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Introduction

The ever increasing number of publications about
minerals reflects a growing interest in nature.
Most of those publications though only deal with a
few dozen of the most common minerals or
gemstones. This book fills the gap by also
featuring less common and rare minerals. The
authors describe over 600 mineral species and
varieties, illustrated with about 750 eolor
photographs. 1n cheesing illustrations of particular
milnerals, aesthetic eriteria sueh as size of erystal
and celer played a rele in additien te their
imperianee and distributien in nature. THis beak
ineludes seme rare minerals, knewn enly from one
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The ongnn of individual minerals is described in
detail. We chose for a relatively simplified scheme
because the normal complexity cannot be
described here in detail. Minerals can be
distinguished as either primary (resulting directly
from a solidifying of magma, crystallizing of an
aqueous solution or mctamorphisma - re-
crystallization in a solid state) and mmd@;r
(resulting from alteration of the original miner
68 during its oxidation 6F reduetion under low
t@lﬁB@fﬁtHf@ and pressure elese te the surfaee of
the Eath). Primar z fiinerals are divided inio
following greups: I magmatie, when a mineral
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gF itic and alkaline syenite pegmatites sn

Mavcaritee, 100 mm, Misthwry. Gaevmany

meteorites); 2. sedimentary, when a mineral
crystallizes during a process of diagenesis or from
hydrous solutions under normal tmmperature
(clastic, organic and chemicall sedimentary rocks);
3. mctamorphic, when a mineral crystallizes
during mctamorphic processes in a solid state at a
wide range of temperature and pressure (it
includes regionally and contact metamorphosed
roeks and skarns); 4. hydrethermal, when minerals
erystallize from agueous solutions and flulds
under high te low temperatures (it includes ore and
the Alpine-type veins, eavities in veleanie roeks,
minerals and reeks. hvdrethermally aliered wndsr
high temperature, &g gf@l§@ﬂ§3
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13 Qiigins of some phosphates in granitic
pegmatites etc.
With the localities for individual minerals we have
tried to list the most important worldwide
localities regardless of their recent production but
we have also included recent discoveries since
these may produce important mineral specimens.
Where a mineral has an important use this is listed
at the end of mineral description. We would like to
acknowledge all who contributed in any way to the
production of this book. particularly these private
collectors and institutions which leaned minerals
for photography. We hepe these faseinated in the
werd ef minerals and ef nature will find this beek
8 faseinaling seuree of information
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1. Elements

Copper

Cu

CUBIC e o000
Praperties: C - light pink to copper-red, it darkens and
covers green to black in air; S - red; L ~ metallic; D -
opaque; DE - 8.9; H -~ 2.5 - 3; CL - none; F - hackly;
M - cubic crystals and its combinations, dendritic
aggregates, sheets, slabs, massive.

Origin and ecewriene®: Primary hydrothermal eopper
is mainly related to basic igincous rocks; it is also
common as a product of supergene cementation. 1t is
sesociated with cuprite. malachite, azurite, sliver.
chalkocite, bornitec and other minerals. The largest a¢c-
cumulstions of primary copper are in the Kewesnaw
Peninsular, Lake Superier, USA, the largest belng 115 x
7 x 3m (approx. 50 x 23 x 10¥O)and weighing 420 tens.
Fine erystals up to 50 mm(approx. 2in) alse eceur
there. as do calcite crystalwith copper inclusions. Su=
perb supergene coppercrystals come from many
localities like Tsurmeb, Namibia and Chessy. France.
Crystals up te [40mm (5% in) leng eeeurred in the
Rey mine and in Bisbee, Arizena, USA. Very fine
spinel-law twins up to 5 em in size and dendritie ag-
grepates eome from Mednerudnyansk, Ural meun-
tains. Russia; erystals up te 30 mm (Mg warefaumg

Sitver, 52 mm, Freibexg, Gaevmany
Copper, 120 mm, Keweanamw Peningulta, USA.

Copparr. 42 mm, Cormail], UK

in Dzhezkazgan, Kazakhstan. Fine specimens of cop-
per, associated with cuprite, azurite and malachite oc-
curred in Rudabanya. Hungary. Appllizatiion. electro-
nics, electrical engineering, ingredient in gold alloys.



Silver
Ag

CUBIC L)

Properties: C - silver-white, tarnishes gray to black: S
- silver-white; L metallic; D - opaque; DE — 105; H
- 25 - 3; CL - none; F- hackly; M — cubic aystals,
dendritic aggregates, wires, leaves, massive.

Origin and occurvence: Hydrothermal in ore veins and
also of secondary cementation origin in association
with acanthite, stephanite, proustite, pyrargyrite,
copper and many other minerals. The best specimens of
crystallized and wire silver come from

Norway, where wires up to 400mm (16 in) long snd
crystals up to 40 mm (1Vw in) in size have been found.

Siverr; 55 mn, Sethwarenstdd. Geevraany

Beautiful specimens of wire silver with wires over 100
mm (4 in) long are known from Freiberg, Schneeberg
and St. Andreasberg, Germany. Wires several cm long
were also found in Pribram and Jachymow, Czech
Republic. Dendritic aggregates from Baiopilas,
Chihuahua, M=xdco, reached up to 150 mm (6 in).
Crystals and aggregates of silver, grown together with
copper are genetically unique in the basalt cavities in
the Keweenaw Peninsula near Lake Superiof.
Michigan, USA. Wires, up to 100 mm (4 in) long,
come also from the San Genaro Mine in Huancavclica
and Uchucchagqua. Peru. New finds of silver wires, up
to 150 mm (6 in) leng, have been made In
Dzhezkazgan, Kazskhstan.

Appllicattosn: photographic industry, jewelry, elec-
tronics.



Gold, 481ne0. B2\ Movatin, (adifeomia. USIAA.

Gold
Au

CuUBIC o0

Preperties: C - gold-yellow; S - yellow: L — metallic:
D- opaque: DE - 193; H - 2.5-3; CL - none; F -
hackly; M ~ octahedral and cubic crystals, skeletal
and dendritic aggregates, leaves, muggets.

Origin and eecumenes: Primary hydrothermal in ore
velns, also in contact mctamorphic deposits and
pegmatites. Placer deposits are secondary. It eccurs
with pyrlte, arsenopyrite, quartz, sylvaniie. cslaverite.
krennexite and other minerals. Beautiful leaves and
crystals of geld feund in many localities in California,
USA (Colorade Quartz mine, Nigger Hill and others),
Fine lesf gold comes frem Rosia Mentana. Remania.
The best erystals. skeletal octahedra, up t6 50 mm (2
in) have been found in alluvial sediments near Gran
Sabana, Reraima Shield. Venezuela. Geld wires up 6
140 mm (478 in) long were very fare in Greund Heg
fine, Gilman, Celerade. USA. The largest kiewn
shests of erystallized geld sesurred in the Jamestown
mine. Califernia USA, where & eavity, whieh yielded
49 kg (108 Ib) of gelden leaves, was diseovered 6n
26.12.1992. The iargest measures absut 300 mm
{11V in) aAd has aBeut 25.79 kg (56 Ib 13 87) of

Gold, 68 myn, Eagliess Nest Mine. Caliiforrnéa. U SA.

gold on it. Typical aggregates of fine gold wires come
from Famcomb Hill near Breckcnridge, Colorado,
USA. Fine crystals were also found in Berezovsk.
Ural mountains and in the Lena River basin, Siberia.
Russia. Fine scales and larger nuggets from placer
deposits were found in Klondike, Alaska; Tuslumne
County, California, USA and in Ballarat, Vicioria,
Australia. Fine dendritic aggregates occurred in the
Hope's Nose, Devon. UK. A unique find of leaves up
to 100 mm (4 in) was made in Krepice near Vednany,
Czech Republic,

Appliizatiton: practically the only source of gold as a
metal: used in jewelry, electronics and medicine.

Mevrcunry
Hg

TRIGONAILL [ X )

Propertiies: C - tin white; L — metallic to adamantine;
D - opaque; DE - 1136; M - liquid at temperatures
above -39°C (-38.2°F); R - very poisonous fumes.

Origin and oeccurencez: Hydrothcrmall in low-
temperature ore deposits, also connected with hot
springs. It is associated with cinnabar, calomel and
other Hg minerals. It occurred in Almaden. Spain;



Merveury, 30 mm, Socveifes Mine, Califomiiy, USA

Idria and Avala, Serbia; New Almaden and New ldria.
California, Terlingua, Texas, USA; Dedova hora
Czech Republic and Rudnany, Slovakia as droplets
and liquid cavity fillings.

Applicatidon: chemical industry, measuring instru-
ments, metallurgy.

Mosctielanttisbegjtire

Ag3 Hgp
cuwsilc [ N )

Propetiées: C - silver-white; S — silver-white; L —
metallic; D - opaque; DE - 113.5; H - 3.5; CL — good;
F - conchoidal; M - dodecahedral crystals and their
combinations, granular, massive.

Oriigim and  ocewrepaee: Hydrothermall in low-
temperature deposits. associated with cinnabar,
tetrahedrite, pyrite and other minerals. Crystals.
several mm long. were found in Meoschellandsberg.

MoschelllendBiteregice. 6 mm graiin, Micsthdiandsherg

Germany. They are also known ficin Sala, Sweden;
Les Chalanches. France and Brezina. Czech Republic.

Lead

Pb

cumBilc e

Propentiéss: C — gray-white, tarnishes to lead-gray and
gets dull; S - lead-gray; L — metallic; D - opaque; DE
- 1L.3; H - 1L5; CL - none; M - octahedral and cubic
crystals, massive.

Origim and occunremeer: Hydrothermal, also sedi-
mentary (authigenic). associated with willemite and
other minerals. The best specimens with crystals up to
40 mm (I*/m in) in size, come from LDngban,
crystalllized also from Pajsberg. Sweden. Octahedra, up
to 10 mm (%sin), arc described from El Dorado, Gran
Sabana, Venezuela. It also occurs in Franklin, New
Jersey, USA and Jalpa, Zacatecas, Mexico.

fron
Fe

cuBIC o0

Propentiies: C - steel-gray to black; S — gray: L -
metallic; D — opaque; DE - 7.9; H - 4; CL - perfect;
F -- hackly; M - crystals, granular, massive.

Oriigiim and occureneer: Terrestric iron occurs mainly
in basic rocks, but it is also known from carbonate
sediments and the petrified wood. The most famous
locality is Blaafjeld near Uivfaq on Disko Island,
Greenland, where masses up to 20 tons were found.



Lead. 53 mm, Langtam, Swedizn

Chunks, weighing over 10 kg (22 Ib) come from Biihl
near Kassel. Germamy. Impregnations of iron in
dolerite occur in the Khuntukun massif and masses up
to 80 kg (176 1b) are known from Ozernaya Mi.,
Siberia, Russia.

Platinum
[

CuUBIC [ N ]

Prapentias. (C— sstedt-gyeay ttoddmtk gyesy; S5 ssbedgyeay téo
silver-white; L ~ metallic; D - opaque: DE ~ 21.5; H
445, CL - none; F ~ hackly: M - cubic erystals,
nuggets, grains and scales,

Platinum. 8 mm, Kondlr, Ruesia

fron, 80 mm. Biihl. Geemany

Origin and occurveneze: Platinum occurs in magmatic
segregations, together with chromite, olivine and
magnetite in ultrabasic rocks; secondary in placers.
The best crystals up to IS mm (**/n in) come from
Konder in Khabarovsk Region, small crystals, but
mainly nuggets, weighing up to LLL5 kg (25 1b 5 0z)
found in the Tura River basin near Turiinsk, Ural
Mountains. Primary platinum is known from deposits
in the vicinity of Nizhniy Tagil, Ural Mountains,
Russia; from the Onvcrwacht mine, Bushveld, South
Aftrica and Sudbury, Ontario, Canada. Fine smaller
nuggets, weighing up to 75 g (165 1b) were found in
the Trinity River sediments in California. USA and
the Choco River sediments in Columbia.
Appllieaiiion. chemical industry, catalytic convenors,
rocket industry.



