to heat and other forms of radiation, molybdenum metal is used

in such appliances as electric furnaces and X-ray machines.

Rough, tabular, hexagonal crystals and barrel-shaped prisms are fairly

common. The perfect basal cleavage of molybdenite results from its structure

of interiayered sheets of Mo and S atoms; crystals are veiy delicate, sectile

and flexible. Molybdenite also appears as foliated or granular masses and dis-

seminated grains. Crystals are opaque, silver-gray in color, with a metallic lus-

ter and a greenish gray streak. The softness of molybdenite gives it a greasy

feel, like graphite; but the latter has a black streak and much less dense.

The bulk of commercial molybdenite is disseminated in large por-

phyry-type deposits, but significant amounts also occur in quartz veins

associated with greisenization (see Cassiterite), along with cassiterite and

wolframite. Smaller quantities are found in contact metamorphic rocks, in

granites and pegmatites, and in some carbonatites. At the vast porphyritic

molybdenum deposit at Climax. Colorado, small grains of molybdenite are

removed from the crushed rock via flotation. Molybdenite is found with

beryl at the Urad Mine, Clear Creek County, Colorado; with quartz in

Okanogan and Chelan Counties, Washington; and with scheelite, at Pine

Creek, Inyo County, California. Euhedral crystals to 8 cm in diameter occur

in contact deposits at Aldfield, Quebec; good crystals also come from La

Trinidad, Sonora, and Guanajuato, Mexico. Commercial deposits are

exploited in most industrial countries, including England, Germany,

Norway, Sweden, Australia, China, Japan, and Korea.

molybdenite

Classification:

sulfide

Composition:

MoS
2
(molybdenum sulfide)

Crystal System:

hexagonal

Hardness:

1-1.5

Specific Gravity:

4.62-5.06

Left: Lustrousfoliatedplates ofmolybdenite, from Kingsgate, Arte South Wales.

Australia. Compare with graphite Right: .1 worker at the Xihuashan Tungsten Mine in

China carries a load ofmolybdenite crystals, washedfrom the weathered rock that over-

lies the underground workings.
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monazite

Classification:

phosphate

Composition:

(Ce,La,Y,Th)P04 (rare-earth phosphate)

Crystal System:

monoclinic

Hardness:

5-5.5

Specific Gravity:

4.6-5.4

The name of this rare-earth phosphate mineral comes from the Greek word
monazein, meaning "to be alone," a reference to its habit of forming single

isolated crystals as an accessory in igneous rocks. But like the great Garbo,

monazite is not left alone—it is assiduously sought all over the world. It is

the main source of the rare-earths cerium and lanthanum, and of thorium

(up to 12% ThO,), which can be used as a source of radiation. Because of

the radioactivity of thorium, many monazite crystals are metamiet, but most

are sufficiently durable to survive stream transport and collect in placer

deposits. The radioactivity of monazite makes it useful for detennining,

through radiometric dating techniques, the age of the rock in which it

occurs (see Radioactivity). SiO
(

often substitutes for phosphorous in vary-

ing amounts.

Monazite is usually seen as crude grains or small, euhedral crystals,

short prismatic to tabular, with wedge-shaped terminations. These may be

twinned, or form subparallel aggregates. Crystal faces are often slightly

CUFved, and commonly striated or etched. G(X)d cleavage and uneven frac-

ture is evident in those specimens where the crystal structure has not l~>een

damaged by radioactivity; metamiet crystals tend to display good con-

choidal fracture. Monazite is transparent to translucent, and yellow, brown,

brownish red, greenish, pink, or nearly white in color, with a resinous, vit-

reous, or even subadamantine luster; the luster apparently increases with

the degree of radioactivity .

Despite being a rare-earth mineral, monazite is a fairly common acces-

sory in granites, syenites, gneisses, and vein deposits of various kinds.

Euhedral crystals occur primarily in granitic pegmatites, in association

with apatite, columbite, zircon, xenotime, fergusonite, samarskite and other

species in feldspar matrix. Due to its high specific gravity, monazite is con-

centrated in large amounts in river and beach placer deposits with rutile

and other heavy minerals. Extensive deposits of monazite sands are mined

in Australia, Malaysia, Brazil, Sri Lanka, India, Nigeria, as well as along the

southern Atlantic coast of the I'nited States. Large crystals are found in the

pegmatites of at Encampment, Wyoming; in the Fetaca District of New
Mexico, at Amelia Court House, Virginia; and Alexander County, North

Carolina; and commercial quantities are produced from the Climax molyb-

denum deposit in Colorado, Excellent twinned crystals come from the tin

mines at Callipampa, Bolivia. Good specimens are obtained from vein

deposits throughout the Alps, and from pegmatites in Madagascar, Norway,

and Finland.

Massirc monazitefmm Amelia Court House,

Virginia.
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Pegmatites in the Ural Mountains onci si pplied Ei rope with mis mica,

which takes its name from Muscovy, an old name for the Moscow region of

Russia. For centuries, large, translucent sheets of Muscovy glass were used

for windows, until a method was found for making broad panes of glass

Mica continues to be used for windows in wood stoves, furnaces, and
other places where glass would fracture or melt. Along with the other

micas, muscovite finds its most important modern application in electrical

and heat insulation. Muscovite is also used as a lubricant, and as an addi-

tive in the manufacture of porcelain, paper, paint, and rubber, flexible,

transparent sheets of muscovite captivated the imaginations of preindustrial

peoples as well, and many cultures cut effigies and ornaments from mica

traded over great distances.

Muscovite has several varieties. Mariposite, named for California's

Mariposa County, is a blue-green chromium-rich variety which is often inti-

mately associated with gold in the Mother Lode region; fuchsite is another

chromian variety. Sericite is a fine-grained variety typically seen replacing

aluminosilicate minerals as a pseudomorph. Rubidium-rich muscovite and

the manganese variety alurgiteare characterized by their red or pink colors.

Muscovite typically forms tabular crystals with pseudohexagonal or dia-

mond-shaped outline, commonly intergrown as lamellar masses or radiating

in plumose or stellate aggregates. Crystals are characterized by their perfect

basal cleavage, which renders thin, flexible, elastic sheets. The characteristic

coloration is silvery-white, greenish white, or yellow, but bright-green or

deep-red variants are sometimes seen. Muscovite has a vitreous to pearly

luster and a white streak.

Muscovite is one of the primary' rock-forming minerals, comprising a

large part of silica- and aluminum-rich plutonic rocks like granites and

granitic pegmatites. Muscovite, along with the dark-colored mica biotite, is

also a major component of the mica schists, widespread rocks derived from

the regional metamorphism of aluminium and silica-rich sedimentary rocks.

Remarkable specimens and economic concentrations are largely limited to

the granitic pegmatites, however. Enormous crystals have been found in

pegmatites in Africa, Brazil, Canada, Scandinavia, and the Soviet Union; a

single crystal weighing HS tons (76 metric tons) was extracted from a mine

in Nelore, India. In the United States, muscovite is mined in New England,

the Appalachian states, and throughout the West, particularly in the Black

Hills of South Dakota. Fine specimens are found at many Alpine localities

in Austria, Italy, and Switzerland.

muscovite

Classification:

phyllosilicate, mica group

Composition:

KAI
2
(AISi

3
O 10

)(OH,F)
2

(hydrous potassium aluminum silicate)

Crystal System:

monoclinic

Hardness:

2.25 across cleavage;

4 parallel to cleavage

Specific Gravity:

2.77-2.88

Booh ofmuscovitefrom the

Indus Gorge near Cbokpoing,

in the Karakoram Range.

India,
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Left: Specimens of the semimetal tellurium, such us this onefrom the Graphic Mine.

Boulder County. Colorado, are extremely rare Right: lead is extremely rare in its

nativeform, occurring in abundance only at Langban, Sweden.

native elements
This mineral class consists of the chemk \i elements which occur in nati ri

in an uncombined state, and is divided into the metals, the semimetals,

and the nonmetals. Although over twenty elements are found in their

native state, only gold (An), silver (Ag), copper (Cu), diamond (C),

graphite (C), and sulfur (S) are commonly encountered. The rarity oi

uncombined chemical elements in nature reflects the tact that most ele-

ments readily combine with others to form compounds, i.e., the minerals

of the other chemical classes.

The metals are heavy, soft, malleable, sectile, and metallic in luster

when unaltered. They are prized for their rarity and for their excellent abil-

ity to conduct electricity, The characteristic malleability of gold CAu) m^\

platinum (Pt) allows these metals to survive stream transport \ irtuallv intact

after the erosion of their host rocks; this is win they are found in rounded

lumps in the sedimentary deposits known as placers. The semimetals are

heavy, soft, and metallic in appearance like the true metals, but their brittle-

ness and generally good cleavage make them nonmailable, Examples ol

1 1 us group are arsenic ( As l. anlimoin (Sb), bismuth (Bi), selenium (Se), a\k\

tellurium (Te). The nonmetals include the pol\ morphs of ( arbon (C)—dia-

mond and graphite and sulfur (S), the most common element found in .\n

uik t unbilled State.

17G



'v»«

wwa

Acicular crystals ofnatrolitefrom Neubauerberg, Bohemia. Czechoslovakia.

Along with scolecite, mesolite, and thompsonite, natrolite is one oi the

zeolite minerals which typically occur as tufts or sprays of acicular crystals,

and are commonly confused with one another. The name is derived from

the Greek natron, or "soda," in allusion to its sodium content. Although it

sometimes occurs as discrete, slender, prismatic crystals with vertical stria-

tums, the typical habit is as divergent or globular aggregates of fibrous nee-

dles, or simply as loose felted masses. Crystals are colorless, white, pink, or

yellowish, transparent with vitreous to pearly luster and a white streak.

Some specimens fluoresce orange in ultraviolet light.

Natrolite is typically found lining cavities in basalts and other lavas, in

association with calcite and other zeolites. It may also form as an alteration

product of plagioclase feldspar in mafic igneous rocks. Veins of natrolite

sometimes form in serpentinites, associated with chrysotile asbestos, as in

San Benito County, California. Crystals as long as 1 m are found in the ser-

pentinites of Asbestos, Quebec; very fine crystals come from nearby Mont St.

Hilare and from the basalts of Nova Scotia and Ice Valley, British Columbia.

Good specimens are also obtained from the basalts of the Columbia Plateau

region in Oregon and Washington; northern New Jersey; Livingston,

Montana; and Table Mountain, Colorado. Fine specimens of natrolite have

also been found in the basalt fields of Ireland, Scotland. Germany, France,

Greenland, Iceland, the Faeroe Islands, and many other places,

natrolite

Classification:

tectosilicate, zeolite group

Composition:

Na
2
AI

2
Si

3
O 10'2H 2

O
(hydrated sodium aluminum silicate)

Crystal System:

orthorhombic

Hardness:

5-5.5

Specific Gravity:

2.2
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nepheline

Classification:

tectosilicate, feldspathoid group

Composition:

(Na,K)AISi0
4

(sodium potassium aluminum silicate)

Crystal System:

hexagonal

Hardness:

5.5-6

Specific Gravity:

2.55-2.66

Blocky nepheline crystal in calcite, from
Natural Bridge, New York.

Nepheline is the most abundant of the feldspathoids, and a major con-

stituent of sodium-rich, silica-poor igneous rocks such as nepheline syenite.

Nepheline forms from magmas in which the proportion of the alkaline ele-

ments (K, Na) to silica is too great to permit the crystallization of feldspars.

Like the feldspars, nepheline is a workaday mineral, useful and geologically

important but not known for dramatic specimens. Its industrial uses, in the

manufacture of ceramics and glass, are similar to those of the feldspars. The
Soviet Union, lacking access to large deposits of aluminum hydroxides, has

used nepheline as an ore of aluminum. The name comes from the Greek
nephele, "to cloud," because it becomes surrounded by a cloud of silica gel

when placed in a bath of hydrochloric acid.

Crystals of nepheline are rare, forming simple hexagonal prisms with

rough faces and pinacoidal terminations; nepheline is usually seen as gran-

ular aggregates or anhedral grains. The crystals are brittle, with two indis-

tinct cleavages and subconchoidal frac-

ture. Nepheline is transparent to

opaque, with a vitreous to greasy lus-

ter, and displays a wide variety of col-

ors, including white, yellow, gray,

greenish, dark-green, brown, and red

(the variety eleolite).

Nepheline is found in both intru-

sive and extrusive silica-poor igneous

rocks, such as syenites, and in some
schists and gneiss. Large masses are

found in association with a number of

interesting and valuable minerals in

nepheline-syenite pegmatites. The largest body of nepheline-bearing rocks

covers more than 600 square miles on the Kola Peninsula, in the far north-

western corner of the Soviet Union; other large formations occur in the Ural

Mountains, Norway, Greenland, Burma, Korea, New Zealand, Cameroon,

Zaire, Kenya, and South Africa. The only commercially viable deposit in

North America is at Blue Mountain, Ontario, Canada, although other

deposits are found in Montana, South Dakota, New England, and numerous

other locations throughout the United States.

neptunite

Classification:

inosilicate

Composition:

KNa
2
Li(Fe+2,Mn)

2
Ti

?
02(Si

4 1 , ) 2

(potassium sodium lithium iron titanium

silicate)

Crystal System:

monoclinic

Hardness:

5-6

Specific Gravity:

3.19-3.23

Neptunite is a rare: complex silicate, which is well-known from its association

with the even more rare and complex silicate benitoite in San Benito

County, California. Because it was discovered in association with aegirine,

named for the Norse god of the sea, neptunite was in turn named for the

Roman sea god, Neptune.

Neptunite forms elongated, prismatic crystals, usually under 2 cm in

length, square in cross section, with pointed terminations. It has perfect

prismatic cleavage and conchoidal fracture. The color is black, with deep

red-brown internal reflections. Neptunite is nearly opaque, with a very

strong vitreous luster and a dark-red streak.

The finest neptunite crystals, some as long as cm, have been found

at the Dallas Gem Mine, San Benito County, California, in association with

benitoite and natrolite in altered serpentine rocks. Other serpentine-hosted

occurrences include Wood's Mcc^. New South Wales. Australia; and Mont

St. Ililare, Quebec. Neptunite is found in the Soviet Union in nepheline

syenites in the Kola Peninsula, and as line' specimens with many other rare

species at Julianehab, Greenland. Another notable locality is Point-of-

Rocks, New Mexico.

Oppositepage: Bleu k neptunite t rystals nestled in white natrolitejrom the Dallas Gem
Mine. San Benito ( ounty, ( alifornia
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niccolite (nickeline)

Classification:

arsenide

Composition:

NiAs (nickel arsenide)

Crystal System:

hexagonal

Hardness:

5-5.5

Specific Gravity:

7.78.

Whkn the miners of medieval Germany encountered this coppery-red

metallic mineral in their mines, they expected to smelt some copper from it.

After discovering that this was impossible, they called the mineral kupfer

nickel, or "bewitched copper." The term nickel comes from the nixes,

underground goblins that, like the cobolds (see Cobaltite) had their fun at

the expense of the miners. Now that nickel is appreciated in its own right,

niccolite is sought as an ore of this important metal, which is used in a vari-

ety of metallurgical, chemical, and decorative applications (see

Pentlandite).

Crystals of niccolite are very rare and small, usually tabular or pyrami-

dal, sometimes appear as fourling twins. Most material is massive, mixed
with other nickel, silver, and cobalt minerals, or forms as reniform aggre-

gates. The color is coppery-red, tarnishing to gray, with a metallic luster

and a brownish-black streak. Niccolite lacks cleavage and is quite brittle,

with an uneven fracture. This mineral commonly contains small amounts of

iron, cobalt, and sulfur and, due to its arsenic content, and gives off a garlic

odor when heated

Niccolite is found in hydrothermal sulfide veins, and in certain mafic

igneous rocks with other nickel sulfides and arsenides, pyrrhotite, and chal-

copyrite. This fairly rare species is found at a few locations in California

and Colorado, and at the Franklin mines in Sussex County, New Jersey. The
largest deposits are found in the Cobalt, Gowganda, Sudbury, and Thunder

Bay districts of Ontario. Niccolite has also been found at several places in

Germany, England, France, Austria, Czechoslovakia, Iran, the Soviet Union.

South Australia, Morocco, Japan, and Mexico.

Massive niccolitefrom Talmessi, Anorak, Iran.
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Nickel-iron is thk main constituent of the so-called iron meteorites, found

on the earth as the debris from extraterrestrial impacts. The term nickel-iron

includes the dark-colored low nickel (approximately 5.5% Ni) alloy

kamacite, and the lighter, more nickel-rich (27%-65% Ni) alloy taenite.

These two alloys crystallize as intergrowths parallel to octahedral crystallo-

graphy faces, forming a distinctive pattern which is evident on polished

and etched meteorites. This distinctive texture is called the Widmanstiitten

pattern, after the Austrian mineralogist who discovered it. The iron mete-

orites probably formed as the core of planetary bodies that were subse-

quently fragmented by collisions with each other. In this respect they are

probably analogous to the core of the earth, which is also essentially iron

and formed as the early earth differentiated. (The earth's core, however,

also must contain an unknown light element to satisfy the bulk properties

of the earth.)

Nickel-iron would be a wonderful source of ore, but is far too rare. For

centuries, the Inuit of Greenland made regular trips across the windswept

ice to large meteorites they knew of, pounding off pieces for use as spear

points and knives. Around the turn of the century the Inuit showed these

meteorites to arctic explorers, who removed them to various museum col-

lections where they can be seen today. Although iron is now produced in

great quantities from hematite and goethite ores, the iron used by the first

blacksmiths approximately 1600 years ago was obtained from meteorites.

This is apparent from the high nickel content of early iron artifacts, and

from the fact that many early chronicles refer to iron as a gift from the

heavens.

Meteorites were apparently regarded as supernatural objects by many
cultures. The Casa Grande meteorite was found carefully wrapped inside a

temple in Mexico, and the most nickel-rich meteorite ever found (62% Ni)

was exhumed from a Native

American burial mound in

Oktibbeha County, Mississippi.

Indeed, it is thought that the

Black Rock of Mecca—part of

the jealously guarded Kaaba

complex in Mecca, Saudi Arabia,

and holy to all Islamic people

—

is a meteorite.

Nickel-iron occurs as rough

pitted lumps, with a rusty exte-

rior; only when cut and pol-

ished is its remarkable internal

structure and metallic luster evi-

dent. Iron meteorites are

strongly magnetic, very heavy,

and malleable. Even more so

than gold, meteorites are where

you find them; since they fall

from the sky. there is no geo-

logical control over their distri-

bution. They may be concen-

trated on the earth's surface by

the action of wind and water,

however. Iron meteorites are

found regularly in the stream gravels of Jackson and Josephine counties.

Oregon; and in relative abundance on ancient expanses of windswept ice

in Antarctica.

nickel-iron

Classification:

native elements

Composition:

(Fe,Ni) (iron and nickel)

Crystal System:

isometric

Hardness:

4-5

Specific Gravity:

7.88-8.22

(increases with the percentage of nickel)

Xickel-iron meteoritefrom Meteorite Crater, in

Australia's Northern Territory. Thepolished

surface displays the Widmanstdtten pattern,

while the rough surface shows thepitting

acquired as the meteoritepassed through the

earth s upper atmosphere.
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olivenite

Classification:

arsenate

Composition:

Cu
2
(As0

4
)(OH)

(copper hydroxyl arsenate)

Crystal System:

monoclinic

Hardness:

3

Specific Gravity:

3.9-4.46

Olivenite forms a solid-solution series with the zinc arsenate adamite, and a

partial series with libethenite when phosphorous substitutes for arsenic. The
name is derived from the descriptive German mining term olivenerz, or

"olive" ore. Olivenite forms short prismatic or tabular crystals, diamond-

shaped in cross section, or acicular, daisy clusters. Aggregates are fibrous

and radiate in structure, forming globular or reniform masses; also earthy.

Crystals are brittle, with conchoidal to irregular fracture. Most specimens are

some shade of olive-green or greenish brown, but may also be yellow, gray,

or white. Crystals are translucent to opaque, with a vitreous to adamantine

luster and a colorless streak. Olivenite strongly resembles libethenite, and

less so the iron phosphate ludlamite, which is brighter green.

Olivenite is a common secondary mineral in oxidized portions of

hydrothermal sulfide veins, where it is typically associated with adamite,

malachite, azurite, dioptase, goethite, and scorodite. Acicular dmses occur

in a number of mines in Coconino, Gila, and (especially) Pinal Counties,

Arizona; in the Blackbird District, Idaho; and the Tintic District, Utah.

Isolated euhedral crystals on rhyolite matrix are seen from the Myler Mine,

Majuba Hill, Pershing County, Nevada; and excellent crystals to 2.5 cm are

found at Tsumeb, Namibia. Superior specimens also come from, Gwinnear,

Cornwall, England; Cap Garonne, France; and other localities in Chile,

Germany, and Greece.

Cavity-filling druse ofacicular olivenite crystalsfrom Wheal Gorland, St. Day. Cornwall.
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Left: Olivine < rystalfrom the < lassu soun e on

Zebirgil Island in the Red Sea

Kifibt: Gem peridotfrom Burma

Olivine is the general name for the solid-solution series between the magne-

sium-rich end member forsterite (named for the German naturalist Johann
Forster), and the less common, iron-rich species fayalite (for the island of

Fayal in the A/ores, on which it occurs). The name olivine reflects the

greenish hue of most specimens, although white, various shades of brown,

and black are known. Peridot (possibly from the Arabic word for gem, fari-

(Utl) is the name given to the most familiar form of olivine—the bright

apple-green variety of forsterite from which gems are fashioned.

Peridot was also known to the ancients as chrysolithos (golden stone),

and the modern derivative chrysolite has been in use until recently, despite

its having been applied more appropriately to a variety of other gems.

Perhaps because of its warm color, people have long associated peridot

with the sun, and believed it capable of dispelling evil spirits and other

nocturnal terrors.

Olivine crystals are usually thick and tabular, with vertical striations and

wedge-shaped terminations. Disseminated grains and massive, granular

aggregates are common; indeed, some types of peridotite are composed
almost entirely of olivine. Crystals are brittle, with conchoidal fracture and

cleavage in two directions. The olivines are distinguished by their distinc-

tive color, strong vitreous to oily luster, and birefringence. Fpidote is gener-

ally darker in color, and diopside lighter.

As the major constituent of peridotite, the rock type of which the earth's

mantle is composed, olivine (and its high-pressure polymorphs) is appar-

Peridotite mantle xenolith, composedprimarily ofgranular olivine and encased in

basaltic scoria, from Ml Franklin. Victoria, Australia.

olivine

Classification:

nesosilicate

Composition:

(Mg,Fe)
2
Si0

4 (magnesium iron silicate)

Crystal System:

orthorhombic

Hardness:

6.5-7

Specific Gravity:

3.27-4.32
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ently the earth's most abundant mineral by volume. On the surface, how-
ever, it is relatively inconspicuous. Although an important component of

both continental and sea-floor silica-poor rocks (such as some basalts and
gabbros), olivine weathers very rapidly to form the mineral serpentine.

Serpentinized rocks include the kimberlites, in which diamonds are found,

and the peridotites, gabbros, and basalts of ophiolite complexes, which
contain deposits of chromite and other minerals. At Snarum, Norway, large

pseudomorphs of serpentine after olivine are found which faithfully pre-

serve the form of the original crystals.

Most gem-quality olivine (peridot) is taken from the small, basaltic vol-

canos and lava flows which convey fragments of peridotite from the deep
mantle to the earth's surface. These cobblestone-size aggregates of bright-

green, glassy olivine crystals and other mantle minerals, encased in dark

basalt, are among our most important sources of information about the

earth's interior. The Apache Indians of the San Carlos Reservation in

Arizona mine peridot from deposits such as this.

Crystals of forsterite also form in marble in some contact metamorphic

deposits, as at Crestmore, California, and Bolton, Massachusetts. The very

large rounded crystals found in the gem gravels of Mogok, Burma, are

thought to have been weathered from similar metamorphic rocks.

For over three thousand years peridot has been mined on barren and
windswept St. John's Island in the Red Sea, which is also known by the

gem's Arabic name, Zebirgit. Olivine occurs here in large, well-formed,

light greenish yellow crystals in serpentinized peridotite, which has

emerged from the actively rifting Red Sea floor. Since euhedral crystals of

olivine are extremely rare, peridot from Zebirgit is usually more valuable in

its natural form than cut into gems. In classical times, the island was known
as Topazion, and peridot as topazos (topaz), a name currently applied to an

entirely different mineral.

Classification:

tectosilicate

Composition:

SiCyn H
2

(silicon dioxide with variable

amounts of water, usually 5%-9%, rarely

as high as 20%)

Crystal System:

none, amorphous

Hardness:

5.5-6.5

Specific Gravity:

1 .98-2.25, increases with water content

Opal is a whimsical stone. The precious varieties delight us with their flash-

ing display of spectral colors, and even the more common types are intrigu-

ing. A soft and brittle mineral, prone to dehydration and cracking because of

its high water content, opal is a poor candidate for the pantheon of precious

gems. Such shortcomings, however, are offset by its many unique proper-

ties, both real and imagined. Known during the middle ages as opthalmus

lapis, opal has long been associated with the eyes in the popular imagina-

tion. The gem was thought to protect and improve the wearer's vision

(especially at night), and to obscure that of unwanted observers: thus the

traditional appellation "patron of thieves." Equally effective against supernat-

ural scrutiny, opals were believed to render impotent the ubiquitous Evil

Eye. The name comes to us from the Latin opalus, derived from either the

ancient Sanskrit upala ("precious stone") or a common root.

Until recently, science was at a loss to explain the structure of opal: it is

one of the few amorphous "mineraloids," which never occur in crystalline

form. Studies using the electron microscope have finally revealed that opal

is a sort of mineral gel, composed of hydrated silica spheailes, instead of

the ordered molecules that form symmetrical crystals. Opalescence, the

play of colors characteristic of precious opal, results from randomly dis-

tributed rafts of these tiny spheailes, each of which reflects a particular

wavelength of light as the stone is turned. Opal is opaque to transparent,

with a strong vitreous to waxy luster and a white streak. Some specimens

fluoresce greenish or yellowish under fluorescent light.

Although some precious opals are clear, most contain fine-grained

impurities which lend a white, black, or red background. White opals were

the first to appear in Europe, and remain the most familiar variety; although

the ancient mines in Czechoslovakia are exhausted, white opal often occurs

where other types are found. Opals were discovered at a number of loca-
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dons in Australia near the turn of the century, including Coober Pedy (from

the Aborigine phrase kupapita, or "white man in a hole"), where the min-

ers both work and live underground to escape the blistering Outback sun.

Rarest of all are the black opals, which are mined at Lightening Ridge in

New South Wales and in the Virgin Valley of Nevada. The vast volcanic

fields of Mexico produce fire opal, a red translucent variety which some-

times displays flashes of color.

Although a simple mineral containing only silicon, oxygen, and water,

opal assumes many shapes through an amazing variety of natural pro-

cesses. Precious and some common opal are deposited from silica-bearing

waters in underground and cavities, or through the gradual impregnation of

porous materials. The molds of trees buried by volcanic ash, and of fossil

bones and shells in sedimentary rocks, provide some unusual sites for

deposition. On the earth's surface, opal forms siliceous sinters around hot

springs and geysers, like those in Yellowstone National Park.

Many of the microscopic plankton in the oceans secrete skeletons of

opal. The remains of these complex and beautiful protists (diatoms and

radiolarians), cover much of the ocean floor, and are exposed on land as

sedimentary rocks. In California and elsewhere, diatomites are mined for

use as abrasives (in toothpaste), filters (for beer and wine), and high-tem-

perature insulation.

Opal is formed through less natural processes as well. Now that the

secrets of its stnicture are known, several companies have begun to synthe-

size and distribute artificial opals which are virtually indistinguishable from

their natural counterparts. Opal is most commonly confused with chal-

cedony, a fine-grained form of quartz, from which it differs in its lower

hardness and density.

A seam ofprecious opalfrom the Baracoo

River, Queensland. Australia, with a polished

opal cabochon.
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optical properties
Reflection and refraction The wonder of minerals, and especially of gemstones,

is largely visual; every mineral species has unique set of optical proper-

ties. When a light ray strikes the surface of a mineral, part is reflected

from the surface, part is absorbed by the mineral, and part may be

refracted—entering the crystal and passing out again. How these pro-

cesses interact depends on the mineral's chemical composition, internal

structure, and impurities. In metallic minerals, for example, a high propor-

tion of the incident light is reflected, and much is absorbed, but none is

refracted. In transparent minerals and gemstones, however, refraction is

extremely important, while the reflection and absorption both vary

according to the presence of the light-absorbing ions which cause color

(below).

The ratio between the velocity of light in air and its velocity in a denser

material such as a crystal is a constant number, unique for eveiy substance,

called the refractive index. Refractive index varies with the wavelength of

light, and is less for the red end of the visible spectnim than for the violet.

The difference between the refractive indices in red and violet light varies

between minerals, and this phenomenon is called dispersion (of the refrac-

tive indices). The dispersion of diamond, for instance, is more than three

times that of quartz, and is responsible for the characteristic "fire" of dia-

mond gems.

The internal stmcture of a mineral can have a great affect on its optical

properties. Minerals can be divided into two broad groups on the basis of

their optical behavior. In minerals belonging to the isometric crystal system

(and in noncrystalline substances such as glass), light moves with equal

velocity in every direction, giving them a single refractive index and

homogenous coloration from every angle. Such minerals are referred to as

isotropic. In the minerals belonging to all other crystal systems, the velocity

of light varies according to the direction in which it travels through the

crystal, resulting in a range of refractive indices and colors. These minerals

are referred to as anisotropic. The refracted light passing through an

anisotropic crystal is polarized into two mutually-perpendicular waves,

resulting in two different indices of refraction. The numerical difference

between the two refractive indices is termed birefringence.

When the birefringence of an anisotropic mineral is very great, it may

Diagram illustrating the basic interaction of

light with a crystal orgemstone.
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produce the phenomenon of double refraction, in which the two refracted

rays of light are evident even to the naked eye. The strong double refrac-

tion displayed by the calcite demonstrates how the atomic structure of a

mineral can determine the path of the light which passes through it. If a

cleavage fragments of calcite is placed over an image drawn on a piece of

paper, two different images are seen, representing the two polarized rays of

retracted light. Double refraction in calcite is observed when looking in the

direction perpendicular to its rhombohedral cleavage planes, but not when
looking down its long crystallographic axis.

Absorption and Color The color of a mineral is determined by the particular

wavelengths of visible light the mineral absorbs, and the color perceived by

the eye is a combination of those wavelengths which are not absorbed. As

noted in Atomic Structure, the electrons in an atom occupy discrete

orbitals, each of which represents a specific level of energy. The energy dif-

ferences between electron orbitals is known as the energy gap. When a

light ray with an energy level corresponding to that of the energy gap

strikes an electron, it may push the electron out of its stable orbital and into

a higher-energy one. In the process, the light energy is absorbed. If the

electrons of a great many atoms in a crystal behave in this manner, particu-

lar wavelengths of light may be strongly absorbed, leaving the remaining

wavelengths to be reflected as color.

Ions of the transition elements have partly filled inner orbitals which are

easily excited by light within the visible part of the spectrum, making these

elements particularly adept at imparting color to minerals. Iron is the most

common of the transition elements, and is the most important coloring

agent in nature, imparting green, red, and brown hues to hundreds of min-

erals. Other transition elements and their characteristic color signatures are

titanium (blue), chromium (green or red), cobalt (pink or blue), copper

(green or blue), manganese (pink and red), nickel (green), and vanadium

(red). White or colorless minerals are those which lack elements capable of

preferential absorption. The atoms in ionic compounds such as the halides

have very stable electronic configurations, and since the energy required to

dislodge their electrons is greater than that of visible light, their crystals are

colorless unless colored by impurities.

The transition elements are usually an intrinsic part of the minerals they

color, either as essential components or as substitutions. However, extrane-

ous impurities such as particles of other minerals or organic matter can also

impart color to minerals and gemstones. Tiny inclusions of hematite, for

example, can cause calcite crystals to take on a bright-red coloration.

Minerals colored by atoms which are essential to their composition are

termed idiochromatic, while those colored by impurities are referred to as

allochromatic.

Other minerals are colored by the absence of atoms. For example,

when a fluorite crystal grows in a particularly calcium-rich environment,

structural sites normally occupied by F" ions may remain unoccupied, leav-

ing holes. In order to preserve the electrical neutrality of the overall crystal

structure, electrons may leap into these gaps, simultaneously absorbing

light energy in the same way as the electrons of the transition elements.

The commonly-seen deep purple fluorite crystals are colored in this way.

Natural radiation can also color minerals, by driving off some of the elec-

trons in their structures and leaving the remaining ones in an excited state.

Smoky quartz is colored dark brown to black in this manner.

Light passing through an anisotropic crystal may be absorbed differently

in different vibration directions. This phenomenon is called dicbroism in

hexagonal and tetragonal crystals, and pleocbroism in all other crystals,

although the latter term is commonly used for both groups. In some crys-

tals more light is absorbed in one direction than in another, resulting in dif-

ferent intensity of color depending on the angle of observation. In other

crystals, entirely different wavelengths of light are absorbed in different

crystallographic directions, so that veiA different colors are observed.

Top: Double refraction seen through a

rhombohedral cleavagefragment ofcalcite.

Bottom: Thepurple color ofthesefluorite

crystalsfrom the /.one Pine Prospect, New

Mexico, is clue to holes in their atomic struc-

tures. As electrons leap into thegap created by

the absence ofF'ions, they absorb certain spec-

tra of visible light, tearing only purple to be

reflected to the eye
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Exceptionally well-developed orpiment crystalsfrom Quiruvilca,

Santiago cle Cbitco, Peru.

orpiment

Classification:

sulfide

Composition:

As
2
S
3
(arsenic sulfide)

Crystal System:

monoclinic

Hardness:

1.5-2

Specific Gravity:

3.49

Orpiment is an ore of arsenic, found in lead, silver, and gold deposits with

the closely related species realgar. Because the ancient Romans often used

orpiment to paint their buildings and statuary a vivid golden yellow, this

mineral acquired the Latin name auripimentum, or "gold paint." Short pris-

matic crystals of orpiment are rare, and it usually occurs as foliated or gran-

ular masses, or earthy aggregates. Crystals display perfect cleavage in one

direction, producing thin, flexible, sectile flakes. The color, so popular with

the Romans, is a bright lemon-yellow, grading into orange and brown.

Crystals are translucent to transparent, with a resinous luster (pearly on

cleavages) and pale yellow streak. Sulfur resembles orpiment, but lacks its

perfect cleavage.

Orpiment is found in low-temperature hydrothermal veins and hot

spring deposits, commonly associated with cinnabar, realgar, and calcite.