Arsenicy;, 45 mm, Alden [sland], Qareda

Arseniic
As

Ardimoryy. 37 mm. New Brumswvikk, Qanada

Stitbansarn
SbAs

TRIGONAIL o0 0

Propevtiies: C - tin-white, tarnishes quickly to black;
SB tin-white: L - metallic: D - opaque; DE - 5.8; H

3.5; CL ~ perfect; F ~ uneven; M - rhombohedral
crystals, botryoidal aggregates, granular, massive.
Origim and oeccwrenser: Mainly hydirothermal,
together with other As minerals. It forms massive
veins, up to 200 mm (77 in) thick, with botryoidal
surface in Jachymon, Czech Republic and in Freiberg,
Germany. In Akatani, Japan. spherical aggregates
consisting of small crystals were feund. It is also
known from Sacarimb, Romania. Betryoidal
apgregates of arsenic with leafl gold were found in the
Reyal Oak mine, Coromandel, New Zealand. Crystals
of metamorphie erigin eome from Sterling Mill, New
Jersey, USA.

Svitbarseey). 58 mm, Aulin, Qarada

TRIGONALL o000

Propevtiies: C - tin-white to gray, tarnishes black; $
gray; L — metallic, sometimes dull; D - opaque: DE
6.3; Il - 3-4; CL - perfect; M - indistinct crystals,
botryoidal aggregates.

Origiin and occurreme: In pegmatites with antimony,
stibiotantalitc and microlite; hydrothermal in ore
veins withpyrargyrite, proustite, pyrostilpnite and
dyscrasite. Beautiful botryoidal aggregates of
stibarsen (previously labeled as allemontite), up to
100 mm (approx. 4 in) in size, come from Pribram
and Trebsko, Czech Republic. Botryoidal aggregates
up to 80 mm (3% in) and imperfect crystals were
found in quartz veins in Atlin, British Columbia,
Canada. Fine specimens occurred in a Li-bearing
pegmatite near Varutrask, Sweden.

Antiimamy
Sb

TRIGONAIL o000

Propertiies: C - tin-white; $ - gray: L - metallic; D
opaque; DE - 6.7, H 3-3.5; CL - perfect; F
uneven; M - rhombohedral crystals, botryoidal
aggregates, massive.

Origin and occuwvenee: Hydrothermal in ore veins
with silver, stibnite, stibarsen, sphalerite and other
minerals; also in pegmatites. As veinlcts in a
pegmatite in Varutrask, Sweden. Cleavable plates, up
to 50 mm (2 in) known from Torniiva, Finland.



Massive aggregates up to 200 mm (77 in) come from
Pribram, Czcch Republic. Rhombohedrall crystals up
to 10 mm (7s in) across and accumulations up to 300
mm (L1*/» in) in size described from Lake George,
New Brunswick, Canada.

Bisonath

TRIGONAIL [ N ]

Properties: C — silver-white, tarnishes pink; S —
silver-white; L ~ metallic; D — opaque; DE - 9.8; HI—
2-25; CL - perfect; M — rhombohedral arystals,
granular, massive.

Origim and occuvenze: It is found in pegmatites,
greisens and hydrothermall in ore veins together with
chalkopyrile. arsenopyrite, lollingite, mickeline,
breithauptite and many other minerals. Common in
pegmatites in Anjanabonoina, Madagascar. Very fine
crystals, up to 20 mm (®A; in) known from Schlema
and Hartenstein, Germany. Skeletal aggregates, over-
grown with other arsenides, occurred in Jachymov,
Czech Republic. Masses weighing several kg found in
Bolivia (Tasna, Velaque) and Australia (Kingspate,
New South Wales). Cleavable masses up to 2 cm
(4¥kin) described from Cobalt and Gowganda,
Ontario, Canada.

Application: Bl ore.

Arsenofampnite
As

ORTHORHOMBIC [ ]

Preperties: C — gray-white, it covers with a black
coating; S - black, L -~ metallic to adamantine; D

opaque; DE - 5.6, H 2: CL ~ perfect: M - acicular
orystals, tabular and fan-shaped aggregates, massive.
Origin and oeewnemes.: Hydrothermal in ore veins
associated with arsenic, bismuth, silver and other
mnerals. 1ts crystals and veinlets were found with Cu

Bismuth, 20 mm, Cinener;, Czecth Regneblic

Arsendéamppitére, 70 mm, Jactiymayy, Czecth Regpublic

arsenides in Cerny dul, Czech Republic. Occurs also
in Jachymoc, Czcch Republic and Marienberg
Germany. Found recently in Cavnic. Romania.

Graphhiie
c

HE X AGOMNALL LI )
Properties.: C — black to steel-gray; S - black to steel-
gray; L — metallic, dull, earthy; D - opaque; DE - 2.3;
H - -2, ~ poeftett;Ni- hesaggora tablulbarceppeadts,
massive.

Origin  and occureneez: Metamorphic, from
metamorphism of a scdimentarvmateriiall with C
contents: also primary magmatic.Associated with
many materials, stabile underconditions of the
graphite origin. Crystals several cm in size known
from Nordrc Stromfjord Greenland. Crystals were
also found in Sterling Hill, New Jersey and
Crestmore, California. USA Folisted aggregates are
found in Sri Lanka (Radegara, Galle region). Accu-
mulations in Buckingham and Greaville, Quebec,
Canada are industrially important. Also common in
Shunga depesit in Karelia, Russia: in Cesky Krumlov,
Netoliee and Blizna, Czech Republic.

Applieatiion; metallurgy, nuelear industey, produetion of
lubrleants.

Grapiitee. 130 mm, Krichim. Buljgeria



Diiamnandd
c

cuBilC o0

Karieties: bort (opaque technical diamonds), balas
(dark colored, spherical radial aggregates), carbonado
(brown-black to black massive aggregates, up to egg
sized)

Propertiles: C ~ colorless, yellow, brown, white, pink,
black, red, blue, green; S — white; L — adamantine; D
~ transparent to translucent; DE ~ 3.5; H - 1l0; CL -
perfect; F - conchoidal; M ~ octahedral and cubic
crystals;. LU - sometimes fluorescent, sometimes
phosphorescent.

Origin and ocowrsee: Primary magmatic
occurrences are limited to kimberlitc pipes, secondary
occurrences to placers. Large primary deposits are
known from South Africa (Premier mine, Kimberley)
and Yakutia, Russia (pipes in the vicinity of Mirnyi).
Primary and secondary occurrences of diamonds are
located in lamproites and placers near Argyle,
Western Australia. Australia. Most historical dia-
monds from India (Golconda). Brazil (Diamantina,
Minas Gerais), Congo. Angola and Namibia were
found in placer deposits. Diamonds of imdustrial
grade always prevail over the gem quality stones. The
largest gem-grade diamond ever found, the Cullinan,
weighing 3106 carats. comes from the Premier mine

Diawandt/, 15 mm x, Mirmgi, Rusia

in Kimberley, South Africa. It yielded gem rough for
104 faceted stones, the heaviest of which weighs 531
carats. The largest faceted diamond known, called
Golden Jubilee, was found in the same place in 1986.
It weighed 755 carats before cutting and as a finished
stone it weighs 545,65 carats. The dark blue Hope (44
carats) and the green Dresden (76 carats) probably
came from India. Absolutely unique red diamond,
weighing 5 carats, which is at the Smithsonian Insti-
tution, Washington, DC, USA, is of unknown origin.
Applisesiifon: the most popular gemstone, bort and
carbonado varleties are used &6 sbrasives.

Sulffanr

S

ORT HORHONMEBIIC o000

Properties: C - sulfur-yellow, yellow-brown, greenish,
reddish to yellowish-gray; S — white; L - resinous to
greasy; D - transparent to translucent; DE — 2.1; Il -
1.5-2.5: CL - imperfect; F - conchoidal to uneven: M —
dipyramidal, disphcnoidic and thick tabular crystals,
botryoidal and stalactitic aggregates.

Origin and occurveme. Hydrothermal product of
fumaroles, product of an activity of microorganisms,
disintegration of sulfides and acidic chemical rezctions;
associated with gypsum, anhydrite, aragonite, calcite,



celestite and halite. The world’s best crystals come from
many localities near Girgetui, Sicily, Italy (Caltanisseta,
Cianciana) where they reached up to I2 cm (4"x»in) in
size. Fine crystals are also known from Tamobrzeg.
Poland and Yawokskoyc near Lvov, Ukraine. As a
product of solfataras it occurs in many volcanically
active places, like Solfatara near Pozzuoli, Italy or in
sulfor lava near Shiretoku, Japan. Sulfur layers, up to 30
m (100 ft) thick, associated with salt diapirs, are located
near Charles Lake, Louisiana, USA. It eriginates during
intensive oxidation/reduction reactions of pyrite in Rie
Tinto. Spain and in Kestajnik. Serbla.

Applieationi. chemieal, paper-making, rubber and
|esther-making industries, sgrieulture.

Selenivm. 110 mm, Klaitve, Czedh Rignuhblic

Seleriium
Se

TRIGONAILL [N ]

Properties: C - gray to red-gray; S- red; L — metallic,
D - opaque to translucent; DE - 4.8; H - 2; CL - good;
M - acicular crystals, droplets of vitreous surface, felt-
like aggregates.

Origin and occurvemce. Secondary, resulting from
alteration, fumaroles and from burning coal dumps,
with sulfur, sal ammoniac and other sulfates. Also from
oxidation of organic compounds in U- and V-esring
deposits of the Colorado Plateau type, associated with
pyrite, zippeite and other minerals. Red needles up to
20 mm ("% in) long come from the United Verde mine,
Jerome, Arizona, USA. Black selenium needles found
in burning coal dumps in Kladno and Radvanice,
Czech Republic. Occurs with ores of U and V slong
sandstone fissures in the Peanut Mine, Bull Canyen,
Colerade. USA. Oceurred through voleanie activity In
Vuleane, Lipari 1slands, lialy.

Telurium
Te

TRIGONAL [ N}

Pivpenties: C — tin-white; S — gray; L — metallic; D -
opaque; DE - 6.2, H - 2-25; CL - perfect; M —
prismatic and acicular crystals, granular, massive.
Origin and oceurrence: Primary hydrothermal in low-
temperature ore deposits; it originates also as secondary
through the oxidation-reduction reactions of tcllurides.
It is associated with gold, sylvanite. altaitc, pyrite and
other minerals. Crystals up to 30 mm (1%u in) long arc
known from Balya, Turkey. Crystals up to 20 mm (*/a
in) long occuried in the Au depesits Cripple Creek and
Colorado City, USA. Crystals up te 10 mm (7 in)
across come from Kawazu and Suzuki, Japan. Rich
€leavage masses and erystals up to 70 mm (2% in) leng
were found in Uzbekistan. Crystallized tellurium is alse
known frem Fata Baii and Bala de Aries, Romania.

Tellurivon, L mm xx, Zlattveg, Reomania






2, Sulfides

Algodoniit
Cughs

HEXAGONAILL [N

Properties: C - steel-gray to silver-white, it quickly
covers with a brown coating on air; S — gray; L -
metallic; D - opaque; DE - 8,7; H -4; CL ~ none; F
-~ conchoidal; M - crystals, granular, massive.
Origin and ocewrepeee: Hydrothermal, mainly
intimately inter-grown with other Cu arsenides. Its
largest accumulations are known from Cu deposits in
melaphyres in the Keweenaw Peninsula, Lake
Superior, Michigan, USA. It is also knowa from
Chile (Algodones mine near Coquimbo, Atacama).
Other localities are Talmessi, Iran and L&ngban,
Swseden,

Domeykivre

Cujis

cusicC o000

Properiies: C — tin-white to steel-gray, it tarnishes
yellow and covers with a brown coating; S ~ gray; L
~ metallic; D - opaque: DE ~ 7,9; H - 3-3,5; CL —
none; F ~ uneven; M - botryoidal aggregates,
massive.

Origin and occumennse: Hydrothermal with copper,
cuprite, algodonite and silver. Common in masses,
weighing several kg, together with algodonite in the
Kewsenaw Peninsula, Michigan, USA. The Jargest
accuniulations are known from Talmessi and Anarak,
Iren, 1t occurs near Copiap and Chanarcillo, Chile.
Massive aggregates In euprite up te 50 mm (2 in)
come from Blloves, Czeeh Republie.

Sphalerite. 56 mm. Picos de Ewopar, Sppzin
Algodonite. 60 mm. Keweenasw Penimsurta, US4

Dowydice, 3 men x, Ruddtmmpg, Himgery

Alancgarvsmn

AglxSby

HEXAGOMNAILL [ ]

Propertiass: C - silver-white; S - gray; L — metallic;
D - opaque; DE - 10,1; H - not determined; CL -
none; M - small crystals, granular.

Origin and ocewmenasz: Hydrothermall in the silver-
bearing ore veins, associated with silver,
breithauptite and dyscrasite. Crystals up to ILrmm({//»
in) known from Hartenstein, Germany. Its inter-
growths with silver ores were found in Cobalt,
Ontario, Canada. It is also known from Broken Hill,
New South Wales, Australia and microscopic In
Rejska vein in Kutna Hora, Czech Republic.

Allenganvoam, 50 mm, Schikmea, Geevmany



Dysenariiee
Ag3Sb

ORTHORHOWMBIC e e

Propartiéss: C' - silver-white, it tarnishes yellow to
black; S - silver-white; L - metallic; D - opaque; DE
- 97, H - 354; CL - good; F — uneven; M —
pyramidall and prismatic crystals, granular, massive.
Oriigin and ocewrepmee: Hydrothermal in the ore
veins, associated with silver, stibarsen, pwrargyrite,
calcite and other mineralls. The best specimens come
from the silver-bearing veins, cross-cutting the U
deposit Hajc near Paibram, Czech Republic, where
prismatic crystals up to 50 mm (approx. 2 in) long
and striated tabular twins were found. They arc
mostly embedded in stibarsen; all the specimens.
appearing in the mineral shews, are etched out of
matrix. Deformed crystals of completely different
habit are knowa from St. Andreasberg. Germany:
Crystals oceurred alse in the Consels mine in
Broken Hill, New Seuth Wales, Australia.

Challcaatiee
CuyS

MONOCILINIC

Propenttées: C — lead-gray to black: S - lead-gray to
black; L — metallic; D — opaque: DE - 5.8; il — 2,5-
3. CL - imperfect; F — conchoidal; M -- prismatic to

Dyswasitte, 75 mm, P?vam, Czech Rgpublic

tabular crystals, granular, massive.

Orvigim and occureewee: Hydrothermal, also sedi-
mentary and metamorphic, mostly secondary, in the
oxidation and cementation zones of ore deposits. It
occurs together with pyrite, chalcopyrite, covellite,
bornitc and other minerals. Crystals up to 25 cm (97%
in) found in the M'Sesa mine, Zaire. Beautiful
crystals several cm across come from Redruth and St
Just, Cornwalll, UK. Crystals over 20 mm (*fa in)
across occurted in Bristol, Connecticut and in Butte,
Montana. Creystals up to 50 mm (2 in) in size known
from the Flambeau mine near Ladysmith, Wisconsin,
USA. Shiny cyelie twins of crystals up to 20 mm
(*: in) found in Dzhezkazgan, Kazakhstan. Massive
aggregates are important Cu ore in Rio Tinto, Spain;
Bor. Serbia; Bisbee, Arizona, USA and Tsumeb,
Namibia.

Appiltetiion: important Cu ore.

Djuviiaize
Cuz) S

MO NOCILINIC [ 2 I

Propertiéss: C - lead-gray to black; S — lead-gray; L
— metallic; D - opaque; DE - $.8; H - 2,5-3; CL -
none; F — conchoidal: M - short prismatic to tabular
crystals, granullar, massive.

Origim and ocewreeeee: Secondary as a product of
the cementation zone in ore deposits. Crystals up to
110 mm (% in) across known from the Botallack mine



near St. Just, Cornwall. UK. Aggregates of thick
acicular crystals up to 30 mm (1iim)ldorpgfoomablim
Dzhezkazgan, Kazakhstan.

It occurs in massive form in many porphyry copper
deposits (Butte, Montana; Bisbce, Arizona. USA),
also imTsumeb. Namibia, together with chalcopyrite,
pyritc and other minerals.

Dijurleite. 3 mm xx. Dzfezdaggan, Kdaadisan

Bevzdiamiee
CujSe

cuBIC o0 0

Propentiess: C — silver-white, tarnishes black; S —
silver shiny: L — metallic; D - opaque: DE - 7,3; H
- 2.5; CL - none; F- uneven; M — granular, massive.
Origiin and occumenes2: Hydrothermal, together with
other selenides in U, Fe and Au deposits. It is the
main mineral in the selenide mineralization in
Titkerode. Germany. Grains, up to several tens of cm
across, greenish tarnished. occurred together with
other selenides in Bukov, Habei, Petrovice and
Pr edborice . Czech Republie. Similar occurrence is
knewn from near Pinky Fault near Athabasca Lake.
Saskatchewan, Canada.

Bevzatlanitize, 60 mm, Bukow. Czecth Repmubilic



Bowniite. 15 mm xx, Dzfezéarmgan. Kkaadisstan

Bomiite
CuifeS)y
ORTHORHOWMBIIC

Praperties: C - copper-red. tarnishes iridescent; S— gray-
black: L - metallic; D - opaque; DE - 5,1; H - 3-3,5; CL
~ imperfect; F— uneven to conchoidal: M -- pssudio-cubic
octahedral crystals, massive.

Origin and occunenaee: Magmatic, hydrothermal,
sedimentary, in skarns and pegmatites together with
chalcocite, chalcopyrite, pyrite, quartz and other mine-
rals. Fine crystals up to 0 mm (¥ in) across are known

Bowmifte, 3 mm xx, Dzfezideaggnn, Kéazdinsan

from Cam Brea, Cornwall, England, UK. Crystals up
to 30 mm ('# in) come from Likasi, Shaba, Zaire.
Beautiful crystals up to 40 mm (II*/« in) across were
found recently together with chalcocite in
Dzhezkazgan, Kazakhstan. Massive aggregates arc
common and used as Cu ore in Kipushi, Shaba, Zaire.
Fine-grained, sedimentary bornite occurs in Cu-
bearing shales in Mansfeld, Germany, where it forms
the main ore layer. Crystals, up to 20 mm (*™/» in) in
size, occurred in the Cole shaft and masses, weighing
several thousands of tens, were mined in the Campbell
shaft, Bisbee, Arizona, USA. Appliraiitpi: Cu ore.

Umangite
CujSe3

TETRAGOMNAILL o0 0

Praoperties: C - blue-black with reddish tint, tarnishes
purple; S - black; L — metallic; D - opaque; DE - 6,6;
H - 3; CL - imperfect; F ~ uneven to conchoidal; M -
granular, massive.

Origin and occurrence: Hydrothermal in ore veins
together with other sclenides (clausthalite. berzelianite).
It is common, associated with berzelianite in Tilkerode,
Germany:; Sierra de Umango, Argentina and Slavkovice,
Czech Republic. Larger accumulations occur in the
Martin Lake mine near Athabasca Lake, Canada.



HAcanthiie
AgpS

MONOCLINIC [ 2N

Properties: C — black; S — black; L — metallic; D -
opaque; DE - 7,2; H - 2-2,5; CL - none; F — uneven;
M - pseudo-cubic crystals, massive. It mainly occurs
as paramorphs after argentite (high-temperature
phase of the same composition).

Origin and ocewsrenrsz: Hydrothermall in ore veins,
Beautiful crystals over 50 mm (2 in) long occurred in
the Himmelsfiirst mine in Freiberg, in Annaberg and
Schineeberg, Germany. Acicular crystals are known
from Jachymovw, Czech Republic. It is common in
association with silvee, proustite, pyrargyrite, poly-
basite, stephanite. galena and other minerals in
Mexico, Probably the best paramotphs after argentiie
up to 70 mm (2% in) across come from the Rayas
mine, Guanajuato. Fine erystals eceur in the Las
Chispas mine, Arizpe, Senera and many leealities in
Zacaieeas, Chihuahua.

Applicarion.: important Ag ore.

Argentive
AgyS

cuBIC oo 0

Properties: C — black-gray, tarnishes black; S
black; L - metallic; D - opaque; DE - 7,1; H - 2-2,5;
CL - imperfect; F — uneven to conchoidal; M -
octahedral and cubic crystals, dendritic aggregates,
massive. Stabile at temperatures over N7OEC
(354.2°F), below this temperature there are
paramorphs of acanthite afier argentite.

Unrangite, 40 mm, Beaventluidge Lake, Qarada

Acantthite, 23 mm. Arizpee. Mvico

Origiin and ocewraneee: Hydrothermal in low-
temperature ore deposits, associated with silver,
galena and Ag sufosalts. Occurs between the
oxidation and cementation zone with stromeyerite,
silver, jalpaitc, iodargyrite and other minerals. Fine
crystals up to 40 mm (I*/» in) across, are known
from Freiberg and Schneeberg, Germany. Similar
crystals found in Jachymov and Midinec, Czech
Republic. Crystals up to 30 mm (1¥» in) occur in
Sarrabus, Sardinia, Italy. Maybe the best argentite
crystals occurred in Mexico (Arizpe, Sonora;
Zacatecas, Guanajuato), where crystals reached up
to 40 mm (17 in). Fine crystals up to 20 mm (*7b in)
across reported from Chafiarcillo in Chile.
Appliairipn: important Ag ore.

Argentiiee, 29 mm. Zacatreass, Miico



Aguiibaitize. 4 mm xy, Guamifieito, Mexioo

Hessire

AgyTe

MO NOCILINIC o000

Propentiass. C — lead to steel-gray, tarnishes black: S —
light gray; L — metallic; D - opaque; DE ~ 8.4: H - 2-
3; CL - imperfect; F ~ even: M — pseudo-cubic crystal
combinations, granular, massive.

Origin and ocewnensge: Hydrothermal in medium-
and low-temperature ore veins together with calave-

Hessite, 31 mn, Botes. Rromania

rite, sylvanite. altaite, gold, tellurium and other sul-
fides. The best specimens with crystals up to 20 mm
(B/» im) across (*/» in) and aggregates up to 10 mm
(4 in) come from the Bote mine. Romania. Small
crystals occur in the Jamestown mine, California,
USA. Massive aggregates were found in Gold Hill,
Colorado. USA and Moctczuma, Mexico. Aggre-
gates, up to tens of cnr (several sq in) in size, were
known in the Zavodinskii mine. Altai, Kazakhstan,

Aguiibritee
AgySes

ORT HOR HONVEBIICC [ ]

Propentizss: C — lead-gray, tarnishes black; S — gray-
black; L - metallic; D — opaque; DE ~ 7,7; H - 2,5;
CL - none:. F -~ hackly; M - skeletal crystals,
massive.

Origiin and occwwnenese: Hydrothermall in ore veins,
together with silver, stephanitc, proustite, pearccitc,
calcite and quartz. The best crystallized specimens
with crystals up to 30 mm (1’/w in) across come from
the San Carlos mine, Guanajuato and Chontalpan,
Taxco, Guerrero, Mexico. It is also known in inter-



growths with acanthite and naumannite from the
Comstock Lode, Virginia City. Nevada, USA.