Specimens are obtained from hot spring deposits in several northern

California counties, and as large platy crystals at Mercur, Tooele County.

Utah. Fine specimens occur with realgar at several places in Nevada,
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including the Getchell Mine, near Golconda, Humboldt County; Steamboat

Springs, Washoe County; and Manhattan, Nye County. Excellent crystals 3

cm in length are found at Pasto Bueno, Peru; and to 5 cm at Lukhumis,

Soviet Georgia. There are many other occurrences throughout Europe,

Turkey, China, and Japan.

ORTHOCLASE, ALONG WITH MICROCLINE AND SANIDIN1 , Is ONE OF THE POTASSIUM

feldspar polymorphs. Orthoclase generally crystallizes at higher tempera-

tures than microcline, but is more abundant overall, occurring in most

intrusive and extrusive igneous rocks, including granites, syenites, and rhy-

olites; in metamorphic schists and gneisses; and even as a hydrothermal

mineral in veins and sedimentary rocks. Since orthoclase has two promi-

nent cleavages at

right angles, it

was named from

a Greek phrase

meaning "straight

fracture."

Adularia is an

orthoclase variant

which generally

forms in fissures

in metamorphic

rocks. It can be

considered an

anti-perthite (see

Feldspar Group,

and Microcline) to

which micro-

scopic lamellae of

sodium feldspar

lend a luminous,

glowing appear-

ance. Gemstones

cut from adularia, called moonstones, are popular and inexpensive.

Sanidine, a transparent feldspar found in volcanic rocks, is sometimes

grouped with orthoclase as well.

Orthoclase crystals are short prismatic to tabular, rectangular or square

on cross section, and very commonly twinned according to regular habits

(or laws) such as the Baveno, Carlsbad, and Manebach laws. Crystal faces

are generally rough, and anhedral cleavage masses, granular aggregates,

and disseminated grains are most often seen. Orthoclase displays good

cleavage in two directions at 90°, four directions of parting, and conchoidal

to uneven fracture. It is transparent to translucent, and may be colorless or

white, gray, yellowish, greenish, or brownish, with a vitreous luster and a

white streak. Orthoclase can be distinguished from the sodium feldspars by

its lack of polysynthetic twinning striations on cleavage surfaces, and from

nepheline by its cleavage.

Good crystals of orthoclase occur as phenocrysts in volcanic rocks in

many places around the world, including Sandia Mountain, above

Albuquerque, New Mexico; and on Ragged Mountain, Gunnison County,

Colorado, among many other locations. Excellent specimens of adularia

are taken from many places in the Alps, particularly northern Italy and

western Austria. A unique occurrence of transparent, greenish-yellow gem-

quality orthoclase is found with diopside and zircon in a pegmatite at

Itrongahy, in the Malagasy Republic. The faceted gems are offered for sale

as "noble orthoclase."

orthoclase

Classification:

tectosilicate, feldspar group

Composition:

KAISi
3 8

(potassium aluminum silicate)

Crystal System:

monoclinic

Hardness:

6-6.5

Specific Gravity:

2.55-2.63

Blocky orthoclase crystals with quartz, /rom

Baveno, Piemonte, Italy
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oxides

anatase

betafite

bixbyite

brookite

cassiterite

chromite

chrysoberyl

columbite-

tantalite

corundum

cuprite

franklinite

hematite

ilmenite

magnetite

microlite and
pyrochlore

perovskite

pyrolusite

rutile

spinel

uraninite

zincite

I HIS HIGHD VARIABLE MINERAI GR< H P

contains species as different as ice

—

the crystalline form of water, H ,()

—

and the extremely hard mineral

corundum, familiar in its precious

varieties ruby and sapphire. The
most common of all oxides is quartz,

SiO,. The oxide silica readily com-

bines with other oxides at high tem-

peratures in magmas and metamor-

phic rocks to form silicate minerals,

with free quartz itself representing

the remaining unused silica. The
result is that while the silicates are

the most abundant minerals in the

earth's crust, the oxides proper are

relatively rare, and are usually

restricted to silica-poor rock types.

The silicates, and indeed all other chemical groups containing oxygen

could be considered "oxides," but their further division into more narrowly

defined chemical classes is useful.

I'he various oxide groups, including the hematite, rutile, and spinel

groups, exhibit a variety of different structural types, which are generally

characterized by strong ionic bonding. These groups can be divided into

two main divisions. Most common are the simple oxides, which consist of

one metal in combination with oxygen, in vaiying proportions. The multi-

ple oxides, represented by the spinel group minerals, combine two metals

with oxygen. The oxides are highly variable in their physical properties, but

most are very hard minerals with high specific gravities. In addition to valu-

able gemstones like corundum and spinel, this group provides the most

important ores of the metals chromium (chromite), iron (hematite and mag-

netite), and tin (cassiterite).

Above: Senarmontite, Sb ,(),. is a rare oxideformed through the alteration ofstibnite

and other antimony minerals, these excellent octahedral crystals arefrom the

Hamimad Mine, Ain Babouche, Algeria. Below: Tenorite, CuO, is ubiquitous in the

oxidized portions ofcopper deposits. These divergent crystal sprays are from Italy's

Mount Vesuvius. Opposite page: Minium. Pb+2Pb+4 4 , from Broken hill, New
South Wales. Australia. Miniumforms through the oxidation oflead minerals, and
can even befound on old leadpipes and on bullets unearthedfrom old battlefields.
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pearl

Classification:

organic gemstone

Composition:

CaC0
3

(Calcium carbonate, with organic matter)

Hardness:

2.5-4.5

Specific Gravity:

2.40-2.80

large baroque freshwaterpearlfrom
9< I'lllll/tl

I III- MOST YAI.I ABLE OF ALL ORGANK Gl MS, I'l ARLS NAM BEEN PRIZED FOR THEIR

delicate iridescence and unique tonus for at least 6000 years. Pearls are

among the only ornamental objects which humans are not compelled to re-

work into a more pleasing form, and their origin was a cause for much
spec ulation among the ancients. In his Natural History, Pliny the Elder

recounts an ancient Indian myth suggesting that pearl oysters were drawn

by the moon's rays to the surface of the sea, there to be fertilized by drops

of dew. Not until Renaissance times was the theory advanced that pearls

were merely an oyster's way of dealing with irritants.

Pearls are indeed formed when a foreign body such as a grain of sand

or a parasite becomes trapped inside the shell of a mollusc. In self-defense,

the shellfish gradually surrounds the intruder with the same material of

which its shell is composed, rendering it less irritating. This substance is a

composite material called nacre, which consists primarily of microscopic

aragonite crystals held together by an organic binder called conchiolin. The

nacre collects as thin, concentric layers, growing ever larger as the pearl

and its host age. Although pearls are relatively soft, their concentric struc-

ture and organic binder give them great toughness. However, the organic

nature of pearls makes them susceptible to dehydration and exfoliation,

and pearls older than 100 years usually show some signs of disintegration.

Spherical pearls are the most commercially valuable, but asymmetrical

"baroque" shapes

are common in

natural pearls.

I lemisphcrical "blis-

ter pearls" grow on

the inside surface

of a shell whose

occupant has sue

cessfully foiled the

intrusi< >n ol a shell-

boring predator, in

color, luster, and

texture pearls

resemble the

mother ol pearl

inside their host's

shell The distinc

live rainbow like

iridcsi ence oi

pearls is called the

"< dent," .\iu\ derives from the dispersion of lighi In ihe thin, overlapping

plates ol aragonite in the nacre, Most pearls are w hue w ith a silver) or yel

lowish linl. bul lhe\ ma\ also be gra\ or neaih black Pink pearls are

extremel) rare, and are usually formed In large marine snails.

The most important source' ol both natural and cultivated pearls arc the

different sprues ol the genus Pinetada, especially Pinetada martensi

Pearls are also produced In some marine- gastropods (snails), and mam
othei sprues ol bivalves m both fresh .\\\<^\ s.ili water. Freshwater mussels
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were an important source of pearls in medieval Europe, before industrial

pollution decimated the mussel population. Natural pearls have been har-

vested in the Persian Gulf and the Red Sea, in the waters between India

and Sri Lanka, off the coasts of China, Japan, and the Philippines, and to a

lesser extent in the Gulf of California and the Caribbean, Now, however,

virtually all commercial pearls are cultivated, Although technically no differ-

ent from natural pearls, cultivated pearls are artifacts of rigorously con-

trolled mericulture.

The first attempts to cultivate pearls date from the 12th century A. I).,

when the Chinese learned to insert objects into a living oyster, returning to

collect the irritant after some months or years. The large-scale production of

cultured pearls began in Japan around the turn of this century. In the mod-
ern technique, a "seed" of nacre from a mussel shell is inserted into a small

piece of flesh from a living oyster, which in turn is transplanted into the liv-

ing tissue of the host oyster. These oysters are then set to work in cages in

calm water. Shallow water is conducive to rapid growth, but deeper, cooler

water improves the quality of the pearls; therefore, the cages are raised and

lowered over the course of the year to achieve the best possible result. The

pearls may be harvested as soon as five years alter implantation, but longer

periods of cultivation produce a finer product.

Despite all of this effort, the value of cultivated pearls is only a fraction

of that of natural pearls. The only fool-proof way to distinguish between the

two types is on the basis of their internal structure. Natural pearls usually

have a very small nucleus surrounded by deep layers of nacre, while culti-

vated pearls have a relatively thin layer of nacre coating a substantial seed.

X-ray examination is the preferred way to distinguish between the two

types. Cheap imitation pearls of glass and plastic are common everywhere,

but an excellent simulated pearl is also available, manufactured from

opaque glass coated with guanine—a solution prepared from fish scales.

Till NAME OF Tills

zeolite associate is

derived from the

Greek word for

"compact,"

pektos—a refer-

ence to its typical

compact, fibrous

crystalline habit.

Compact pectolite

forms white to

gray spherical

aggregates, which

are nearly as

t( >ugh as nephrite

jade. It also occurs

as colorless acicu-

lar crystals, and

rarely, as tabular

individuals as large as 2 cm in diameter. Massive material displays a fibrous

fracture, while crystals exhibit perfect cleavage in two directions. Crystalline

pectolite is transparent to translucent, with a vitreous to silky luster and a

white streak.

Pectolite is formed through hydrothermal processes in cavities in

basaltic rocks, where it is typically associated with zeolite minerals,

prehnite, calcite, and quartz. It also occurs as a minor constituent of some

alkaline igneous rocks, mica-bearing peridotites, and contact metamorphic

pectolite

Classification:

inosilicate, pyroxenoid group

Composition:

NaCa
2
Si

3 8
(OH)

(hydrous sodium calcium silicate)

Crystal System:

triclinic

Hardness:

4.5-5

Specific Gravity:

2.74-2.88

Radiating sprays ofacicularpectolite crystals

from Bergen Hill. Hudson County, Newfersey.
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rocks, and as fracture fillings in serpentinites. Some of the finest specimens

are found in New Jersey, as crystals in the marbles at Franklin and as mam-
millary masses in the basalts of the Paterson area. Good specimens also

come from the mines at Thetford and Asbestos in Quebec, and from Lake

Nipigon in Ontario. Additional sources are the Kola Peninsula in the Soviet

Union, and locations in Czechoslovakia, Japan, Greenland, Scotland,

Sweden, Italy, Morocco, and the island of Los, off the coast of Guinea.

pegmatites

Pegmatite

albite

allanite

almandite garnet

amblygonite

andalusite

apatite

beryl

betafite

biotite

bismuth

brazilianite

cassiterite

chrysoberyl

columbite-tantalite

euxenite

fergusonite

fluorite

gadolinite

goethite

heterosite

hydroxylherderite

kaolinite

laumontite

lepidolite

lithiophilite

microcline

Minerals

microlite

molybdenite

monazite

muscovite

orthoclase

phenakite

purpurite

pyrochlore

quartz

rutile

samarskite

scheelite

spessartite garnet

spodumene

stilbite

strengite

thorite

titanite

topaz

tourmaline

triphylite

uraninite

wolframite

xenotime

zircon

Pegmatites are bodies of coarse-grained rock which are generally analo-

gous in composition to ordinary finer grained igneous rocks such as gran-

ites and nepheline syenites. The composition of pegmatites may differ

from these rocks by an increased concentration of such volatile con-

stituents as water and the halogen elements, and rare metallic elements

such as beryllium, bismuth, lithium, niobium, tantalum, tin, tungsten, ura-

nium, and the rare earths. These elements comprise. a great variety of

interesting and unusual minerals, many of which are found exclusively in

the pegmatite environment. Besides being of great interest to scientists and
collectors, many of these minerals are economically important as sources

of rare metals, industrial crystals, and gemstones. In addition, many com-
mon species such as feldspars, quartz, micas, and clay minerals occur in

larger and purer concentrations in pegmatites, where they form deposits of

commercial value.

Although there are several general pegmatite types, those of granitic

composition are by far the most abundant. In addition to the characteristic

suite of silicates found in granites (quartz, micas, and sodium and potas-

sium feldspars), these pegmatites often include unusual minerals such as

beryl, tourmaline, topaz, and columbite-tantalite, and more rarely lithium-

bearing species such as amblygonite, spodumene, and lepidolite mica.

Much less common are pegmatites of mafic (silica-poor, iron- and magne-

sium-rich) composition, which form in bodies of gabbro and diorite. These

are composed primarily of plagioclase feldspar and contain few unusual

minerals. The syenite and nepheline-syenite pegmatites are locally abun-

dant in regions where these alkali feldspar- and feldspathoid-rich rock

types are dominant. Although usually not as enriched in rare elements as

their granitic cousins, these pegmatites may contain concentrations of

unusual rare-earth, niobium, and uranium minerals.

While pegmatites are sometimes found in larger bodies of igneous rock

which apparently crystallized from the same magma, most are intruded into

unrelated metamorphic or igneous rocks along zones of weakness, such as

faults and fractures. Pegmatites of similar composition usually occur in clus-

ters, presumably emanating from the same deeply buried stock, although

each individual dike seems to have a unique mineralogical signature.

Pegmatite bodies range in size from stringers of a few centimeters in thick-

ness to enormous intrusions of a kilometer or more. Their shapes are

highly variable, ranging from simple pods, lenses, or pipes to large elabo-

rately branching bodies.

The most commonly encountered morphology, however, is the dike: a

sheet-like body of a more or less planar geometry. The Himalaya pegmatite

in the the Mesa Grande District of San Diego County, California, is a classic

example of this two-dimensional form; although it has produced hundreds

of tons of gem tourmaline, beryl, and other valuable minerals over the

yens, it averages only 1.5 m in thickness. Dikes are analogous to veins

—

planar hydrothermal bodies which are composed primarily of quartz, cal-

cite, or other hydrothermal minerals. Veins are often found hi close proxim-
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ity to pegmatites, since

both rely on igneous heat

sources and exploit fissures

and faults.

The origin of peg-

matites has intrigued geol-

ogists for years, and the

debate has been con-

tentious at times. One
extreme position held that

pegmatites are purely mag-

matic intrusions, like basalt

dikes. On the other extreme, many miners familiar with the textural simi-

larities between hydrothermal veins and pegmatites held that the latter

crystallized gradually from aqueous solutions. Not surprisingly, it appears

that pegmatites owe their origin to a combination of these two processes,

forming from "igneous" melts charged with high-temperature aqueous flu-

ids.

The necessary conditions for pegmatite formation can apparently be

achieved through either igneous or metamorphic processes. Igneous peg-

matites appear to form from the last liquid portion of a crystallizing

igneous magma—the part most enriched in silica, water, halogens, and

other volatile constituents, as well as high concentrations of rare elements

in some cases. If this mixture crystallizes slowly in place, a pegmatite will

form which grades into the surrounding rock with gradually decreasing

coarseness of crystal size. If it is forced outward under pressure, it can

intrude into adjacent rocks to crystallize as a pegmatite with sharp bound-

aries and a "quenched" outer zone of relatively small crystal grains.

Other pegmatites appear to have formed through metamorphic pro-

cesses, in rocks with considerable interstitial water that were subjected to

high temperatures. In this environment, silica and the other materials men-
tioned above are leached out of the country rock, either replacing the

original rock and reprecipitating as pegmatite in place, or migrating

through the rock under pressure to invade fissures and other areas of

weakness. Such processes would account for the commonly-seen peg-

matites which form isolated lenses surrounded by metamorphic rock, with

no apparent conduit for igneous emplacement, as well as the very large,

"regional" pegmatites found in the metamorphic shields of Canada,

Scandinavia, and central Africa.

On the basis of mineralogy, pegmatites can be broadly divided into

simple and complex, with the simple kind being by far the more abundant.

Simple granitic pegmatites are composed primarily of quartz, feldspars, and

mica, with black tourmaline and some columbite-tantalite or allanite pre-

sent. Complex mineralogy is signaled by the presence of lithium minerals,

often accompanied by phosphates and other rare species. While some peg-

matites display a fairly homogenous texture, most are texturally and miner-

alogically zoned to some degree. The simplest textural zonation consists of

a fairly pure quartz core surrounded by a coarse-grained mixture of quartz,

feldspars, and micas. In more chemically complex pegmatites, zones domi-

nated by spodumene, lepidolite, phosphates, and other species may occur.

The more unusual mineral species tend to be concentrated near the core

region, and cavities containing euhedral crystals of quartz, gem minerals,

and other minerals are usually confined to this region as well. In most

cases, the zonation of complex pegmatites appears to reflect one or more

stages of secondary hydrothermal activity. The textures in these rocks seem
to indicate that some of the original material has been dissolved, and

replaced by a different suite of minerals.

Geologist rt'lcLxinf> in the Alto Amancio
pegmatite, Minos Gerais, Brazil, Thefeldspar

in thispegmatite has largely altered to white

clay, which has eroded to expose the large,

subhedral tjuartz crystals (under hammer)
originally intergrown with the feldspar.
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l k issii v pentlanditefrom Espedalen,

Lillehammer, Opland, Norway.

pentlandite

Classification:

sulfide

Composition:

(Fe,Ni)
9S8

(iron nickel sulfide)

Crystal System:

isometric

Hardness:

3.5-4

Specific Gravity:

4.6-5

Pentlandite, named for the Irish naturalist Joseph Barclay Pentland

(b. 1797), is one of the primary ores of nickel. Like chromium, nickel is

widely used as a protective and ornamental coating for steel and other met-

als, because of its great resistance to corrosion and its ability to take a high

polish. Often, the two metals are used together, a thin veneer of the

brighter but less durable chrome overlying a thicker base of nickel. Its main

use, however, is in a variety of alloys including stainless and other types of

steel, nickel bronze, "German" silver, and nichrome. Nickel is alloyed with

copper to make coins such as the United States 5-cent piece, and as a cata-

lyst in various chemical reactions. Over the past decade, large, low-grade

residual deposits called nickel laterites have begun to replace the pent-

landite ores in gabbroic igneous rocks as the main source of nickel. The

nickel in lateritic deposits is contained as impurities in iron oxides, and in

the unassuming nickeliferous phyllosilicate garnierite.

Oddly, pentlandite occurs only in a granular massive form—never as

discrete crystals. It is often intimately associated with pyrrhotite as exsolu-

tion intergrowths; even when pure, the two minerals are almost indistin-

guishable but for pentlandite's lack of magnetism. Masses of pentlandite

display an uneven to conchoidal fracture and distinctive octahedral parting.

It is- opaque and light bronze-yellow in color, with a metallic luster and a

bronze-colored streak.

Pentlandite differs from other nickel minerals such as millerite and niccol-

ite, which are commonly found in hydrothermal veins, in that it is an igneous

mineral. It forms in mafic igneous rocks, particularly in layered igneous intru-

sions, as a product of magmatic segregation. Associated species commonly

include cubanite, chalcopyrite, and other nickel sulfides and arsenides, in

addition to pyrrhotite. Pentlandite is mined from the layered igneous intru-

sions at Sudbury, Ontario, and Lynn Lake, Manitoba; large single crystal

grains several centimeters across are found in the Yale District of British

Columbia, other notable occurrences include the Key West Mine in Nye

County, Nevada; Yakobi Island, Alaska; and Kimbalda, Western Australia. An

enormous layered intrusion in the Transvaal region of South Africa, known

as the Bushveld Complex, is another important source ol pentlandite,
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This interesting titanium oxide

has cerium- and niobium-rich

varieties, which result from the

partial substitution of these

elements for titanium and typi-

cally display pseudo-octahe-

dral symmetry; "pure" crystals

are usually pseudocubic and

striated parallel to the "cube"

edges. All are often highly

modified by other isometric

forms, with penetration twin-

ning being common. They are

usually seen in massive form

as lamellar and reniform crys-

talline aggregates. Perovskite is

black, brown, yellow, or

amber in color, and translucent with adamantine to submetallic luster and a

pale yellow streak. Varieties rich in niobium, cerium, and rare-earth ele-

ments are sometimes exploited as ore minerals.

Perovskite crystallizes in silica-poor igneous rocks such as syenites and

carbonatites, in the metamorphic rocks derived from them, and in some
contact metamorphic marbles. Small crystals are found in the Crestmore

Quarries, Riverside County and the Diablo Range, San Benito County,

California; and in the Bearpaw Mountains of Montana. Crystals of niobium-

rich perovskite to 2 cm are found in skarns at Magnet Cove, Arkansas, and

in Quebec's Oka carbonatite. Crystals are also found in Sweden,

Switzerland, and in the Ural Mountains of Russia.

perovskite

Classification:

oxide

Composition:

CaTi0
3
(calcium titanium oxide)

Crystal System:

orthorhombic

Hardness:

5.5

Specific Gravity:

4

Pseudocubic perovskite crystals in calcite, from
Achmatovsk, in the Ural Mountains ofRussia.

The name of this unusual pegmatite mineral is derived from the Greek word
for "leaf," petalon— an allusion to its conspicuous, easily developed cleav-

age. Although petalite is a potential source of lithium (see Lepidolite), it is

far more important as the raw material for the new synthetic materials

called "crystallized glass ceramics." These super-glasses have enormous
strength and extremely low thermal expansion relative to normal glass, ren-

dering them suitable for cooking utensils and specialized applications such

as telescope mirrors.

Petalite is seldom seen in euhedral form as small, tabular, or columnar

crystals. It more commonly occurs as blocky masses in matrix displaying

perfect basal cleavage (plus a second, less well-developed cleavage) and,

often, polysynthetic twinning striations. Petalite is colorless or white, and

transparent to translucent with a vitreous to pearly luster. The distinctive

cleavage of petalite results from its sheet-like structure, which is character-

ized by broad layers of SLO
10

groups linked by A10
4
tetrahedra, with

lithium distributed throughout in tetrahedral coordination with oxygen. An
interesting characteristic of petalite is its emission of blue phosphorescence

when gently heated. It is distinguished from spodumene by its lower spe-

cific gravity and cleavage; like spodumene, petalite is sometimes faceted

into gemstones despite its tricky cleavage.

Petalite is associated with lepidolite, spodumene, and tourmaline in

some lithium-bearing pegmatites. Petalite was considered very rare until the

large deposits were discovered at the Veaitrask pegmatite on the island of

Uto, Sweden. This source is largely depleted, and petalite is now produced

mainly from the large deposit at Bikita, Zimbabwe, and from smaller

deposits in the Karibib District of Namibia and at Londonderry, Western

Australia. Excellent euhedral crystals to 20 cm in length were found in the

past near Norwich, Massachusetts. Petalite is also found in the pegmatites

of San Diego County, California; Oxford County, Maine; Bernic Lake,

Manitoba; Finland; and on the Italian island of Elba.

petalite

Classification:

tectosilicate

Composition:

LiAISi
4O 10

(lithium aluminum silicate)

Crystal System:

monoclinic

Hardness:

6-6.5

Specific Gravity:

2.5
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phenakite

Classification:

nesosilicate

Composition:

Be
2
Si0

4
(beryllium silicate)

Crystal System:

hexagonal (rhombohedral)

Hardness:

7.5-8

Specific Gravity:

3

Phenakite crystalsfrom Sao Miguel de

Piracicaba. Minos Gerais, Brazil.

Phknakitk gets its namk from

the Greek phenakos, or

"deceiver," because it resem-

bles quartz and topaz. It is

considerably harder than

quartz, however, and has verti-

cal rather than horizontal stria-

tions, and very different twin

habits. For its part, topaz is

distinguished from phenakite

by its well-developed basal

cleavage. Crystals of this

species are often quite com-
plex, ranging from equant

forms to long prismatic or

even acicular crystals terminated by rhombohedral faces. They may be

white, colorless, honey-yellow, pinkish, or brown, .with a white streak, and

are transparent with a very bright vitreous luster. Transparent crystals are

sometimes faceted as gemstones.

Phenakite is found in pegmatites—associated with quartz, chrysoberyl,

beryl, apatite, and topaz—and in greisens (see Cassiterite) . It also forms in

hydrothermal veins and Alpine-type vugs in mica schists. Phenakite is

widely distributed in small amounts in the North American pegmatite dis-

tricts from Pala, San Diego County, California, to Oxford County, Maine.

Among the many notable localities are Amelia County, Virginia; Bald Face

Mountain, New Hampshire; Rib Mountain, Wisconsin; and the Mt. Antero

and Crystal Peak regions of Colorado. Very large crystals have been taken

from Sao Miguel di Piracicaba, Minas Gerais, Brazil; and Kragero, Norway.

While most specimens occur in pegmatites, fine crystals have also been

found in the emerald- and chrysoberyl-bearing mica schists along the

Takowaja River in the Urals of the Soviet Union. Specimens are also

obtained from Austria, Czechoslovakia, France, Switzerland, Poland,

Namibia, and Tanzania.

phosphates, arsenates,

vanadates

The phosphates, arsenates and vanadates are discussed together due to the

similarities of their anion complexes: (POJ-\ (As0
4
)"3

, and (V0
4
)"3

. These

basic stmctural units form tetrahedra. which easily substitute for one

another when there is an opportunity. For instance, the phosphate pyro-

morphite, Pb
5
(P0

4
),Cl, the arsenate mimetite, Pb

5
(As0

4
),Cl, and the vana-

date vanadinite, Pb
s
(VO J^Cl, share the same crystal structure, and form a

three-way solid-solution series.

All of the species in these classes are nonrnetallic, and most are soft,

brittle, and easily dissolved in acids. The phosphates and arsenates are

either anhydrous or contain water, hydroxyl, and/or a halogen ion like

chlorine or fluorine. The anhydrous phosphates are mostly magmatic in ori-

gin. Although there are a great many species in these classes, few are com-

monly encountered. The most important and abundant is apatite, which is

the chief inorganic repository of the vital nutrient phosphorous. Other

important phosphates include the gem mineral turquois and the rare-earth

ore mineral monazite. Many of the arsenates and vanadates are important

secondary ores, and often form colorful crystals as well.

Opposite page: Brazilianite, NaAl/PO^/OW^from the Galilea Mine, near

Governador \ aladores, Mums Gerais, Brazil this rarephosphate was discovered in

Brazil in 1944, and isfound only in pegmatites

inset: The rarephosphate ludlamite, Fe/P0
4)2

* ill ,0, was discovered at whealJane.

near intr<>. Cornwall
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plagioclase series

Classification:

tectosilicates, feldspar group

Composition:

albite: NaAISi
3 8

anorthite: CaAI
2
Si

2 8
(sodium-calcium aluminum silicates)

Crystal System:

triclinic

Hardness:

6-6.5

Specific Gravity:

2.62 (albite)-2.76 (anorthite)

Top: Labradoritefrom Sweden displaying the

striking iridescence known as the scbiller effect.

Thisphenomenon resultsfrom the the scatter-

ing of light by extremelyfine, planar zones of

compositional variation called exsolution

lamellae Bottom: Cluster ofalbite crystals

from Zermatt, Valais, Switzerland.

The plagioclase series includes all of the sodium and calcium-rich feldspars.

Albite is the sodium-rich end member; the other species, in order of

increasing calcium content, are oligoclase, andesine, labradorite, bytownite,

and anorthite—the latter being the calcium-rich end member. The name of

the group comes from the Greek phrase meaning "oblique fracture,"

because of the angle between the two prominent cleavages. The name
albite is derived from the Latin albus, or "white," in allusion to its color;

oligoclase takes its name from the Greek phrase for "little cleavage,"

because it was thought to have less perfect cleavage than albite; andesine is

named for its occurrence in the Andes; labradorite from the locality in

Labrador; bytownite comes from the "Bytown" locality, now Ottawa,

Ontario, Canada; and anorthite comes from the Greek phrase meaning "not

upright," in allusion to its oblique crystals.

Most euhedral crystals belong to the albite-oligoclase end of the series,

while the others usually occur only as anhedral grains in rock. Crystals are

typically less blocky than those of the microcline or orthoclase; the variety

of albite found in pegmatites, known as clevelandite, forms rosettes of

bladed crystals. Nearly every plagioclase exhibits polysynthetic twinning,

which is indicated by fine striations on cleavage planes. Twinning accord-

ing the Carlsbad, Baveno, or Manebach laws also occurs frequently, as in

the potassium feldspars. The plagioclases are brittle, with an uneven to

conchoidal fracture and two prominent cleavages.

The plagioclases in general are transparent to translucent, with a vitreous

to pearly luster and a white streak. Albite and andesine are usually white or

colorless, and oligoclase is similarly colored but sometimes appears slightly

greenish. Both albite and oligoclase may display opalescence, and such

stones are marketed as "moonstone." Golden, iridescent oligoclase which

contains tiny plates of hematite is called "sunstone," and is a sometimes

used as a gem as well.

Labradorite, bytownite,

and anorthite are com-

monly grayish, but may
be nearly black due to

the presence of inclu-

sions; some labradorite

is pale yellow. Some
specimens of andesine

and labradorite are

known for their flash-

ing display of colors,
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play of colors, not unlike that of opal; these are sometimes used as orna-

mental materials.

The plagioclases are easily distinguished from the potassium feldspars

by the delicate twinning striatums evident on cleavage surfaces. In peg-

matites, the distinctive bladed crystals of clevelandite further serve to distin-

guish this variety from similar associated species. The end members of the

series can be distinguished by the difference in their specific gravities, and
by their solubility in hydrochloric acid: anorthite and the other calcium-

bearing plagioclases are soluble, while albite is not.

Albite can be classed with microcline and orthoclase as an alkali

feldspar, and like those species occurs in silica-rich igneous rocks, both

plutonic and volcanic. The bladed variety, cleavelandite, often replaces pri-

mary microcline in pegmatite dikes. Excellent specimens of clevelandite

occur in the granitic pegmatites of Amelia Court House, Virginia, and in

New England, California, Brazil, and numerous other sites. Oligoclase is

common in monzonites and granodiorites, but is found in granitic peg-

matites as well, particularly at Kragero, Norway. Bytownite and labradorite

are typical of basalts, gabbros, and anorthosites, the last of which may be

composed exclusively of labradorite. Exceptional ornamental labradorite

occurs in the anorthosites of eastern Labrador, and at Lammenpaa, Finland.

Andesine occurs primarily in andesites and diorites, and anorthite in contact

metamorphosed limestones.

LlKI- GOLD, SILVER, AM) COPPER, PLATINUM IS FOUND IN NATURE IN ITS NATIVE STATE,

but since it occurs as small, inconspicuous flakes, it never attracted the

attention of ancient

peoples as did the

other precious metals.

Since its melting point

issohigh(1755°C),

early metallurgists

would probably have

been unable to work

with it anyway. When
first discovered in the

placers of the Rio Pinto

in New Granada (mod-

ern Colombia) in 1741,

platinum was actually considered a nuisance. It was soon discovered that

the "worthless" platinum could be added to gold without reducing its spe-

cific gravity (19.3) as other metals did, making the adulteration unde-

tectable. To protect the integrity of the gold supply from the New World,

the King of Spain sent his soldiers shut down the platinum workings on the

Rio Pinto. The name of this metal comes from "platina del Pinto, " platina

being the diminutive of plata, the Spanish word for "silver," and Pinto a ref-

erence to its first source.

Ironically, platinum is now more valuable than gold, due to both its

great rarity and its intrinsic value in industry. The many industrial uses of

platinum take advantage of its extremely high melting point, its resistance to

chemical corrosion, and its great hardness (for a metal); platinum alloys are

widely used in medical equipment, electronics, and dentistry. Platinum is

one of the most effective catalysts for all kinds of chemical reactions, and its

largest single application is in automobile catalytic converters, which break

down harmful exhaust emissions. Large quantities are also used as catalysts

in petroleum refining, and the production of nitric and sulfuric acid. In jew-

elry, platinum makes a very expensive setting for precious stones.

Platinum occurs in nature as malleable, lustrous, blue-gray lumps, or

very occasionally as tiny, malformed cubic or octahedral crystals. It is

platinum

Composition:

Pt (native platinum, naturally alloyed with

other metals)

Crystal System:

isometric

Hardness:

4-4.5

Specific Gravity:

14-19 (21.46 when pure)

Rough nugget ofplatinumfrom the placers of

Nizhni-Tagilsk, Perm, Russia.
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nearly always alloyed with iron, which renders it slightly magnetic, and

often with copper, gold, and nickel as well. Platinum is usually alloyed with

other metals of the platinum group, of which platinum itself is by far the

most abundant. The other members of this group include iridium, osmium
palladium, rhodium, and ruthenium. These elements all share the proper-

ties of extremely high specific gravities and melting points, and great resis-

tance to corrosion. They each have unique properties as well, which make
them suitable for diverse applications from ink pen nibs to search-light

reflectors to electronics.

The placer deposits of Colombia remained the only source of platinum

until 1822, when prospectors searching for gold found native platinum in

the placers of the Upper Tura River, on the eastern slope of the Ural

Mountains in Russia. The platinum was eventually traced back to its source

in an area of serpentinized dunite, but the concentrations were so small

that it was unattractive to mine. It remained more profitable to wash it

fr< >m the stream beds where it had been naturally concentrating over the

millennia. Russia now produces much of the world's supply of

palladium.

The most important source of platinum is South Africa, where it is

mined from the Bushveld Complex, a sheet-like body of gigantic size, cov-

ering an area of roughly 90,000 km2
. This formation is a layered igneous

intmsion, so called because it consists of layers of igneous rocks, varying in

composition from peridotite to diorite which formed through the segrega-

tion of successive generations of crystals from a single magma. One layer,

called the Merensky Reef, is the richest source of platinum in the Bushveld

Complex, although it is generally less than a meter in thickness. In addition

to the native metal, platinum occurs here in a number of unusual minerals,

including the platinum arsenide sperrylite.