Mrggraetiiee

AggGeS,,

ORTHORHOWMBIC ®

Propevtizs: C — steel-gray, tarnishes black; S — gray-
black; L — metallic; D - opaque; DE - 6,3; H — 2,5-
3: CL - none;, F —~ uneven to conchoidal; M -
combinations of cubic crystals. botryoidal
aggregates, massive,

Origiiv and ocewremmee: Hydrothermal in low-
temperature base metal deposits, associated with Ag
sulfosalts. It occurred in crystals in the Himmelsthrst
mine, Freiberg, Germamy. Crystals were also found
in several localities in Bolivia (Atoche, Colquechaca,
Potosi). Crystal measuring 60 mm (24 in) across is
reported from Porco. Bolivia.

Strommayeriiee

AgCuS

ORTHORHOWMBIIC oo e

Propertiess: C — dark steel gray, tarnishes blue; S
steel-gray; L — metallic; D - opaque; DE - 6,3; H
2,5-3; CL - none; F - conchoidal; M - pseudo-
hexagonall tabular crystals, massive.

Origin and occumene: Mostly secondary in the
cementation zone of ore veins, associated with
freibergitc, bornite, chalcocite, galena and other
minerals. Fine tabular crystals up to 10 mm (¥ in)
across found in Dzhezkazgan. Kazakhstan, where
pseudo-morphs of stromeyexite after silver wires also
occur. Skeletal prismatic pseudo-morphs after
chalcecite crystals come from Vraneice, Czech
Republie. Massive aggregates are commen in many
depesits in Colorade, USA (Aspen; Red Meuntain),
Chile (Copiape). Belivia (Pstesi) and Canada (Cebalt,
Ontarie):

Sromeyeritee, 6 mm xx, Difezdeaggan, Naazddnden

Argynazifiee. 34 mm. Mizico

Jalpaiize

Ag3CuS;

TETRAGOMMAL [ N ]

Properties: C - light gray, tarnishes dark gray to iri-
descent; S - black: L — metallic; D - opaque: DE - 6,8;
H - 2-2,5; CL - good; F - conchoidal: M - crystals,
granular.

Origin and occurwence: Hydrothermal in low-tem-
perature ore veins. Crystals up to 25 mm (1 in) across
known from Jalpa. Queretaro, Mexico. Crystals up to
30 mm (™t in) across come from the Caribou mine,
Colorado. USA. Massive aggregates, associated with
galena, sphalexite. pyrite, stromeyexite, polybasite and
other minerals, occurred in Peibram, Czceh Republic.

Jalfpariee, 30 mm veinllett. P?ibrarm. Czecth Regpehlic
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Pentlandiiee, 90 mm, Sudbury, Canadfa

Sphaitziiec. 70 mm, Olursz, Reland

Pentlamilite Spitalbriiee
(Fe,Ni),Ss ZnS
cuBIC o000

Propentiss: C — light bronze to red-brown: S - light
bronze; L — metallic; D — opaque; DE - 5,0; H - 3.5-
4: CL - none; F - conchoidal; M ~ crystals, massive.
Origin and occumencee: Typical magmatic liquid
mineral, associated with pyrrhotite and chalcopyrite.
It is common in Sudbury, Ontario, Canada, as mostly
microscopic inclusions in chalcopyrite, but also as
imperfect crystals. Large accumulations are known
from Talnakh near Norilsk, Siberia, Russia, where it
occurs together with Cu, Pt and Pd sulfides. It is also
important ore in the deposit near Rustenburg, South
Africa,

Appticatior: the mest impsriant Ni are:
Sphlerie. 3 mm. Efmmaod. 34,

Kerieties: clciophane (green, yellow, arange),
marmatitc (black)

Propertiies: C - colorless, yellow, orange, green,
brown, black: S — brownish, light yellow, white; L —
resinous to adamantine; D - transparent, translucent,
opaque; DE - 4,1; H — 3,5-4; CL - perfect; F -
conchoidal; M - tctrahedral and diodecahedral
crystals, botryoidal, fibrous and stalactitic aggregates,
massive. LU - sometimes orange.

Origin and ocewivenez: Magmatic (liquid, in pegma-
tites); hydrothermal In low- to high-temperature
deposits, skarns, hydrothcemal sedimentary deposits:



rare sedimentary and metamorphic. It occurs together
with galena, pyrite. chalcopyrite, marcasite, fluorite.
barite, quartz and other minerals. Beautiful crystals up
to 100 mm (4 in) across come from Trepea, Serbia.
Green and red crystals up to 100 mm (4 in) known
from Cananea, Sonora, Mexico. Fine yellow crystals
up to 30 mm (1%u in) were common in Banska “tiav-
nica, Slovakia, similar crystals occur in Madan, Bulga-
tia, The most beautiful yellow, orange and red crystals
up to 1150 mm (6 in) across found in Picos de Europa,
Santander, Spain. They arc sometimes faccted. Brown
crystals up to 50 mm (2 in) come from leplin,
Missouri; stslactitic aggregates up to 150 mm (6 in)
leng eeme from Galena, 1llinols, USA. Perfest blgek,
shiny erystals and twins up te 50 mm (2 in) are famous
frem Dalnegersk, Russia; yellow erystals, up te 30
mim (174 in), eeeurred in Dzhezkazdan, Kazakhstan.
Transparent erystals up te 30 mm (1?7« in) alse found
in Franklin, New Jersey, USA. Green erystals up 6
100 i (apprex. 4 in) acress eeeurred in the Big Four
fiife, Celerade, USA. Crystals up te 50 mm (2 in)
knewn from the Oppu fminRe, ABmers. Japan:
Appiraiian: Brineipal Zn 6F:

Colovadhiite

HgTe

cuBIC e e

Propentigss: C — black-gray; S — black-gray; L
metallic; D ~ opaque; DE - 8,1; H - 2,5; CL - none;
F -~ uneven to conchoidal; M - granular, massive.
Origiin and oecwrancee: Hydrothermal, associated
with altaite, calaveritc, krenncrite, gold, pyritc and
other minerals in Au-bearing veins. It was common
in Cripple Creek and in the Smuggler mine,
Colorado; in the Norwegian mine, California, USA.,
Grains, reaching up to several mm, come from
Jilove, Czech Republic.

Coloraditez, 70 mm, Kallgoartie;, fuwsralia

Chatkapyivee. [0mmogx, Cawiiz, RRonemia

Chakapyitee

CuFeS)

TETRAGOMNALL o000

Propentiées: C — brass-yelllow, tarnishes iridescent; $
- green-black; L — metallic; D - opaque; DE - 4.3;
H - 3,5-4; CL - imperfect; F - uneven; M —
tetrahedrall crystals, botryoidal aggregates, massive.
Oriigin and oceurerces: Magmatic. hydrothermal
and sedimentary, in association with sphalerite,
galena, tetrahedritc. pyrite and many other sulfides.
Fine crystals up to 30 mm (I Viein) across are known
from Banska “tiavnica, Slovakia and from Cavnic.
Romania.

Crystals up to 120 mm (4*/i»in) across, associated
with other sulfides, come from the Nikolai mine in
Dalnegorsk. Russia. Beautiful crystals up to 1120 mm
(4'7vin) found in Japan (Arawaka, Osarizawa). Fine
crystals reaching up to several cm occur in Peru
(Huanzala, Huaron). Massive aggregates are
important Cu ore in Sudbury. Ontario, Canada:
Bingham, Utah; Bisbee, Arizona, USA and Rio
Tinto, Spain.

Appiicatition: important Cu ore.
Challzappitiee. 1S mm x, Ground! Hog Mine. USA
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Luzonitee. 60 mm. Recsé, Hiurgary

Luzomite
CuiyAsS)

TETRAGOMNAIL [ I

Propentiess: C — dark pink-brown; S - black; L -
metallic; D - opaque: DE - 4,5; H - 3,5; CL - good;
F — uneven to conchoidal; M - crystals, granular,
massive.

Origin and occurvemez: Hydrothermal in low- to
medium-temperature veins, associated with enaigite,
tetrahedrite, sphalerite, bismuthinite, Ag sulfosalts and
other minerals. Crystals up to 40 mm (Il in) across
come from Quiruvilca; it is common in Cerro de
Pasco, Peru. It is also common in the Teine niine,
Hokkaido, Japan; crystals also occur in Kinkwaseli,
Taiwan, It is known from Bor, Serbia and Recsk,

Hungary.

Stanniier
CujyFeSnS4
TETRAGOMNAL eeooeo

Propentifss: : C — steel-gray to black, tarnishes blue;
Stamnitez, 10 mm xx. Potosi, Brlivia

Germanitee, 40 mm. Tsumeth, Ndamibia

S - black; L - metallic; D - opaque; DE - 4,5; H —
4. CL - imperfect; F — uneven; M - pseudo-
octahedral crystals, granular, massive.

Origiin and ocewremee: Hydrothermal in high-
temperature Sn deposits. The best specimens come
from Bolivia; crystals up to 50 mm (2 in) across
known from Llallagua; crystals up to 30 mm (1'is
in) from Chocaya and cross-like inter-growths from
the San Jose and Itos mines near Oruro. It occurs as
massive vein fillings in Cam Brea, Cornwall, UK
and Cinovec, Czech Republic. It was also found in
amblygonite pegmatites in Caceres, Spain and in
quartz-amblygonite veins near Verneoow, Czech
Republic,

Applicatiéon: Sn ore.

Germaniite
CUZGFG4GQ4532

cuBIC [ N

Propenticss: C— pink to purple-grey, S — black, L -
metallic, D - opaque, DE ~ 4,5, H - 4, CL — none, F
— uneven, M - tetrahcdral crystals, granular,
massive.

Origin and occumennsz: Hydrothermal, often inter-
grown with tennantite, bornite and other minerals. It
was important only in one particular place in
Tsumeb, Namibia. where larger accumulations were
found. Smaller occurrenees are known from the
Shikanai mine, Japan; small cubic crystals come
from the Humbeldt mine, Colerade, USA.,

Tannantie
CujzS4S|3

cuBIC

Propertiizss: C - steel-gray; S - black, brown to dark



red; L — metallic; D ~ opaque; DE - 4.6; H — 3-4,5;
CL - none; F - conchoidal to uneven; M - tetrahedral
crystals, granular, massive.

Origin aned occuwenzee: Hydrothermall in ore veins
and greisens with pyrite, calcite, dolomite, quartz and
other sulfides and Cu-Pb-Zn-Ag sulfosalts. Fine
crystals are known from Cornwall. UK (Wheal Jewel,
Gwennap; Carn Brea). Crystals up to IS0 mm (6 in)
across, come from Tsumeb, Namibia. Crystals of
binnite in Lengenbach, Binntal. Switzerland, up to 30
mm (%G in). Crystals up to 20 mm (“A;j in) across
were found recently in Dzhczkazgan, Kazakhstan,
Large masses occutred in Kipushi, Zaire. Crystals up
to 25 mm (1 in) knewn from E! Cobre, Zecatecas.
Mexico. Appleairasi: Cu 6fe.

Tetrehedviite
CujzSbeSi3

cusBicC oo oo

Propertiies: C - steel-gray to black; S — black, brown;
L - metallic: D - opaque; DE - 5.0: H - 3-4.5; CL -
none; F - conchoidal: M - tetrahedral crystals,
granular, massive.

Oviigin emi! ocemreseece: Hydrothermal in low- to
medium temperature veins; in contact metamorphic
deposits together with chalcopyrite. galena, sphalerite,
pyrite, bornitc, calcite, quartz and other minerals. The
largest known crystals up to 25 cm (9% in) across

Tegtrddaedinge] (16rmncoldPent

Tennamiite. 26 mm. EV Colbve, Misavico

come from Anzen and Irazein in Pyrennees, Framce.
Common crystals several cm in size occur in Cavnic,
Romania. Fine specimens with crystals up to 70 mm
(2% in) across found in the Mercedes mine in
Huallanca. Peru. Other Peruvian localities like
Casapalca and Morococha yielded fine crystallized
specimens. Fine crystals up to 20 mm ("% in) in size
known from Poibram, Czech Republic.

Appliizattémn: ruda Cu.
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Freibengtiee, 15 mm xx, Obecniaze, Czech Regpublic

Freibengite

(Ag,Cu,Fa)) (Sb,As)4S|3

CUBIC [ 2 N ]

Propentiess: C - gray to black; S — black, brown to
dark red; L — metallic; D - opaque; DE - 5,4; H - 3-
4,5; CL - none; F ~ uneven to conchoidal; M —
tetrahedral crystals, massive.

Origiim and ocewrspaee: Hydrothermal in ore
deposits, associated with many sulfides and
sulfosalts, 1t is mainly massive in the Himmelsfurst
mine in Freiberg, Germany; Cobalt, Ontario, Canada
and in Mount Isa, Queensland, Australia. 1t was a
principal Ag ore in Kutid Hora, Czech Republic.
Appliairoon: Ag ore.

Wartzive

ZnS

HEXAGOMNALL L 2K N ]

Propevtiies: C - dark red-brown, dark brown to brown-
black; S - brown; L — resinous to submetallic; D -

WBiartzite, 30 mm xx, Ariivas;, Bwlivia

rar\

translucent to opaque; DE - 4,1; H - 3,5-4; CL -
good; M - pyramidal, prismatic to thick tabular,
striated crystals, concentric banded and radial
aggregates.

Origin and occurvemz: Hydrothermal in ore veins
with sphalerite, marcasite, pyrite and other minerals.
Also of low-temperature origin along the cracks of
clay concretions. The best wurtzite crystals come from
Bolivia; crystals up to 40 mm ([I4s in) across from
Animas and crystals up to 20 mm (®/x in) across from
Llallagua and Potosi. Fine crystals up to 30 mm (1%/»
in) across found in Talnakh near Norilsk, Siberia
Russia. Interesting radial aggregates, up to several cm
in diameter, occurred in Paibram, Czech Republic.

Greenoaifiite
cds

HEXAGOMNAIL oo

Propertiass: C — yellow to orange, dark red; S -
orange-yellow to brick-red; L - adamantine to
resinous; D - opaque to tiaiislucent, DE -438; H - 3-
35; CL - good; E - conchoidal; M - trillings,
pulverulent coatings.

Origin and ocewreemee: Mainly secondary as
pulverulent coatings on sphalerites. It also occurs in
cavities of volcanic rocks together with prehnite,
zeolites and calcite. Crystals are known from ore
veins in Llallagua, Bolivia. Pulverulent coatings are
described from Poibram. Czech Republic; Bleiberg,
Austria and from the deposits in the Tri State region,
Missouri, USA. Crystals up to 10 mm (% in)
occurred in the cavities of volcanic rocks near
Renfrew, Scotland, UK.

Enargite
CuyAsS)

ORTHORHOWMBIC

eeoee
Propeviiass: C — gray-black to black; S — gray-black;
Grenaeikite, 20 mm, Ocna de Fier, Romania



L - metallic; D - opaque; DE - 4,4, H - 3; CL -
perfect; F — uneven; M - tabular and prismatic,
striated crystals, massive.

Origin and occwwencre: Hydrothermal in medium-
temperature, sometimes in low-temperature deposits,
associated with quartz, pyrite, sphalerite, galena, bor-
nite and other minerals. Beautiful crystals, up to 100
mm (4 in) across, come from the Luz Angelica mine
in Quiruvilca; crystals up to 150 mm (6 in) across
from Morococha and Cerro de Pasco, Peru. Fine crys-
tals were found in Butte, Montana, USA and in Man-
cayano, Luzon, Philippines. It occurs as a principal Cu
ore in several deposits (Bor, Serbia: Huaron, Peru).
Appliieatiton; Cu ore.

Cubawiitz
CifFeS;

ORTHORHOWMBIC [ N

Propertiies:: C — brass-yellow to bronze; S - black; L
- metallic; D - opaque; DE - 4,1; H - 3,%; CL -
none; F — conchoidal; M - tabular crystals, massive.
Origin and occunenase: Magmatic in liquid deposits
as inclusions in chalcopyrite, as hydrothcrmal in
high-temperature deposits, associated with chalco-
pyrite, pyrite, pyrrhotite and sphalerite. The best
crystals, twins, up to 40 mm (1w in) across, come
from the Henderson No.2 mine, Chibougamau,
Quebec, Canada. It was also described in crystals
from Sudbury, Ontario, Canada and Morro Velho,
Brazil. Its large accumulations are important Cu ore

Cubemiite, 33 mm x. Chibougzaveuy, Careda

Enargiite, 41 mm, Bue, U SA.

in Sudbury, Ontario, Canada; in Mooihoek, South
Africaand in Prince William Sound, Alaska, USA.
Appilizatron: important Cu ore.
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Sternifeeggie. 20 mm, St.Amitcessbeyg. (eevmany

Argentopgyinize, 60 mm, M7deec, Czecth Reppublic

Stremnidercitiee Avgeninpypiiize
AngESs AgiFﬁ}
ORTHORHONMBIIC [ N J ORT HORHOWMBIIC [ N ]

Praperties: C - golden-brown; S — black; L — metal-
lic to adamantine; D - opaque; DE ~ 4,3; H - 1-1,5;
CL - perfect; M - thin tabular pssudo-hexagonal
crystals, often in rosettes and fan-shaped aggregates.
Origin and occurrence: Hydrothermal in Ag-bearing
veins, associated with stephanitc, acanthite, proustite,
argentopyrite and other minerals. Tabular crystals up
to several mm across known from Jachymov and
Midinec. Czech Republic; from St. Andreasberg,
Johanngeorgenstadt, Schneeberg and Freiberg,

Germany.
Pyvetinitiee, 68 mam, Dallnegnekk, Russia

Propertiies.: C — gray-white, tarnishes iridescent; S ~
gray; L — metallic; D - opaque; DE - 4,3; H- 3,5 ~
4; CL - none; F - uneven; M — thick tabular pseudo-
hexagonal crystals, granular.

Origin and occurrence: Hydrothermal in ore veins,
associated with proustite, pyrargyrite, stcphanite,
sternbergite, dolomite, quartz and other minerals.
Crystals up to 5 mm (Vv in) across come from Jachymov
and Midinec, Czech Republic; it is also known from
Schlema, Freiberg and Schneeberg, Germany and from
Colquechaca, Bolivia.

tiee
Fe|.xS (x = 0-0,17)

M O NOCTILINIC eoeooe
Properties: C - bronze-yellow to brown, tarnishes
quickly; $ - dark gray-black; L - metallic; D -
opaque; DE - 4,7; H - 3,5-4,5; CL - none; F -
uneven to conchoidal; M - tabular, pyramidal and
prismatic crystals, massive.

Origin and occurrence: Magmatic liquid in basic rocks,
together with pyrite and pentlandite; in pegmatites;
hydrothermal in high-temperature and meiasomatic
deposits: sedimentary and metamorphic. Tabular
crystals up to 300 mm (11'Viain) saress come from
Trepea, Serbia and Dalnegorsk, Russia; prismatic crys-
tals up to 150 mm (6 in) long found in Santa Eulalia,
Chihuahua, Mexico and Chiuzbaia, Romania. Tabular
crystals up to 110 mm (4¥» in) occurred in Cavnic,
Romania. Large imperfect crystals, coated with
wavellite. are knewn from Llallagua, Belivia Huge
fasses of indusirial imporiance oecur i Sudbury,
Oniarie, Canada; Talnakh near Nerilsk, Siberia, Russia
and elsewhere. Application: semetimes as Fe ore.



Nickelline, 138 mm. Poilu. Geeynsamy

Nickelline

NiAs

HEXAGOMNAL e0o0o0
Properties: C - light copper-red. tarnishes gray to
black; S ~ light brown-black; L - metallic; D
opaque; DE - 7,8; H - 5-55; CL - none; F —
conchoidal: M - striated crystals, botryoidal and
dendritic aggregates, granular, massive.

Origin and occurencee: Hydrothermal in high-
temperature ore veins with skutterudite, mickel-
skutterudite, salTlorite, rammeisbergite and other
minerals. Also magmatic in norites and peridotitcs,
Crystals up to 15 mm (‘7» in) across come from
Pohla; small crystals were found in Richelsdorf,
Germany, Fine massive aggregates and small
crystals occurred In Bou Azzer, Moroceo. Huge
accumulations are known in Coballt and Gowganda,
Ontarie, Canada.

Applireaiiani: Ni ore.

Breitthaupitiee

NiSb

HEXAGOMNAILL e e

Properties:: C - light copper-red, purplish; S — red-
brown; L — metallic; D - opaque; DE - 8,6; H - 5.5;

CL - none; F - conchoidal to uneven; M - thin
tabular crystals, dendritic aggregates, massive.
Origiin and occumenesz: Magmatic, hydirethermal
and metamorphic, associated with silver, nickeline,
cobaltite and other sulfides. It occurs imier-grown
with pyrthotite and pentlandite in magmatic liquid
deposit Vlakfontein, South Aftica. It is common in
hydrothermall velns in Cobalt, Ontario. Canada: also
known from Sarrabus, Sardinia. ltaly and St
Andreasberg, Germany.

Breiittauppitizc, 8¢ mm, Cobellt, (Gareda
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Millziiee, 26 mm. Anivergp. U SA.

MilMeniiee

NiS

TRIGOMAIL oo e

Properties: C - light brass-yellow to bronze, tamishes
iridescent; S - greenish-black; L  metallic; D -
opaque; DE - 54; H 3-3,5; CL - perfect; F - uneven;
M - acicular crystals, clcavable masses, aggregates of
parallel inter-grown crystals with velvety surface.

Origin and oeewrenee: Hydrothermall in Jow-tempe-
raturc ore deposits. also as a product of decomposition
of Ni sulfides. 1t is associated with pyrrhotite,
ankerite. whewellite, barite and other minerals.

Alianditize, 40 mm, Sacarivish, RRomania

Cleavable masses occurred near Temagami near
Sudbury. Ontario, Canada and in Kambalda, Western
Australia, Australia. Acicular crystals come from ore
veins in Jachymov and Pribram, Czech Republic;
needles in cavities of sidcrite concretions in the
vieinity of Kladno, Czech Republic, reached up to 70
mm (2% in). Acicular crystals up to 80 mm (3% in)
long known from the limestone cavities near Dort-
mund Germany. Beautiful specimens with crystals up
to 50 mm (2 in) leng in the cavitics in hematite occur-
red In the Sterling mine, Antwerp, New Yerk, USA.,
Velvety fibrous aggregates were found in the Therp-
$on mine, Maniteba. Canada. Appiration:: Ni ore.

Alattandiiree
MnS

cuBIC o0

Properiifes: C - black; S— green; L — submetallic; D
- opaque; DE - 4.1; H ~ 35-4; CL - perfect; F —
uneven; M - cubic and octahedral crystals, granular,
massive.

Origiin and occuwenme: Hydrothermal in ore veins,
associated with rhodochrosite, calcite. galena,
sphalerite, pyrite and other minerals. Crystals up to 20
mm P} in) across together with granular aggregates
are relatively common in Romania (Sacarimb, Baia de
Arie$ . Rojia Montana). Crystals are also known
from the Queen of the West mine, Colorado and from
the Lucky Cuss mine, Tombstone. Arizona, USA.