Platinum is also obtained from the layered igneous intrusion at Sudbury,

Ontario, which is also a source of copper and nickel. A platinum-bearing

layered intrusion similar to the Merensky reef has recently been discovered

in the Rocky Mountains of Montana. This deposit, called the Stillwater

Complex, is providing the United States with a more stable supply of this

vital element. Smaller quantities of platinum are found with gold in placer

deposits in many parts of the world, including California, Alaska, North

Carolina, Australia, Borneo, Brazil, Ireland, Finland, Germany, Haiti.

Honduras, and New Zealand.

polybasite

Classification:

sulfosalt

Composition:

(Ag.Cu^Sb^
(silver copper sulfosalt)

Crystal System:

monoclinic

Hardness:

2-3

Specific Gravity:

6.30

Tabulate rystals ofpolybasitefrom Las < hi^/>a\

mine \rizpe Sonora Wi

Polybasite is \ dark,

soft, heavy, and rare

ore of silver, prized for

its sometimes attractive

crystals. Its name i.s

derived horn the Greek

phrase meaning "many

bases." becau.se it con-

tains a number ol base

metals—thai is. metals

that arc not gold.

Crystals are usually tab-

ular, either pseudo-

hexagonal or pseu-

dorhombohedral, au<.\ rare. The) are commonly twinned, a\ik\ typically

display triangular growth marks. Polybasite is brittle, with one imperfect

cleavage and an uneven fracture. It is opaque ami iron-black in color. Inn

appears deep ruin red in thin fragments; the luster is metallic .\\^\ the sneak

bla< k P< tlybasite is s< >fter and denser than hematite, and is distinguished

Ik mi pit >ustite and p\ i.ug\ rite In its black streak, Stephanite is a closely
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related silver sulfosall which is nearly identical to polybasite in its physical

properties and occurrence

Polybasite is found in low- to medium-temperature hydrothermal sul-

fide veins, in association with argentite, native silver, galena, proustite,

pyrargyrite, tetrahedrite, and other species. Excellent specimens are found
in Mexico at Arizpe and Las Chiapas. Sonora, as well as in the famous silver

mines of Guanajuato. Fine specimens are found in Europe at Pribram,

Czechoslovakia, and at Andreasberg and Freiberg, Germany. Polybasite

crystals have also been recovered from silver deposits in Colorado, Idaho,

Montana, Nevada, Chile, Bolivia, Peru, Sardinia, and Australia.

Minerals ark formed under widely varying physh vi conditions, from

environments of intense heat and pressure deep within the crust, to cool

damp caverns near the earth's surface. Since most elements are widely dis-

tributed in the earth's crust, it should come as no surprise that chemically

similar compounds form in very different physical environments. Thus, the

same compound may assume two or more very different internal structures,

each of which is stable under differing conditions. Such minerals with a

common composition and distinct crystal structures are called polymorphs,

meaning "several forms." If a compound has two polymorphs, these are

called dimorphs, if three, trimorphs.

A classic example is carbon in its two main forms: diamond and

graphite. Diamond forms incredibly hard crystals with a compact atomic

arrangement at high temperatures and pressures deep within the earth.

while graphite forms soft, loosely bonded crystals at relatively low tempera-

tures and pressures. Although diamond is not the stable form of carbon at

the earth's surface, there is no nvvd to worry about your diamond ring

turning into graphite: temperatures above 1()0()°C are necessary to break its

existing atomic bonds.

There are three major mechanisms by which one polymorph can alter

into another. Displacive polymorphs are very common and not at all dra-

matic, as the structural differences between such polymorphs are not usu-

ally apparent in the crystals' external shapes. In displacive polymorphs, the

transition from one structure to another occurs without the breaking of

atomic bonds; the transformation from high to low quartz is of this type.

More dramatic are reconstructive polymorphs, in which the the two

structures are very different. The change from one form to another in this

polymorphism

Structures ofthe tiro main polymorphs ofcar-

bon, diamond and graphite Each carbon

(in mi 111 a diamond crystal (left) enjoys strong

covalent bonding tofour immediate neighbors

In graphite (right), each carbon alum is cova-

lently bonded to only three other atoms, while

weak ran der Waals forx es < represented here

by lines) hold the structural layers together
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case requires the wholesale destruction of the original structure, and recrys-

tallization "from scratch"—a process which usually requires an outside

source of energy. The relatively unstable silica polymorphs cristobalite and

tridymite, for example, will not undergo reconstructive conversion to the

more stable form of quartz without the application of heat or pressure.

The third form of polymorphism is the order-disordertype, in which

one polymorph will have a more random distribution of components than

the other. This distinction separates the disordered, high-temperature potas-

sium feldspar saniciine from its ordered counterpart microcline.

Polymorphs are extremely valuable in petrography because they allow

one to make accurate estimates of the pressure and temperature at which a

particular rock was formed. The aluminosilicate (Al,SiO
s

) polymorphs

andalusite, kyanite, and sillimanite, for instance, have a well-known stabil-

ity field (see Audalusite), and their presence singly or in combination in

any rock indicates the conditions of its formation.

prehnite

Classification:

phyllosilicate

Composition:

Ca
2
AI(AISi

3
O

)0
)(OH)

2

(hydrous calcium aluminum silicate)

Crystal System:

orthorhombic

Hardness:

6-6.5

Specific Gravity:

2.90-2.95

( rystalline aggregates ofprehnitefrom w est

Paterson, Sew Jersey Wote the reflet tionsfrom

the multitude oj tiny i rystal terminations on

thesurfat e ofeat h

This speciks is named for Hendrik von Prkhn (b. 1733). a Ditch military offi-

cer who enlivened his duties in South Africa by collecting minerals. Although

it scarcely resembles most other sheet silicates, prehnite is classified as such

because of its stmcture, which consists of parallel layers of silica and alu-

minum tetrahedra. Compact material is sometimes fashioned into decorative

objects and gemstones because of its pleasing greenish coloration.

Prehnite is very rarely seen as discrete crystals of tabular or pyramidal

morphology. It more often forms barrel-shaped aggregates, and especially

radiating fibrous or lamellar aggregates with mammillary morphology. Its

perfect basal cleavage reflects its sheet stmcture. Most material is translu-

cent, and pale to dark green, gray, white, or colorless, with a vitreous luster

and a white streak. Prehnite may resemble hemimorphite. but has a much
lower specific gravity.
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Prehnite is a typical mineral of cavities in basaltic rocks, where it is

associated with calcite, datolite, pectolite, quartz, and zeolites. It is also

found in low-temperature hydrothermal deposits in fissures in igneous and
metamorphic rocks, and in limestones. Fine masses are found with native

'•opper in Keweenaw County, Michigan, and in the basalts and diabases of

northern New Jersey, Westfield, Massachusetts; Farmington, Connecticut;

Fairfax County, Virginia; and North Carolina. Good specimens are also

obtained from Mt. Sneffels, Colorado, and the Crestmore Quarries in

California. Excellent crystalline specimens are found near Dauphine,

France, and in Scotland, Switzerland, India, South Africa, New Zealand, and

other locations worldwide.

Till si SECONDARE SULFID1 MINERALS AR1 tSOSTRUCTURAL WITH ONE ANOTHER, BUT

do not form an isomOrphous series, as little substitution occurs between

antimony and arsenic. The two species are usually found together in low-

temperature hydrothermal sulfide veins, where they form as alteration

products of argentite and silver-bearing galena. Pyrargyrite is more com-
mon and darker in color than proustite, although it is rarely as well-crystal-

lized. Its deep ruby-red color earned it the miner's name "dark ruby sil-

ver;" the proper name, pyrargyrite, is equally poetic if less euphonious,

meaning "tire silver" in Greek. Proustite is named for the French chemist

Joseph Louis Proust (b. 1754).

Although they usually occur in massive form, these species are best

known for their dramatic crystals. Those of proustite are usually rhombohe-

dral or scalenohedral, often striated, distorted, and twinned. Pyrargyrite

crystals typically form roughly hexagonal prisms with blunt hemimorphic

terminations. Both species are fragile, with good rhombohedral cleavage.

Recently excavated crystals of proustite are blood-red. and translucent with

proustite and pyrargyrite

Classification:

sulfosalts

Composition:

proustite: Ag
3
AsS

3

(silver arsenic sulfosalt)

pyrargyrite: Ag
3
SbS

3

(silver antimony sulfosalt)

Crystal System:

hexagonal (rhombohedrat

Hardness:

2.5

Specific Gravity:

proustite: 5.65;

pyrargyrite: 5.85

Ruck' hexagonalprisms ofpyrargy ritefi

Mina la l.itz. Guanajuato, Mexico.
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Highly modified scalenohedral crystals of

proustitefrom the classic locality at

Chanarcillo, Copiapo, Chile.

an adamantine luster and a

scarlet streak, but exposure to

the atmosphere can render

them opaque, with submetallic

luster and a gray streak.

Fyrargyrite is deep ruby-red,

or black with dark-red internal

reflections, and has a dark-red

streak.

Proustite and pyrargyrite

are found with native silver,

other sulfides, calcite,

dolomite, and quartz in low-

temperature hydrothermal

veins. The best specimens of

these species are obtained from the Andean sulfide veins in Bolivia, Chile,

and Pem, particularly the excellent proustite crystals of 15 cm in length

from the silver mines of Chanarcillo, Chile. Fine specimens are also found

in Batopilas, Chihuahua; Guanajuato and Zacatecas, Mexico; and at Cobalt,

Ontario. Important European sources include the German regions of

Freiberg, Saxony, and Andreasberg in the Harz Mountains; Pribram,

Czechoslovakia; Spain; and Sardinia. Proustite and pyrargyrite are

widespread in silver deposits of the western United States, but are rarely

found as exceptional specimens.
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I
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pseudomorphs

Original Crystal New Crystal

galena anglesite

aragonite, celestite calcite

feldspars, tourmaline,

beryl, spodumene
clay minerals

cuprite, azurite,

aragonite

copper

anhydrite, aragonite gypsum

magnetite hematite

cuprite, azurite malachite

tourmaline, muscovite

spodumene

glauberite opal

pyrite, siderite,

magnetite,

chalcopyrite,

sphalerite

goethite

manganite pyrolusite

calcite, aragonite,

fluorite, serpentine

quartz

olivine, pyroxenes serpentine

quartz; pyroxenes talc

This pseudomorph ofmalachite after azurite

from Tsumeb, Samibia is an urn ommonly hue

example ofa ray < ommon pseudomorphU

relationship

When the original crystal eorm of one mineral is occupied by another,

chemically or structurally different species, the resulting specimen is

referred to as a pseudomorph (from the Greek "false form"). This situation

can arise through three different processes: gradual chemical change, struc-

tural change, and wholesale replacement. Most common is the gradual

alteration of chemical composition due to changes in the physical environ-

ment. This usually occurs through the loss or gain of volatile elements or

compounds, such as water. The alteration of gypsum to anhydrite, or borax

to tincalconite, through dehydration are typical examples. Primary species

are also replaced through the gradual in-place reorganization of their con-

stituent elements, leaving in their place new species roughly similar in com-

position, but otherwise unrelated. This is what occurs when feldspar or

spodumene crystals alter into chemically analogous clay minerals, or when
the aluminosilicate andalusite alters to mica.

Minerals can be altered in the solid state without undergoing any chem-

ical change at all. Changes in the pressure or temperature can initiate

paramotphisnu in which crystal stmcture is altered while chemical elements

are preserved in the original proportions. Examples of paramorphic

changes in which the internal structure of a mineral changes without affect-

ing its outward crystal form include the conversion of aragonite to calcite,

(CaCO^), or rutile to brookite (TiO,). Some minerals which are only stable

at high temperatures, such as

cristobalite and tridymite

(SiO,), change their internal

structure as they cool in fresh

igneous rock, while retaining

the external form of the high-

temperature polymorph.

Perhaps the most remark-

able kind of pseudomorphs
.in- those in which one species

is replaced by another com-

pletely unrelated species. This
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can occur when crystals embedded in rock or encrusted by other minerals

are dissolved, leaving a cast or mold, which is later filled by a secondary

species which mimics the form of the original. Strange specimens of quartz

in the cubic shape of fluorite crystals have formed in this way.

Till NAME PYRITE MFANS "FIRESTONE" l\ GREEK, REFLECTING ITS EARLY USE AS \

source of sparks for stalling fires. It was believed that the pyrite actually

contained fire, which was knocked out when the stone was struck. In

antiquity, the term pyrite was used collectively for all minerals that pro-

duced sparks, including chalcopyrite and marcasite. Pyrite is mainly used

today in the production of sulfuric acid, which has many applications in

manufacturing and refining. The acid is rendered from pyrite through oxi-

dation, as the mineral is cooked in the presence of air. The resulting iron

residue is used as a red pigment and as iron ore—nothing is wasted. Pyrite

often contains commercially exploitable quantities of gold as well, in the

form of discrete, microscopic grains; nickel may also substitute for iron.

The stern ladies of the Victorian era adorned themselves with jewelry set

with dark, metallic, faceted pyrites. These stones were and still are mar-

keted as marcasite, but this polymorph of pyrite is itself much too delicate

for wear in jewelry.

Pyrite forms some of the finest specimens of all the sulfides, and is often

found as large euhedral crystals. Although the crystals may display a com-

plex array of isometric forms, pyrite is most often found in cubes, octahedra,

or pyritohedrons (twelve-faced forms with each face a pentagon). The faces

of cubes and pyritohedrons are nearly always striated, due to competition for

expression between these two forms. Penetration twins are fairly common;
those involving pyritohedrons are called "iron crosses.'' Typical aggregate

habits include massive granular, reniform. and stalactitic. Pyrite is opaque,

metallic, and a distinctive, brassy yellowish-white, unless coated with a rusty

film of goethite. Pseudomorphs of goethite or limonite after pyrite are very

common, as the sulfide breaks down fairly easily in the presence of oxygen

and hydroxyl. Pyrite is distinguished by its sharp, striated crystals, and it is

harder than other iron-bearing sulfides. Although sometimes called "fool's

gold," pyrite bears little resemblance to the real thing: it is brittle rather than

malleable, and light yellow-white rather than gold in color.

pyrite

Classification:

sulfide

Composition:

FeS
2

(iron sulfide)

Crystal System:

isometric

Hardness:

6-6.5

Specific Gravity:

5

.1 cluster of cubic pyrite crystalsfrom the Greek

island ofIrisses, in theSporades.
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Pyrite is the most abundant and widespread of all sulfides, occurring in

all rock types of all ages, throughout the world. Perhaps the best crystals

are those formed in hydrothermal sulfide deposits; however, excellent spec-

imens are also recovered from cavities in sedimentary and metamorphie

rocks, and from contact metamorphie deposits. It also occurs in primary

magmatic rocks from layered intaisions to pegmatites, usually due to the

decay of other sulfides such as pyrrhotite. Pyrite crystals are often the main

iron component of limestones, coal deposits, shales, and even some
regional metamorphie rocks such as slates. Fine specimens are found in

numerous locations in the United States, including the American Mine and

Park City in Utah; Chester County, Pennsylvania; and Sparta, Illinois.

Important European deposits include Rio Marina, on the Isle of Elba, Italy;

Cassandra on the Khalkidhiki Peninsula, Greece; Rio Tinto, Huelva

Province, Spain; Alemtejo Province, Portugal; Falun, Sweden; Sulitjelma,

Norway; and Rammelsberg, Germany.

pyrolusite

Classification:

oxide

Composition:

Mn0
2
(manganese oxide)

Crystal System:

tetragonal

Hardness:

6-6.5

Specific Gravity:

5.06

This rather unimpressive-looking mineral is the major ore of the metal man-

ganese (see Manganite). Pyrolusite is particularly familiar for the delicate

patterns it leaves in all kinds of rock, most notably the variety of crypto-

crystalline quartz called moss agate. As manganese-bearing mineral grains

in any rock are dissolved, the manganese is commonly reprecipitated in fis-

sures and crevices as lacy, dendritic stains of pyrolusite. The name is

derived from the Greek phrase meaning "fire-wash," because it was added

to glass to remove through oxidation the greenish color imparted by

reduced iron impurities.

Crystals of this species are rare, and are referred to by the varietal name
polianite. They are typically equant to long prismatic, occurring as radiating

aggregates. The usual habits of pyrolusite are reniform, concretionary, or

stalactitic aggregates, or noncrystalline earthy masses associated with other

manganese oxides (referred to as "wad"). Crystals are brittle, with one per-

fect cleavage; massive material fractures with earthy or fibrous surfaces.

Pyrolusite is opaque; iron-black or gray with submetallic to metallic luster

in crystals, and flat black and dull in massive form; the streak is blue-black.

Earthy varieties are very soft and greasy, leaving their streak on everything.

Pyrolusite commonly forms pseudomorphs after primary manganese miner-

als, especially manganite.

Pyrolusite forms from the alteration of primary manganese minerals

such as manganite or rhodonite, as coatings, caists, and crystals, and as an

interstitial mineral in soils and rocks in association with psilomelane,

goethite, and limonite. Sedimentary pyrolusite forms as a chemical precipi-

tate in both shallow bodies of water and the deep ocean, as the primary

mineral in sedimentary manganese deposits. Good crystalline specimens

are found in very lew

locations, including

Cornwall, England, and

Czechoslovakia, The

large sedimentary man-

ganese deposits which

contain massive pyro-

lusite occur in

Brazil, Soviet Georgia.

India. Ghana, and

South Africa.

Tufts <>/ iii u hi, a pyrolusite < rystals from Ten)

Capel, Hant's County, Sova Scotia
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Pyromorphtte takes its name from a Greek phrase meaning "fire-formed,"

since it was observed early on that alter being melted, this mineral would
reassume its crystalline form upon cooling. Pyromorphite is the phosphatic

end member of a solid-solution series with the arsenic-rich end member
mimetite, Pb-(AsO

H
)
s
Cl. A minor ore of lead, pyromorphite is prized for its

interesting and colorful crystals. These typically form barrel-shaped hexago-

nal prisms, which are often hollow; they are commonly clustered in arcu-

ate, subparallel aggregates, which taper to a fine point. Other crystalline

habits are equant, tabular, or pyramidal; aggregate habits include granular,

fibrous, botryoidal, or globular.

Pyromorphite crystals are generally translucent, and their typical col-

oration is some shade of green, although yellows or browns are common
and orange, colorless, or white crystals are also known. Like many other

lead-bearing minerals, pyromorphite has a very high index of refraction,

giving it an adamantine luster; the streak is white. The best means of distin-

guishing between the very similar arsenates mimetite, pyromorphite, and
vanadinite is on the basis of color; in the case of ambiguous coloration,

chemical tests are needed.

Pyromorphite is a secondary mineral formed in the oxidized portion of

hydrothermal lead sulfide deposits, in association with anglesite, cerrusite,

barite, galena, hemimorphite, wulfenite, mottramite, smithsonite, and vana-

dinite. Fine specimens have been recovered from the Wheatly mines,

Chester County, and the Ecton and Perkiomen mines, Montgomery County,

Pennsylvania; Galena and Carbonate, Lawrence County, South Dakota; the

Coeur d'Alene District in Idaho; and many other deposits in the western

states. Some of the world's finest specimens have come from the Society Girl

Mine, at Moyie, British Columbia. There are many fine sources of pyromor-

phite in Germany, including Had Ems in the Rheinland; Johanngeorgenstadt,

Saxony; and Kantenbach, Mosel. Other European sources include

Cumberland, England; Leadhills, Scotland; Pribram, Czechoslovakia;

Beresovsk, in the Ural Mountains of Russia; and Brittany. Good specimens

are also found at Broken Hill, New South Wales, Australia, and in a number
of other countries including Mexico, Algeria, Burma, and Zaire.

pyromorphite

Classification:

phosphate, apatite group

Composition:

Pb
5
(P0

4 ) 3
CI

Crystal System:

hexagonal

Hardness:

3.5-4

Specific Gravity:

7

Hexagonalprisms ofpyromorphitefrom Bad Ems, Koblenz District, Rhineland-Pfaltz,

Germany. Note the parallel prismsforming a single crystal.
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Stellate aggregate ofpyrophyllite crystalsfrom
Ires Cerritos, Mariposa County. California

pyrophyllite

Classification:

phyllosilicate

Composition:

AI
2
Si

4
O 10

(OH)
2

(hydrous aluminum silicate)

Crystal System:

monoclinic, triclinic

Hardness:

1-2

Specific Gravity:

2.65-2.90

Though not a particularly attractive species, pyrophyllite has great intrinsic

value. It is very soft, and like most sheet silicates, mechanically weak, read-

ily splitting apart between its structural layers. When heated, it exfoliates as

the water is driven off, and it is from this behavior that its Greek name, "fire-

leaf," is derived. Beyond that change, however, pyrophyllite is extremely sta-

ble thermally, withstanding temperatures of 800°C before beginning to

decompose further. For this reason it is widely used in refractories. Other

important uses are as a carrier (inert ingredient) in insecticides, and a filler

for paint and other products. An unusual, black-colored massive variety

found in the Transvaal province of South Africa can be molded into a variety

of elaborate shapes for use in special high-temperature applications, and is

known commercially as "South African Wonderstone."

Crystals of pyrophyllite are rare, tabular, and usually subhedral, and dis-

torted; this species usually forms foliated, fibrous, radiating, lamellar, or

compact masses. Crystals have perfect micaceous cleavage in one direction,

with resulting laminae thai are flexible but not elastic. Pyrophyllite is

translucent to opaque, and may be colored white, gray, yellow, light green,

pale blue, or brownish, with a pearly to dull luster mm\ a white streak. It has

a distinctive greasy feel, but strongly resembles talc and other fine-grained

phyllosilicates; chemical tests are usually required lor certain identification.

Pyrophyllite is a metamorphic mineral, occurring as an accessory in

schists with andalusite, kyanite, sillimanite, lazulite, and muscovite; .\\u\ in
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large replacement deposits formed through the wholesale alteration ol vol

canic rocks. Interesting star-shaped crystal groups up to 2.5 cm in diameter

are found in Randolph County, North Carolina; extensive bedded deposits

are mined in Guilford and Orange Counties. Other deposits in the

Appalachian region include Chesterfield County, South Carolina and

Graves Mountain, Lincoln County, Georgia. Pyrophyllite deposits are

exploited throughout California and in Arizona as well. Pyrophyllite is also

mined in Belgium, Switzerland, Sweden, the Soviet Union, Mexico, Brazil,

Korea, and Japan.

The pyroxenes areagroup or dark, kock-forming silicate minerals, which

constitute a common constituent of most major igneous rock types. They
are closely related in crystal form and composition and have the general

formula ABSi,0
()

. where

A = Ca. Na, Mg, or Fe
+2

; and

B = Mg, Fe
+2

, Fe
+
\ Fe, Cr, Mn, or Al, with silicon sometimes replaced in

part by aluminum.

The structure is based upon a a single chain of silica tetrahedra aligned par-

allel to the central crystallographic axis. Pyroxenes may crystallize in the

orthorhombic or monoclinic systems, and are referred to as orthopyroxenes

or clinopyroxenes, respectively. They typically form short, stout prismatic

crystals ranging in color from white to dark green or black. The name
comes from the Greek words pyro, meaning "fire," and xenos, meaning

"stranger," reflecting the incorrect belief that the pyroxenes were included

in lavas and other igneous rocks by accident, as contaminants. This is prob-

ably because some species form isolated euhedral phenocrysts in the other-

wise noncrystalline groundmass of volcanic rocks.

The pyroxenes are analogous in chemical composition to the amphi-

boles, except that the pyroxenes lack hydroxyl (OH"). The generally dark

glassy crystals of the two groups can easily be confused, except for their

characteristic cleavage patterns. Both display good prismatic cleavage in

two directions, but pyroxene cleavages intersect at nearly 90° (actually 87°

and 93°), producing distinctive blocky fragments, while amphibole cleav-

ages intersect at angles of about 56° and 124°.

pyroxenes

Enstatite: MgSi0
3

Hypersthene: (Mg, Fe)Si0
3

Diopside: CaMgSi
2 6

Augite: (Ca,Na)(Mg,Fe,AI)Si
2 6

Jadeite: NaAiSi
2 6

Aegirine: NaFe+3 Si
2
o

6

Spodumene: LiAiSi
2
o

6

Many mineral species have variable composition, bit pyrrhotite varies in an

unusual way, through the omission of one of its essential ions. Pyrrhotite is

usually deficient in iron, with many of the iron sites in its crystal structure

simply unoccupied. Its composition approaches that of the very rare, sim-

ple iron sulfide troilite (FeS), which is found primarily in meteorites.

Pyrrhotite is the only mineral beside magnetite that is strongly magnetic,

although it is still the less magnetic of the two. Its magnetism varies along

with its iron content, the iron-depleted material being the more strongly

magnetic. The name is from the Greek term for redness, pyrrhotes, in allu-

sion to its typical rosy-bronze tarnish.

Pyrrhotite is usually found in massive granular form, mixed with pyrite,

pentlandite, and other sulfides. Crystals are rare but interesting, usually

forming thin, tabular or dipyramidal. horizontally striated forms of hexago-

nal outline, often twinned. Pyrrhotite lacks cleavage but displays basal part-

ing; the fracture is uneven to subconchoidal. The material is opaque and

yellow-bronze in color, often with a rosy iridescence and bright metallic

luster. It is best distinguished from pyrite by its magnetism and tarnish.

Pyrrhotite occurs as a minor accessory mineral in mafic and ultramafic

pyrrhotite

Classification:

sulfide

Composition:

Fe
(1

. x)
S, (x=0-0.17) (iron sulfide)

Crystal System:

monoclinic (pseudohexagonal)

Hardness:

3.5^.5

Specific Gravity:

4.53-4.77
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igneous rocks; in layered igneous intrusions it may be associated with pent-

landite, chalcopyrite, and other sulfides. It is also found in some high-grade

metamorphic rocks, and in high-temperature hydrothermal sulfide veins

with other sulfides and oxides. Rarely, small crystals are found in granitic

pegmatites, and in sedimentary deposits associated with siderite.

Large concentrations of pyrrhotite are found in association with nickel

sulfides and chalcopyrite in the layered igneous orebody at Sudbury,

Ontario, in the Bushveld Complex of South Africa, the Stillwater Complex
of Montana, and in other layered intrusions. The finest specimens, how-

ever, such as the euhedral hexagonal crystals from the Bluebell Mine,

British Columbia, occur in hydrothermal sulfide deposits. Other notable

North American localities include Standish, Maine; Lancaster County,

Pennsylvania; and Ducktown, Tennessee. Crystals as large as 10 cm in

diameter are found at Trepca, Yugoslavia; other European locations include

Kisbanya, Romania; Leoben, Austria; Trentino, Italy; and Schneeburg,

Andreasberg, Bodenmas, and Freiberg, Germany. The tin mines of

Llallagua, Bolivia, have produced extremely large, if rough, crystals; finer

specimens come from the Morro Velho Mine, near Ouro Preto, Minas

Gerais, Brazil. Pyrrhotite is also found in meteorites.

Tu innedpseudohexagonalprisms ofpyrrhotite

from Santa Eulalia, Chihuahua, Mexico.
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In addition to bking onk of the most abundant minerals in the earth's crust,

quartz is also one of the most familiar and most useful. Both the crystalline

and massive varieties were humankind's main source of tool-making mate-

rials over the million years or so that passed between the advent of tool-

making and the invention of metallurgy. As technology has advanced, this

remarkable material has been adapted to ever more sophisticated uses; the

United States' space shuttles, for example, are protected from the cold of

outer space and the heat of re-entry by blankets of

sintered quartz tiles.

Quartz occurs as euhedral crystals more frequently than any other min-

eral, and it has attracted the attention of human beings from earliest times

to the present. Many theories have been offered to explain these perfectly

clear, hard symmetrical objects found in such abundance—including that

they were fragments of the nearer stars, fallen to earth. The dominant

notion until the time of the Renaissance was that quartz was a special form

of ice, so compacted that it was impervious to melting, and which formed,

as Pliny maintained, "only where the winter snow brings the most cold."

The hexagonal shape of the quartz prism was thought to result from its

having been compacted in the high snowfields like the cells of a honey-

comb. The Greeks called quartz krystallos, or "ice," and the derivative term

crystal was applied exclusively to quartz until 1669, when Nicholas Steno

illustrated that all minerals form regular crystalline shapes with constant

interfacial angles.

The main use of quartz has historically been as a gemstone and orna-

mental material. The many colorful crystalline varieties such as amethyst

and citrine are cut into faceted stones for use in jewelry, and both the crys-

talline and cryptocrystalline varieties (such as agate) have been carved into

an endless variety of decorational and devotional objects. Unworked quartz

crystals have been objects of reverence in nearly every culture, even before

the Roman emperor Augustus consecrated a giant specimen in the Capitol.

Small quartz crystals were important parts of the "medicine bundles" used

by Native American shamans. Many people in contemporary societies still

ascribe vague supernatural powers to quartz crystals, making the sale of

"magic" or "healing" crystals a thriving industry.

Most commercial quartz, however, finds more mundane use in heavy

industry and technological applications. Quartz sand, the most abundant

and easily exploited source of quartz, is the primary raw material for the

glass used in containers and windows. It also finds use in fluxes, as an

abrasive, and in the manufacture of porcelain. Ever since the Roman physi-

cians first cauterized wounds by focusing the sun's rays through quartz

lenses, quartz has been prized for its optical uses. Its transparency to both

infrared and ultraviolet light makes it important in a variety of specialized

optical applications, as does its ability to manipulate light rays, so that

white light can be broken down into its monochromatic components.

The most important technological uses of quartz depend on its piezo-

electricity, the ability to develop an electric charge when subjected to exter-

nal pressure. During World War I it was discovered that submarines could

be detected by the piezoelectric current generated when their sound waves

struck a quartz plate; quartz (and tourmaline) gauges are still used to detect

quartz

Classification:

tectosilicate

Composition:

Si0
2
(silicon dioxide)

Crystal System:

hexagonal (rhombohedral)

Hardness:

7

Specific Gravity:

2.65
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Quartz crystals twinned at right angles accord-

ing to theJapan Law, from Kurasawa, Kai

Province, Japan.

changes in pressure. In the 1920s, quartz plates were first used to control

radio frequencies. The quartz plate in a "quartz" watch controls the rate at

which the watch records time by vibrating at a set frequency as it receives

electricity from a battery. These vibrations in turn control a circuit which

sends out pulses at one-second intervals.

The structure of quartz is based on a network of simple of silica tetrahe-

dra. There are several other polymorphs of SiO„ of which only cristobalite

and tridymite are are abundant. The other polymorphs are either synthetic

or, like coesite and stishovite, formed only under restricted conditions such

as the extreme pressures associated with a meteorite impact. Quartz itself

has two polymorphs, known as high quartz and low quartz. High quartz

forms at temperatures above 573°C and has hexagonal symmetry; upon
cooling, it converts to trigonal low quartz. This transformation causes the

original, hexagonal atomic structure of high quartz to break down into

alternating, mirror-image trigonal units. This results in Dauphine twinning,

which is difficult to detect except on sawed or etched cross sections.

Crystalline quartz forms short to long six-sided prisms, with prism faces

usually horizontally striated. The terminations consist of six sloping rhombo-

hedral faces; these may develop equally to form hexagonal pyramids, or

one set may develop at the expense of the other so that three large faces

alternate with three small ones. Crystals are enantiomorphic, meaning that

they develop either as right- or left-handed forms. Crystalline quartz is brit-

tle, although the cryptocrystalline varieties arc often tough enough for use as

mortars and pestles. The fracture is perfectly conchoidal and the cleavage

indistinct, although crystals tend to fracture parallel to rhombohedral faces
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Twinning in quartz is the rule rather than the exception. The three main
twin laws are Dauphine, Brazilian, and Japanese. The firsl two types are

penetration twins, which are obscure except for minor external features:

Dauphine twinning is apparent as irregular sutures across crystal laces,

while Brazilian twinning may be apparent as ripples and pits on fracture

surfaces. Japanese twins are contact twins in which the two members are

divergent at right angles, and are much less common. Among the interest-

ing modifications shown by quartz are "scepters," in which one prism is

capped by another squat individual, and the progressively offset or

"twisted" crystals.

The relative hardness and lack of distinct cleavage of quartz help to

distinguish it from other minerals of similar appearance. Surprisingly for

such a common mineral, quartz is widely synthesized, with over 700 tons

of optical-quality quartz crystals being grown each year. This is because
most naturally occurring quartz is twinned, rendering it unsuitable for elec-

tronic purposes. The technique used to synthesize quartz is a hydrother-

mal method, in which a small, untwinned seed crystal is used as a

nucleus, and chips of quartz are used as raw material. Along with water,

this material is placed in a canister called a "bomb," and subjected to pres-

sures of over 20,000 atm. Differential heating allows the chips to dissolve

into solution at one end, as

the new crystal is precipitating

at the other. Despite the rela-

tive inexpensiveness of natu-

ral quartz gemstones, this pro-

cess is used to make citrine

and amethyst, as well as

quartz of colors that do not

occur naturally, such as deep

greens and blues. Microscopic

examination will reveal the

lack of twinning in the syn-

thetic material.

The many varieties of

quartz can be divided into

three major groups on the basis of texture. In addition to the coarsely crys-

talline varieties, there are two types of cryptocrystalline quartz: fibrous and
granular. These groups are further subdivided on the basis of color, which
in the crystalline varieties is usually caused by the presence of transition

metal ions, and in the cryptocrystalline varieties by the inclusion of foreign

mineral grains. The most abundant variety of crystalline quartz is the milky-

white material which forms as disseminated grains in all types of silica-rich

rocks. Larger concentrations occur in hydrothermal veins, and as very large

bodies in pegmatite dikes. Since quartz is extremely resistant to chemical

and physical weathering, this material collects to form the sedimentary rock

sandstone, which, through metamorphic processes, may in turn be con-

verted to the nearly pure quartz rock quartzite.

Euhedral crystals of clear, colorless quartz are termed rock crystal. This

is the original krystallos of antiquity, and the material long sought after for

the carving of lenses, goblets, reliquaries, crystal balls, and chandeliers. The
development of the glass-maker's art reduced the demand for large crystals

of clear quartz, and most decorative objects presented today as "crystal" are

actually molded or cut glass. High-quality rock crystal is found in peg-

matites such as those of Minas Gerais, Brazil; one doubly terminated crystal

weighing 5 1/2 tons was found in the Diamantina District in 1938. However,

the most prolific source of clear quartz is hydrothermal veins, such as the

innumerable veins which cut the sandstones of Arkansas' Ouachita

Mountains. Most of the rock crystal sold to contemporary adherents of

"crystal power" comes from this source. Transparent quartz crystals are fre-

quently colored by the presence of finely disseminated mineral grains;

This Mexican amethyst has three terminations

comprising one crystal. Note the common habit

ofparallel growth

.
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inclusions of hematite, for
Toe patterns in wis moss agate are caused by . . , ,

, , ... ,- . , ., instance, impart a red color.
dendritic aggregates of microscopic pyrolustte l

crvstals
Sometimes rock crystal may
enclose larger, acicular crystals

of tourmaline, rutile, or other

species as they grow. The result-

ing varieties are called tourmali-

natedov rutilated quartz, and

provide interesting specimens.