Galena, 56 mm, Neudlwiy, Geernamy

Galena

PbS

cusic o0 000

Kareties. sieimmannite

Properties: C - lead-gray; S - lead-gray; L
metallic; D - opaque; DE - 7,6; Hl - 25 L
perfect; F — conchoidal; M — cubic crystals and their
complex combinations, tabular crystals, skeletal
aggregates, massive.

Origin and occurence:: Magmatic, hydirathermal,
metamorphic, very rare sedimentary, associated with
sphalerite, chalcopyrite. pyrite, quartz and other
minerals. Large crystals up to several tens of cm in
size come from many localities in the USA. (laplin,

Claustfailie:. 20 mm veinilett. Tdkenode, Gaemmmy

Gallengz. 66 mm. Picher, U.SA.

Missouri; Galena, Kansas; Picher, Oklahoma;
Sweetwater mine, Missouri). Beautiful, often skeletal
crystals or spinelHlaw twins up to 200 mm (7% in)
across known from the Nikolai mine in Dalnegorsk,
Russia. Fine crystals occur also in Naica. Chihuahua,
Mexico. Famous complicated combinations of
crystals were found in Ncudorf, Germany. Octahedral
crystals up to [0 mm (¥ in) (steinmannite variety)
were common in Pribram, Czech Republic. Beautiful
specimens with cubes up to several cm across come
from Madan. Bulgaria; spinel-law twins occurred in
Herja, Romania.

Appilatiéon: the most important Pb ore.

Clausitiatfiee
PbSe

cuBIC o0 0

Propentiass: C — lead-gray, bluish; S — gray-black; L
- metallic; D - opaque; DE-83; H-25-3; CL -
good; F — granular; M - granular, massive..

Origin and occurvence: Hydrothermal in ore veins with
a low S content, together with berzelianite, wmangite,
uraninitc and other minerals. It occurs as massive
aggregates in calcite veins with other selenides in
Clausthal and Tilkerode. Germany. It is similar in
Skrikerum. Sweden: common in the U deposits in
Predborice. Bukov and Zlatkov, Czech Republic.
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Alrgile. &5 o), Saimia, Romanka

Aty
PbTe

cusic [ N )

Propentiass: C - tin-white to yellowish, tarnishing to
bronze: S -- black; L - metallic; D - opaque; DE
8.3, H -~ 3; CL - perfect; F — conchoidal: M -- cubic
and octahedral crystals, massive.

Miangyyitee. 20 mm, Kutnee Hovar. Czecth Feppublic

Origiin and occwnenese. Hydrothenmall in vein Au
deposits, associated with other tellurides, galena and
other minerals. Crystals up to 20 mm (*4j in) across
arc known from the Revenge mine, Colorado, USA.
It is massive with aguilarite in Kalgoorlie. Western
Australia, Australia. It is relatively common with
other tellurides in Sacarimb , Romania; in the
Zavodinskii mine, Altai, Russia and in Zod near
Sevan Lake, Armenia.

Miargyriiee
AgSbs,

MO NOCILIMNIC o0 0

Propentisss: - C - black to steel-gray; S — cherry-red;
L - metallic, adamantine: D - opaque: DE - 5,3; H
- 2.,5; CL - imperfect; F - conchoidal; M - thick
tabular, striated crystals, massive,

Ontginin amt! owwwnerence: Hydrothermall in Jow-
temperature ore veins, together with proustite,
pyrargytite, polybasite, silver, quartz and other
minerals. Fine crystals, up to 10 mm (% in) across,
occurred in Pribram and Kutna Hora, Czech
Republic: in Braunsdorf and Freiberg, Germany. It is
also known from many localities in Bolivia (Tatasi,
Oruro — 10 mm (% in) crystals, Potosi) and Mexico
(Sombrerete, Catorce). It was also found in
Hiendelaencina, Guadalajara, Spain,

Mpppligtiaion. Ag ore.

Frandkeie
(Pb,SiuYgFesin S5 4
TRICLINIC o0

Propentiéss: C - gray-black; S — gray-black; L -
metallic; D - opaque; DE - 59; H - 2,5-3; CL

Hranckeite, 30 mm, Orwe, Mdlivia



Cylindiiite, 50 mm, Poopo. Bulivia

perfect; M — thin tabular, curved crystals, often
rosctte-likc aggregates of crystals.

Origin and occumenaee: Hydrothermall in Ag-Sn
deposits, associated with cylindrite, zinkenite,
cassiterite, wurtzite and other minerals; in contact
metamorphic limestones. The best crystals up to 60
mm (24 in) across come from various localities in
Bolivia (Mollccagua near Poopo; Huanuni; Chocoya
near Potosi: Colquechaca and Oruro). It is known in
contact metamorphic limestone from the Kalkar
quarry, Callfornia, USA,

Apphidatioivn: Sn ore.

Cylindvite
P} Sin fresSBhiSin

TRICLINIC e e

Propertiéss: C - lead-gray to black; S - black; L -
metallic; D - opaque; DE - 54; H - 2,5; CL —-
perfect: M - cylindrical, conical and spherical
crystal aggregates, massive.

Origin and occurnenese. Hydrothermall in Sn-bearing
veins with franckeite, stannite, cassiterite. galena
and other minerals. World famous specimens with

crystals up to 50 mm (2 in) long comc from the
Trinacria and Santa Cruz mines near Poopo, Bolivia.
It was also reported from the Smirnovsk deposit,
Transbaikalia, Russia.

Cinnaltmar
HgS

TRIGONAL

Properties: C ~ red to brownish-red; S~ crimson; L -
adamantine to metallic, also dull: D ~ opaque; DE -
8,2: H ~ 2-2,5; CL ~ perfect; F ~ conchoidal to uneven:;
M - rhombohedral, thick tabular and prismatic
crystals, massive,

Origin and occumenssz: Low-temperature hydro-
thermall mineral, associated with realgar, mercury,
pyrite, marcasite and other minerals. The werldis
best specimens with crystals up to 70 mm (2% in)
across are known from many localities in China
(Hunan and Guizhou provinces). Fine shiny crystals
up to 0 mm (¥ in) across come from Nikitovka.
Ukraine and in Khaidarkan, Kyrgyzstan, Crystals up
to 30 mm (I in) also found in Monte Amiata and
Rippa near Seravezza, ltaly. 1ts massive sggreoates
are an important Hg ore in Allchar, Macedonia;
Almaden. Spain and elsewhere.

Applliadivopin: the most important Hg ore. -

Cirmaliasr. 30 mm x, Hunani, Chiina \{<
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Coveliiee, 65 mm. Butte, USA

Covelliir

CufS

HEXAGOMNALL [ I

Propertiss: C ~ indigo-blue, tarnishing iridescent; S
- lead-gray; L — submetallic to resinous; D - opaque;
DE - 4,6; H - 1.5-2; CL - perfect; F ~ uneven; M -
hexagonall tabular crystals, massive.

Origiin and ocounnenas: Rare hydrothermal; mainly
secondary in the oxidation zone of ore deposits,
associated with chalcopyrite. chalcocite. djurleite,
bornite and other minerals. Tabular crystals up to 30
mm (1% im) across are kaown firarn Butte, Mantana

Lirneiee, 60 mm, Ruwenzoori, Umnda

and Summitville, Colorado. USA; also from
Sarrabus, Sardinia, ltaly. Massive aggregates are
common in Bor, Serbia; Bisbee, Arizona, USA and
elsewhere.

Apppiligirrion: Cu ore.

Limneine
Col*cod*;s,

cuBIC [ N

Propentiéss: C — light gray to steel-gray; S — black-
gray; L — metallic; D - opaque; DE - 4,9; H - 4,5-
5,5; CL — imperfect; F — uneven to conchoidal; M —
octahedral crystals, granular, massive.

Origiin and occurenaee: Hydrothermal in ore veins
and metamorphic deposits, together with
chalcopyrite, pyrrhotite, millerite, bismuthinitc and
sphalerite. The best crystals up to 30 mm (1%» in)
across come from the Kilembe mine, Uganda.
Crystals are also known from Musonoi, Shaba,
Zaire; Mhsen. Gertnany: siderite concretions in
Kladno, Czech Republic and from the Bastnas mine
near Riddarhyttan, Sweden.

Carvollire

Cu(Co,Ni);_S4

CuUBIC [ 2N N

Propentiéss: C — light to steel-gray, tarnishing red-
purple; S - gray; L - metallic; D - opaque; DE - 4.8;
H - 45-5,5; CL - imperfect; F — conchoidal to
uneven; M — octahedral crystals, granullar, massive.
Origiin and oceunenczz: Hydrothermall in ore veins,
associated with linneite, chalcopyrite and other
minerals. It is a principal Co ore in deposits in Zaire.
Beautiful crystals up to 20 mm (®/» in) across are
known from the M'Sesa mine near Kambove,
Kolwezi and from Kamoto, Shaba,

Aptitysisrion: Co ore.

Carvalilfee, & bmxxKiarhovee. Zddair



Stibiite
Sh,S3

ORTHORHOWBIC oee

Propevtiess: C - steel-gray, tarnishing iridescent or
black; S - lead-gray; L - metallic; D - opaque; DE —
4,6; H — 2; CL - perfect; F - conchoidal to uneven;
M - thick to thin prismatic crystals, thin needles,
massive.

Origin and occwvenee: Hydrothermal in medium- and
low-temperature ore veins with quartz and gold, the
other associated minerals are rare (@rsenopyrite,
berthierite. gudmundite, antimony). The largest known
stibnite crystals occurred in the in the Ichinokawa
mine, Shikoku, Japan. where they were up to 60 cm
(24 in) long. Similar sized crystals were found recently
in several localities in China (the Xikuangshan mine.
Hunan). Crystals up to 200 mm (77 in) across come
from Manhattan, Nevada, USA. Beauitiful crystals are
known from Romania; long prismatic ones with barite
crystals are prevalent in Bala Sprie, clusters of thin
needles eome from Hetja and thick prismatie crystals
from Baiw) . Perfest drises of erystals up te 150 mm (6
in) leng, asseciated with purple flusriie erystals, barite
and calcite, oceurred In Kadamdzhai. Kytgyzstan.
Besutiful druses of stibaite erystals with quartz come
also from Kremnica, Slevakia. Alse Kestajnik. Serbia
and La Lucette, France yielded fine erystals in ihe past.
Appiiedoron: Sb ere:

Stibwitee. 120 mwn, Baia Sprife, Romania

Stidtnitee, 187 mwm. Ichiaiawvea, Jzpan
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Bismuthhainéte, 160 mm. Tasna. Rdivia

Bismuttiiinige
BiyS3

ORTHORHONBIIC o000

Propeviies: C - lead-gray to tin-white, tarnishing
yellow and iridescent; S - lead-gray; L metallic; D

Kermesiiee, 20 mm xx, Freibeny;, Goermany

Tetradvmiite, 80 mm, Cicliay, RRomania

opaque: DE - 6,8; H 2-2,5; CL - perfect; F ~
uneven; M - thick prismatic to acicular, striated
crystals, fibrous aggregates, massive.
Origiin and! ocewraneee: Hydrothetmal in ore
deposits; also in recent volcanic exhalation deposits,
associated with bismuth, arsenopyrite, stannite,
galena and other minerals. The world’s best crystals
over 50 mm (2 in) long. come from Bolivia (Tasna;
Huanuni; Llallagua). Fine crystals were also found in
Redruth, Cormwall, UK. Rich finds were made in
Biggenden. Queensland. Australia. Interesting
crystals are known from Spind, Nerway.
Applraiiani.: Bi ore,

Kermesiiee
SbyS,0

TRICLINIC o0

Propentiess: C — cherry-red; S - brown-red; L -
adamantine to submctalllic; D  translucent to
opaque; DE ~ 4,7; H ~ I-I5; CL — perfect: M -
acicular crystals, radial aggregates.