Smoky quartz is the term

used to describe material rang-

ing from a pale brown to virtu-

ally black. This color results from natural radiation, and radioactive mineral

grains ensconced in massive quartz are often surrounded by a "halo" of

smoky quartz. This coloration can be eliminated through heating and

restored through artificial irradiation. Among the finest smoky quartz crys-

tals are those found in association with amazonite microcline in the small

pegmatites of the Pikes Peak region, Colorado; the large, very dark crystals

from the Alpine clefts of Switzerland are also much sought after.

The lilac to deep-purple amethyst is the most highly valued of all the

quartz varieties. In ancient times amethyst was thought to have numerous

mystical and protective powers, particularly the ability to prevent intoxica-

tion; for this reason the stone's name is derived from the Greek phrase

amethystos, meaning "not drunk." The deeper the color in an amethyst

gem, the more valuable it is; in crystal specimens, tapering crystals are

prized, since most crystals form in daises as stubby crystals displaying

prominent terminations but virtually no prism faces. Most of the amethyst

specimens available are fragments of the daisy linings of basalt cavities

from the Rio Grande do Sul region of Brazil, and from nearby deposits in

Uruguay. One remarkable amethyst-lined from Brazil measured nearly 10 m
long by 2 m high; portions of this great geode can be seen on display in a

number of different museums. The finest crystallized specimens of amethyst

are found in Mexico, including the slender, phantom-bearing prisms from

Guerrero, and the pale daises from the silver veins of Guanajuato.

The color of amethyst is caused by trace amounts of Fe
+
\ This col-

oration can be eliminated by heating the crystal to 450°C; further heating to

550°C brings out the rich golden color of citrine. Since citrine is much less

common than amethyst, much of the material on the market is undoubtedly

produced from low-grade amethyst in this fashion. Citrine is found in the

same localities as amethyst and formed under the same conditions. It is yel-

low to yellow-brown in color and resembles the gem topaz, which is often

presented in its place to the unwary buyer. Good citrine crystals are surpris-

ingly rare, probably because most crystals are promptly cobbed into gem
rough.

Rose quartz usually occurs as massive material in pegmatite dikes.

Crystals are extreme!) rare, and when found, are usually poorly formed

with etched or stepped faces. The color is imparted by trace amounts ot

titanium, and ranges from pale pink to a deep rose-red. Most rose quartz

contains inclusions of extremely fine rutile crystals, which arc oriented with

respect to the crystallographic axes of the host. These fine needles make
most rose quartz appear slightly cloudy, and sometimes impart asterism or

chatoyancy to cut stones. The finest rose quartz crystals known arc the

deep-pink specimens to 1 cm in length from the Sapucaia pegmatite near

Governador Valadares, Minas Gerais, Brazil. Good specimens have been

found elsewhere in Brazil and in Oxford County, Maine; massive material is

216



quarried in the Black Hills of

South Dakota for ornamental

purposes.

The many varieties of cryp-

tocrystalline quartz have either

fibrous or granular aggregate

structures. Both are extremely

tough and compact, and the

distinction is based on their

microscopic structure rather

than any difference in tenacity.

The fibrous types are referred

to generally as chalcedony, a

name derived from the ancient

town of Chalcedon in Asia

Minor. Most of the gem vari-

eties are forms of chalcedony.

Agateis the variety of chal-

cedony distinguished by its

banding and translucency. It

forms as cavity fillings with parallel layers or concentric bands of variable

color and transparency. Although the natural colors of agate are diverse and

attractive, almost all of the material used for decorative purposes is artifi-

cially colored. Most of the agate used in jewelry and art objects comes from

the basalt fields of Rio Grande do Sul, Brazil, and adjacent areas in Uruguay,

where it is produced by the ton from weathered lavas.

Cornelian and sard-axe the types of chalcedony colored by fine flakes

of hematite. The highest quality carnelian is translucent and deep red.

while sard tends more toward brown. Onyx is the variety of agate charac-

terized by alternating, parallel bands of black and white. It is traditionally

used for the caning of cameos, in which a figure carved in the white layer

stands in relief against the black layer. Translucent agate containing den-

dritic growths of black manganese oxides or reddish iron oxides is called

moss agate. Chrysoprase and plasma are the names given to green varieties

of chalcedony. The former is translucent and has a bright-green color

imparted by finely disseminated nickel oxides, and is commonly found in

hydrothermally altered nickel deposits. Plasma is dark-green and nearly

opaque, owing its color to grains of chlorite or amphiboles; when small

flecks of red are included, it is called bloodstone ox heliotrope.

Prase is also greenish, but unlike the above varieties has a granular

structure. Although also colored by amphibole inclusions, it is more translu-

cent than plasma and is often presented as a substitute for jade. Jasper is

the granular counterpart of carnelian, and is colored red, yellow, or brown

by the inclusion of iron oxides. Flintand chert Ate non-gem types of granu-

lar cryptocrystalline quartz. Because of the ease with which they flake into

useful shapes, and their strength and ability to hold an edge, these stones

were used by early hunters and gatherers to fashion their tools and

weapons. Flint is found as isolated nodules in chalk or marly limestones,

commonly as fossil casts of invertebrate burrows. Chert is a chemical sedi-

mentary rock which solidifies from the siliceous sediments which cover

vast areas of the seafloor, and are accreted onto the continents in areas

where the earth's tectonic plates have collided. These sediments are formed

largely through the precipitation of silica from seawater by the planktonic

plants and amimals called diatoms And radiolarians.

This Roman bust displays the bluish nm offine
chalcedony
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radioactivity

This nuclear reactor in southern Illinois uses

uranium fuelfrom minerals such as carnotite

and uraninite to produce electricity. The spent

fuelfrom such atomic plants remains radioac-

tivefor thousands ofyears.

The importance of radioactivity in minerals cannot be overstated. As

Voltaire remarked about God, if it did not already exist, we would have

been obliged to invent it. Natural radiation has shaped the world we live

in, and our future depends upon how wisely we manage the radiation we
have learned to control. Deep within the earth, heat generated by the

decay of radioactive of elements drives the engines of plate tectonics. This

heat causes convection in the earth's viscous mantle", gradually opening and

closing the ocean basins and piling up the mountain ranges. Closer to the

surface, the radioactive decay of certain elements in rocks provides geolo-

gists with a means for determining their age, and ultimately, the age of the

earth itself. From the radioactive minerals in the earth's crust, governments

and corporations procure uranium and thorium to be artificially enriched

for use in atomic power and weapons of mass destruction.

Radiation affects the physical properties of many minerals and gems.

About 150 mineral species contain the abundant radioactive elements ura-

nium or thorium as essential components, including the oxides thorianite

and uraninite, the phosphates autunite and torbernite, and the vanadate

carnotite. In many other minerals, uranium or thorium commonly substitute

for calcium, cerium, zirconium, and other elements of appropriate atomic

radius; allanite, monazite, and zircon all acquire their radioactivity through

such solid solution.

What Is Radioactivity? Radioactivity results from the tendency of the nuclei of

some elements to spontaneously decay— changing the identity of the ele-

ment and releasing energy in the process. As discussed in the Atomic

Structure section, each element is defined by a characteristic number of

particles in its nucleus, equally divided between positively charged protons

and electrically neutral neutrons. Even though their positively charged pro-

tons are mutually repellent, the nuclei of most atoms do not decay radioac-

tively; they are held together by strong forces, charge-independent bonds

which are exerted between all nuclear particles. When an atom does not

have the right balance of nuclear particles, the magnetic repulsion between

the protons overcomes the strong forces, producing radioactive decay.

Atoms with too many or too few neutrons are called radioactive isotopes.

The natural radiation from the nuclei of radioactive elements takes three

forms: alpha particles, beta particles, and gamma rays. When a nucleus

tries to achieve stability by emitting two tightly bonded proton-neutron

pairs, an alpha particle is produced. The emission of an alpha particle

reduces the atomic number by two, thereby changing the identity of the

element. Sometimes a neutron decays into a proton, acquiring a positive

charge and producing a negatively charged electron, or beta particle as a

by product. Conversely, a proton may lose its positive charge to become a

neutron, producing a positively charged positron, which combines with an

electron to produce a different type of beta particle. Both alpha and beta

particles have the capacity to damage' cells and other materials, but they are

unable to travel far from the atomic nucleus where they were produced.

Thus the greatest threat from such particles to humans, for instance, occurs

when radioactive particles are inhaled or otherwise consumed.
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Gamma rays are produced as a radioactive nucleus achieves stability by
capturing one of its orbiting electrons, simultaneously emitting an intense

burst of electromagnetic energy. The high energy and electrical neutrality of

gamma rays allows them to travel over great distances and enhances their

penetrating power; no barrier is sufficient to stop their progress entirely.

Other types of radioactivity which do not occur naturally in minerals

include X-rays and neutron radiation.

Effects Of Radiation Radioactivity differs from radio waves, light waves, and
other forms of electromagnetic radiation in that it is ionizing, producing

chemical changes in organic cells, minerals, and other substances. Minerals

that contain radioactive elements such as thorium and uranium—and even

those merely exposed to external radiation—may undergo marked changes

in their physical properties over time. The destruction of a mineral's origi-

nal internal structure by radiation renders it amorphous, or metamict.

Metamict minerals generally lack cleavage, are very brittle, and contain an

abundance of lead—the final product of the decay of thorium and uranium.

Smoky quartz is a common example of a mineral that contains no radioac-

tive elements itself, but which has been "damaged" by radiation from asso-

ciated minerals (see Optical Properties).

Long-term exposure to even low levels of radiation produces cellular

damage in living organisms, giving rise to birth defects and contributing to

chronic diseases such as cancer. Larger doses of radiation can result in radi-

ation sickness, rapid organ failure, and death. In regions that overlie certain

types of plutonic rocks and sediments rich in radioactive minerals, the

accumulation of radioactive gases in enclosed spaces may pose a serious

health threat. Simple radiation-detection kits are available for those con-

cerned about the possible presence of such gases in their homes. A simple

low-tech method for the detection of radioactivity in mineral specimens is

to place unexposed film in an opaque wrapper next to a suspect specimen;

if it is radioactive, the film will become exposed.

Radiometric Dating The radioactive elements in rocks decay at a statistically

constant rate over time, independent of environmental conditions such as

heat and pressure. Radioactive decay produces new daughter elements

from the original radioactive parent elements, so that the proportion of

daughter to parent elements increases over time. The decay rates for many
radioactive elements have been experimentally detennined, and isotopes

are commonly referred to in terms of their half-life—the time required for

half of the original parent element to decay. Using sensitive instruments,

geologists can determine the relative proportion of parent and daughter

elements in a rock, from which the age of the rock itself can be inferred.

The radioactive carbon isotope 14C was the first to be used in radiomet-

ric dating, but since its half-life is only 5570 years, it is most useful for dat-

ing organic objects of relatively young age, such as archaeological remains.

Isotopes with half-lives in the billions of years are more useful for dating

ancient rocks. Indeed, the only reason radioactive elements such as ura-

nium and thorium still exist in the earth's crust is because their half-lives

are so long. There are several different methods of radiometric dating, each

appropriate for different rock types with specific mineral assemblages.

Listed below are some of the more important dating methods, and the par-

ent-daughter pairs used in each:

Potassium-argon method: 4°K_* 40Ar and 4°Ca

Rubidium-strontium method: 87Rb—

>

87Sr

Samarium-neodymium method: '

' Sm—> '
t3Nd

Rhenium-osmium method: 187Re—

>

187Os
Thorium-uranium-lead methods: 232Th-> 208Pb, 235tJ->207Pb, 238ij-> 2o6Pb
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Euxenitefrom Bunyoro, Uganda, showing the pitchy luster, conchoidalfracture, and
rune ofearthy surface alteration typical ofmany rare earth oxides.

rare-earth oxides: euxenite,

fergusonite and samarskite

Classification:

oxides

Composition:

euxenite (Y,Ca,Ce,U,Th)(Nb,Ta,Ti)
2 6

fergusonite (Y,Er,Ce,Fe)(Nb,Ta,Ti)0
4

samarskite (Y,Ce,U,Fe)
3
(Nb,Ta,Ti,)

5 16

(complex rare-earth niobium tantalum iron

titanium oxides)

Crystal System:

euxenite and samarskite: orthorhombic

fergusonite: tetragonal

Hardness:

5.5-6.5

Specific Gravity:

highly variable, 4.3-5.87

These radioactive rare-earth oxides are: fairly rare, but can be important

ores of cerium, niobium, tantalum, yttrium, and uranium where they occur

in abundance (see Columbite-Tantalite). They are rather plain-looking as a

rule, but sometimes form interesting crystalized specimens; they are inter-

esting enough in that they contain elements which are extremely rare else-

where in the earth's crust. Euxenite takes its name from a Greek phrase

meaning "hospitable," since it accommodates so many diverse elements;

fergusonite is named for Scottish physician Robert Ferguson (b. 1799), and

samarskite for Vasilii Efrafrovich Samarski-Bykhovets (b. 1803). of the

Russian Corps of Mining Engineers.

Each of these species typically forms caide, tapering, rectangular prisms,

sometimes as overgrowths on columbite-tantalite crystals. However, these

minerals are much more often seen as anhedral grains and irregular masses

enclosed in matrix, which are usually metamict and virtually impossible to

extract intact. Each is very brittle, with good conchoidal fracture and poor

cleavage, if any. Fresh surfaces are opaque, and dark brown to black with a

pitchy or resinous luster; the exterior of most crystals shows yellowish or

red-brown alteration. Samarskite has a very distinctive submetallic luster on

fresh surfaces. The streaks vary between brown, reddish-brown, and black,

depending on exact composition and degree of alteration. These species

can be very difficult to distinguish from rutile without chemical tests;

betafite is a related oxide with a distinctively different crystal form.

Euxenite, fergusonite, and samarskite are found in granitic pegmatites

rich in rare earths, in association with allanite, mona/ite, gadolinite, and zir-

con, and also in the placer deposits derived from them. Exceptional crystals

of euxenite occur at the Kingman Quarry, Mojave County, Arizona; near

Encampment, Wyoming; and in the pegmatites of the Colorado Rockies.

Large fergusonite crystals have been recovered from Baringer Hill. Llano

County, Texas; Amelia Court I louse. Virginia; and the Gole Quarry,

Madawaska, Ontario. Large concentrations of samarskite occur in the peg-

matites of North Carolina, ami also m the pegmatites of the Ural Mountains

and in the sands Oi the Caspian and Black seas. These species are all well-

represented in the pegmatites <>i \ew England, southern California, central

and southern Africa, Sweden. Norway, Madagascar, and brazil.
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Tills COLORFl I- SPECIES DERIVES ITS NAM! FROM Till ARABIC IMIKAM RAHJM GHAK,

which means "powder of the mines." Like orpiment (As,N.), realgar was
widely used as a pigment before the toxicity of arsenic became known.
Natural realgar was also mixed with saltpeter (or niter—KNOJ to make the

brilliant white light in fireworks. Nowadays, synthetic arsenic sulfide is used

for this purpose, but realgar remains an important source of arsenic for this

and various other industrial compounds (see Arsenopyrite).

Realgar typically forms massive aggregates and powdery crusts, but on

rare occasions is seen as small, stubby prismatic crystals. Dark red to

orange-red in color, it may turn yellow over time as it alters to orpiment.

Fresh material is transparent to translucent, with resinous to greasy luster

and an orange-yellow streak. Because of its arsenic content, realgar emits

strong garlicky, poisonous fumes when heated.

Realgar forms in low -temperature hydrothermal veins, usually in associ-

ation with orpiment and stibnite, and other antimony, silver, lead, and tin

minerals. It also forms in hot spring deposits, as in Yellowstone National

Park, and around volcanic fumaroles. Although massive material is fairly

common, sources of crystals are few. Excellent crystallized specimens are

found at the Getchell Mine, Humboldt County, Nevada; the Julcani District,

Peru; Allchar, Greece; Matra, Corsica; Felsobanya and Nagyag, Romania;

and the l.angenbach quarry in the Swiss Binnental.

realgar

Classification:

sulfide

Composition:

AsS (arsenic sulfide)

Crystal System:

monoclinic

Hardness:

1.5-2

Specific Gravity:

3.6

Realgar crystalsfrom the Getchell Mine, Humboldt County, Nevada
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rhodochrosite

Classification:

carbonate

Composition:

MnC0
3
(manganese carbonate)

Crystal System:

hexagonal (rhombohedral)

Hardness:

4

Specific Gravity:

3.70

The name of this attractive carbonate is derived from the Greek phrase

meaning "rose-colored." Its colorls indeed a striking rose-pink, which

helps to distinguish it from its close relatives siderite and calcite, with

which it forms isomorphous series. The massive, banded form of

rhodochrosite is a very popular ornamental stone, used to make all kinds

of art objects and jewelry. Rhodochrosite is an ore of manganese, though

less important than the manganese oxides (see Pyrolusite and

Romanechite) which occur in vast sedimentary deposits.

Rhodochrosite crystals are usually small, and very rare. Typical forms

are simple rhombohedra, or, more rarely, sharp scalenohedra. Massive

material ranges from fine to coarse granular, often displaying alternating

dark and light bands resulting from deposition as botiyoidal cavity linings

or stalactites. The rose-red color of rhodochrosite is imparted by its man-

ganese content. Crystals display a vitreous luster, are translucent to trans-

parent, and, like calcite, have a well-developed rhombohedral cleavage.

Massive rhodochrosite resembles rhodonite, but can be distinguished by its

lower hardness.

Rhodochrosite forms in contact metamorphic rocks, and as a secondary

mineral in some manganese deposits, but most specimens of both massive

and crystalline material are found in hydrothermal veins. An exception to

this rule are the superb clusters of wine-red scalenohedra from the

N'Chwanging Mine in South Africa's Cape Province. These specimens occur

in association with manganite and secondary manganese minerals in the

world's greatest sedimentary manganese deposit. Excellent rhombohedral

crystals as large as 5 cm on edge have been found in the old silver mines

of Colorado, particularly at the Home Sweet Home Mine in Alma. The old

mining regions of Romania; Huelva, Spain; Ariege, France; Saxony and the

Harz Mountains, Germany; have also produced fine specimens. Great sta-

lactites of some of the finest ornamental rhodochrosite ever found were

discovered in an abandoned 13th-century Inca silver mine at Capillitas,

Catamarca, Argentina, many years ago. These stalactites had formed

throughout the mine workings over the 700-year interval since the Indian

miners had left. Fine

banded aggregates are still

obtained from Argentina

and from Magdalena,

Sonora, Mexico.

I 'nusuallyfine scalenohe-

dral crystals ofrhodochrosite

from the N'Chwanging Mine.

Hotazel, Kuruman, Cape

Province. South Africa
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Rhodonite is named from mi Grj i k word rhodon, i ir "ri isi
,

" i\ aim si< >nto
its pink color. Along with pectolite and wollastonite, rhodonite belongs to

the pyroxenoid group of inosilicates. As in the pyroxenes, the pyroxenoid
structure is based upon single chains of SiO, groups; in the latter, however,
the chains are "kinked" rather than straight, resulting in a triclinic rather

than monoclinic crystal symmetry, The formula at right is misleading, as

rhodonite is never pure. It always contains some calcium, and both iron

and zinc often replace manganese; the zinc-rich variety is known as fow-

lerite. Massive rhodonite has a delightful pink color, and is usually dis-

sected by a network of black veins of manganese oxides. This material has

long been fashioned into cabochons, beads, and other ornamental objects.

It was particularly fashionable in 18th-century Russia, where it vied with

malachite as the stone of choice for the decorative excesses of the Imperial

Court, and was used in a range of objects including tabletops, balustrades,

and sarcophagi.

Rhodonite primarily occurs as tough, compact granular masses, cut by
the characteristic veins of black manganese oxides. In rare instances it can
be found as tabular or prismatic crystals, sometimes with rounded edges,

and usually imbedded in matrix. The color is a rich pink, and crystals are

transparent to translucent, with a vitreous luster. It is distinguished from the

similarly colored carbonate rhodochrosite by its hardness, insolubility, and
perfect prismatic cleavage.

Rhodonite forms during the metamorphism of limestones rich in man-
ganese and silica, usually in contact metamorphic settings. It also forms as

sedimentary manganese ore bodies that have been subjected to metamor-
phism. The czars obtained their rhodonite from large bodies in the Ural

Mountains near Sverdlovsk; similar deposits are found at Langban and

Pajsberg, Sweden; Simsio, Finland; and at Broken Hill, Australia. There are

important deposits in California, Colorado, Massachusetts, Maine, and

rhodonite

Classification:

inosilicate, pyroxenoid

Composition:

MnSi0
3

(manganese iron magnesium silicate)

Crystal System:

triclinic

Hardness:

5.5-6.5

Specific Gravity:

3.57-3.76

Massive rhodonitefrom Ompanihy, Southern Madagascar.
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Montana, and good crystals of the zinc-rich variety fowlerite can be found

in the marbles of Franklin, New Jersey. Deposits of rhodonite also occur in

Brazil, South Africa, Japan, Madagascar, and New Zealand.

romanechite (psilomelane)

Classification:

oxide

Composition:

(Ba,H
2
O)(Mn+4,Mn+3

) 5
O 10

(hydrous barium manganese oxide)

Crystal System:

monoclinic

Hardness:

5-6

Specific Gravity:

3.7-4.7

Botryoidal romanechite with manganocalcite

(intermediate in composition between calcite

and rhodochrosite)from Ironwood, Michigan.

The name psilomelane at one time referred to barjum-bkaring manganese

oxides as well as undifferentiated manganese oxides. The name romane-

chite (derived from an occurrence at Romaneche, France) has since been

applied to the barium species, and psilomelane reserved for the group. Not

everyone agrees on this distinction, and psilomelane continues to be used

as a species name—largely because the only way to tell one fine-grained

manganese oxide from another is by chemical analysis. It is agreed that

romanechite is an important ore of manganese, however (see Manganite
and Pyrolusite).

Never seen in crystals, romanechite forms botryoidal aggregates or sta-

lactitic aggregates with concentric banding, or earthy masses. These are

black and opaque, with submetallic luster and a brownish-black to black

shiny streak. Romanechite forms as a primary mineral in residual sedimen-

tary deposits with psilome-

lane, or as a secondary min-

eral through the weathering of

primary manganese silicates

and carbonates. Large deposits

occur at Chiatura, Soviet

Georgia, and Nikopol, in the

Ukraine, as well as in the

United States, Belgium.

France, Germany, Scotland.

Sweden, and India.

vutile

Classification:

oxide

Composition:

Ti0
2
(titanium oxide)

Crystal System:

tetragonal

Hardness:

6-6.5

Specific Gravity:

4.2-4.25.

Stubbyprism <</ rutilefrom Bra >l

Not only does rutile providi

interesting crystals for the col-

lector but it is an important

ore mineral as well, and has

even been used as a gem-

stone. There are three poly-

morphs of TiO,: rutile.

anatase, and brookite. Of
these, rutile is by far the most

common, apparently because

its structure is stable over a

\\ ider range of temperature

and pressure conditions. The

rutile structure is also shared

by the manganese oxide pyro-

lusite and the tin oxide cassi-

terite, The name is from the

latin, rutilus, meaning

"golden-red."

Mom- with ilmenite, rutile is An important ore of titanium, the wonder

metal ol the rockel age Titanium metal, or alloys of other metals with tita-

nium, an- extremely light and strong, And so find extensive use in the air-

« raft, aen »spa< e, an. I defense industries Titanium is also used in \ arious

224



compounds for everything from skywriting to water-proofing to converting

electrical current into sound. Because it is so highly reflective, rutile itself is

ground up and added to cosmetics such as lipstick and eye shadow, to add

that glamorous sheen. The primary use of rutile, however, is in the coating

of welding rods.

Transparent synthetic nitile, produced like corundum through the

Verneuil process, has extremely high dispersion and was a popular dia-

mond substitute in the 1940s and 1950s before being overshadowed by

other, more durable imitations. It is still on the market, however, under

trade names such as Titania, Miridis, and Kenya Gem. Although dark in

color and rarely transparent, natural nitile is cut as a gemstone for collec-

tors because of its high index of refraction.

Rutile forms elongated or stubby, commonly striated prismatic crystals.

Cyclically twinned "belt" crystals may form closed rings; elbow and heart-

shaped contact twins are also common. Reticulated aggregates intersecting at

60° angles are known as sagenite. The extremely fine acicular crystals which

often occur as inclusions in quartz or other minerals are known as "maiden

hair." Rutile is usually opaque or translucent, colored a rich red-brown, dark

brown, or black (usually with a reddish tint); the streak is light brown to col-

orless. Varieties containing iron, niobium, or tantalum may be nearly black,

and the fine maidenhair inclusions are typically yellow to orange. Some
transparent specimens display dichroism, appearing dark red or nearly black

depending upon the crystal direction. Rutile can be distinguished from cassi-

terite by its lower specific gravity and distinctive crystal forms; the strong

adamantine to submetallic luster of nitile is especially distinctive.

Rutile commonly forms an alteration product after primary titanium

minerals such as titanite and ilmenite. It is fairly widespread as small grains

in many rock types, particularly granites, gneisses, mica schists, and mar-

bles. Since these grains prove very durable after weathering from their host

rock, they tend to accumulate as a constituent of heavy placer sands, where

they are mined for their titanium content. The most important deposits of

aitile sands are exploited in New South Wales and Queensland, Australia.

Euhedral aitile specimens are usually found in contact metamorphic

rocks, in pegmatites, and in cavities in quartz veins. Very large, generally

simple crystals to 12 cm are found in quartzite and pyrophyllite at Graves

Mountain, in Lincoln County, Georgia;

similar but smaller specimens are

found in pyrophyllite at the Champion
Sparkplug Mine in Inyo County,

California. Excellent black crystals

occur at Magnet Cove, Hot Springs

County, Arkansas, including cyclic belt

twins and pseudomorphs after

brookite. Reticulated sagenite is found

in the pegmatites of North Carolina,

particularly from near Hiddenite,

Alexander County. Beautiful twinned

crystals are found at Cerrado Frio, in

Minas Gerais, Brazil; and extraordinary

examples of maidenhair aitile in quartz

are found in the iron deposit at Itibiara,

Bahia, Brazil. Fine specimens come
from Yrieix, France, Kragero, Norway;

and from numerous localities in the

Austrian, Italian, and Swiss Alps.

Rutile has many uses, but the most important is

as a coatingfor welding rods.
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scheelite

Classification:

tungstate

Composition:

CaW0
4
(calcium tungstate)

Crystal System:

tetragonal

Hardness:

4.5-5

Specific Gravity:

6.10

Dipyramidal crystals ofscheelitefrom Saxony,

Germany.

Sheelite is named for the 18th-century Swedish chemist Karl Wilhelm

Scheele, who discovered the metal tungsten (known in Europe as wol-

fram). Tungsten is an interesting metal. One of the heaviest, it also has the

highest melting point of any metal and finds use in strong, heat-resistant

alloys and fine filaments for lamps. Among the important tungsten com-

pounds are tungsten carbide, used in high-speed tools and, like diamond,

in drill bits; sodium tungstates are used in fireproofing and dying. The min-

erals of the wolframite series are the most important ores of tungsten.

Molybdenum commonly substitutes for tungsten in scheelite, and a solid-

solution series exists between scheelite and the calcium-molybdenum

tungstate powellite.

Scheelite usually forms dipyramidal crystals resembling truncated octa-

hedra, with faces that are sharp to crude, and often striated or etched.

Crystals also occur as penetration or contact twins. Scheelite usually forms

massive aggregates, and is commonly found in placer deposits as dissemi-

nated grains. Crystals are brittle, with one good and two indistinct cleav-

ages, and a subconchoidal to uneven fracture. Scheelite is transparent to

translucent, and may be colorless, white, gray, yellowish, reddish, brown-

ish, or greenish, with a vitreous to adamantine luster and a white streak. It

often fluoresces bright blue to white under short-wave ultraviolet light,

becoming yellowish with increasing molybdenum content. Scheelite has an

unmistakable combination of distinctive characteristics, including its dipyra-

midal crystals, great density, strong luster, and fluorescence.

Sheelite is found in hydrothermal veins and pegmatites in association

with cassiterite, wol-

framite, topaz, fluorite,

tourmaline, and mica;

and in placer deposits

with other dense

species. However, most

commercial sheelite

concentrations occur in

a carbonate-rich con-

tact metamorphic envi-

ronments called tactite

(formed by the intm-

sion of granites into

carbonate rocks),

which also contain axi-

nitc, garnet, epidote,

diopside, tremolite, and

wollastonite.

Excellent crystals

arc obtained from a

number of mining

regions in the western

I Inited Stales, including

the < )wens Valley and

the Greenhorn
Mountains of
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California; the Hualpai and Cabezas Mountains of Arizona; Utah's Mineral

Mountains; and Mill City, Nevada. Excellent specimens come from Mina

Perdida, Huancaya, Peai; and various localities in Bolivia, Brazil, and

Mexico. Fine euhedral crystals are found at Caldbeck Fells, Cumberland,

England; Traversella, in the Italian Piedmont; at various places in the Swiss

Alps; Saxony, Germany; at Zinnwald, Czechoslovakia; and in the Andalucia

province of Spain. The largest crystals of scheelite are those from Taehwa,

Korea, which may exceed 12 cm in length. Good specimens are also found

in Burma, Japan, Malaysia, and Australia.

The name is derived from the Greek skolex, or "worm," an allusion to its

habit of curling into worm-like shapes when heated. Scolecite is very simi-

lar in appearance and properties to the zeolites natrolite and mesolite, shar-

ing their general structure of parallel chains of AlO
(

and SiO/ tetrahedra.

This structure is reflected in the perfect prismatic cleavage of scolecite, and

in its very slender, prismatic, vertically striated crystals. These are usually

clustered in radiating groups, and are colorless or white, with a vitreous to

silky luster.

Scolecite is found in basalt cavities and in contact metamorphic environ-

ments such as the Crestmore Quarry in California. Good specimens are

found in most of the major zeolite occurrences, including those in northern

New Jersey; the Columbia Plateau of Oregon and Washington; Table

Mountain, Colorado; the Bay of Fundy District, Nova Scotia; Iceland; the

Faeroe Islands; northern Scotland; Poona, India; and Rio Grande do Sul,

Brazil.

scolecite

Classification:

tectosilicate, zeolite group

Composition:

CaAI
2
Si

3
O 10

«3H
2O

(hydrated calcium aluminum silicate)

Crystal System:

monoclinic

Hardness:

5-5.5

Specific Gravity:

2.27

A radiating spray of

acicular scolecite crystals

in basalt, from Ostero,

Faeroe Islands.
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sedimentary rocks

Top: Detrital sedimentary rocks. From left,

conglomerate, shale, and sandstone.

Bottom: limestone coquina composed of

marine mollus< shells.

Although the sedimentary rocks account for only a small fraction of the

earth's crust, they cover nearly 80% of the surface. Some sedimentary rocks

are derived from other rock types through the process of weathering.

Chemical weathering decomposes the actual minerals in the rocks, convert-

ing feldspars to clays, for instance, while mechanical weathering physically

dismantles the rock to create sediments. Once weathered from their parent

rock, sediments are collected in a variety of depositional environments,

from desert dunes to riverbeds to ocean basins; and unless they are

reworked by erosion, the process of lithification turns them into sedimen-

tary rock. Sedimentary rocks formed through the decomposition of other

rocks are called detrital rocks, from the word detritus.

Other sedimentary rocks are formed through the strictly chemical pro-

cesses. Elements and compounds derived from the chemical weathering of

rocks, such as carbonates, silica, salt, and phosphorous, are transported in

solution to oceans and lakes. If these bodies of water become saturated

with respect to a particular chemical, it may precipitate as solid grains and

collect in sediment form. Organisms which use dissolved chemicals to build

their skeletons also contribute to chemical sedimentation. The two main

groups of sedimentary rocks, detrital and chemical, are described below.

The currents of water and wind which carry detrital sediments to their

final resting places sort the mineral grains by size and mass; stronger cur-

rents carry larger and heavier rock or mineral grains. Detrital sedimentary

rocks are generally divided into categories on the basis of grain size.

Conglomerates are composed of coarse, rounded rock or mineral fragments

of boulder to gravel size, usually suspended in a finer-grained matrix: brec-

cias are rocks containing equally coarse-grained, but more angular particles.

Such rocks are said to be poorly sorted, because they contain a variety of

different grain sizes. The sandstones are composed of medium-sized,

rounded or angular grains, usually of quartz. Pure quartz sandstones result

from the chemical elimination of feldspars and other less resistant mineral

grains. Graywackes are dark sandstones that contain considerable feldspar

and small fragments of metamorphic or volcanic rocks. Rocks composed

primarily of clay and silt-sized particles are generally referred to as mud-

stones. Shale is a variety of mudstone which contains an abundance of clay

or mica particles in parallel orientation, giving it a roughly planar cleavage

called fissility.

The chemical sedimentary rocks are divided on the basis of their miner-

alogy, which of course reflects the chemical or biological processes of their

formation. The most important

chemical rocks are those com-

posed of the carbonate miner-

als calcite and dolomite.

Calcite and aragonite are

extracted from sea water by

planktonic animals, coral and

molluscs, which use these

minerals to form their skele-

tons. Aragonite may precipi-

tate directly from seawater.

without biological mediation;

it eventually alters to the more

stable form of calcite. Rocks

composed of calcium carbon-

ate are called limestones.

Magnesium-rich limestones

may in time alter to the mag-

nesium carbonate dolomite.

The second major class ot

chemical sediments are the

etkzporites, which form

through the precipitation ol
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large quantities of anhydrite, gypsum, halite and other minerals from over-

saturated bodies of water (see Borates, Evaporites, Halite). Cherts and

diatomites are siliceous chemical sediments composed of quartz and opal,

respectively. They form in much the same way as limestone, except that

the microscopic animal skeletons of which they are composed are made of

SiO, rather than CaCOv The banded ironformations are an ancient form

of chemical sedimentary rock, consisting of hematite, ankerite and siderite

(see Hematite). Phosphorites are sedimentary rocks containing a mixture of

detrital sediments and phosphate minerals (see Apatite).

Serpentine can be considered a single species with highly variable physical

properties, or a mineral group containing three polymorphs. Serpentine is

very abundant as the main constituent of serpentinite, which forms through

the in situ alteration of silica-poor igneous rocks such as peridotite, dunite,

and even kimherlite. As such, serpentine itself can he thought of as a prod-

uct of the decomposition of olivine and pyroxenes, with water added.

Relict igneous textures, such as pseudomorphs of serpentine after olivine

and pyroxene crystals, are commonly observed in serpentinites. The name
is in reference to the sinuous snake-like markings visible in carved and pol-

ished material.

The two main subdivisions of serpentine are based on structure.

Antigorite and lizardite are types of serpentine which form minute mica-

ceous crystals which compose the groundmass of most serpentinites.

Another form is the fibrous, or asbestiform, variety called chrysotile, from

the Greek words meaning "golden fiber." Chrysotile forms as semi-crys-

talline tubes, composed of sheets of Mg vSi ;
0-(OH)

(

rolled around a hollow

core like a parchment scroll. The length of these tubes may be as much as

10,000 times their width, and they form as parallel aggregates of extremely

tough fibers.

Serpentine has two main uses, both of which have ambiguous merit.

Serpentine in its massive, translucent green form has long been used as a

substitute for jade (see Jadeite and Actinolite-Tremolite). While ornamental

serpentine, sometimes called bowenite or verde antique, makes very attrac-

tive carvings and building materials, much of it is fashioned into bangles

and other jewelry and sold as jade. The unfortunate buyer of such pieces

soon discovers that serpentine, with a hardness of 2-5 on the Mohs Scale

and much lower tenacity than

either form of jade, does not

wear very well in jewelry.

The other use of serpentine

is in the form of chrysotile

asbestos, the most important of

the two main forms of asbestos

(the other is crocidolite, the

asbestiform variety of the

amphibole riebeckite). Asbestos,

from the Greek word meaning

"incombustible," is a wonderful

substance in some ways. It was discovered that its long, strong fibers were

heat-resistant and flexible, and could thus be shredded, spun, and woven

like cotton and made into useful articles like gloves that were impervious

to heat. Asbestos was also used as fireproofing and insulation in buildings,

electrical insulation, pipes, gaskets, paper, and especially, brake linings for

automobiles. As a wonder mineral, asbestos had few equals, until it was

found that the tiny fibers liberated by the mining, milling, and use of

asbestos products are potent carcinogens, causing three types of lung dis-

ease, including lung cancer. Since the amphibole variety of asbestos is

apparently more dangerous than chrysotile, the asbestos industry fs cham-

serpentine

Classification:

phyllosilicate

Composition:

(Mg,Fe+2
) 3
Si20

5
(OH)

4

(magnesium-iron hydroxyl silicate)

Crystal System:

monoclinic and orthorhombic

Hardness:

approximately 2-5

Specific Gravity:

approximately 2.5-2.6

Chrysotile. the fibrous variety ofserpentine, is

the most important type ofasbestos. Its incom-

bustiblefibers arc essential to manyproducts,

but long-term exposure to them can result i>i

lung cancer and other diseases.
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Massive serpentinefrom tbeAosta Valley in the

Italian Piedmont.

pioning the latter as "safe"

asbestos, but the future of

asbestos use remains in

limbo as the government

considers further regulations.

No satisfactory substitutes for

asbestos have

been found.

Serpentine is quite dis-

tinctive, usually forming

large bodies of green, waxy-

looking rock with patches of

white alteration. Massive

granular material has an

uneven to fibrous fracture,

while the fibers of chrysotile asbestos can be dislodged by rubbing

—

although this is not recommended, for obvious reasons. The color of the

massive varieties ranges from dark blackish-green through olive-green,

blue-green, and yellowish-green, and they are translucent to opaque, with

a waxy or greasy luster and a colorless streak. Chrysotile asbestos is golden

yellow in color, with a silky luster. Serpentine feels greasy when rubbed,

and is harder than talc (soapstone) and softer than nephrite jade.

In addition to forming through the alteration of basic igneous rocks, ser-

pentine forms in smaller quantities in calcareous metamorphic rocks such

as marble, and in some schists. Common associates include chromite,

brucite, chlorite, magnesite, and magnetite. Pure masses of antigorite have

been found af the eponymous deposit in Val Antigorio, in the Italian

Piedmont, and lizardite at The Lizard in Cornwall, but more ambiguous

material is common and widespread. Serpentinized peridotites are exposed

on land where sections of the oceanic crust, called ophiolites (see

Chromite), have been thrust onto the continent through tectonic processes.

Notable ophiolite exposures are found in the California Coast Ranges, in

the Mediterranean region, and in the Indo-Pacific area. Chrysotile asbestos

was long mined in southeastern Quebec, at the 2-km-wide, 900-m-deep

Jeffrey Mine.

sidevite

Classification:

carbonate

Composition:

FeC0
3
(iron carbonate)

Crystal System:

hexagonal (rhombohedral)

Hardness:

3.5-4.

Specific Gravity:

3.8-3.9

Transparent or translucent and relatively light in color, siderite makes an

improbable source of iron, which is usually found in opaque metallic sul-

fides or black silicates. But its high iron content (about 48%) makes siderite

a plausible ore of this metal. The name comes from the Greek word for

iron, sideros. Siderite is an excellent example of how the chemical proper-

ties of isomorphic minerals can affect their physical properties: although

both calcite (CaCO,) and siderite have the same crystalline form and cleav-

age pattern, siderite is much heavier and darker than calcite, and unlike its

isomorph, does not dissolve easily in acid. Manganese, magnesium, cal-

cium, and cobalt commonly substitute for iron in siderite, and solid-solution

series exist between siderite and both rhodochrosite (MnCO,) and magne-

site (MgCO^). Sideroplesite is the name given to the intermediate magne-

sium-rich variety.

Euhedral crystals of siderite are uncommon, but simple small rhombo-

hedra may form dnises lining fissures in hydrothermal deposits. The classic

habit of siderite, however, is a warped, or saddle-shaped rhombohedron,

formed by the aggregation of several offset individuals. It is commonly
massive, either as botryoidal aggregates, oolites, or concretions. Siderite is
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Siderite crystalsfrom the Virtuous LadyMine
Buckland Monachorum, Tavistock, Derail

brittle, with an uneven to conchoidal fracture and perfect rhombohedral

cleavage. Most specimens are translucent and some shade of brown, with a

vitreous luster and a white streak. Color variations include colorless, honey-

colored, gray, or greenish; manganese-rich material may be nearly black.

Siderite may be coated by iridescent film, or partially altered to the iron

hydroxide goethite.

Siderite is distinguished from its isomorphs and solid-solution relatives

by its brown color and unusual warped composite crystals. Although it may
superficially resemble sphalerite, it is easily distinguished by its cleavage.

Unlike calcite, siderite does not effervesce in cold hydrochloric acid.

Siderite commonly forms fissure-fillings and bedded deposits in sedi-

mentary rocks, but the best crystals are generally found in hydrothermal

sulfide veins, associated with fluorite, barite, galena, sphalerite, and other

minerals. Siderite also occurs in some metamorphic rocks and pegmatites,

and in cavities in basaltic rocks. At Mont St. Hilaire, Quebec, excellent

siderite crystals are found in cavities in a carbonatite formation. An unusual

but important source of siderite is the cryolite-bearing pegmatite at Ivigtut,

on Arsuk Fjord in Greenland, where it forms cleavages 30 cm on a side.

Very large cleavage rhombs are also obtained from near Roxbury, Litchfield

County, Connecticut. Interesting spherical aggregates are obtained from

basalt cavities in several areas of Washington State. Colorado produces very

good specimens from a number of deposits, including the mines of the

Gilman District, and the pegmatites of the Crystal Peak region. Siderite is an

important constituent of the Homestake iron deposit in South Dakota; good

specimens are obtained from many other deposits throughout the western

United States. Wonderful crystals are found at several localities in Cornwall,

England, particularly Redruth and St. Austell. Among the many Gentian

sources are the mines of Saxony, Lintorf, Hannover; and Neudorf, in the

Harz. Alpine locations include Erzberg, Austria; and Traversella, in the

Italian Piedmont. Extraordinary specimens of siderite with pyrite are found

at Colavi, Bolivia; and siderite with quartz can be found at the Mono Velho

gold mine, in the state of Minas Gerais, Brazil.
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the silicates
The silicates comprise by far the largest and most diverse of the mineral

classes. Silicates make up over 90% of the earth's crust and include 25% of

all known mineral species, reflecting the fact that oxygen and silicon are

the most abundant elements in the crust (62% and 21%, respectively). The
silicates are major components of virtually every of igneous and metamor-

phic rock type, and since they are relatively hard and insoluble, they sur-

vive physical and chemical weathering to contribute to sedimentary rocks

as well.

The structure of all silicates is based on the silica tetrahedron, com-
posed of one Si

+4
cation surrounded by four O"2 anions. The bond that

holds the silica tetrahedron together is half ionic and half covalent, arising

both from the attraction of oppositely charged ions, and the sharing of elec-

trons between silicon and oxygen. It's no overstatement to say that this

bond is the glue which holds the earth itself together.

Since each oxygen in a silica tetrahedron has only half of its bonding

energy satisfied, any oxygen atom is available to form a bond with another

silicon atom. Only one oxygen may be shared between any two tetrahedra,

but one, two, three, or all four oxygen can combine with other tetrahedra.

The linkage of silica tetrahedra results in the wide range of structures which

characterize the different silicate groups described below.

Aluminum is the third most abundant element in the earth's crust after

oxygen and silicon, and plays a very important role in the chemistry of the

silicates. Since the atomic radius of the AT3 ion is similar to that of Si
+4

, alu-

minum and oxygen form tetrahedra of approximately the same size as silica

tetrahedra, and the two frequently occur in combination. Aluminium may
also combine with six oxygen molecules in octahedral groups, which are

also important in the structure of many silicates. Mg, Fe+2 , Fe
+
-\ Mn+2

, and

Ti
+4

are also found in octahedral groups in the silicates, and these ions are

frequently involved in solid solution. Larger cations such as Ca+2 and Na+1

are typically surrounded by eight oxygen atoms. Hydroxyl (OH) is also pre-

sent in many species, as is water.

Silicates containing isolated tetrahedra are called nesosilicates. Ionic-

bonds bind these isolated tetrahedra together with interstitial cations; the

stmctures and physical properties of the nesosilicates are largely controlled

by the size and charge of these same cations. The dense structure of the

nesosilicates gives them high density and hardness, while their relatively

homogeneous structure gives them equant crystal habits and poor cleavage,

(kyanite and sillimanite are conspicuous exceptions). Nesosilicates are

abundant in high-temperature igneous and metamorphic rocks. Olivine is

an extremely important nesosilicate in mafic igneous rocks, while the gar-

nets and the aluminum silicates andalusite, kyanite, and sillimanite are

essential components of regional metamorphic rocks.

Nesosilicate tetrahedron, (SiO ,)'
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A simple elaboration of the nesosilicate tetrahedron produces the basic unit

of the sorosilicate structure, an (Si
2 7)

group, or two tetrahedra sharing

one oxygen. As in the above group, the physical properties of the nesosili-

eates are largely controlled by the nature of the other ions present. Although

over 70 sorosilicate species have been described, only a few are geologically

important, including allanite, epidote, hemimorphite, and vesuvianite.

The structures of the cyclosilicates are characterized by interconnected

rings of silica tetrahedra. Three basic ring geometries exist, all preserving a

Sorosilicate group, (Si ,0-J'

silicon to oxygen ratio of 1:3. The simplest is the triangular Si
3
O

c;
ring,

found only in benitoite and two closely allied species. Nearly as rare is the

square SL0
12

ring, which occurs in the complex triclinic cyclosilicate axi-

nite. The structures of the most important cyclosilicates are based upon

neatly stacked Si
() 18

rings. In beryl and cordierite, these rings are stacked

in layers, their central openings forming channels which can accommodate

a variety of interstitial ions. The structure of tourmaline is somewhat more

complex, and gives rise to hemimorphic crystals.

Cyclosilicate ring, (Si£)
18)
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In the iuosilicates, silica tetrahedra are linked to form long single

chains, or ribbon-like double chains, held together by interstitial metal

cations. The single-chain inosilicates of the pyroxene group and the dou-

ble-chain members of the amphibole group are among the most important

rock-forming minerals. The amphiboles generally form at lower tempera-

tures than the pyroxenes, and contain hydroxy 1, which the pyroxenes do
not. Members of both groups are otherwise similar in composition and

appearance, although they can be distinguished by the differing angles

between cleavages—a result of the differing width of their structural

chains. Most inosilicates display one or more good prismatic cleavages,

with poor cleavage or none in other directions, because bonds are strong

within chains and relatively weak in between. The chain structure is also

expressed in the external morphology of inosilicate crystals, which are typ-

ically prismatic, acicular or fibrous.

Inosilicate single chain

Inosilicate double chain

The silica tetrahedra in the phyllosilicates are arranged in two-dimen-

sional sheets, in which each tetrahedron shares three oxygens with its

neighbors. These tetrahedral sheets are held together by positive interstitial

ions, all of which are stacked in either two- or three-layer sequences. Two-

layer species such as kaolinite (see (.'lay Minerals) and serpentine contain

alternating sheets of silica tetrahedra and of octahedra composed of Al or

Mg ions, coordinated with both the oxygen of the silica tetrahedra .md

hydroxy! In the three-layer phyllosilicates, such as talc, the octahedral

sheets are sandwiched in between two layers of silica tetrahedra. their
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apices of pointing toward one another. Because these sheets are held

together by weak van der Waal's forces, the phyllosilicates are generally

soft and display perfect cleavage between sheets, resulting in flexible (and

sometimes elastic) cleavage lamellae. The phyllosilicates are important

rock-forming minerals. Micas are important in igneous rocks and are the

dominant component of the metamorphic schists. The clays, chlorites, and
serpentines are often the stable products of weathering , and thus form a

major part of many metamorphic and sedimentary rocks.

Phyllosilicate sheet structure

In the tectosilicates, all four oxygens in each silica tetrahedron are bound
to other tetrahedra, resulting in relatively open three-dimensional frameworks.

The large interstices thus formed can accommodate large ions such as Ba+2
,

Ca+2
, K+1

, Na
+1 and even H

2
0. The simplest tectosilicates are the silica poly-

morphs, including quartz, cristobalite, and tridymite, all of which are pure

Si0
2

. The most abundant tectosilicates, and indeed the most abundant of all

minerals, are the feldspars. These minerals are formed where Al is able to

substitute for Si in the silica framework, producing a net negative charge and

necessitating the presence of positively charged ions of K+1
, Ca

+2 and Na+1
.

Other important tectosilicate groups include the feldspathoids and zeolites.

Tectosilicateframework (cristobalite). SiO
,
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sillimanite

Classification:

nesosilicate

Composition:

AI
2
Si0

5
(aluminum silicate)

Crystal System:

orthorhombic

Hardness:

6-7

Specific Gravity:

3.23-3.27

Fibrousparallel crystals ofsillimanitefrom
LeClion, Valpelline, Piemonte, Italy. The silli-

manite defines thefoliation in this rock, which

was subjected to metamorphic compression

perpendicular to the orientation ofthe crystals.

Along with andalusite and kyanitk, sillimanite is onk of the three aluminum

silicate polymorphs, each of which is stable over a different range of pres-

sures and temperatures. The dominant polymorph indicates the metamor-

phic grade of the enclosing rock; sillimanite is found in rocks subjected to

the highest temperatures, above the stability range of either andalusite or

kyanite (see diagram in Andalusite). Like its cousins, it is used in the manu-
facture of refractory brick, tile, and high-temperature crucibles. Some trans-

parent specimens, and others which display chatoyancy, are cut into gem-

stones. This species is named for Benjamin Silliman (b. 1779), a professor

of chemistry and geology at Harvard.

Sillimanite crystals usually take the form of long slender prisms or

wisps, drawn out parallel to the grain of the host rock; these are squarish in

cross section and generally lack distinct terminations. Radiating crystalline

aggregates and granular masses are common; parallel, fibrous aggregates

are referred to as fibrolite. The crystals display perfect prismatic cleavage

and uneven frarture. Sillimanite is transparent to translucent, with a vitreous

to silky luster and a colorless streak. Characteristic colors include colorless,

white, gray, yellowish, brownish, greenish, and bluish. Sillimanite some-

times occurs as acicular inclusions in other silicate minerals.

Sillimanite is a veiy widespread and important constituent of high-tem-

perature regional metamor-

phic rocks such as schists

and gneisses. It also occurs

in the innermost zone of

some contact metamorphic

deposits, and as a minor

constituent in some granites

and pegmatites. It is com-

mon in the metamorphic

rocks of New England and

the related groups in

Northern Europe, in the

Appalachian Mountains, and

in the Alps. Well-formed

crystal groups are found in

Czechoslovakia, Italy, and

Germany. Large deposits of

industrial sillimanite are

mined in India, and trans-

parent blue crystals are

recovered from the gem
gravels of Burma.

silver

Classification:

native element

Composition:

Ag (elemental silver)

Crystal System:

isometric

Hardness:

2.5-3

Specific Gravity:

10.5

Because native silver is more chemically reactive than cold, it is foi nd less

often in its native form, and is usually deeply tarnished and not easily rec-

ognized. Even though silver is actually the more abundant metal, many
ancient cultures valued it more highly than gold because of the difficulty of

obtaining it (for the same reason, copper was valued more highly than gold

by some early peoples). Today, however, the value of silver is only a frac-

tion of that of gold. Many ancient cultures associated silver with the moon
in their cosmology and rituals.

Since pure silver is too soft for silverware and jewelry, it is usually

alloyed with copper. Silver allows are marked with their silver content in

pans per thousand; "sterling silver has a content of 925 parts ol pure silver

and -c
> parts of copper. Native silver usually contains small amounts of gold.

mercury, arsenic, or antimony. ( )ther than in jewelry and silverware, its mam
uses are in the electronics industry, in plating technology, And as .i catalyst

in chemical processing. Large quantities ol silver, in the form of synthetic sil

ver halides, arc used to make light sensitive photographic emulsions.
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Crystals of silver are rarely distinct, and commonly occur as anhedral

masses, thin wires, sheets, and plates. Crystals are mostl) crude cubes, but

also form octahedrons and dodecahedrons. The typical aggregate habit

consists of twinned, arborescent parallel growths called "herringbones,"

and dendrites. Silver is highly malleable, ductile, and sectile, and displays

a hackly fracture. When naturally alloyed with gold, the specific gravity

of silver increases to about 1 1 and falls to about 10 when alloyed with

other metals. Silver is opaque, and brilliant white on fresh surfaces,

although most specimens are tarnished gray to black due to alteration in

surface layers. The streak is shiny white and the luster metallic. Silver can

usually be distinguished by its malleability, high specific gravity, and black

tarnish.

Native silver occurs in hydrothermal sulfide veins and in some basaltic

rocks. When hydrothermal deposits containing silver are subjected to weath-

ering at the earth's surface, chemical reactions may produce an enriched

zone of secondary silver minerals (see Chlorargyrite), and sometimes, native

silver. In only a few of its widespread occurrences has native silver been an

important ore. Native silver has been mined continuously for over three

hundred years at Kongsberg, Norway, where it occurs as a primary mineral

in extensive low-temperature veins, associated with calcite, quartz, sulfides,

and zeolites. Large masses of

pure silver, some weighing

hundreds of kilograms have

come from this source, as

have delicate silver crystals

and wires that are probably

the finest specimens known.

Silver has been mined

even longer from the

Krzgebirge, or "ore moun-
tains," which lie between the

Saxony region of Germany
and the Bohemia region of

Czechoslovakia, and from

Freiberg, where it is found in

veins associated with

arsenides and sulfides of

cobalt and nickel and with

native bismuth. The
Dominican scholar Albertus

Magnus (b. 1193) noted in his

Book ofMinerals that the sil-

ver at Freiberg was found as

"columns standing up under the earth and extending through the earth like

strings."

Fxceptional specimens have been obtained from copper deposits of the

Keweenaw Peninsula, the silver being intimately associated with copper in

cavities in basalt, associated with prehnite, calcite, analcime, stilbite, and

other zeolites. Small crystals of silver occur within earthy chalcocite at

Bisbee, Cochise County, Arizona, where wire silver in gossans can also be

found. In Canada, large sheets, slabs, and irregular masses <>! silver are

found with silver and nickel sulfides at Cobalt, Gowgancla. and O'Brien.

Ontario. Interesting specimens of silver embedded in dolomite occur on

Silver Islet, Thunder Bay District; dendritic masses in pitchblende deposits

occur in the Great Bear Lake District, Northwest Territories; and wires with

calcite, pyrite, and sphalerite, can be found at Beaver Dell. British

Columbia. Excellent wire and arborescent silver comes from Batopilas,

Chihuahua, Mexico, and from numerous localities in the states of Sonora,

Durango, and Zacatecas. Good wire specimens come from Broken Mill.

New South Wales, Australia; and small sheets and wires with bornite and

chalcocite from Tsumeb, Namibia.

Le/l: Reticulated aggregate ofsill er crystals

from < bpiapo, < bile. BigbUCerro Rico < Rich

Hill") looms overPotosi, Bolivia, centerofthe

world's richest silver mining district. The silver

veins oj < erro Rico haveproduced over2 5 bil-

lion ounces ofsilver since the mines were

opened in 1544.

237



skutterudite

Classification:

arsenide

Composition:

(Co,Ni)As
3
(cobalt nickel arsenide)

Crystal System:

isometric

Hardness:

6

Specific Gravity:

6.1-6.9

Skutterudite and its arsenic-poor relative smaltite, (Co, Ni)As,
x
(x = 0.5-1),

are important ores of cobalt, nickel, and arsenic. A nickel-rich variety is

called nickel-skutteaidite, and it also has an arsenic-deficient analog called

chloanthite. Skutterudite has a unique structure, based on a group of four

arsenic atoms arranged in a perfect square. Its crystals form cubes, octahe-

dra, dodecahedra, and various combinations of these shapes; and are frag-

ile, with two directions of cleavage. The color is tin-white, with iridescent

tarnish, metallic luster, and a black streak.

Skutterudite is named for the occurrence of fine crystals at Skutteaid,

Norway. It is found in medium- to high-temperature hydrothermal veins,

associated with cobalt and nickel sulfides, arsenopyrite, native silver, bis-

muth, and calcite. Other occurrences include Cobalt, Ontario; Bou Azzer,

Morocco; the Anarak District of Iran; Schneeberg and elsewhere in Saxony,

Germany; and a few scattered locations in the western United States,

including the Elk Mountains of Colorado, and Graham County, Arizona.

Complex crystal ofskutteruditefrom Skutterud, Modum, Nonvay, showing a variety of

isometricfonns.
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The English chemist and mineralogist James Smitiison (b. 1754), known for

having left his fortune as an endowment to establish the Smithsonian

Institution in Washington, D.C., was honored by having this lovely mineral

named after him. Previously, smithsonite fell under the general term

calamine, as all the zinc ores that could be used for the production of brass

(alloyed zinc and copper) were collectively known. Smithsonite and the

similar-appearing zinc silicate known as hemimorphite were considered

together under this rubric. Smithsonite is isostructural with calcite, and

appears to form a solid-solution series with rhodochrosite (MnCO^). Still

used as an ore of zinc, smithsonite also finds favor as an ornamental stone

in its more colorful massive forms.

Smithsonite rarely occurs as distinct rhombohedral or scalenohedral

crystals; aggregates of fine radiating crystals are the aile. Its typical aggre-

gate habits include botryoidal, reniform, and stalactitic; miners called the

characteristic open honeycomb masses "dry-bone ore." Smithsonite would

be white if pure, but it seldom is; common impurities include cadmium,

cobalt, copper, iron, and manganese. Colors include a copper-influenced

blue-green, violet from cobalt or manganese, and brown due to iron

oxides; the yellow cadmium-rich variety of smithsonite is called "turkey-fat

ore." The streak is always white, however.

Smithsonite is formed at the expense of primary zinc minerals such as

sphalerite, when intermediate zinc sulfates react with carbonate minerals, as

in Mississippi Valley-type hydrothermal replacement deposits. Common

smithsonite

Classification:

carbonate

Composition:

ZnC0
3
(zinc carbonate)

Crystal System:

hexagonal (rhombohedral)

Hardness:

4-4.5

Specific Gravity:

4.4

Left: Large scalenohedral crystals of smith-

sonitefrom the Broken Hill mines, Zambia.

Right: Botryoidal aggregates ofblue

smithsonitefrom the Keller Mine. Magdalena,

New Mexico.
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associates include anglesite, cerrusite, hemimorphite, malachite, and pyro-

morphite. Some of the classic sources for smithsonite specimens are the

Kelley Mine, Magdalena, New Mexico; Laurium, Greece, and Chihuahua,

Mexico. Euhedral crystals as large as 1 cm, either colorless or pink, green,

or white, are found at Tsumeb, Namibia, and Broken Hill, Zambia.

Extensive stalactitic deposits of turkey-fat ore occur in Sardinia and in the

lead mines at Yellville, Arkansas.

sodalite

Classification:

tectosilicate, feldspathoid

Composition:

Na
8
(AISi0

4 ) 6
CI

2

(sodium aluminum silicate with chlorine

Crystal System:

isometric

Hardness:

5.5-6

Specific Gravity:

2.14-2.4

Massive blue sodalite is easily confused with the related mineral lazurite, in

the form of lapis lazuli, and with lazulite. However, sodalite is usually more
translucent than either of these species (if not transparent) and has a dis-

tinctive violet cast; unlike lazurite, it is not typically associated with pyrite

and calcite. Like lapis lazuli, sodalite has been used as a decorative stone,

but it is neither as rare nor as highly valued. One drawback to its use as an

ornamental stone is that the lovely violet-blue color displayed by sodalite in

natural light is often replaced by a nearly black color under artificial light.

Sodalite almost always occurs as granular masses, disseminated grains,

or nodular aggregates; dodecahedral crystals are sometimes encountered,

however. It is transparent to translucent, and colored blue, gray, yellowish,

white, colorless, green, or pink, with a vitreous to greasy luster and a color-

less streak. It may fluoresce under ultraviolet light, particularly the pink

variety known as hackmanite. Sodalite is brittle, with one poor cleavage

and uneven to conchoidal fracture.

Sodalite forms as a primary mineral in nepheline syenites and related

rocks (including nepheline-syenite pegmatites), as well as in certain cal-

careous contact metamorphic deposits. An unusual occurrence is in the

lavas of Vesuvius in Italy, which have undergone mixing with carbonate

country rocks. Sodalite is found in Montana's Bearpaw Mountains, at

Cripple Creek, Colorado; at Magnet Cove, Arkansas; at Beemerville, New
Jersey; and at several sites around New England. Ornamental sodalite has

been quarried in Hastings and Renfrew Counties, Ontario. Specimens of

massive sodalite are obtained from Kicking Horse Pass and Ice River,

British Columbia; and Mont St. Hilaire, Quebec. Other sources include

Angola, Bolivia, Brazil, Burma, Greenland, Korea, Romania, Norway, Italy,

Germany, Scotland, and Zambia.

Massive sodalitefrom Dungannon, Hastings

County, Ontario
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In the same way that "solid rock" symbolizes permanence wi> stability,

gemstones and mineral crystals represent purity in the popular imagination.

But just as earthquakes and drifting continents point up the fallacy of geo-

logic permanence, so the principle of solid solution challenges the notion

of crystal "purity." The tenn solid solution reflects the fact that the chemical
behavior of crystalline solids can be analogous to that of chemical com-
pounds in liquid solutions, which fluctuate between compositional

extremes in response to temperature changes and other factors. The sys-

tematic compositional variation exhibited by many minerals can provide

vital clues about the conditions of rock formation and the origin of ores.

The most important mechanism of solid solution is substitution. Each
ion in a crystal occupies a particular position because of its valence state

and ionic radius, and ions with similar properties may substitute for one
another in various structural sites. Substitution occurs most easily between
ions whose ionic radii differ by less than 15%; as the size difference

becomes greater, substitution becomes less likely. Simple ionic substitution

can involve either cations or anions.

The need to maintain electrical neutrality in a crystal stnicture is as

important a factor in substitution as ionic size. Although substitution typi-

cally takes place between ions of the same charge, such as Fe
+2 and Mg+2

,

other ions involved in solid solution have differing charges. In such cases,

an anion and a cation must be replaced in tandem in order to preserve the

electrical neutrality, in the process known as coupled substitution. An
important example of coupled substitution is the solid solution between the

plagioclase feldspars albite (NaAlSi^O
K

) and anorthite (CaAl,Si,O
s ), in

which substitution occurs between monovalent Na+
ions and divalent Ca+2

ions. For every Ca+2
ion replaced by Na+

, for example, one Si
+4

ion in the

silica tetrahedra framework must be replaced by an Al +3 ion in order to

maintain electrical neutrality (see Silicates).

The compositional variation which exists between the sodium and cal-

cium plagioclases is an example of a complete solid-solution series. In such

series there is a complete range of minerals with compositions intennediate

between two ideal end members (in this case, albite and anorthite). In the

case of the plagioclases, species of intermediate composition are given indi-

vidual names (see Plagioclase), but in most cases of complete solid solution

only the end members are recognized. An important example is the olivine

solid solution series, in which Fe+2 replaces Mg+2 between the end mem-
bers forsterite (Mg

?
Si0

4
) and fayalite (Fe,Si0

4
). In most solid-solution

solid solution

Simple illustration depicting the principle ofsolid solution. The two pure end members

(left and right) have one type of ion in common, and each contains one other, different

type of ion as well. Ifthe ions unique to each end member have similar atomic radii and

charges, a minerals of intermediate composition (center) are possible.
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series, pure end members (completely lacking ionic substitution) are very

rare; thus, most mineral formulae are only approximations.

More common in nature than complete solid-solution is limited solid

solution, in which the substituting ions are less perfectly analogous and can

only substitute for one another to a limited degree without disrupting the

crystal structure. An example of this is the narrow range of solid solution

which exists between anhydrite, CaS0
4
and barite, BaS0

4
. Since Ba+2

is

significantly larger than Ca+2
, only a small percentage of barium can replace

the calcium in anhydrite, and a similarly small amount of calcium can be

accommodated by barite; thus, most specimens of either species are rela-

tively pure.

Limited solid solution is greatly influenced by the temperature at which

a mineral has formed. At higher temperatures, the ions in a crystal are more
disordered, and its structure "looser" and more accommodating of imper-

fectly fit ions. For this reason, minerals that have crystallized at high tem-

peratures tend to exhibit a greater degree of substitution than those formed

at lower temperatures. For example, at low temperatures there is almost no
solid solution between the sodium-rich plagiociase feldspar albite and the

potassium-feldspar microcline (see Feldspar Group). Sanidine, however

—

the high-temperature polymorph of microcline—commonly accommodates
sodium in place of potassium in its structure.

specificgravity
Onk of thk most conspicuous aspects of minfrals is the striking differences

in weight between similar-sized specimens of different species. For exam-

ple, a white lump of massive barite may look identical to a piece of gyp-

sum, but it will be nearly twice as heavy. This is due to their differing den-

sities. The density of a mineral is determined by its composition and by the

manner in which its atoms are packed within its crystal structure. Minerals

containing iron, uranium, and other elements with high atomic weights will

have high densities; minerals that are covalently bonded tend to have more

open stnictures, and thus lower densities. Native metals such as gold and

copper, for example, tend to have closely packed atomic structures and

thus high densities. Density is among the factors controlling the transmis-

sion of light and heat through minerals, and the transmission of seismic

waves from earthquakes through the earth. Density usually is related to

conditions of a mineral's formation, as is reflected by some polymorphs.

Density is calculated as the ratio of a substance's mass to its volume,

and is expressed in grams per cubic centimeter. Since variations in density

aid in identification, a method has been devised to measure the relative, or

comparative, density of minerals. The standard measure of the relative den-

sity of minerals is specific gravity. The specific gravity of a material is calcu-

lated by dividing its density (in grams per cubic centimeter) by the density

of water at 4°C, which is 1 g/cm\ Thus, the specific gravity of a material is

lis density relative to the density of water at 4°C. The terms density and

specific gravity an- used interchangeably, although the former refers to a

material's mass relative to its volume, and is expressed in units ot measure;

and the latter compares a material's density with a common standard, and

is a unitless, or dimensionless, number.
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Iron-rich, "blackjack" sphaleritefrom Nenthead, Alston, Cumbria

Sphalerite is the main ork of zinc, a mktal which was unknown as such

prior to the 16th century. Zinc literally escaped notice because it vaporizes

at normal smelting temperatures; because sphalerite failed to render any

metal despite its metallic appearance, it was named from the Greek word

sphaleros, meaning "treacherous." Eventually, it was discovered that the

encrustations on the walls of a furnace in which sphalerite ores had been

smelted could be resmelted with copper, "transmuting" the latter into brass.

These encrustations, known as tuchia or "tutty," were actually zinc oxide

that had sublimated from the zinc vapors.

Brass is composed primarily of copper, with variable proportions of

zinc added depending upon the properties desired to suit its intended

application. In general, brass is stronger and more resistant to corrosion

than pure copper, and finds use in bullet cartridges, and in plumbing and

lighting fixtures and other hardware. Zinc is used in a number of other

alloys as well, but its primary importance is in the galvanizing of iron and

other chemically reactive metals and alloys. In this process, iron is given a

thin coating of zinc either through electroplating or dipping it in molten

zinc, which protects it from msting. The elements cadmium, gallium, ger-

manium, and indium exist in solid solution in sphalerite and are primarily

obtained as by-products of its smelting; these rare metals also find use in

various protective coatings and electronic applications.

Sphalerite almost always contains a variable amount of iron as well,

sometimes as much as 50%, depending on both the amount of iron avail-

able and the temperature of crystallization. If there is mineralogical evi-

dence for an excess of iron in the precipitating solutions (usually the pres-

sphalerite

Classification:

sulfide

Composition:

ZnS (zinc sulfide)

Crystal System:

isometric

Hardness:

3.5-4

Specific Gravity:

3.9-4.1
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ence of pyrrhotite), the iron concentration in sphalerite serves as a record-

ing thermometer of the temperature of precipitation, since the iron content

varies with temperature.

Sphalerite crystals take the form of tetrahedra, dodecahedra, or pseudo-

octahedral twins with striated faces, and typically display rounded edges.

They are commonly seen as aggregates of distorted crystals, botryoidal

masses, or stalactites. Crystals are quite fragile, with perfect cleavage and

conchoidal fracture. The color ranges from white (cleiophane) through yel-

low, red ("ruby zinc"), and reddish brown, to black (the iron-rich variety

marmatite, or "blackjack"). Sphalerite is usually translucent, with a distinc-

tive adamantine or resinous luster; the marmatite variety is opaque with a

submetallic luster. The streak may be pale brown, yellow, or colorless.

Specimens deficient in iron commonly fluoresce under ultraviolet light or

X-rays. The mineral wurtzite is a rare, high-temperature hexagonal poly-

morph of sphalerite.