Origin and occumenns:: Secondaty, as a result of a
stibnitc oxidation in Sb deposits, associated with
stibnite, antimony, senarmonmtite, valentinite and
stibiconite. Famous specimens with needles up to 100
mm (4 in) leng, in radial aggregates. eome from
Pezinok and Pernek, Slovakia. Crystals up to 50 mm
(2 in) leng found In the Globe and Pheenix mines,
Zimbabwe. It s also knewn frem Belivia (San
Franeiseo mine. Poepe: Oruro) and Braunsderf,
Geriiay-



Nagyaggtee, 100 mm. Seacantinh. Rromania

Tetradymive
BiyTe S

TRIGONAIL o0 0

Propertiies: C - light steel-gray, tarnishing dark to
iridescent: S ~ light steel-gray: L - metallic; D -
opaque; DE - 7,3; H ~ 1,5-2; CL - petfect; M
pyramidal crystals, curved bladed aggregates,
massive.

Origin and occumenasz: Hydrothermal in medium-
and high-temperature Au deposits; also in contact
metamorphosed deposits, together with gold, hessite,
calaverite, pyrite and other minerals. Crystals up to
0 mm (% in) across are known from Zupkov ,
Slovakia. It is common in Colorado (Red Cloud) and
in California (Carson Hill), USA. It occues with gold
in skarns in Baija Bihorului, Romania.

Nagyagiite

PbsAu(Te ,Sb)4$s_s

TETRAGONMAL o0

Properties: C - black-gray; S ~ black-gray: L
metallic: D -~ opaque; DE - 7,5; H - L,5; CL -
perfect; F - uneven; M - thin tabular to foliated
crystals, granullar, massive.

Oviggin awitl owwiwerence: Hydrothermal in low-
temperature veins, associated with altaite. arsenic,
gold, rodochrosite and other minerals. Foliated
crystals up to 40 mm (I%u in) across come from

Secarimb and Baia dc Aries , Romania. Fine speci-
mens were also found in Tavua, Viti Lcvu, Fijt and in
the Sylvia mine, Tararu Creek, New Zealand. It also
occurred in Gold Hill and Cripple Creek, Colorado.
USA and in Kalgoorlie, Western Australia, Australia.

Sylbaniiee

(Au,Ag),Tey

M O NOCILIINN IEC o0

Propemiéss: C — steel-gray to silver-white, tarnishing
to yellow; S - steel-gray to silver- while; L
metallic; D -~ opaque; DE - 8,2; H — I,5-2; CL -
perfect; F — uneven: M - short prismatic to thick
tabular crystals, skeletal aggregates, granular.
Ovginin anil owourerence: Hydrotherma! in low-
temperature ore veins, also in medium- and high-
temperature deposits as one of the latest minerals,
associated with gold calaverite, hessite, krennerite
and other minerals. The best specimens come from
Secarimb and Baia dc Aries , Romania. where it
occurs as skeletal crystals and aggregates. Crystals
were also found in Cripple Creek, Colorade, USA:
crystals up o 10 mm (%% in) across come from the
Emperor mine, Viti Levu, Fiji.

Sylantiee, 20 mum, Crippile Cree, USA.

1



Kremeeivte, 3 mm xx, Sacartivioh, Reonawia

Kremmariice
AuTe;

ORTHORHOWMBIC o0

Propeviess: C - silver-white to brass-yellow: S
silver-white; L — metallic; D - opaque; DE - 8,9; H
2-3; CL - perfect; F - conchoidal to uneven; M —
short prismatic, siriated crystals, massive.
Origin and occwransee: Hydrothermal in gold-
bearing veins, associated with gold. tellurium, pyrite,
quartz and other tellurides. Crystals up to 20 mm
(™ in) across found In Tavua, Viti Levu, Fiji. Small
crystals occurred in Secarimb and Baia de Arie§ ,
Romania and in Cripple Creek, Colorado, USA.
Apstilidizion: Au ere.

Calaveniire

AuTe,

MO NOCILINIC o0 o0

Propevtiass: C — brass-yellow to silver-white; S -
greenish; L - metallic; D - opaque; DE -~ 9,3; H
2,5-3; CL - none; F - uneven to conchoidal; M -
bladed and short prismatic, striated crystals,
granular, massive.

Oviégin ami! owmumereace: Hydrothermal in low-
temperature Au-bearing veins, sometimes in
medium- and high-temperature deposits, associated
with coloradoite, altaite, krennerite and other
tellurides. It is common in the Mother Lode in
California (Carson Hill). It is important, together
with hessite in Cripple Creek, crystals up to 10 mm
(% in) across come from the Cresson mine,
Colorado, USA... 1t is also known from several mines
niear Kirkland Lake, Ontarie, Canada.

Appitidition: Aw ore.

FeS,

cuBIC

Propartiéss: C - light brass-yellow, tarnishing
iridescent and darkens; S — green-black to brown-
black: L — metallic; D - opaque; DE - 5,0; H - 6-6,5;
CL - imperfect; F — conchoiidal to uneven; M -
combinations of cubic crystalls, striated, stalactitic
and sphericall aggregates, massive.

Origin and occuneme®.: Magmatic segregations in
basic rocks with pyrrhotite and pentlandite, in
pegmatites and skarns; hydrothereall in porphyey and
vein deposits together with other sulfides; hydro-
thermall sedimentary. sedimentary and metamorphic.
Magmatic segregations are known from Sudbury,
Ontario, Canada and Merensky Reef, Transvaal.
Sauth Africa. Large crystals up to 200 mm (T In)
across are knoewn from Rie Matina, Elba, lialy. Fine
octahedra eome from Llallagua, Belivia. Crystals, up
te 120 mm (4"in) across, were found In Bingham
and Park City, Utah, USA. Crystals up te 150 mm (6
in) are known from Huanzala and Quiruvilea, Peru.
The largest pyrite depesit is Rio Tinto, Spain, where
fine-grained pyrite formed accumulations about |
billion tens. Beautiful cubes up te 80 mm (3% in)
eome from Navajun. Spain. Large defermed erystals

Callaariite, 21 mm, Nagyarg, RRomania



Pyrite, 74 mm. Naveijun, Spein

up to 200 mm (A« in) across occurred in the Samo
mine near Hnust'a , Slovakia. Interesting, complex
combinations of crystals found in Nanisivik, on an
edge from Climax, Colorado, USA.

Appllicaitivn: production of sulfuric acid.

Haveviitz
MnS,

cuBIC o0 0

Properties: C —~ red-brown to brown-black; S -
brown-red; L — metallic to adamantine; D — opaque;
DE - 3,44; H - 4; CL - perfect; F — uneven to
conchoidal; M - octahedral crystals and their
combinations, spherical aggregates..

Origin and occumenssz: Low-temperature sedimen-
tary mineral, limited to clays with high S contents.
The best crystals up to 50 mm (2 in) across come
from the Destricella mine near Raddusa. Sicily, Italy.
Crystals up to 25 mm (1 in) and their aggregates are
knewn from Viglasska Hula (former Kalinka) near
Zvelen, Slovakia. Crystals up te 1S mm (“» in)
across oceur in Tarnobrzeg, Poland. Also found with
sulfur, gypsurm. realgar and caleite in the salt domes
near High Island, Texas, USA.

Pyriite, 1335 mm, Washingtom, U1SA

Haueniite, 39 mm, Raddleey, Maly
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Spemgyifiee, 55 mm, Talnakih, Russia

Spenryhliee

PtAsy

cuBIC [ N J

Propentiess: C — tin-white; S — black; L — metallic; D
- opaque; DE -~ 10,8; H ~ 6-7: CL -~ imperfect; F -
conchoidal; M - complex combinations of cubic
crystals, massive.

Origilv and oceamensse: 1t is mainly of magmatic
liquid origin, associated with pyrrhotite. pentlandite,
cubanite and other minerals. The best crystals come
from Talnakh near Norilsk. Siberia, Russia, where
inter-grown crystals reached up to 50 mm (2 in).
Crystals up to 40 mm (Ii« in) across known from
Tweefonteln, Potgietersrust, Bushveld, South Africa
It also occuried a6 disseminated aggregates In
Sutlbury. Ontarie, Canada.

Aumaostiibiee
Aquz

cuBIC [ N J
Propevtiess: C - gray, tarnishing iridescent; S — gray:

L - metallic; D - opaque; DE - 99; H - 3; CL
Bnone; M - granular,

Asl

Origiin and occunenose: Hydrothermal in quartz
veins, associated with gold and other Sb minerals.
Grains up to 5 mm (Vit in) across come from Krasna
Hora, Czech Republic. It also occurs in the Giant
Yalowdkmife mine, Northwest Territories and Hemlo,
Thunder Bay, Ontario, Canada and is also reported
from Bestyube, Kazakhstan.

Kruit Gifee
CuSez

cuBIC ®

Properties: C - gray; S - gray; L - metallic; D -
opaque: DE - 6,5; H — 4; M - microscopic crystals,
massive.

Origin and occurvence.: Hydrothermal, associated with
clausthalite, uraninitc and other minerals. The richest
accumulations of massive aggregates were found in the
El Dragon mine, Potosi, Bolivia, where crystals up to |
mm (s in) occurred as well. 1t was originally des-
cribed as microscopic from Petrovice, Czech Republic.

Coballittr

CoAsS

ORTHORHONMBIC [ 2 N J

Propevtiess: C - silver-white; S - gray-black; L ~
metallic, adamantine to dull; D - opaque;DE - 6,3;
H - 5,5; CL - perfect; F — uneven; M - psaudio-cubic
crystals, granular, massive.

Origiin and ocewreneer: Hydrothermall in  high-
temperature ore deposits and mctamorphic. together

Awvastithiec, 4 mm goaiin. Kreenm: Hova, Czecth Regndblic



e e e~ i

with magnetite, sphalerite, chalcopyrite, other sulfides
and arsenides of Co and Ni. The best diodeczhedra.
several cm across, come from metamorphic sulfide
deposits in Tunabcrg, Sweden. Other Swedish
localities, like H&kansboda and Ramsberg, yielded
crystals up to 60 mm (24 in) acress. Fine crystals
about 110 mm (7sin) occurred in the magnesite deposit
Mutnik near Hnust'a , Slovakia. Cubic crystals up to
30 mm (A< in) across found in Espanola, Ontario,
Canada. Beautiful crystals arc known from the skarn
in Bimbowrie, South Australia, Australia,
Apppidedaion: Co ore.

Gersdovifiee

NiAsS

cusBic oo 0

Properties: C  silver-white to steel-gray, tarishing
gray-black; S ~ gray-black; L ~ metallic; D — opaque;
DE-6,0; H- 5.5; CL perfect; F - uneven; M - octa-
hedral striated crystals and their combinations, massive.
Origin and occumenez:: Hydrothermal in medium-
temperature ore deposits in association with nickel-
ine, nickel-skutterudite, ullmanite, siderite and other
minerals. Crystals up to 100 mm (4 in) across come
from the Snowbird mine, Montana, USA. It is impor-

ant in several mines near Sudbury and Cobalt, Ontario,
Canada. Large cleavable masses are known from Dob-
sina, Rudnany and Nizna Slana, Slovakia. Crystals
from the Alt Ahmane mine near Bou Azzer. Morocco,
reached up to 40 mm (17« in) . Applireationi: Ni ore.

Gersdarfffice, 1Ommnogx, Bow Azzerr; Miloracoo
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Ullmamite, 680am) Sou@iithaMdararco

Ullmariirz
NiSbS

cusBicC e e

Propertiies: C - steel-gray to silver-white; S — gray-
black; L - metallic; D - opaque; DE - 6,8; H - $-5.,5;
CL - perfect; F - uneven; M - combinations of cubic
crystals, massive.