Sphalerite is fairly widespread in its distribution, and good specimens

are found in most deposits of economic importance. The favored environ-

ment is the low-temperature hydrothermal lead-zinc sulfide deposit (gener-

ally hosted by limestones or dolomites), in which sphalerite is associated

with galena, greenockite, chalcopyrite, barite, fluorite, and other species. It

is also found on occasion in pegmatites, contact metamorphic deposits, and

even meteorites. Perhaps the finest sphalerite specimens in the world are

obtained from the Tri-State mining district, straddling the borders of

Missouri, Kansas, and Oklahoma. Important European sources include

Alston Moor, England; Trepca, Yugoslavia (marmatite); Kapnik, Hungary;

Pribram, Czechoslovakia; Bleiberg, Austria; Sardinia; and Santander, Spain.

Excellent transparent crystals occur in the dolomites of the Swiss Binnental,

and in the famous Carrara marble of Tuscany, Italy. Fine specimens are also

found at Sullivan, Canada; Broken Hill, New South Wales, Australia;

Tsumeb, Namibia; and many other places worldwide.

spinel

Classification:

oxide, spinel group

Composition:

MgAI
2 4

(magnesium aluminum oxide)

Crystal System:

isometric

Hardness.

8

Specific Gravity:

3.58

Spinkl is a member of toe spinel group of oxides, which also includes

chromite, franklinite, and magnetite. The arrangement of the atoms in the

spinel structure is extremely efficient and compact (see illustration), and it

is among the most intensely studied of all crystal structures. Members of the

Spinel Group are able to form in

very high pressure and tempera-

ture geological environments (it

is thought that olivine, a mineral

which may compose up to 90%
of the earth's mantle, adopts the

structure of spinel at about 350

km below the earth's surface,

based on studies of how seismic

waves travel through the earth).

Spinel is one end member in

four-way solid-solution series,

with hercynite, an iron-alu-

minum oxide; gahnite, a zinc-

aluminum oxide; and galaxite, a manganese-aluminum oxide. Substitutions

involving the metals named, and also chromium, take place extensively.

Several varieties ol spinel are known, and the transparent varieties ol vari-

ous colors are collectively called gem spinels. The name is apparently

derived from the Lain spinella, or "little thorn," in allusion to its dipyrami-

dal crystals.

Spinel is one of the loveliest of gemstones, but it has had the misfor-

tune to lx- mistaken for corundum and other gems throughout history.
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Since antiquity, brilliant red spinels from Afghanistan, India, and Southeast

Asia were widely traded as "Balas rubies"; an example is the particularly

fine 5-cm wide spinel in the British Imperial crown, still called the "Black

Prince's Ruby." It was not until 1783 that spinel was identified as a distinct

mineral species. Natural spinel is also mistaken for sapphire, amethyst and
zircon. To complicate matters further, spinel synthesized using the Verneuil

process (see Corundum) is available in an even wider variety of colors

than its natural counterpart. Synthetic spinel is used to imitate diamond,

aquamarine, emerald, peridot, and chrysoberyl, in addition to the above

gems. As with other stones manufactured by the Verneuil pnxess, however,

magnification usually reveals the presence of tiny gas bubbles.

Most spinel crystals are simple octahedra, but dodecahedral modifica-

tions are sometimes seen. Crystal faces may be sharp and smooth, or

rounded, etched, or skeletal. Twinning is common, according to the spinel

twin law, which yields interpenetrating octahedra. Aggregates of rounded

grains are also commonly encountered. Spinel lacks cleavage, and has an

indistinct parting and conchoidal fracture. Crystals are transparent to

opaque, and display a wide range of colors including black, pink, red,

orange, dark green, blue, purple, yellow, and brown. The luster is vitreous,

and the streak may be colorless, pale gray, green, or brown. Spinel can be

distinguished from magnetite by its white streak and lack of magnetism.

Spinel forms in various high-temperature environments, including con-

tact metamorphic rocks, granulites, and some ultramafic rocks, and as an

accessory mineral in other igneous rocks. The best crystals are formed in

marbles affected by contact metamorphism. Since it is so durable, spinel is

common in many alluvial and marine placers. Sharp octahedrons have

been found in marble near the zinc deposits of Franklin and elsewhere in

New Jersey; in schist near Rowe, Massachusetts; in St. Lawrence County,

New York, and at various locations in the Appalachian and western states.

Fine specimens are found in Canada, in the marbles of Renfrew and Leeds

counties, Ontario; and Ottawa County, Quebec. In Europe, excellent crys-

tals come from Aker, Helsingland, Sweden; from Slatoust in the Ural

Mountains; and in ejected marble blocks at Monte Somma, Vesuvius,

Naples, Italy. Sharp octahedra are found in the gem gravels of Burma and

Sri Lanka, and excellent black crystals are obtained at Antanimora and

Ambatomainty, Madagascar, associated with diopside, tourmaline, phlogo-

pite, and tremolite.

Spinel and the other members ofthe spinel

group are mixed oxides, containing two differ-

ent types ofmetal cations, one in tetrahedral

coordination withfour oxygen atoms, and the

other in octahedral coordination with six. The

resulting structure is very stable under high-

pressure conditions. Opposite page: Gem
spinelfrom Ceylon, with a penetration twin

(note reentrant angle girdling crystal)from
Mogok, Burma.
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spodumene

Classification:

inosilicate, pyroxene group

Composition:

LiAISi
2 6

(lithium aluminum silicate)

Crystal System:

monoclinic

Hardness:

6.5-7.5

Specific Gravity:

3.0-3.2

Left: Crystal ofspodumene ofthe variety hid-

denite, measuring 7 cm,from Hiddenite, North

< arolina Notepreferential etching along the

sides ofthe < rystal, delineating a < leavage

plane Right: Prismatii spodumene (variety

kunzite) < rystalfrom Main. Nuristan Province,

Afghanistan, with a < ut stonefrom Pala, San

Diego i bunty, < alifornia

Among the many drab, workaday rock-builders of the pyroxene group, spo-

dumene is a real show-stopper. While sometimes found as delicate, color-

ful, gem-quality crystals, it also occurs as enormous laths 15 m in length

and weighing several tons—which are mined as a source of lithium.

Lithium is the lightest metal, important in a variety of metallurgical uses,

and its various compounds are vital to industry and medicine. Lithium car-

bonate, for instance, is used in the glass and ceramic industries and as a

treatment for manic-depressive psychosis (see Lepidolite). The name spo-

dumene is derived from the Greek phrase meaning "reduced to ashes," in

reference either to its common ashen color or to its behavior when sub-

jected to the blowpipe test.

There are two strikingly colored gem varieties of spodumene—the

emerald-green hiddenite and the lilac kunzite. Both gems are relatively

new on the scene. Hiddenite was discovered in 1879 when a farmer

plowed up some "green bolts" on his farm near what was then called

Salem Church, North Carolina. Those bolts were emeralds, but frantic dig-

ging soon turned up the more abundant, emerald-green hiddenite crystals,

along with aquamarine, topaz, apatite, and aitile in a series of atypical,

decomposed pegmatites. An entrepreneur named William Hidden quickly

bought the land and formed a mining company, and the town changed its

name to Hiddenite, shifting its economic base from packing chewing

tobacco to mining. Hiddenite is still found in Hiddenite and nowhere else,

although paler green stones from various locations have been marketed

under its name.

Kunzite was discovered in the pegmatites of the Pala District in San

Diego County, California, in 1901. Like hiddenite, its identity was a mys-

tery at first. It was the famous gemologist George F. Kunz of Tiffany's in

New York who finally identified the strange lilac crystals, declaring that

their beauty was "unrivaled by any other mineral in North America." Since

then, kunzite has been discovered in many places from Brazil to

Afghanistan.

Spodumene forms prismatic crystals, usually etched, with indistinct ter-

minations and deep vertical striations. It is also common as massive cleav-

able aggregates. Its

easily developed,

perfect prismatic

cleavage and two

parting directions

sometimes present

problems in cutting

and wearing spo-

dumene gem-

stones—one sharp

tap and a gem may
break cleanly in two.

Common spo-

dumene is whitish.

gray, yellowish, or

greenish, and

translucent to

opaque, with a \ it ic-

ons to dull luster.

Transparent gem
varieties may be col-

orless, yellow, light

green, emerald-green

(hiddenite), or \ iolei

(kunzite).

Spodumene is

trichroic, .\n<\ the
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depth of color in transparent crystals differs according to the angle at which

it is viewed; for this reason, spodumene is sometimes tailed triphane,

meaning "three aspects." Some specimens are fluorescent.

Spodumene occurs in complex pegmatites, with quart/, feldspars,

columbite-tantalite, lepidolite, beryl, and tounnaline. Crystals often alter

into mica, alhite, and various clay minerals, while keeping their external

form. Spodumene is found in virtually all pegmatite districts around the

world. The huge spodumene crystals mentioned above are mined at the

Etta and Tin Mountain mines in the Black Hills of South Dakota, at Bernic

Lake in Manitoba, and in the Ural Mountains of Russia. Gem-quality kunzite

is found at Pala, California, and the Laghman Province of Afghanistan.

Hiddenite is found in Alexander and Cleveland Counties, North Carolina.

Both gem varieties are mined in the Malagasy Republic and in Minas

Gerais, Brazil.

The distinctive CROSS shape common to staurolite crystals has given them a

special place in the hearts of Christian peoples everywhere. These cruci-

form twins take the form of either the classic Greek cross, with a reentrant

angle of 90° between members, or a St. Andrew's cross, with angles of 60°

and 120°. Traditionally, Christians have imbued this species with supernatu-

ral significance, using the twinned crystals in baptisms and other rituals,

and wearing them as religious jewelry. It is reported that Teddy Roosevelt

was never without a staurolite cross, which he wore on his watch-chain.

Penologists also find staurolite meaningful, and use it to gauge the grade of

regional metamorphic rocks. Above a certain temperature and pressure

(800°C and 3000 atm), staurolite breaks down into sillimanite and a form of

spinel. The name is derived from the Greek word for "cross," staruros.

Staurolite forms short prismatic crystals with rough faces and flat termi-

nations, which may or may not be twinned. It also occurs as disseminated

grains, massive aggregates, and parallel intergrowths with kyanite. It is red-

dish brown to brown-

ish black, translucent

to opaque, with a vit-

reous to resinous luster

and a gray or colorless

streak. Since there are

not enough staurolite

crosses to go around,

imitations are fre-

quently carved from

fine-grained stone,

dyed, and sold to the

faithful.

Staurolite is

restricted to medium-
temperature regional

metamorphic rocks

(schists and gneisses),

where it is associated

with garnet, quartz,

muscovite, and kyan-

ite. Crystals are com-
monly found lying

about loose after hav-

ing been weathered

from their host rock.

Its relative durability

staurolite

Classification:

nesosilicate

Composition:

Fe
2
AI

9 6
(Si04 ) 4

(0,OH)
2

(hydrous iron magnesium aluminum silicate)

Crystal System:

monoclinic (pseudo-orthorhombic)

Hardness:

7-7.5

Specific Gravity:

3.65-3.83

Sum n /Htc "Saint Andn •

Governador Valadores Minas
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makes staurolite disproportionately well-represented in clastic sedimentary

deposits. Cruciform twins are collected in Fannin County, Georgia; North

Carolina; Patric County, Virginia; Windham, Maine, and elsewhere in New
England; Rio Arriba County, New Mexico; Coconino and Yavapai Counties,

Arizona; Snohomish and Chelan Counties, Washington; the Black Hills of

South Dakota; and Montana. European occurrences include Ireland;

Scotland; France; Aschaffenberg, Germany; and Monte Campione and Pizzo

Forno, Ticino, Switzerland, where excellent crystals are found in association

with kyanite and paragonite. Fine crystals are also found in Canada, Brazil,

Greenland, Australia, and West Africa.

stephanite

Classification:

sulfosalt

Composition:

Ag
5
SbS4

(silver sulfosalt)

Crystal System:

orthorhombic

Hardness:

2-2.5

Specific Gravity:

6.25

Stephanite is an incidental ore of silver, named for Victor Stephan (b. 1817),

Archduke of Austria. Although it usually occurs in massive form, the rare

prismatic to tabular crystals of stephanite are highly prized by collectors.

Crystals often take the form of pseudohexagonal twins, and display hori-

zontal striations on the prism faces. Cleavage is poorly developed in two
directions, and the fracture is uneven to subconchoidal. The color is iron-

black, and the material is opaque with a metallic luster and an iron-black

streak. Polybasite is a closely related silver sulfosalt which is nearly identi-

cal to stephanite in its physical properties and occurrence.

Stephanite is common in low-temperature hydrothermal silver veins,

where it occurs in association with native silver, tetrahedrite, and other sul-

fides like polybasite, acanthite, and proustite. Stephanite was once exten-

sively mined for silver from the Comstock Lode, Virginia City, Nevada; and

is presently exploited at Cobalt, Ontario. Excellent specimens have come
from Andreasberg and Freiberg in Germany; Pribram, Czechoslovakia; and

from the states of Zacatecas and Sonora in Mexico.

Pseudohexagonal twins ofstephanitefrom Freiherg, Germany.
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Stibnitk is a remarkable mineral, forming elegant metallic crystals which CAN

be bent with the fingers or melted over a match flame. The Egyptians,

Greeks, and Romans all used powdered stibnite as makeup and as a

medicine for eye ailments. Medieval alchemists coveted stibnite for use in

making antimony glass, which was thought to have curative powers, and

especially for their efforts to refine gold. By the 15th century it was known
that stibnite could be used to part gold from silver, by fusing the stibnite

together with the adulterated gold in a crucible. In this process, the sulfur

from the stibnite combines with the silver to form black argentite, while the

metallic arsenic and freed gold collect as a metallic button. On heating, the

arsenic could be driven off to render pure gold. Stibnite is now the most

important source of antimony, which is used to harden the lead used for

shot and for metal type. It is also used in the paint and ceramics industries,

as a fireproofing material for textiles, and as a component of mbber. The

name comes from the Greek name for this mineral, stimmi, via the Latin

stibium—also the source of antimony's chemical symbol, Sb.

stibnite

Classification:

sulfide

Composition:

Sb
2S3

(antimony sulfide)

Crystal System:

orthorhombic

Hardness:

2

Specific Gravity:

4.63-4.66

Stibnite crystalsfrom the classic locality at Mt.

Kosang, Shikoku Island, Japan.
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Stibnite crystals typically occur as divergent sprays of deeply striated,

metallic-gray prismatic or acicular crystals. These display perfect prismatic

cleavage, with distinctive crosshatching on cleavage surfaces. The prismatic

form of stibnite crystals reflect its atomic structure, which is characterized by

parallel chains of covalently bonded antimony and sulfur atoms; the cleav-

age occurs between these chains. The much rarer sulfide bismuthinite (Bi,S,)

is isostructural with stibnite, and very similar except in its specific gravity

(6.78); otherwise, stibnite is unique in its softness, fusibility, and habit.

Stibnite is formed in low-temperature hydrothermal veins in association

with lead, mercury, and silver minerals, and in hot-spring deposits with

cinnabar, orpiment, and realgar. The world's finest stibnite specimens are

the complex crystals as large as 60 cm in length which were collected in

the 1880s from the Ichinokawa Mine on the Japanese island of Shikoku.

The most important deposits are now those of the Hunan and Guangdong
Provinces, China, where stibnite occurs in association with cinnabar. Other

important deposits are worked in France, Romania, Peru, Mexico, Bolivia,

and Borneo.

stilbite

Classification:

tectosilicate, zeolite group

Composition:

NaCa
4
(Si27AI9)O72'30H 2O

(hydrous calcium, sodium, aluminum silicate)

Crystal System:

monoclinic

Hardness:

3.5-4

Specific Gravity:

2.09-2.20

\\ heal sheave aggregates oj stilbitefrom

irborn, A eland

Stilbite is one of the most interesting zeolite minerals, due to its unusual

and distinctive crystalline habit. The name is derived from the Greek

stilbein, meaning "to shine," a reference to the strong pearly luster on its

cleavage faces. Single, tabular crystals are very rare. Stilbite almost always

forms bladed, cruciform twins which simulate orthorhombic symmetry;

these, in turn, are grouped into subparallel aggregates which are pinched in

the middle, and thus resemble tied sheaves of wheat. Other aggregate habits

include divergent, radial, globular, and massive. Crystals display perfect

cleavage in one direction, with an uneven fracture. Stilbite is transparent to

translucent, with a colorless streak; common colors include white, gray, yel-

lowish, reddish, pink, and brown. Its distinctive wheat-sheaf aggregates are

sufficient to distinguish it from other zeolites and associated species.

Stilbite is a typical

mineral of cavities in

basalts, andesites. and

other volcanic rocks,

where it is associated with

other zeolite minerals and

calcite. It also occurs in

fissures in plutonic and

metamorphic rocks, and

as a late-stage species in

cavities in some peg-

matites. Good specimens

are found in all the major

continental basalt fields,

including the Deccan

Traps of India; Rio Grade

do Sul. Brazil; and the

Columbia River Plateau of

Washington and Oregon.

Excellent specimens are

found in the basalts of

\o\ a Scotia, Iceland, the

Faeroe Islands, Scotland,

Ireland, and mam places

on the European

Continent.
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Thk color of the powder

trail produced as a mineral

specimen is dragged across

an unglazed porcelain plate

is known as its streak. Even

though a particular mineral

species may vary in color, its

color in powdered form is

usually constant, making the

streak a very important diag-

nostic tool. Since the hardness of the plate is around 7 on the Mohs scale,

only minerals softer than this can be tested.

Some minerals, such as cinnabar and azurite, produce a streak that is

nearly identical to their actual color, as might be expected. Many others,

however, leave surprisingly different colors on the streak plate. Fluorite, for

example, always has a white streak, although its crystals may be purple,

blue, yellow, or green. Metallic minerals also have unexpected streaks:

brassy pyrite crystals leave a black streak, and black hematite a striking

red one.

streak

The color ofa mineral's streak is usually

determined by dragging a sample across an

unglazedporcelain plate. Due to its softness,

graphite leaves a streak' on paper, as shown by

this unwieldy pencil.

Along with the strontium sulfate celestite, strontianite is an important ore

of strontium, which is used in glass-making and sugar refining, and to pro-

duce the essential "rocket's red glare" in fireworks. Strontianite is named for

the classic locality at Strontian, Argyllshire, Scotland.

Although strontianite rarely forms euhedral crystals, it is sometimes seen

as bladed prismatic crystals with good prismatic cleavage. The occurrence of

pseudohexagonal sixling twins point out the fact that strontianite is isostruc-

tural with aragonite. More commonly seen, however, are bundles of acicular

crystals and granular or fibrous masses. Strontianite is typically colorless or

white, yellowish, pinkish, or gray, and transparent or translucent, with a vit-

reous to resinous luster and a

white streak. It sometimes

fluoresces blue under ultravi-

olet light. Strontianite can be

distinguished from celestite

by its poorer cleavage and

lack of effervescence in dilute

hydrochloric acid.

Strontianite is found in

low-temperature hydrother-

mal veins, with barite, calcite,

celestite, and sulfides. It also

forms concretionary masses

in carbonate sedimentary

rocks. Economic deposits are

found in the Strontium Hills

of California; other notable

North American localities

include Schoharie, New
York; Winfield, Pennsylvania;

Cave-in-Rock, Illinois; and

Woodville, Ohio, where
sixling twins are found in

dolomite. European sources

include the Austrian Tyrol,

Switzerland, Italy, and

Westphalia, Germany.

strontianite

Classification:

carbonate, aragonite group

Composition:

SrC0
3
(strontium carbonate)

Crystal System:

orthorhombic

Hardness:

3.5-4

Specific Gravity:

3.78

Left: Plumose aggregate ofstrontianite crystals

from Strontian. Strathclyde Region, Scotland

Right: '/he "rockets' redglare " infireworks is

due to strontium nitrate.
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sulfates, chromates,

molybdates, and tungstates

Coquimbite, Fe *^(S04) ,»9H yO, from the

Conception Mine, Zalamea, in the Heulva

Province ofSpain. A hydrous sulfate, coquim-

bite loses water rapidly on being unearthed,

and must beprotected to keep itfrom disinte-

grating.

The hundreds of sulfate species can be divided into the anhydrous sulfates,

the hydrated sulfates, and those containing the hydroxyl (OH) ion or one
of the halogen elements such as chlorine. The so-called compound sulfates

contain both carbonate and sulfate groups. Many of the sulfates containing

hydroxyl are soft and unstable. Gypsum, the most common hydrated sul-

fate, contain alternating sheets of water molecules and sulfate-calcium

groups, which give it a well-defined, perfect cleavage. Members of the

barite group (barite, celestite, and anglesite) are quite durable in compari-

son. The majority of sulfates are white or colorless or only slightly colored,

and are very soft and relatively fragile.

The chromates, molybdates, and tungstates are classed with the sulfates

because of the similarities between their anion complexes, in which either

one sulfur, chromium, molybdenum, or tungsten atom is surrounded by
four oxygen atoms in a

tetrahedral arrangement,

similar to the silica tetra-

hedra of the silicate min-

erals. These classes enjoy

a commercial popularity

entirely out of proportion

to their abundance. The
sole chromate of impor-

tance is crocoite, PbCrO,;

similarly, the only molyb-

date seen to any extent is

the ubiquitous lead

molybdate wulfenite,

PbMo0
4

. Scheelite,

CaWO,, and the wol-

framite group minerals

are the most commonly
seen tungstates, and pro-

vide an important source

of tungsten.

sulfides and sulfosalts
The sulfides and sulfosalts are distinct chemical classes which share many

important properties and usually occur in similar environments. Generally

classified with the sulfides are the structurally similar sulfarsenides,

arsenides, and tellurides. Among the many species in these classes are the

major ores of the industrial metals, including copper, lead, mercury, nickel,

silver, and zinc. While many sulfides and some species of the other classes

occur in a wide variety of geological environments, the greatest number of

species and the largest economic concentrations of ore minerals are found

in sulfide veins, and massive and disseminated sulfide deposits (see

Hydrothernial Deposits)

.

In the sulfides proper, one or more types of metal and/or semi-metal

cations occur in combination with anions of sulfur. In sulfarsenides such as

cobaltite and arsenopyrite, arsenic shares anionic positions with sulfur, and

in arsenides such as skutterudite, sulfur is absent altogether. The tellurides,

including calaverite, AuTe,, and hessite, AgTe,, are rare minerals in which

tellurium occupies the anion position.

opposite page: lollingitc. FeAs Jan arsenide),from Temforne Cliff, Cornwall,
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Left: Stannite, CuJFeSnS^from Wheal Kitty,

Cornwall. Viis rare sulfide is a minor ore of

tin. Right: Bravoite crystals, (Ni,Fe)Sj, from
Mill Close Mine. Dartey Dale, Derbyshire, with

calcite containing sulfide inclusions.

The sulfosalts differ

from the above groups

in that the semimetals

arsenic and antimony

occupy positions like

those of the metals,

rather than that of sul-

fur. In the sulfide

arsenopyrite (FeAsS),

for example, arsenic

occupies a structural

position like that of sul-

fur, while in the sulfos-

alt enargite (Cu^AsS^),

arsenic acts like a metal

ion, coordinated with

four sulfur ions. Other

'important sulfosalts

include proustite,

pyrargyrite, tetra-

hedrite, tennantite,

jamesonite, and

bournonite.

The minerals of

these classes all have

relatively high densi-

ties, and most are brit-

tle, although some are sectile—meaning that shavings can be pared from

them with a knife blade. Most are opaque and dark in color, and typically

tarnished on the surface due to oxidation. Unaltered specimens are usually

strongly metallic in luster, while even the translucent species such as spha-

lerite and cinnabar display strong submetallic to adamantine lusters.

sulfur

Classification:

native element

Composition:

S (elemental sulfur)

Crystal System:

orthorhombic

Hardness:

1.5-2.5

Specific Gravity:

2.05

Sulfur seems not to be made for this world. It is so delicate thai' it cracks

in the heat of one's palm, and enipts into blue flames when placed in the

fire. The ancients recognized the special properties of sulfur, attributing

special healing powers to it and using the acrid fumes of burning sulfur to

dispel disease, mosquitos, and malevolent spirits. These fumes are com-

posed of sulfur dioxide, which is presently being pumped into the earth's

atmosphere by the thousands of tons per day by factories, coal-buming

power plants, and smelters. Sulfur dioxide combines with water vapor to

form sulfuric acid, or acid rain, which then returns to earth, poisoning lakes

and waterways and devastating vegetation.

The most obvious occurrence of sulfur in nature is around the volcanic

vents, or solfataras, where it crystallizes from vapors in vibrant yellow

crusts. Such volcanic occurrences undoubtedly reinforced the ancients'

notion of "brimstone" as an element from the underworld. Sulfur is impor-

tant in many industries, including the production o\' rubber, insecticides.

fungicides, fibers, and explosives, Its primary industrial application, how-

ever, is the intentional production of sulfuric acid, which, ironically, is vital

to the fertilizer industry.
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Sulfur forms well-

developed bipyramidal

crystals, granular masses,

and powdery crusts of a

characteristic yellow

color. Its notorious insta-

bility is due to its stric-

ture, which consists of

rings of eight-membered

sulfur atoms very loosely

bonded together by van

der Waals' forces.

Impurities may lend sul-

fur a brownish, greenish

or gray cast, and its high

refractive index gives it a

greasy to adamantine

luster. At high tempera-

tures, sulfur crystallizes

in a monoclinic form

known as beta-sulfur,

which is the type that

forms around solfataras.

Sulfur is mined from

a handful of volcanic

deposits in Indonesia,

Japan, Mexico, and at

Ollague, Chile—situated at an elevation of 6 km in the Andes. The most

important sulfur deposits are of sedimentary origin, however. In these

deposits, gypsum and anhydrite are decomposed by anaerobic bacteria,

which produce calcium sulfide. Groundwater containing carbon dioxide

then converts the calcium sulfide to elemental sulfur and calcium carbon-

ate, in the form of calcite and aragonite. The marvelous crystals of sulfur

and aragonite from Agrigento and other locations in Sicily apparently

formed in this manner.

Sulfur has been mined in Sicily since the Middle Ages, in a very primi-

tive and destructive manner. Workers would dump baskets of sulfur from

the mines into a pit, where it would be ignited. The heat derived from the

burning of most of the sulfur would melt the remainder, which would then

be cast into convenient shapes for transport. The sulfur dioxide fumes pro-

duced by this process killed all plant life for miles around the mines, and

undoubtedly did little to improve the health of the Sicilians.

At the turn of the 20th century, however, enormous reserves of sulfur,

geologically similar to the Sicilian deposits, were found beneath the Gulf

Coast during oil exploration. They remained inaccessible for some time,

due to their great depth and the instability of the surrounding rock.

Eventually, a chemist named Herman Frasch developed a process in which

superheated water could be pumped into a drillhole, melting the sulfur at

depth so that it can be pumped to the surface in liquid form. This efficient

process quickly supplanted all other sources of sulfur, and did wonders for

the landscape of Sicily. Now, the production of sulfur as a by-product of

petroleum refining has overtaken the Frasch Process as the most important

source of sulfur.

Sulphur c rystal displaying parallelgrowth,

from Cesena, Emilia Romagna, Italy
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sylvite

Classification:

halide

Composition:

KCI (potassium chloride)

Crystal System:

isometric

Hardness:

2

Specific Gravity:

1.99

Potassium is an kxtremely reactive element which never occurs in its native

metallic form, but always in natural or artificial compounds. One of these

compounds was a digestive salt proffered by the Dutch chemist and physi-

cian Francois Sylvius de le Boe (b. 1614), and called sal digestivus Sylvii.

Before this nostrum became available, however, potassium was hard-won

through the leaching of wood or kelp ashes to obtain potash, or potassium

carbonate. The element potassium derives its name (via potash) from this

process, which was undertaken in iron pots. Potash was first used mainly

in tanning and the manufacture of lye soap and gunpowder, but the most

important use of potassium compounds today is as an essential fertilizer in

agriculture.

Sylvite and the more abundant halite or salt (NaCl) share many similari-

ties, including their atomic structure. There is little solid solution between

the two, however, since potassium has a much greater atomic radius than

sodium. Like salt, sylvite often forms colorless to white cubic crystals with a

well-developed cubic cleavage, although sylvite crystals tend to be pinkish,

and modified by octahedral faces. Sylvite has a salty taste, but unlike salt it

has an unpleasant, bitter edge.

Like halite, sylvite is present in the oceans in solution, although it is

much less abundant. It is also more soluble, and thus does not precipitate

until the brines become extremely concentrated. So, while halite can pre-

cipitate gradually from over-saturated bodies of water like the

Mediterranean to form thick deposits over many thousands of years, the

presence of bedded sylvite implies that an inland sea virtually dried up.

Large evaporite deposits containing sylvite were first discovered during

the 19th century at Strassfurt, Germany, and Kaluszyn, Poland. These

deposits provided the bulk of the world's potash until the political

upheavals of this century made further prospecting necessary. Extensive

but deeply buried deposits of a sylvite-halite mixture called sylvinite were

eventually found near Carlsbad, New Mexico, and adjacent parts of Texas,

and these now supply the bulk of the United States potassium require-

ments. Extensive reserves of sylvite are also located in Saskatchewan,

Canada, covering a vast area at depths of 1000 m. Similar deposits exist in

the Soviet Union, and smaller ones in France, Israel, Jordan, Spain, and the

United Kingdom.

Sylvite cubes, modified by octahedralfaces,

from Stassfurt, Magdeburg, Germany.
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D
Talc is the softest mineral known. Although it does not often provide

dramatic specimens for the collector, it is a very familiar mineral and has

been used by humans for millennia. In its powdered form, talc can be

found in almost every bathroom cabinet, where, as Ogden Nash observed,

"A little talcum is always walcum." Early cultures fashioned the soft but rel-

atively strong massive variety known as steatite, or soapstone, into figurines

and cooking vessels. Since talc is a poor conductor of heat and thus a great

thermal insulator, these vessels were not used over the cooking fire; rather,

heated stones were placed inside them to warm the victuals from within.

Soapstone is still carved into decorative objects by the Inuit and other

Native Americans, and massive quantities are used in the cosmetics, paint,

paper, rubber, and textile industries. The name is derived from the Arabic

talc], meaning "talc."

In addition to its softness, talc is distinguished by its greasy feel and

appearance and by its white streak. It is almost never seen in distinct crys-

tals, but occurs as greenish-white foliated masses, sometimes showing stel-

late aggregates on fracture surfaces of massive material. Steatite is grayish

and has a distinctive felted texture.

Talc is derived from the alteration of various magnesium silicates during

the metamorphism of silica-poor igneous rocks, or from the alteration of

"dirty" dolostones containing silicate grains. Massive talc deposits are mined

in many parts of the world, and virtually every industrial country exploits

deposits within its borders. In the United States, talc is produced in New
York, Vermont, California, and several other states. The purest talc is mined

in Italy, and is exported for use in the cosmetics industry.

Classification:

phyllosilicate

Composition:

Mg
3
Si

4O 10
(OH)

2

(hydrous magnesium silicate)

Crystal System:

triclinic

Hardness:

1

Specific Gravity:

2.7

Left: Translucent talc on serpentinefrom

Stuhacbthal. Ober-Pinzgau, Salzburg, Austria.

Above: Tlye massivefine-grained variety of talc

called steatite or "soapstone" Is soft enough to

be easily carved, yet tough enough that many

cultures used it to make durable wares. This

North American Indian beaver-motifp%
undoubtedly furnished many a cor,

smoke.
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Tetrahedrite tetrahedra modified by other

isometricforms, from Miisen, Nordrhein-

Westfalen, Germany.

tetrahedrite series

Classification:

sulfosalts

Composition:

Cu
12Sb4S 13

(tetrahedrite)

(Cu,Fe)
l2
As

4S 13
(tennantite)

Crystal System:

isometric

Hardness:

3-4.5

Specific Gravity:

4.6-5.1 (tetrahedrite)

4.59-4.75 (tennantite)

The tetrahedrite solid-solution series consists oe the antimony-rich end

member tetrahedrite, the most abundant of the sulfosalts, and the less-com-

mon arsenic-rich end member tennantite. Iron, zinc, silver, and even mer-

cury substitute for copper in each, and bismuth sometimes substitutes for

arsenic in tennantite. Tetrahedrite is named for its characteristic crystal

form, the tetrahedron; tennantite is named after the English chemist

Smithson Tennant (b. 1761).

Both species commonly occur as good crystals, tetrahedrite generally

forming larger and sharper tetrahedral crystals than tennantite. Other forms

include cubes, tritetrahedra and dodecahedra, and the characteristic tetrahe-

dron of both species is often modified by one or more of these forms.

Crystal faces are usually smooth, but may also be covered by overgrowths

of tiny chalcopyrite crystals. Contact and penetration twins are common;
the latter type is characterized by the sharp corners of one crystal protrud-

ing from the laces of the other. Crystalline druses and granular aggregates

are typical; no cleavage, but subconchoidal to uneven fracture is displayed.

Crystals are opaque, steel gray to black, with metallic or splendent luster

and a black, brown, or dark-red streak. The characteristic crystal form is

distinctive, as is the lack of cleavage; otherwise, both species resemble a

host of other sulfides and sulfosalts.

Tetrahedrite and tennantite are abundant in main low- to medium-tem-

perature hydrothermal sulfide veins, in association with calcite, dolomite,

siderite, barite, fluorite, quartz, and other sulfides. They also occur with

galena and bornite in carbonatites; and sometimes in contact metamorphic

deposits. Excellent, large and lustrous tetrahedrite crystals occur al

Bingham, Utah; and smaller crystals arc found al Butte, Montana, and in the

Sunshine- Mine. Kellogg, Idaho. Fine tetrahedrite crystals also come from

Mm. i Bonanza, Concepcion del Oro, Zacatecas, Mexico, and the

Windermere District, British Columbia Tennantite specimens are lound
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near Idaho Springs, Colorado; in Buckingham County, Virginia; in Barrie

Township, Ontario; and in the Lillooet District, British Columbia.

Tetrahedrite and tennantite also occur in the Andes of Bolivia, Chile, and

Peru, and in Algeria, Australia, and Tsumeb, Namibia. Classic European

sources include the mines of Pribram, Czechoslovakia; Cornwall, England;

and Freiberg and the 1 larz, Germany.

Unlike many of the zeolite minerals, thomsonite rarely forms distinct crys-

tals, but is usually seen as radiating clusters or lamellar aggregates. They are

usually colorless, white, yellowish, pink, or greenish, and transparent to

translucent with a vitreous to pearly luster and a colorless streak.

Sometimes the crystalline aggregates form tough, translucent, chatoyant

masses known as lintonite, which can be fashioned into cabochons.

Thomsonite is named for the Scottish chemist Thomas Thomson (b. 1773),

who was the first to analyze the mineral.

Thomsonite forms in cavities in basalts and other igneous rocks, in asso-

ciation with calcite, prehnite, and other zeolites, and occasionally in schists

or contact metamorphic rocks. The gem material lintonite is found on the

shores of Lake Superior in Cook County, Minnesota. Attractive rosettes on
prehnite, as large as 5 cm in diameter, are found in the basalt cavities of

northern New Jersey; and long, slender radiating clusters are found at Peters

Point, Nova Scotia. Excellent specimens have been recovered from the

basalts of Table Mountain, Colorado, and at numerous sites in Oregon.

European sources include Czechoslovakia, Scotland, and Germany.

thomsonite

Classification:

tectosilicate, zeolite group

Composition:

NaCa
2
AI

5
Si

5
O20«6H 2O

(hydrated sodium calcium aluminum silicate)

Crystal System:

orthorhombic

Hardness:

5-5.5

Specific Gravity:

2.25-2.40

Divergent sprays ofacicular thomsonite crystals

from Old Kilpatrick, Strathclyde, Suit/and.
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A druse ofwedge-shaped titanite crystalsfrom Capelinha, Minos Gerais, Brazil.

titanite (sphene)

Classification:

nesosilicate

Composition:

CaTiO(Si0
4 )

(calcium titanium silicate)

Crystal System:

monoclinic

Hardness:

5-5.5

Specific Gravity:

3.4-3.55

The official name titanite is a rather prosaic reflection of this species' tita-

nium content. However, most earth scientists still refer to it as sphene, a

name derived from the Greek sphen, or "wedge." This old name reflects its

most striking feature—its sharp, wedge-shaped crystal form. Other habits

include tabular or platy crystal clusters and massive aggregates. Titanite

commonly forms contact or penetration twins; the latter are particularly

common in the Alpine deposits. Mineral collectors who prize its interesting

crystals must compete with lapidaries, who covet titanite for the lovely and

valuable gemstones that can be cut from it. Titanite is usually yellow to

greenish yellow, more rarely pink, brown, or black, and has an adamantine

luster. It is sometimes trichroic, meaning that three different shades of color

can be observed in different crystal directions. Axinite crystals may be simi-

lar in appearace to those of titanite.

Titanite is formed in a wide variety of environments. It is a common
accessory mineral in granites and other silica-rich igneous rocks, and

accordingly is sometimes found as well-developed crystals in pegmatites, as

in northern Baja California and Brazil. Some of the finest specimens have

been found in dolomites, in association with apatite, calcite, and scapolite.

At Renfrew, Ontario, such deposits have produced single crystals as large

as SO kg; similar deposits extend from Quebec into New York, and are also

found in the Swiss Binnental. Elsewhere in the Swiss and Italian Alps, titan-

ite is found in vugs in metamorphic rocks, often discolored by inclusions ol

chlorite. It is actually mined as an ore of titanium at the unusually massive

Khibina deposit en the Soviet Union's Kola Peninsula, where it occurs with

apatite in a nepheline-syenite body,
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The name topaz is thought to be derived from topazion, an old name for the

island of Zebergit in the Red Sea. Zebergit, or St. John's Island, is a famous
source of peridot (olivine), so the name was probably applied to peridot

originally. Topaz occurs in several different colors, and this has given rise

to a great deal of confusion over the centuries. The rarest and most valu-

able kind of topaz is the golden-yellow, hydroxyl-rich variety called "impe-

rial topaz." However, citrine quartz and yellow sapphire are so often substi-

tuted for imperial topaz that it is assumed to be more common than it is. In

fact, the most com-
mon topaz is the flu-

orine-rich, colorless

to aquamarine-blue

variety. Blue topaz is

becoming more pop-

ular, not so much on
its own merits but

because it is seen as

an inexpensive sub-

stitute for the increas-

ingly fashionable

aquamarine variety of

beryl.

Well-developed

crystals of topaz are

common, ranging in

size from very small

to hundreds of kilo-

grams in weight.

Crystals are typically

stubby to elongated

prisms with wedge-
shaped terminations and diamond-shaped cross sections; the warm-colored

hydroxyl-rich topaz typically forms elongate prismatic crystals, while the

colorless or blue fluorine-rich crystals tend to adopt squat, equant shapes.

Granular masses and columnar aggregates are less common. Topaz is sus-

ceptible to corrosion, and pitted masses are commonly found with no trace

of their original faces. Etching and corrosion often affect the separate faces

of a crystal differently, effacing some while leaving adjacent faces perfectly

smooth. Gas and liquid inclusions are also common. Topaz displays con-

choidal fracture and perfect, easily developed basal cleavage, which delete-

riously affects its durability as a gemstone. The most common colors are

colorless to light blue, grading into aquamarine-blue; various shades of yel-

low to rich wine-yellow or brownish orange are less common; and green,

pink, and reddish stones, though rare, may also be encountered. Most crys-

tals display distinct pleochroism; yellow crystals range from light to deep
yellow, and blue crystals range from colorless to deep blue. Crystals are

transparent to translucent, with a vitreous luster and a colorless streak.

The best topaz crystals are obtained from cavities in granitic pegmatites,

although fine specimens have also been found in hydrothermal veins and

in cavities in the volcanic rock rhyolite. In New England, topaz is found in

the pegmatites of Oxford and Sagadahoc counties, Maine; Carroll County,

New Hampshire; and Fairchild County, Connecticut. The granites of Mason
County, Texas, have produced many fine topaz crystals, some to 10 cm
long. Pegmatites in Teller, Douglas, Park, and El Paso counties, Colorado,

have also produced excellent topaz crystals. Small perfect crystals are found

with quartz, hematite, bixbyite, garnet, and red beryl in cavities in rhyolite

on Thomas Mountain, Juab County, Utah. Excellent blue topaz crystals are

found in the Ramona District, and on Aguanga Mountain in San Diego

County, California.

topaz

Classification:

nesosilicate

Composition:

AI
2
Si0

4
(F,OH)

2

(aluminum hydroxyl fluorine silicate)

Crystal System:

orthorhombic

Hardness:

8

Specific Gravity:

3.49-3.57

Topazgem and crystalfrom nearMursinsk, in

the Ural Mountains ofthe Soviet Union.
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Extraordinary 7-cm-tall crystal of 'imperial'

topazfrom Onro Preto, Brazil.

A unique deposit near Ouro Preto,

Minas Gerais, Brazil, produces most of

the world's imperial topaz, which occurs

as fine crystals in a matrix of kaolinite.

Other localities in Minas Gerais and else-

where in Brazil produce topaz crystals

of all colors. The largest Brazilian crys-

tals exceed 200 kg in weight. Classic

topaz specimens once came from the

pegmatites near Mursinsk in the Ural

Mountains, and fine Chilon crystals are

still found in the Adun-Chilon and Ilmen

mountains, in the Soviet Union. Other

important European localities include

Schneckenstein; Saxony; the Mourne
Mountains of County Down, Ireland,

and the Cairn Gorm Mountains of

Scotland. Fine crystals are found in Omi
and Mino provinces, Japan; and Pine Creek, Northern Territories, and

Flinders Island, Victoria, Australia.

tovbernite

Classification:

phosphate

Composition:

Cu(UO2 ) 2
(PO

4 ) 2
'10H

2O
(hydrated copper uranium phosphate)

Crystal System:

tetragonal

Hardness:

2-2.5

Specific Gravity:

3.3

TORBERNITE IS NAMED FOR THE SWEDISH MINERALOGIST TORBERN OlAF BERGMAN

(b. 1735). Though it resembles a mica in overall morphology, it is not a

member of this group. The two-dimensional layers of uranium phosphate

in torbemite are loosely connected, mimicking the crystal lattice of a phyl-

losilicate (mica) and giving torbernite a micaceous cleavage. The crystals

form flat tabular plates, scaly aggregates, and crusts. Crystals are a brilliant

emerald-green, or lighter yellowish green, with a vitreous to pearly luster.

Unlike most secondary uranium minerals, torbernite is not fluorescent

under the ultraviolet light; it is radioactive, however. Torbernite is isostruc-

tural with autunite, which it closely resembles and with which it is often

found in association.

Torbernite is an oxidation product of primary uranium minerals such as

uraninite, and occurs in pegmatites, hydrothermal veins, and sedimentary

uranium deposits. Beautiful specimens are found at Redaith, Cornwall, and

Weardale, Durham, England; the Puy-du-Dome District of France; Katanga

District, Zaire; Mounana, Gabon; Mount Painter, Australia; and in Germany,

the Congo, Mexico, and Chalk Mountain in North Carolina.

Oppositepage: Tabularplates oftorbemitefrom \\ eardale, t 'ounty Durham, England
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tourmalinegroup

Classification:

cyclosilicates

Composition:

(Ca,K,Na)(AI,Fe+2,Fe+3,Li,Mg,Mn+2
)3

(AI,Cr+3,Fe+3,V+3
)6

(B0
3 ) 3

Si
6 18

(0,OH,F)
4

(general formula, complex borosilicate)

Crystal System:

hexagonal

Hardness:

7

Specific Gravity:

3.10-3.25

" Watermelon " tourmaline gemstonefrom

Minos Gerais, Brazil, with a tricolor, doubly

terminated crystalperched on quartzfrom

Mesa Grande, San Diego County, California.

One glance at the general formula for the tourmaline group shows why
the Victorian scholar John Ruskin said it was "more like a medieval doc-

tor's prescription than the making of a respectable mineral." Tourmaline

has a structural site for virtually any kind of ion available in a given geo-

logical environment; while the constituents are highly variable, the basic

structure always remains the same. Its name comes from the appropriately

ambiguous Singhalese term turamali, which was applied in general to the

odd mixture of unidentifiable gem pebbles from the alluvial deposits of

Ceylon (now Sri Lanka). The tourmaline group is divided into several

species on the basis of composition, but it must be kept in mind that there

is considerable substitution between species. Indeed, single crystals often

change composition as they grow, due to variation in the supply of spe-

cific ions. The most common tourmaline is the black, iron-rich variety

schorl. The brown magnesium-rich tourmalines found in marbles are

dravite and uvite, while elbaite and liddicoatite are the lithium-rich tour-

malines which provide colored gemstones. The different color variations

of elbaite are given their own names: pink or red, rubellite; colorless,

achroite; and blue, indicolite.

The tourmaline structure consists of planar BO, groups in combination

with rings of silica tetrahedra. Unlike the rings in other cyclosilicates such

as beryl, the silica rings in tourmaline are all oriented with the tetrahedral

points in one direc-

tion. This gives rise to

the marked polarity in

both the hemimorphic

crystal structure of

tourmaline and its dis-

tinctive electrical

properties. Tourmaline

displays pyroelectricity

and piezoelectricity,

acquiring an electric

charge through rub-

bing or otherwise

warming, or through

the application of

pressure. Like quartz,

which is also piezo-

electric, tourmaline

finds use as a fre-

quency stabilizer and

in gauges that mea-

sure changes in pres-

sure.

The pyroelectricity

of tourmaline was
appreciated by the

Dutch traders who
brought the first tour-

malines to Europe

from the East Indies in

the early 18th century. They called tourmaline ascbentrekker("ash

remover"), because the static electricity generated by wanning a tourmaline

crystal was handy for removing ashes from their pipes. This same propertj

causes tourmaline specimens stored in warm display cabinets to collect

dust at a surprising rate. Although tourmaline got a late start as a gemstone,

its popularity has steadily increased as an ever-greater variety ol rich colors

continues to appear from deposits around the world. The main colors of

gem tourmaline (elbaite) have lead to its being confused with virtually

every other type of colored stone.
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Tourmaline is very commonly seen as fine crystals, which are usually

short to long prismatic with either a hexagonal or roughly triangular cross

section, and terminated by low to steep pyramidal faces. Deep vertical stria-

tions are a very distinctive feature of this species; striated crystals are trian-

gular in cross section and the prism faces bow outward. Doubly terminated

crystals usually show hemimorphic development at their terminations,

where one end will be terminated by lower pyramids than the other.

Tourmaline has no cleavage, and its fracture is conchoidal to uneven.

Parallel inclusions often give rise to a chatoyant, "cat's eye" effect. Schorl,

as a common rock-forming species, is often seen as divergent sprays in

granite and other rocks, and as granular or fibrous massive aggregates.

Tourmaline is seen in every color of the rainbow, although black tour-

maline is by far the most common variety. Lithia tourmaline is often

zoned, with colors blending into each other along the length of the crystal,

or arranged concentrically. A typical variation is watermelon tourmaline,

which has a pink or red core surrounded by a green exterior. Tourmaline

ranges from transparent to opaque, but even the blackest shod crystals

may be translucent on thin edges; tourmaline has a vitreous luster and a

colorless streak. Pleochroism is distinct to strong, the color being most

intense when the crystal is viewed end-on. Tourmaline is harder than

apatite, and further distinguished from apatite and beryl by its striations.

Schorl can be distinguished from

hornblende by its typical triangu-

lar cross section.

Shod is a relatively common
rock-forming species, and occurs

as an accessory mineral in schists

and gneisses, greisens (see

Cassiterite), high-temperature

hydrothermal veins, and granites

and other felsic igneous rocks.

Crystals of schorl in granitic peg-

matites may reach several meters

in length. Dravite and the closely

related species uvite are found

primarily in calcareous metamor-

phic rocks such as contact meta-

morphic marbles, but also in

some pegmatites. The colorful

lithium tourmaline elbaite is

restricted to complex granitic

pegmatites, where it is found

with quartz, beryl, lepidolite,

columbite, and tantalite. Several

pegmatite districts in North America produce fine specimens. In New
England, elbaite is found in Middlesex County, Connecticut, and at several

mines in southwestern Maine. Elbaite is also found in the pegmatites of

Colorado and the Black Hills of South Dakota. The best North American

specimens by far are found in San Diego County, California, in the Pala,

Mesa Grande, Ramona, and Rincon districts. Excellent elbaite has also been

found in the pegmatites of northern Baja California. Most commercial gem
tourmaline now comes from Minas Gerais and several other states in Brazil.

where crystals of virtually every color are found in decomposed pegmatites.

Although tourmaline localities are not well-represented in Europe, the

lithium variety elbaite does take its name from the important deposit at San

Piero in Campo, on the Island of Elba, off the coast of Tuscany. The peg-

matites of the Soviet Union produce fine specimens of elbaite as well, from

a number of locations including Mursinka. in the Ural Mountains, and

Nertschinsk and Transbaikal. Fine shorlite crystals occur near Kragero.

Norway, and excellent dravite crystals are found near Dobrava, Austria.

Stubby prismatic crystals ofthe common black

tourmaline schorlite, from New York.
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Crystal ofthe calcium- and sodium-rich

tourmaline uvite in marble, from Goveneur,

New York.

Excellent tourmaline specimens are found in the pegmatites of Laghman
Province in Afghanistan, and recently, from Pakistan's Northwest Frontier

province.

There are many important sources of colored tourmaline in Africa,

including Usakos and Karibib, Namibia; Zimbabwe; Alto Ligonha,

Mozambique; Tanzania; and many places in Madagascar. Near Antsirabe on
Madagascar hexagonal prisms of liddicoatite as much as 1 m in length

occur in weathered soils. These crystals display remarkable triangular color

zonation, such that thin slices display as many as thirty sharp triangles or

hexagons of various colors in concentric arrangement. Enormous dravite

crystals are found at Yinnietharra, and green elbaite near Spargoville, in

Western Australia; elbaite crystals are also found on Kangaroo Island, South

Australia.

tridymite

Classification:

tectosilicate, silica group

Composition:

Si0
2
(silicon oxide)

Crystal System:

monoclinic

Hardness:

7

Specific Gravity:

2.26

^W

Tridymite i rystals on rhyolitefrom < erro San

i ristobal Pa< hw a, Mexii <>

Tridymite is one of several polymorphs of SiO„ and is commonly associated

with the higher temperature form cristobalite in siliceous volcanic rocks. It

first forms as hexagonal beta-tridymite, which is stable only at veiy high

temperatures. Cooling brings about a solid-state conversion to alpha-

tridymite, which conceals its monoclinic stmcture within the hexagonal

shell of its predecessor. Even this form of tridymite is unstable, however,

and eventually converts to quartz. Synthetic tridymite is used in heat-resis-

tant ceramics and glazes.

Tridymite crystals are very small, pseudohexagonal individuals,

spheniles, or rosettes. The original beta-tridymite crystals commonly form

twins of various habits; trilling twins (composed of three individuals) give

tridymite its name. It is very brittle, colorless or white, and transparent or

translucent with a vitreous luster. It is nearly impossible to distinguish from

cristobalite without special tests.

Tridymite is typically

associated with quartz,

cristobalite, fayalite,

hematite, hornblende,

and augite, in cavities in

felsic volcanic rocks. It

also forms phenocrysts ,

or euhedral crystal

grains enclosed in mas-

sive volcanic rock.

Originally noted in the

andesites of Cerro San

Cristobal, Pachuca,

Mexico, tridymite is

found in volcanic rocks

throughout Latin

America and the west-

ern United States.

Euhedral pseudo-

morphs of quartz alter

tridymite over 1 cm
long are found in the

Euganean I [ills of Italy.

Other localities include

the Siebengebirge

region of the German
Rhineland, .\m\ Puy de

1 tome, France.
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TRIPHYLITE AM) LITHIOPHILITE ARE BOTH LITHIUM, IRON-MANGANES1 PHOSPHATES,

forming a continuous series between end members enriched in either iron

or manganese. Triphylite lakes its name from a Greek phrase meaning
"family of three," in honor of its three cations; lithiophilite is derived from

an equally cozy phrase meaning "lover of lithium." They occur together in

granitic pegmatites, usually as large anhedral grains but sometimes display-

ing rough, curved crystal faces. Both display three directions of cleavage

and subconchoidal to uneven fracture. Triphylite is greenish or bluish gray

in color, and lithiophilite is reddish, yellowish brown, or pinkish; however,
both are commonly blackened by secondary manganese oxides. Sometimes

there is nothing left of the original mineral but a black stain.

Like blue cheese, these two minerals are famous for going bad with

style. In pegmatites infiltrated by groundwater, large grains riddled with

cavities and porous sections display an interesting and colorful suite of

alteration products, including dark-red sicklerite; pinkish hureaulite; yellow-

ish salmonsite; bright-yellow stewartite; dark-blue vivianite; and blue, red,

and purple strengite, purpurite, and heterosite. Another suite of alteration

products is associated with triphylite and lithiophilite in pegmatites which
have been affected by late-stage hydrothermal fluids. Among the typical

minerals in this suite are eosphorite, reddingite, fairfieldite, dickinsonite,

phosphoferrite, wolfeite, triploidite, and fillowite. The former collection of

alteration products is typical of the pegmatites in the Pala District of San

Diego County, California; the latter is well represented at Branchville,

Fairfield County, Connecticut. Significant European localities include

Venitrask, Sweden; Mangualde, Portugal; and the pegmatites of Bavaria,

Germany, Other localities worldwide include the Karibib District, Namibia;

Namaqualand, South Africa; the Buranga pegmatite, Rwanda; and the

Pilbara District, Western Australia.

triphylite and lithiophilite

Classification:

phosphates

Composition:

triphylite—Li(Fe,Mn)(P0
4 )

(lithium iron-manganese phosphate)

lithiophilite—Li(Mn,Fe)(P0
4 )

(lithium manganese-iron phosphate)

Crystal System:

orthorhombic

Hardness:

4-5

Specific Gravity:

3.34

Large unaltered cleavagefragment oftriphylitefrom the Dan Patch Mine, Keystone,

South Dakota.
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Turquoise in matrixfrom Chuquicamata, Chile, with a cabochonfrom Esmeralda

turquoise

Classification:

phosphate

Composition:

CuAI
6
(P0

4 )4
(OH)

8
.4H

2

(hydrous copper aluminum phosphate)

Crystal System:

triclinic

Hardness:

5-6

Specific Gravity:

2.6-2.84

Imagine holding in your palm a fragment of perfect summer sky, even in the

gray depths of winter. No other stone has the unmistakable robin's-egg

blue color of high-quality turquoise. Prized for millennia, it has been sought

by miners and traders in some of the most remote corners of the world.

Turquoise is a phosphate of aluminum and copper, which contains a signif-

icant amount of water in its structure. The copper content is responsible for

its color, which ranges from powder blue through blue-green to flat green.

The name turquoise, which means "Turkish" in French, was given to this

mineral for the same reason that turkeys are called turkeys—both were first

introduced to Europe via Turkey.

Turquoise was discovered at a very early date, probably because it is a

secondary mineral which forms near the earth's surface, often in the area of

copper deposits. The most ancient turquoise mines known are those at

Sarabit el Khadem on the Sinai Peninsula, which appear to have been

established over 5000 years ago. The beduin still mine turquoise there to

some extent, but the heyday of the mining operations was in the time of

the Egyptian dynasties. Extensive underground workings reflect two thou-

sand years of slave labor in the service of the pharaohs.

Turquoise was also very important to the Native Americans. Large quan-

tities of turquoise beads, pendants, and other objects have been found in

Anasazi and Hohokam sites in Arizona, New Mexico, and Colorado. The

Zuni and other groups still make offerings of turquoise to their deities, and

their jewelry and other turquoise artifacts are in much demand. One of the

many turquoise deposits worked by the Native Americans in the Southwest

is in the Los Cerillos Mountains in New Mexico. This ancient mine consists

of an open cut, SO m deep and 100 m wide, excavated entirely by hand;

surrounding it are tons of tillings, from which the precious turquoise was

( obbed by hand, following their conquest of the region, the Spaniards con-

tinued to exploit the mines with Indian labor.
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Turquoise almost always occurs as a line-grained aggregate, usually as

nodules or thin seams encased in rock. Crystals are extremely rare, and
only of microscopic size. The color ranges from sky-blue through bluish

green to apple-green; iron (Fe
+2

) accounts for the green color. Turquoise is

translucent to opaque, its luster waxy to dull, and its streak white to pale

green. Gem-quality turquoise ranges in color from pale blue to bright blue,

with clear, unmottled material being the most valuable. "Spiderweb"
turquoise, which displays a netlike pattern of dark lines, is slightly less

valuable. Chrysocolla is softer than turquoise, but variscite is more difficult

to distinguish, although it never displays

the characteristic sky-blue color of some
turquoise. Turquoise is relatively porous,

and will change color as it absorbs liquids,

grease, or perspiration. Jewelers take

advantage of this fact to impregnate dull-

colored material with plastics and dyes; in

fact, most commercial turquoise has been
treated in some way.

Turquoise is a secondary mineral

which forms near the Earth's surface, in

phosphatic rocks rich in copper and alu-

minum and saturated with groundwater.

These conditions are met in some igneous

and pelitic sedimentary rocks, and rarely

in pegmatites, as at Hagendorf, Bavaria.

The most famous turquoise deposits are in

the trachytes of the Ali-Mirsa-Kuh

Mountains, near Nishapur, Khurasan, Iran.

These mines, though probably over 2000 years old, are still active. The
most important modern deposits are those in the southwestern United

States. Veiy large nodular masses ( >f fine-quality turquoise have been mined
at Battle Mountain, Lander County, Nevada; smaller deposits are intermit-

tently worked at several locations in Arizona, California, and Colorado.

Several deposits are still being worked in the Cerillos Mountains of New
Mexico. Microscopic crystals of turquoise are found in small copper

prospects in Virginia, one at Kelly Bank Mine, Rockbridge County, and the

other near Lynch Station, Campbell County. Turquoise is also found at

Chucicamata, Chile; in Australia, and in England and France.

We Navajo ofArizona and New Mexico

learned ofturquoise from their Pueblo Indian

neighbors, and the art ofsilversmithingfrom

the Spanish. They combined the two media into

a distinctive artform, here displayed by a

Navajo woman in herfinest turquoisejewelry

Minerals often develop not as single crystals, but in composites of two or

more crystals known as twins. Twins are regular intergrowths whose com-

ponent crystals have a definite relationship to one another, determined by

shared crystallographic information. They should not be confused with

crystal aggregates. Crystal twins start growing in much the same way as do
animal twins, except that the raw materials are inorganic ions rather than

cells. When a crystal is still composed only of a very few ions, a single ion

may take a position that is almost, but not quite perfectly aligned with the

original structure. This ion then attracts more ions at the same rate as its

neighbors, but the crystal it forms grows at a different angle than the origi-

nal. The misalignment of twin seed ions is controlled by the same regular

forces that shape the staicture of single crystals, so twins tend to grow at

consistent angles. Many minerals occur more commonly as twins than as

single crystals, and can be identified on this basis.

Twins are composed of two or more individual crystals, or members.

and come into contact along a surface known as a composition plane. The

three general types of twins are contact twins, penetration twins, and

repeated twins, although a vast array of variations are covered under these

twinning
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headings. In contact twins, two crystals are united by a composition plane

to produce mirror images of each other; well-known examples are the

nearly right-angled Japan Law twins of quartz, fish-tail twins of calcite and

gypsum, and Manebach twins of orthoclase feldspar.

Penetration twins result from two identical members growing into each

other in a consistent, symmetrical fashion, with the corners of each protrud-

ing from the faces of the other. Fluorite, tetrahedrite, and the Carlsbad twins

of orthoclase are good examples of this habit. Repeated tivinstake two

major forms: lamellar or polysynthetic twins, and cyclic twins. Polysynthetic

twins are composed of multiple members sandwiched together in a parallel

series. In the plagioclase feldspars, the reentrant sutures between members
are indicated by exceedingly fine parallel striations, which are evident on
cleavage surfaces, and serve to identify feldspars of this series even as small

grains. Cyclic repeat twins consist of several crystals arranged like the

spokes of a wheel or rays of a star; rutile and chrysoberyl are characteristic

examples of cyclic twinning.

Twinning can be an aid to mineral identification, and is usually not dif-

ficult to detect; most habits are characterized by sharp depressions, called

reentrants, marking the location of the composition plane. In other

instances, twinning is harder to detect. Polysynthetic twins of sphalerite,

for example, often resemble a single crystal; the individual members are

only apparent from alternating bands of differing luster which encircle the

"crystal."

Types of twinning. Top: Contact twinning in

rutile (left) and calcite (right >. Middle:

Penetration twinning iti arsenopyrite (left) and
orthoclase (right). Bottom: Polysynthetic twin-

ning in plagioclase and cyclic twinning in

chr\'soher\'l

.

(001)1

(010)
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ULEXITE, NAMF.I) FOR ITS DISCOVERER, THE GERMAN chemist George Ludwig III \

(b. 1<S1 1 ), was once the most important source of borax (see Borates and

Borax). Before the discovery of minable deposits of colemanite in the

mountains above Death Valley in 1882, gangs of Chinese immigrants

labored at picking loose ulexite efflorescences called "cotton balls" from the

dry lake beds on the valley floor.

Ulexite very rarely forms distinct individual crystals, more often occur-

ring as the rounded masses of loose acicular crystals mentioned above. It

also forms vein-filling aggregates of extremely elongated, parallel crystals

with a silky, chatoyant luster. This latter habit gives rise to a fiber-optic

effect, capable of transmitting an image from one end of the aggregate to

the other, even over many centimeters. Ulexite is sometimes called the

"television stone" for this reason. Another distinctive property of ulexite is

its solubility in hot water.

Ulexite is found with

other borates in the evap-

orite deposits of the

inland ephemeral lakes.

Individual crystals are

found at Boron,

California, and large mas-

sive deposits occur else-

where throughout the

Mojave Desert. It is also

found in the Atacama

Desert of Chile, and in

Argentina, Peru, and Turkey. In the Maritime Provinces of Canada, ulexite

occurs in gypsum beds with glauberite, anhydrite, and other borates.

ulexite

Classification:

borate

Composition:

NaCaB
5 6

(OH)
6
«5H

2

(hydrated sodium calcium borate)

Crystal System:

triclinic

Hardness:

1-2.5

Specific Gravity:

1.95

/ lexite showing itsfiber-optic effect.

This highly radioactive mineral is named for the element uranium, of which

it is one of the most important sources. The slow process of radioactive

decay, which turns uranium into lead, causes uraninite to be metamict, and

its physical properties may vary with age. The composition of uraninite is

highly variable, and radium, thorium, cerium, and yttrium commonly substi-

tute for uranium. When uraninite is heated, it gives off a gas composed pri-

marily of helium, since helium is produced by the radioactive decay of ura-

nium. It is from a sample of uraninite from Czechoslovakia that helium,

polonium, and radium were first identified by the Curies in 1898. In addi-

tion to providing uranium for the nuclear industry, uranium compounds

provide pigments used in photography and other applications. Uraninite

provides the bulk of the world's radium, despite the fact that hundreds < >f

tons of uraninite must be processed to obtain one gram of radium salts.

Uraninite most commonly occurs as black, banded cryptocrystalline

aggregates known as pitchblende. Crystals usually take the form of cubes.

uraninite

Classification:

oxide

Composition:

U02
(uranium oxide)

Crystal System:

isometric

Hardness:

5.5

Specific Gravity.

7.5-10.6,

pitchblende 6.5-9
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octahedra or dodecahedra, or cubes slightly modified by the latter forms.

These are black and opaque, with a submetallic luster and black streak.

The rock surrounding uraninite is commonly discolored with yellow,

orange, or green secondary uranium minerals, referred to by the general

name gummite, but consisting of several distinct species.

Uraninite, especially the pitchblende variety, is commonly found in met-

alliferous medium- and high-temperature hydrothermal veins. Large quanti-

ties also occur in sedimentary deposits in the Colorado Plateau region of

the United States and elsewhere (see Carnotite). Detrital uraninite grains

are also mined, along with gold, from ancient placer deposits formed over

2 billion years ago, before the earth's atmosphere became oxygenated. The
largest of these unusual deposits are in Witwatersrand, South Africa, and

Blind River, Saskatchewan.

The best crystallized specimens of uraninite are found in pegmatites,

however. Uraninite crystals several centimeters in diameter have been

found in the pegmatites of Bancroft District, Ontario, in association with

apatite and fluorite. Good crystals are also found at Elvestad, Norway; in

the Uluguru Mountains of Tanzania, and in pegmatite deposits throughout

the United States. Huge masses of pitchblende are mined in Canada's Blind

River and Great Bear Lake regions. In the hydrothermal veins of

Shinkolobwe, Katanga, Zaire, both pitchblende and uraninite crystals are

found in association with gold, cobalt, copper, molybdenum, tungsten, and

platinum minerals. Other notable sources include Rum Jungle, Australia,

and Germany, Portugal, and France.

Botryoidal uraninitefrom Schneeberg, Germany.
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Vanadinite is named after the element vanadium, of which it is an ore.

Vanadium is used as an alloy in steel, as a catalyst, and as a mordant, or

permanent dye. This species has a variable composition, with arsenic and

phosphate ions substituting for the vanadium group, and calcium, copper

and/or zinc occupying the lead positions. A solid-solution series exists

between vanadinite and mimetite, with an intermediate variety called endli-

chitc. Along with pyromorphite, these species are isostructural with apatite;

however, there is no confusing vanadinite with other species, as its vibrant

red color is unmistakable.

Vanadinite usually forms sharp small crystals in the shape of hexagonal

prisms, which are often skeletal or hollow. It also occurs in radial aggre-

gates and encrustations. Crystals are typically orange-red, yellow, or brown,

with an adamantine to resinous luster and yellowish white streak.

Vanadinite is a secondary mineral native to the oxidation zones of lead

deposits, where it occurs in association with pyromorphite, mimetite, cer-

rusite, anglesite, limonite, and wulfenite. Very large crystals have been

found at Grootfontien in South Africa, and at Mibladen and Taouz,

Morocco. Several mines in the Southwest produce fine specimens, includ-

ing the Apache Mine in Gila County, and the Old Yuma Mine in Pima

County, Arizona. The yellow, arsenic-rich variety known as endlichite is

known from several New Mexican deposits, and from Santa Eulalia and Los

Lamentos in Old Mexico as well.

vanadinite

Classification:

vanadate

Composition:

Pb
5
(V04 ) 3

CI (lead vanadate)

Crystal System:

hexagonal

Hardness:

2.75-3

Specific Gravity:

6.9

Parallel growth in tabular vanadinite, from
Mibladen, Ksares Souk, Morocco
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Varisctte is well-known in its massive FORM as polished se< ttons of apple-

green nodules, or cut into cabochon gemstones. Strengite is less well

known but more widespread, forming as a common alteration product of

other iron-bearing phosphates. Variseite takes its name from Variscia, an

archaic name for the Vogtland District of Germany where it was first discov-

ered. Strengite is named for the German mineralogist J, A. Streng (h. 1830).

Variseite crystals are quite rare and of microscopic size; their morphol-

ogy is pseudo-octahedral. Variseite is much more commonly seen as cryp-

tocrystalline aggregates, form-

ing nodules, and as veinlets

enclosed in matrix. Strengite

crystals may also be pseudo-

octahedral, though they

appear as tabular or stout pris-

matic as well; they commonly
form daises of radiating acicu-

lar individuals.

Both species have two

directions of cleavage,

although the size of the crys-

tals makes this hard to see;

massive variseite is tough, and has a splintery to good conchoidal fracture.

Crystals of both species are transparent with a vitreous luster; variseite is

translucent to opaque with a waxy to dull luster when massive. Variseite

ranges in color from deep green through yellow-green, to nearly white in

more porous material. Strengite is red, violet, or colorless; both species

have a white streak. Variseite nodules may resemble greenish turquoise.

Variseite forms through the action of low-temperature hydrothermal flu-

ids on aluminum and phosphate-rich rocks. Common associates include

wavellite, apatite, chalcedony, and goethite. The classic variseite specimens

are nodules to 25 cm in diameter from the brecciated sedimentary rocks of

Clay Canyon, near Fairfield, Utah County, Utah. Other Utah localities

include Lucin, in Box Elder County; and the Stansbury Mountains, Tooele

County. Variseite is also found in Nevada at several localities in Esmeralda

County and Mineral County. Microscopic crystals occur in Garland and

Mongomery counties, Arkansas.

Strengite is a secondary mineral which forms through alteration of iron-

rich phosphates such as triphylite in granitic pegmatites, or from phos-

phates associated with iron ores. Deep purple crystals of strengite occur in

small cavities in the pegmatites of Bavaria, Germany; Mangualde, Portugal;

Blatun, Belgium; Buranga, Rwanda; and Pala, San Diego County,

California.

variseite and strengite

Classification:

phosphates

Composition:

variseite: AIP0
4

(hydrous aluminum phosphate)

>
4
-2H

2

strengite: FeP0
4«2H2

(hydrous iron phosphate)

Crystal System:

orthorhombic

Hardness:

3.5-4.5

Specific Gravity:

2.57 (variseite)

2.87 (strengite)

Top: Polished nodule of massive variseitefrom Fairfield, (tab. Bottom: Strengite crys-

talsfrom Pleystein, Bavaria, Germany. Opposite page: Tiny crystals ofvariseite in a

limestone breccia, from the de Linde Mine. Garland County, Arkansas.
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vesuvianite (idocrase)

Classification:

sorosilicate

Composition:

Ca19
Fe(Mg,AI)

8
AI

4
(SiO4 ) 10

(Si
2O7 )4

(OH)
10

(calcium, magnesium, aluminum silicate)

Crystal System:

tetragonal

Hardness:

6-7

Specific Gravity:

3.33-3.45

Stout prismatic crystal ofvesuvianitefrom

Yakutsk, Siberia.

The volcano Vesuvius, near Naples, Italy, is home to many interesting miner-

als, including this species, named for the volcano. The lava of which

Vesuvius is composed crystallized from magmas with an interesting history.

As the molten rock percolated beneath the volcano, it incorporated a cer-

tain amount of the limestone country rock. The silicate melt of the magma
absorbed the carbonates of the limestone, producing a hybrid suite of calc-

silicate minerals, one of which is vesuvianite. An alternate name for vesu-

vianite, idocrase, comes from the Greek phrase meaning "mixture of

forms," reflecting the complex shape of some vesuvianite crystals.

Vesuvianite has two gem varieties. One is a compact massive form com-

monly referred to as californite, in honor of its occurrences in northern

California. Californite is tough, translucent, and resembles jade in color.

Transparent vesuvianite, in shades of yellow, green, blue violet, or brown,

is also fashioned into gemstones, which are often very bright and beautiful.

Crystals are pyramidal, or more commonly, short prisms with pyramidal

terminations and square cross section. They may also be columnar, granu-

lar, and cryptocrystalline (californite). Vesuvianite has three indistinct cleav-

ages, and an uneven to conchoidal fracture. Colors include brown, green,

yellow, white, red, violet, or blue; the blue variety is known as cyprine.

Crystals are transparent to translucent, with a vitreous to resinous luster and

a white streak. Californite can be difficult to distinguish from jadeite and

nephrite, a fact which is sometimes exploited by unscrupulous dealers.

Zircon crystals have a morphology similar to that of vesuvianite crystals, but

rarely achieve similar size.

Despite its occurrence in the lavas of Vesuvius, this species is more

characteristic of contact metamorphic settings, where it is associated with

grossular game', wollastonite, diopside, and epidote in impure marbles. It

also occurs as a magmatic mineral in carbonatites, pegmatites, and

nepheline syenites, and as a hydrothermal mineral in fissures in ultrabasic

rocks. Cyprine is found at Franklin, Sussex County, New Jersey. Fine crys-

tals are found in Lyon County, Nevada; at Scratch Gravel, near Helena,

Montana; and in the Crestmore Quarry near Riverside, California. Californite

is mined in Butte County, and near Happy Camp, Siskiyou County,

California. Transparent crystals are found in pegmatites cutting marble in

Laurel Argenteuil County, Quebec; and yellow prismatic crystals are found

in skarns at Xalostoc,

Morelos, and Lake

Jaco, Chihuahua,

Mexico. Good speci-

mens are also

obtained from

Czechoslovakia,

Finland, France, Italy,

Norway, Russia,

Pakistan, Japan,

Korea, Taiwan,

Kenya, and Australia.
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Vmanite is named for its discoverer, the English mineralogist J. G. Vivian. It

is commonly associated with fossil bones and teeth, deriving phosphate

from the bones (see Apatite) and iron from the ground water. Mammoth
and mastodon tusks and other fossil ivory that has been stained blue by

vivianite is called odontolite, or "bone turquoise," and has been used as a

gemstone for millennia. This species is not particular about where it precip-

itates, as long as the chemistry is right. Recently, a 14,000-year-old frozen

long-horned bison was unearthed from the permafrost in Alaska, its skin

turned blue, not from the cold but from vivianite. Of course, it was dubbed
"Babe," after Paul Bunyan's mythical blue ox. When found in large concen-

trations, vivianite is sometimes used as a pigment.

Freshly unearthed crystals are colorless to white, but they have the

peculiar property of turning green, blue, or black with exposure to air, due

to the oxidation of the iron component. The streak is also colorless or

white, changing rapidly to blue or brown. Vivianite forms as elongated,

prismatic crystals, or massive, fibrous, or bladed rosettes. Perfect cleavage

parallel to the prism face is easily developed, breaking crystals into thin

flexible flakes. Continued abuse will result in a fibrous fracture. Its extreme

softness, excellent cleavage, and tendency to change color are sufficient to

distinguish vivianite from other species.

Vivianite is widespread, typically forming as a secondary mineral in sul-

fide deposits, generally in the absence of oxygen. It is the product of the

interaction between hydrothermal fluids containing phosphoric acid, and

iron minerals like pyrite and siderite. It is also formed in pegmatites

through the hydration of primary iron phosphates. Fine specimens are

found throughout the United States, most notably in Utah. Large crystals are

found in the pegmatites of Galilea, in Minas Gerais, Brazil, in association

with amblygonite. Good specimens of vivianite come from the tin deposits

of Cornwall, England, and Poopo and Llallagua, Bolivia. Star-shaped aggre-

gates of vivianite, and enormous single crystals over 1 m in length have

been found in the clay deposits near N'gaoundere, Cameroon.

vivianite

Classification:

phosphate

Composition:

P0
4 ) 2

«8H
2

(hydrated iron phosphate)

Crystal System:

monoclinic

Hardness:

1.5-2

Specific Gravity:

2.58-2.68

Prismatic crystals of vivianitefrom the

Blackbird Aline, Lemhi County, Idaho.
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wavellite

Classification:

phosphate

Composition:

AI
3
(P0

4 ) 2
(OH

1
F)

3
'5H

2

(hydrous aluminum phosphate)

Crystal System:

orthorhombic

Hardness:

3.5-4

Specific Gravity:

2.36

Oppositepage: Wavellitefrom Trenice,

Czechoslovakia. Most ofthese originally globu-

lar aggregates have been broken off shotting

the points at the center oftheir basesfrom
which thefibrous crystals began to radiate out-

ward.

This phosphate is named for its discoverer, the English physician William

Wavell (b. 1829). Isolated crystals of wavellite are very small, stout to long

prismatic and are quite rare. The characteristic habit is radiating fibrous

aggregates in the form of globular hemispheres, clustered on rock matrix

like so many puffballs. It also forms stalactitic and botryoidal crusts that

resemble chalcedony. Wavellite displays three directions of cleavage, one
perfect, and an uneven to subconchoidal fracture. It is .transparent to

translucent, and colored green, yellow, white, gray, or brown; black, blue,

or colorless crystals are encountered, but rarely. The luster is vitreous to

pearly and the streak white. It is unmistakable in its characteristic habit of

radiating, spherical aggregates.

Wavellite forms as a secondary mineral in hydrothermal veins, in some
aluminous and contact metamorphic rocks, and in phosphorites. Excellent

specimens are found in Garland, Hot Springs, and Montgomery counties,

Arkansas. Good specimens are also obtained from Chester and Cumberland
counties, Pennsylvania; St. Clair County, Alabama; Marion County, Florida;

the King turquoise mine, Saguache County, Colorado; and Slate Mountain,

California. Numerous localities exist worldwide, though notable deposits

are found in England, Ireland, France, Portugal, Germany, and the Balkans.

willemite

Classification:

nesosilicate

Composition:

Zn
2
Si0

4
(zinc silicate)

Crystal System:

hexagonal (rhombohedral)

Hardness:

5.5

Specific Gravity:

3.89-4.19

n illemite i rystals />/ < ah tie, from the Taylor

Mine. Franklin Furnace, NewJersey

This very rare and unusual species is named after Willem I, King of the

Netherlands (b. 1772). It is abundant only in the peculiar contact metamor-

phic zinc deposits at Franklin and Ogdensburg, Sussex County, New Jersey,

where it has actually been exploited as an ore of zinc. Willemite forms

hexagonal crystals with rhombohedral terminations, which range from short

and stout to long and thin prismatic. These display two poor cleavages and

an uneven to conchoidal fracture. Material is commonly granular or fibrous,

or present as disseminated grains. Crystals are transparent to translucent,

and are colored yellow, green, red, brown, white, colorless, or gray, with a

vitreous to resinous luster and a white streak. Willemite fluoresces a vibrant

yellow-green under ultra-

violet light, probably due

to the presence of man-
ganese impurities. This

was accidentally discov-

ered by a miner in the

New Jersey locality when
a lamp malfunctioned,

and was quickly taken

advantage of as a means
of soiling the otherwise

homogenous-looking

zinc on 1

.

The finest specimens

of willemite are those
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from the unusual, marble-hosted zinc orebody at Franklin and Ogdensburg,

Sussex County, New Jersey, where they are associated with calcite, black

franklinite, red zincite, and garnet. Elsewhere, willemite is found in more
normal hydrothermal zinc-bearing sulfide deposits. Pale blue crusts of

willemite occur with wulfenite, vanadinite, and mimetite in the

Mammoth-St. Anthony Mine, Tiger, and the Apache Mine, Globe, Arizona.

Willemite is also found at the Cerro Gordo and Ygnacio mines, Inyo

County, California; Beaver County, Utah , and in various places in Canada

and Mexico. Small amounts are also found at Altenberg, Belgium; Langban,

Norway; and in Greece, Russia, Algeria, Zaire, Zambia, Iran, and Namibia.

witherite

Classification:

carbonate, aragonite group

Composition:

BaC0
3
(barium carbonate)

Crystal System:

orthorhombic

Hardness:

3-3.75

Specific Gravity:

4.29

Classicpseudohexagonal dipyramids of

witheritefrom the Fallowfleld Mine, Hexham,

Northumberland.

Although much less common than the barium sulfate barite, witherite is also

mined as an ore of barium when found in sufficiently. large concentrations.

Witherite and barite are very similar in massive form; however, witherite

dissolves easily with effervescence in dilute hydrochloric acid, while barite

is insoluble. Witherite crystals are very distinctive, usually forming horizon-

tally striated, pseudohexagonal dipyramids composed of three individuals,

or parallel growths of such twins resulting in pseudohexagonal prisms with

curved terminations and stepped sides. Scepter-shaped or globular aggre-

gates, and crusts are also common. Witherite displays two indistinct cleav-

ages and an uneven fracture. Crystals are transparent to translucent, and

colorless or white, with a vitreous to resinous luster and a white streak.

Bluish phosphorescence and fluorescence are observed under ultraviolet

light.

Witherite typically occurs in low-temperature hydrothermal veins, asso-

ciated with barite,

galena, and sometimes

fluorite. The finest spec-

imens have come from

the lead mines of

England, including

Alston Moor,

Cumberland; Hexham.
Northumberland; and

the Morrison Mine,

Durham. The outstand-

ing linked States source

is the Minerva No. 1

Mine, at Rosiclaire,

Illinois, where excellent

witherite crystals as

large as 3 inches on

edge are found in asso-

ciation with fluorite.
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HUEBNERITE, WOLFRAMITE, AND FERBERITE ARE, RESPECTIVELY, THE MANGANESE,

intermediate, and iron members of an isomorphous series. Wolframite is an
arbitrary designation, but since most specimens are indeed intermediate

between the two end members, it is the field name of choice. All three are

important ores of tungsten. Tungsten has the highest melting point of any

metal, and is used in strong heat-resistant alloys and fine filaments for

lamps. Among the important tungsten compounds are tungsten carbide,

used in high-speed tools and, as is diamond, in drill bits; and sodium
tungstates, used in fireproofing and dying. Huebnerite was named for the

German metallurgist Adolph Huebner, and ferberite for a fellow German,
Adolph Ferber. Wolframite was named for the German word for tungsten,

wolfram, which is thought to come from the German phrase meaning "wolf

cream," probably a reference to the scum that formed atop the melt during

the smelting of tungsten ores.

Huebnerite commonly forms long, lath-like striated crystals with wedge-
shaped terminations; wolframite forms short prismatic or tabular, similarly

striated crystals; and ferberite grows in elongated striated prisms. Contact

twins are common in each, sometimes with one member rotated 180° like

the Carlsbad twins of orthoclase. Crystals are often arranged in parallel

aggregates or divergent sprays, and are also commonly found as granular,

or bladed material. They are brittle, with perfect prismatic cleavage and

uneven to conchoidal fracture. Crystals may appear to "peel" along easily

developed parting planes parallel to the crystal faces.

Color and streak generally grow darker with increasing iron, that is,

toward ferberite; huebnerite is transparent to translucent and ferberite

nearly opaque. Huebnerite is yellowish to reddish brown, ferberite reddish

brown to black; lusters are submetallic to resinous. Ferberite is slightly

magnetic. Members of this series are heavier and softer than goethite, and

distinguished from cassiterite and columbite-tantalite by their cleavage,

parting, and morphology.

The wolframite series

is best represented in

hydrothermal quartz

veins and pegmatites

related to granitic plu-

tons. Typical associates

include quartz, feldspar,

cassiterite, arsenopyrite,

hematite, scheelite, tour-

maline, topaz, and fluo-

rite. Wolframite is also

found in some sulfide

veins. Excellent speci-

mens occur in Boulder,

Gunnison, San Juan, and

Park counties, Colorado;

and numerous other locations in the western United States. The classic

European localities are at Zinnwald and Schlaggenwald, Bohemia,

Czechoslovakia. Fine specimens are found in the tin veins of Llallagua,

Bolivia; Pasto Bueno, Pern, and elsewhere in the Andes. China is the

world's largest producer of commercial wolframite.

wolframite series
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Classification:

tungstates

Composition:

MnW0
4
(huebnerite)

(Fe,Mn)W0
4
(wolframite)

FeW0
4
(ferberite)

Crystal System:

monoclinic

Hardness:

4-4.5

Specific Gravity:

7.1 (huebnerite) to 7.5 (ferberite)

Jf M

Left: Wolframite crystalsfrom the Panasqueira

Mine, Serra da Estrella, Portugal Right: A
quartz vein containing black wolframite and
molybdenite in the Xihi/ashan tungsten mine

in china The granite surrounding this

hydrothermal rein has been altered through

greisenization. (Photo courtesy Dennis i

USGS.)
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Wollastonitefrom theJeffrey mine. Asbestos,

Quebec.

*&*>«&*-> - ^

wollastonite

Classification:

inosilicate

Composition:

CaSi0
3
(calcium silicate)

Crystal System:

triclinic

Hardness:

4.5-5

Specific Gravity:

2.87-3.09

Wollastonite is one of the calcium silicates characteristic of the contact

metamorphic deposits, or skarns, that result when a limestone or marble is

intmded by igneous rocks. It was named for the English mineralogist

William Wollaston (b. 1766), and finds use in the manufacture of refractory

ceramics. Discrete, tabular crystals of wollastonite are rare. The most com-

mon aggregate habits are fibrous, acicular or radiating, or granular. A deli-

cate mineral, wollastonite has one perfect and two good cleavages, and a

splintery fracture. It is transparent to translucent and colored white, gray,

pale green, or colorless, with vitreous to pearly luster, or silky when
fibrous. Stilbite, cummingtonite, sillimanite, and other similar-appearing

species are not found in the same contact metamorphic association.

In addition to its occurrence in skarns, minor amounts of wollastonite

form in calcareous regional metamorphic rocks. Large deposits are found in

the Black Forest of Germany, in brittany, and at Willsboro, New York,

where wollastonite is mined for use in ceramics. Interesting specimens are

found in Chiapas, Mexico; Csiklowa, Romania; Fargas, Finland; and in

Colorado, California, Ontario, Quebec, Norway, Italy, Greece, and China.

wulfenite

Classification:

molybdate

Composition:

PbMo0
4 (lead molybdate)

Crystal System:

tetragonal

Hardness:

3

Specific Gravity:

6.8

WtlkFFNITF IS NAMFI) FOR FRANZ XaVER VON WULFEN (H. F2"7
), AN AUSTRIAN JESI II

priest whose interest in the many aspects of Creation resulted in his becom-

ing an authority on lead ores. Wulfenite is isostructural with scheeiite, and

commonly contains some calcium and tungsten in the lead and molybde-

num sites, respectively. Although not nearly as important an ore as molyb-

denite (MoS,), wulfenite is exploited for its molybdenum content.

Wulfenite is one of the most attractive mineral species: since it often

forms clusters of thin tabular crystals set on edge at odd angles to one

another, many matrix specimens resemble nothing so much as a cluster ol

brightly colored tropical butterflies, fro/en in stone. Other habits include

Stubby pyramids and compact aggregates and crusts. Wulfenite is brittle

and weak, with greasy cleavage It is commonly an intense yellow, orange,

or red color, with an adamantine luster and a white streak.
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Top: Thin tabular crystals <>/ wulfenitefrom

the 79 Mine Banner District, Gila County,

Arizona Bottom: One of the classic specimens

ofwulfenite < ollei led from the Red Cloud Mine

in the Trigo Mountains ofArizona in the late

1930s.

Wulfenite is a secondary mineral which

forms in the oxidation zones of hydrother-

mal lead sulfide deposits containing molyb-

denum, of which it is a minor ore. Typical

associated minerals include descloizite, pyro-

morphite, vanadinite, mimetite, cerrusite,

limonite, calcite, and hemimorphite. Classic

wulfenite specimens include the sharp, c< >1-

orless, blue or yellow crystals from Tsumeb,

Namibia; the gray wedges from Pribram,

Czechoslovakia; and the yellow, pseudocu-

bic crystals on white dolomite from the

Sierra de los Lamentos, Chihuahua, Mexico.

Legendary bright orange-red specimens on limonite matrix were found at

the abandoned Red Cloud Mine in Yuma County, Arizona.
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wurtzite

Classification:

sulfide

Composition:

(Zn,Fe)S (zinc-iron sulfide)

Crystal System:

hexagonal

Hardness:

3.5-4

Specific Gravity:

3.98

This rare zinc mineral, named for the French chemist Adolphe Wurtz, is a

polymorph of both the common zinc ore sphalerite and the much rarer

species matraite. Wurtzite has the densest structure possible for a hexago-

nal crystal, while sphalerite has an equally dense but isomeric atomic struc-

ture similar to that of diamond. Wurtzite is the higher temperature poly-

morph, stable at temperatures in excess of 1020°C at normal pressure.

Wurtzite forms small isolated tabular or hemimorphic crystals, with one
of its terminations being a hexagonal pyramid with horizontally striated

faces, and the other smooth and flat. Wurtzite is brittle, with two directions

of cleavage and an even to conchoidal fracture. Crystals are translucent,

with a resinous luster and brown streak. The typical color is brownish

black to orange, and orange fluorescence is observed under longwave

ultraviolet light.

Wurtzite is found in hydrothermal sulfide deposits with sphalerite, and

more rarely in concretions in sedimentary rocks, as in Ohio and

Pennsylvania. Good specimens to 2.5 cm are found at Oruro and Llallagua,

Bolivia. Wurtzite is found in numerous locations throughout the western

United States, Peru, England, Romania, Czechoslovakia, and Namibia.

Drusy wurtzite from Montserrat, Poopo, Bolivia.
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Xenotime is a relatively rare but widespread accessory mineral, occurring as

small crystals in granitic pegmatites, granites, and placer deposits. Because

of its relative obscurity, xenotime was named from the Greek expression

meaning "a stranger to honor." This is perhaps a reference to the more

abundant rare-earth phosphate monazite, with which xenotime is often

found in placer deposits. Like its more assertive cousin, xenotime is

exploited for several of the useful elements which typically substitute for

yttrium, including erbium, cerium, and other rare earths, as well as thorium,

uranium, beryllium, and zirconium.

Xenotime is isostructural with zircon, which is to say that they share a

similar crystal structure, but are not isomorphic. Xenotime is not as hard as

zircon and can also be distinguished by its perfect cleavage. Crystals are

prismatic, pyramidal, or equant, sometimes fonn rosettes, and rarely

exceeding 2 cm in size. The pegmatites of Setesdal, Iveland, and other

places in Norway produce well-formed crystals, as do the pegmatites of

Brazil and Madagascar. In the United States, xenotime is found in

California, Colorado, New York, and the southern Appalachian states.

xenotime

Classification:

phosphate

Composition:

Y(P0
4 )

(yttrium phosphate)

Crystal System:

tetragonal

Hardness:

4-5

Specific Gravity:

4.4-5.1

The name of this interesting group comes from the Greek phrase meaning

"boiling stone," reflecting the fact that the zeolites bubble as water is

driven off in a flame. Indeed, many zeolites desiccate spontaneously when

removed from the ground, crumbling into powder unless preserved with a

sealant. Approximately thirty zeolite species are known, but only a few are

commonly encountered, most notably analcime, chabazite, heulandite, har-

motome, laumontite, natrolite, and stilbite. The zeolites are usually color-

less, white, or very slightly colored, forming brittle crystals with good

cleavage. The zeolites have three basic structural types, which are usually

apparent in their external morphology. The fibrous zeolites have a chain

structure, the platy ones a sheet structure, and the equant zeolites a frame-

work structure.

Beyond these differences, all zeolites share an open tectosilicate frame-

work in which various large cations like sodium and potassium balance the

negative charges of the silica tetrahedra. Substitution between these

loosely-held cations is easily achieved; the water component is also easily

zeolitegroup

Zeolites

chabazite natrolite

harmotome scolecite

heulandite stilbite

laumontite thomsonite
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Top: These crystals ofgmelinite,

i \ti ,< a)Al2Si4 ]2
»6H20, on basaltfrom

Flinders Island, Australia exemplify the typical

appearance if many zeolites.

Bottom: The zeolite minerals have very open

atomic structures, with large gaps in their

framework ofsilica tetrahedra which can

accommodate alkali ions and water molecules.

The chain-like structurepictured is characteris-

tic ofthefibrous zeolites like natrolite and
mesolite.

lost and regained. When a zeolite is heated

and its interstitial water driven off, capa-

cious channels remain in the undisturbed

crystal structure. These channels have spe-

cific diameters depending upon the species,

and can be used to filter gasses and liquids

on the molecular level. Such zeolites are

termed "molecular sieves," and are used to

purify compounds such as liquid ammonia
and mercury vapor.

The peculiar ion-exchanging abilities of

zeolite have made them popular as water

softening agents. When so-called "hard

water" containing calcium ions in solution is

routed through a zeolite filter, the calcium is

exchanged for sodium and/or potassium

from the zeolites. The calcium ions remain

in the filter, and the sodium-rich "soft

water" is passed on to the consumer.

The zeolites are very widespread in

low-temperature hydrothermal environ-

ments, particularly in cavities and fissures in

basalt and diabase in association with

apophyllite, calcite, datolite, pectolite,

prehnite, and quartz. Zeolites occur in smaller quantities in sulfide veins,

granitic pegmatite pockets, and sedimentary rocks, typically as some of the

last minerals to crystallize, Recently, large commercially important deposits

of massive zeolites have been discovered in the western United States and

in Tanzania, the result of the in-place alteration of beds of volcanic ash.
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Zincite in calcitefrom Franklin, Sussex

County, Newjerse]

Tills EXTREMELY RARE MINERAL HAS ACTUALLY BEEN EXPLOITED AS AN ORE OF ZINC AT

Franklin Furnace, New Jersey, the one locality where it occurs in abun-

dance. The hemimorphic crystals of zincite are as strange as they are rare,

consisting of a hexagonal pyramid which sits squarely atop a simple

pedion. Zincite ranges in color from deep yellow to orange to dark red,

and is translucent with subadamantine luster and orange-yellow streak.

Zincite is found very sparingly in particular zinc deposits, except at the

unique contact metamorphic deposits at Franklin and Sterling Hill, Sussex

County, New Jersey. Here zincite is found in 10-cm thick veins, in massive

aggregates with white or pink calcite, green willemite, gray tephroite, and

black franklinite, in rough crystals of 3 cm in size. Zincite has also been

found at the Dick Weber Mine, Saguache County, Colorado; the Bottino

Mine, Tuscany, Italy; at Tsumeb, Namibia; and in Poland, Spain, and

Tasmania.

zincite

Classification:

oxide

Composition:

ZnO (zinc oxide)

Crystal System:

hexagonal

Hardness:

4

Specific Gravity:

5.68

Zircon is the main source oe the metal zirconium, and is an ore of hafnium

as well, which may substitute for a large proportion of the zirconium con-

tent. Zircon compounds are valued for their refractory properties; zirconium

oxide caicibles are so refractory that they can be used to melt platinum

(melting point 1755°C). Because of its heat and corrosion resistance, zircon

metal is used to coat the fuel rods in nuclear reactors. Ironically, natural zir-

con crystals illustrate the destaictive potential of radiation. Since zircon usu-

ally contains some thorium and uranium, alpha particle radiation renders

many specimens metamict. The terms high, intermediate, and low zircon

are used to indicate the degree of radioactive decay a specimen exhibits.

High zircon is unaffected by radioactivity and is the source of most gem
material, while low zircon is so metamict that its internal staicture has

become completely amorphous.

Zircon is a common constituent of many igneous rock types, and is

especially well-suited for use in the radiometric dating of ancient rocks;

zircon

Classification:

nesosilicate

Composition:

ZrSi0
4
(zirconium silicate)

Crystal System:

tetragonal

Hardness:

7.5

Specific Gravity:

4.6-4.7
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Zircon crystalsfrom the Umen Mountains, near

Orenburg, Russia

crystals separated from rocks in Greenland have yielded the oldest dates

yet measured on earth. Some varieties are used as gemstones, since the

refractive index and dispersion of zircon gems approach that of diamond.

Zircon has had its image sullied by its use as a diamond imitation, thus

establishing it as a "cheap simulant," when in fact it is an interesting and

beautiful gem in its own right. Most natural gems are reddish brown, but

heating produces yellow, colorless, and blue stones—the latter often sold

as "starlite." Slightly metamict intermediate zircon is also fashioned into

gems, which are usually greenish and slightly cloudy. The name comes
from the Persian phrase zargun, or "gold colored."

Zircon typically forms short to long prismatic crystals, with square cross

sections and pyramidal terminations, or simply dipyramidal crystals. Crystals

usually occur as isolated individuals, sometimes quite sharp, suspended in

rock matrix; they are also common as anhedral grains. Aggregates are

sheaflike or radiating; metamict specimens often form curved, subparallel

aggregates. Zircon has two poorly developed cleavages and an uneven

fracture (conchoidal in metamict specimens). It is commonly some shade of

brown or reddish brown, though it may also be grayish, greenish, violet-

gray, or colorless. Crystals are transparent to translucent with a vitreous to

adamantine luster; metamict specimens, however, are usually opaque and

vitreous to greasy in luster.

Zircon is a widespread accessory mineral in nearly all kinds of igneous

rocks, especially gran-

ites and syenites and

their pegmatites, and in

the metamorphic rocks

derived from them.

Because of its density

and durability, zircon is

concentrated in placer

deposits in the form of

small grains; these are

recovered from beach

placers in Australia,

Brazil, Florida, and the

Carolinas. Very large

crystals of zircon are

found in marbles of

Dungannon Township,

Hastings County, and in

Sebastopol Township,

Renfrew County,

Ontario. Fine specimens

are also found nearby in

Buckingham Township,

Ottawa County; and at

Grenville, Argenteuil

County, Quebec. Other

North American zircon

localities include Custer County, South Dakota; the Ouachita Mountains of

Oklahoma; the pegmatites of St. Peter's Dome, El Paso County, Colorado;

Llano County, Texas; and Litchfield, Maine. Large crystals occur in the

Langesundfjord district, Norway, and elsewhere in that country and in

Sweden. Lustrous brown crystals are common from deposits near Miask. in

the llmen Mountains of Russia; the Harts Range, Northern Territories, and

in the New England District, New South Wales, Australia. Line crystals to

10 cm occur at Mount Ampanobe. Madagascar. Water-worn crystals are

abundant in the gem gravels of Mogok. Burma, and in Sri Lanka, Thailand,

and elsewhere in Southeast Asia.



Zoism h \\ i ncommon mineral found primarily in metamorphic rocks. It is

dimorphous with the more common, monoclinic epidote relative clinozoisite.

Zoisite was primarily known to collectors in its pink variety thulite, until the

discovery of a new gem variety in 1966. That year, a tailor and itinerant

prospector found a deep blue gem mineral in the schists of the Usumburu
Mountains, near Mt. Kilimanjaro in northern Tanzania. Despite its intense,

almost purple color, this stone was at first taken for sapphire (corundum);

however, chemical analysis soon showed it to be a new variety of zoisite.

The Merelani Mine was established, and the striking new stone was soon

being sold as tanzanite by Tiffany and Company. Tanzanite is quite unlike

any other gem species, and as the deposit at Merelani is apparently becom-

ing depleted, it may join benitoite as one of the rarest gems in existence.

Massive blue-green zoisite enclosing blebs of red ruby is another recent

Tanzanian discovery, fast becoming popular as an ornamental material.

Zoisite is usually seen as long prismatic crystals with deep vertical stria-

tic >ns, or as fibrous to granular aggregates. Crystals display perfect prismatic

cleavage, which along with its relative softness gives cause for caution

when wearing cut stones; the fracture is uneven to conchoidal. Zoisite is

transparent to translucent, and the most common shades are gray, greenish,

or yellowish brown; it has a vitreous to pearly luster and a colorless streak.

The pink variety thulite usually fluoresces under ultraviolet light. Pink tour-

maline (rubellite) resembles thulite, but the former lacks cleavage and does

not fluoresce. Zoisite is

named for the

Czechoslovakian

Baron S. Zois van

Edelstein (b. 1747),

and the variety thulite

for Thule, an archaic

name for Norway.

Zoisite is found in

a wide variety of geo-

logical environments.

It forms in contact

metallic nphic marbles

and dolomites in asso-

ciation with grossular

garnet, tremolite, and

wollastonite; and in

calcareous schists in

association with

almandite garnet and

hornblende. Magmatic

occurrences include

some basic igneous

rocks and pegmatites.

Brown zoisite crystals

occur in zinc ore at

Ducktown, Folk

County, Tennessee; and large, gray crystals (to 15 cm in length) in glauco-

phane schists of Mendocino County, California. Thulite is found in

Okanogan County, Washington; Mitchell and Yancey Counties, North

Carolina; Gila County, Arizona; Tulare County, California; at many places in

Nevada; and in the Black Hills of South Dakota. Good zoisite crystals are

found at the Jeffry Mine, Asbestos, Quebec; and northern Baja California,

Mexico. Fine specimens of thulite are still found at the classic locality at

Telemark, and elsewhere in Norway. Good thulite specimens are also

obtained from the Aar Massif of Switzerland, and from locations in

Germany, Italy, Scotland, Finland, the Soviet Union, Greenland, and Japan.

So far, tanzanite has been found only at the Merelani deposit in Tanzania.

zoisite

Classification:

sorosilicate

Composition:

Ca
2
AI

3
(Si

2 7
)(Si0

4
)(OH)

2

(calcium aluminum silicate)

Crystal System:

orthorhombic

Hardness:

6-6.5

Specific Gravity:

3.3

Zoisite (variety tanzanite) gem and crystal,

from near Arusha, Tanzania
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Key 1- Alexander County emerald and hiddenite veins, North Carolina

2. Almaden mercury mine, Rio Tinto District, Huelva Province, Spain

3. Alto Lingonha region pegmatites, Mozambique
4. Amelia Court House pegmatites, Virginia

5. Arendal and Kongsberg, Norway
6. Bancroft, Ontario

7. Bikita pegmatite, Zimbabwe
8. Bisbee, Tiger, Morenci, Ajo sulfide deposits, Arizona

9. Black Hills pegmatites, South Dakota

10. Boron, Death Valley, Searles Lake evaporites, California

11. Broken Hill, N.S.W.; Bendigo and Ballarat, Victoria, Australia

12. Bushveld complex, South Africa

13. Butte, Montana

14. Cave-in-Rock, Illinois; Joplin/Sweetwater districts, Missouri

15. Chanarcillo, Chuquicamata, and Copiapo, Chile

16. Chihuahua, Durango, San Luis Potosi, and Zacatecas sulfide

veins, Mexico

17. Cobalt district, Ontario

18. Coeur d'Alene District, Idaho

19. Coober Pedy, Australia

20. Cornwall, Cumberland, Derbyshire, Devonshire, Durham mining

areas, United Kingdom
21. Deccan basalt quarries, Poona, India

22. Dundas, Tasmania

23. Falun, Kiruna, and Langban, Sweden
24. Franklin and Sterling Hill, New Jersey

25. Harz Mountains and Saxony, Germany
26. Ivigtut pegmatite, Kalaallit Nunaat, Greenland

27. Karibib District pegmatites, Namibia

28. Keeweenaw Peninsula copper deposits, Michigan

29. Kimberly/Cullinan diamond mines, South Africa

30. Laghman Province pegmatites, Afghanistan

31. Laurium, Greece

32. Libethen, Felsobanya, and Nagyag, Romania

33. Llallagua and Potosi, Bolivia

34. Magnet Cove, Arkansas

35. Mangualde pegmatites, Portugal

36. Mibladen, Bou Azzer, Morocco

37. Minas Gerais pegmatites, Brazil

38. Mogok gem mines and Upper Burma jadite deposits, Burma
39. Mont St. Hilare, Jeffry Mines, Quebec, Canada

40. Mother Lode gold-quartz veins, California

41. Mt. Apatite, Mt. Mica, and other Maine pegmatites

42. Mt. Bity and Anjanabonoina pegmatite districts, Malagasy Republic

43. Mursinka and Nurchinsk pegmatites, U.S.S.R.

44. Muzo and Chivor, Colombia

45. Palabora carbonatite, South Africa

46. Panasquiera, Portugal

47. Pribram, Schemnitz, Zinnwald mining districts, Czechoslovakia

48. Ratnapura gem mines, Sri Lanka

49. San Diego County pegmatite districts, California

50. Shinkolobwe, Katanga province, Zaire

51. Sicilian sulfur mines, Italy

52. Soledade, Rio Grande do Sul. Brazil

53. Strontian. Leadhills and Wanlocklhead, Scotland

54. Sudbury, ( )ntario

55. Taewha tungsten mines, Korea

56. Tintic district, Utah

57. Tokovaya Mines, Sverdlovsk, U.S.S.R,

58. Tsumeb and Grootfontien, Otavi District, Namibia

59. Yllcrbv and Yarutra.sk pcumalitcs, Sweden
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other metals could be altered chemically. With

great dedication, though in vain, they tried to wash

the "taint" from base metals such as lead so that

they could be "resurrected" as gold.

• The light, porous stone formed by the micro-

scopic plates of fossilized coccoliths is called

chalk, familiar to everyone from years of staring

at blackboards. Much of southern England and

northern France is underlaid by chalk, which

makes the cliffs at Dover white and wines of

Chablis "flinty."
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