Origin and occuenencer: Hydrothcrmal in ore veins
together with other Ni minerals. Fine crystals, up to
20 mm (¥/3 in) across, come from Monte Narba near
Sarrabus, Sardinia, Italy. Twins are known from

Maveasiiee, 42 rm. Nimtivov, Czecth Reppubdlic

Lolling, Austria. Crystals up to 10 mm (% in) were
found in Ksice near Steibro, Czech Republic. It is
common in Broken Hill. New South Wales, Australia
and in Cochabamba, Bolivia.

Appikiainion: Nii ore.

Mayeasite
FeSz

ORTHORHONVEBIIC eeo oo
Propentiess: C - tin-white, bronze-yelllow, tarnishing
iridescent; S - grayish to brownish- black; L — me-
tallic; D - opaque; DE - 4,9; H - 6-6,5; CL - good;
F - uneven; M - tabular, pyramidal and prismatic
crystals, often twinned into the form of cockscomb-
like aggregates, stalactitic, botryoidal and massive.
Origin and oceunmenge: It originates at low tempeta-
tures in very acidic environment, either in sedimen-
tary. or in hydrothermal deposits, associated with
pyrite, pyrrhotite, galena, sphalerite, fluorite,
dolomite and caleite. Hydrothermal crystals and
pseudo-morphs after pyrrhotite are known from Frei-
berg, Germany: Llallagua, Bolivia and Chiuzbaia,
Romania. Crystals from Wiesloch, Germany and
Reocin, Santandex, Spain are of similar origin. Large
crystals occurred in Joplin, Missouri and in Galena,
Illineis, USA. The best crystals of sedimentary
mareasite eome from eoal basins. Fine crystals from
black eoal are known from Essen, Germany.
Ceckseombr-like aggregates up to 1150 mm (6 in)
across, come from the brown coal basin in Vintieov,
Czech Republic. Spherieal. radial eoncretions with
pyrite are known frem Sparta. lllineis, USA and
frem Champagne, Franee:

Appliraiieon: preduetion of sulfurie aeid.

Maveasitee, 70 mm, Spentty, USA



Lolingire. 7 mm xx. Cobeilt. Qarada

LoWingjie
FeAs;

ORTHORHOWBIC o0

Propertiies: C — steel-gray to silver-white; S — gray-
black; L — metallic; D - opaque; DE  7.5;H 5-5,5:
CL - sometimes good; F  uneven; M — prismatic
crystals, massive.

Origin and occumencez: Magmalic in pegmatites;
hydrothermall in greisens and Sn-W veins, rare in the
other types of ore veins, together with skutterudite,

Safflovite;, 70 mm. Bon Azcer, Mwimeco

bismuth, nickeline, siderite, calcite and other mi-
nerals. Fine crystals arc known from syenite in
Langensundsfjord, Norway. Crystals up to 50 cm (20
in) across come from a pegmatite in Kaatiala,
Finland. Masses occur in the Kobokobo pegmatite,
Kivu, Zaire. Massive aggregates with schod were
found in Dolni Bory. aggregates with cassiterite in
Peebuz. Czech Republic.

Saffflariiee

(Co,Fe)Asy

ORTHORHONMBIC [ N

Properiiss: C - tin-white, tarnishing to dark gray; S
- gray-black; L - metallic; D — opaque: DE-775; H
- 4,5-5; CL - good; F — uneven to conchoidal; M
prismatic crystals, radial aggregates, massive.
Origiin and occunenese: Hydrothermall in medium-
temperature with skutterudite, rammelsbergite,
nickeline, silver, bismuth and Ilollingite. It is
common in Schneeberg. Germany; Cobalt, Ontario.
Canada; Batopilas, Chihuahua, Mexico and in Bou
Azzex. Morocco.

RavmwmetBiseeitite
NiAsy

ORTHORHONVEBIIEC [ XX ]

Propertiass: C - tin-white, pinkish; S - gray-black: L
metallic; D - opaque: DE ~ 7,1 H - 5,5-6; CL -
good: F - uneven; M - prismatic crystals, radial and
fibrous aggregates, massive.
Origin and occumensee: Hydrothermal in medium-
temperature veins associated with other Ni and Co
minerals. Botryoidal aggregates come from
Schneeberg. Germany. It is common in Sarrabus,
Sardinia, Italy; in the Eldorado mine near Greal Besr
Lake; in Cobalt, Ontario. Canada and Bou Azzer,
Meroeee.

Ravmetdobegigéte, 60 mm, Schmeekferng, Gaevmany
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Arsenapyrivize, 26 mm x. Portal. Aexico

Mvsennypyitize
FeAsS

MONOCILINIC o000

Propertiizs: C - silver-white to steel-gray; S  black; L
~ metallic; D — opaque: DE - 6,2; H- 5,5 - 6; CL —
good:; F - uneven; M ~ thick tabular to prismatic striated
crystals, granular, massive.

Origim and occurermee: It occurs in pegmatites;
hydrothermal in high-temperature vein deposits and
greisens; metamorphic in contact metamorphic skams,
gneisses and mica schists. Long prismatic crystals up to
30 cm ( 12 in) long are known from the Obira mine,
Japan. It is very common in greisen Sn and W deposits,
fine crystals arc known from lorni Slavkov, Czech
Republic and Ehrenfriedersdorf, Germany. Beautiful
crystals up to S0 mm (2 In) across come from
Pangsqueira. Portugal, where they occurred associated
with fluorepaute. wolframite and siderite. Historically
important were large crystals from Tavistock. Deven .
UK. Crystals up to 40 rim (17 in) found in Ligliagua,
Bolivia. Crystals up to 50 mm (2 In) across were found
recently in the Nikelai mine in Dalnegorsk, Russla.

Gudmandiie;, 10 mm xx, Polar Urals, Russia

Shiny crystals up to 30 mm (1Ve in) across, come from
Hunan province, China. Appiltatiton: As ore.

Gudmandliee
FeSbS

M ONOCILINIC oo

Propettiées: C - silver-white to steel-gray; S — black;
L — metallic; D - opaque; DE - 7,0; H - 5-6; CL -
none; F — uneven: M - prismatic twinned crystals,
massive.

Origim and/ ocosreenee: Late hydrothermal mineral
of ore deposits, also in metamorphic deposits and
skams. It is common in metamorphic sulfide depo-
sits in Sweden (Boliden, Gudmundstorp). Massive
aggregates are known from Kutna Hora and Vias-
tijovice, Czech Republic. It was common in Broken
Hill, New South Wales, Australia.

Molythibrriiee
Mas;

HEXAGONAIL

Propartiées: C - lead-gray; S — blue-gray; L — me-
tallic; D opaque; DE —4,0: H — 11155, CIL — peefiett;
M — tabular and prismatic crystals, scaly aggregates.
Origim and occurreenee: Magmatic in pegmatites,
granites and aplites, hydrothermall in high-
temperature veins, also in porphyry ore deposits and
in contact metamorphic deposits, associated with
chalcopyrite, quartz and other minerals. Large
crystals come from pegmatites in Blue Hill Bay.
Maine, USA and in Mutue-Fides-Stavoren, Trans-
vaal, South Africa, where they reach several tens of
e in size. Crystals up to 150 x70 mm (6 x 2¥% in)
across come from the transitional type between
pegmatites and quartz veins near Arendal and Moss.
Norway: lgrge crystals also occur in the Tamiska-
ming distriet, Quebee, Canada; tabular crystals up to
120 mm (*t: 1n) aeross feund In quatz-melybdenite
breeeia pipes in velns in Australia (Queensiand, New
Seuth Wales). Fine erystals are alse knewn frem
Kladnica near Viie_a, Bulgaria: Herni Slavkev,
Czeeh Republic and Ehrenfriedersderf, Germany. As
a fine grained disseminated ofe was mined in
Bingham, Utiah and Climax, Celerade, USA.

Apbiseiaion: M@ ere:

Skurtrrifite
CoAsj.3

cuBIC o0 0

Propentizss: C — tin-white to silver-gray, tarnishing to



gray and iridescent; $-- black; L - metallic; D opaque;
DE - 6.8: H - 55 - 6; CL - good; F - conchoidal to
uneven: M combinations of cubic crystals, skeletal
aggregates, granular, massive.

Origin and occureneze: Hydrothermall in medium- to
high-temperature ore veins, associated with other Ni
and Co minerals. Crystals up to 50 mm (2 in) across
come from Bou Azzer. Morocco. Crystals up to several
cm in size were found in Schneeberg and Annaberg,
Germany. Large massive accumulations occur in Cobalt
and Gowganda. Ontario, Canada. Applliatiasn: Co ore.

Skutterudfice, 25 mm, Schneetiereg, (Genmamy

Niclell Sknweeadidéte
NiAsj

cuBIC [ N 3 N J

Propentiéss: C — tin-white to silver, tarnishing to gray
and iridescent; S - black; L - metallic; D — opaque;
DE 6,5, H-55- 6; CL - good; F - conchoidal to
uneven: M — combinations of cubic crystals, skeletal
aggregates, granular.

Origim and occureneee: Hydrothermall in medium-
temperature veins with arsenopyrite, arsenic, bismuth,
calcite and siderite. Known in crystals from Chatham,
Connecticut and Chester, Massachusetts, USA: also
Val d’Ammiviers, Wallis, Switzerland, Massive aggre-
gates come from Dobsina, Slovakia: Les Chalanches,
France: Mohawk mine, Michigan. USA: Sechieeberg,
Germany. Appliedtgon: ruda Ce a Ni.

Nickellsidnverndifize, 36 mm. Saxomy: Gasrmany
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Proutiiee, 25 mm, Chanuriiidy, Chile

Pyrargyitiee. 61 mm. Zacateeas, Mixvico

Prousitite
AgpRsSy

TRIGONAILL [ N ]

Propevtiies: C - crimson, darkens upon exposure to
light; S - crimson; L — adamantine; D - translucent to
opaque; DE -~ 5,6; H -~ 2-2,5; CL - good; F - con-
choidal to uneven; M — prismatic, rhombohedral and
scalenohedrall crystals, massive.

Origin and occurrene: Low-temperature hydrother-
mal mineral, also in the oxidation and cementation
zone together with stephanite, silver, xanthoconite,
acanthitc and other minerals. The best specimens with
crystals up to 100 mm (4 in) long come from the
Dolores mine, Chanareillo, Chile. Crystals up to 80
mm (3% in) long found in the Himmelsfurst mine in
Freiberg, Nliedersehlema and Schnceberg, Germany.
Large druses with erystals up t6 40 x 20 mm (I x
%y in) across eccurred in Jachyrmov; erystals up te 20
mm (¥»2 in) acress knewn from Paibram and Stara
Veziee, Czeeh Republie. Fine erystals come from Ba-
topilas, Chihuahua and Sembrerete, Zaeatecas, Mexi-
co. Crystalline masses of proustite, weighing over 250
kg (550 1b), were found in 1865 in the Peorman mine.
Silver City, 1dahe. USA. Appliraiifsn: Ag ore.



Pyravgynitee
Ag35bS3

TRIGONAIL o0

Properties: C ~ dark red, darkens upon exposure to
light; S - crimson; L — adamantine; D - translucent to
opaque; DE - 5,9; H - 2,5; CL - good; F - conchoidal
to uneven; M - prismatic, rhombohedral and
scalenohedral crystals, granular, massive.

Origiin and ocoumenes:: Low-temperature hydrother-
mal mineral, also secondary in the oxidation and
cementation zone, together with silver, acanthite,
other Ag sulfosalts, calcite and quartz. Crystals in
Colquechaca. Bolivia and Chailarcillo, Chile reached
several cm in size. Crystals up to 70 mm (2¥»inp)lénpg
oceurred in the Santoe Nine vein in Fresnillo, Zacate-
€as, Mexico. San Genaro mine in Huancavelica, Reru
yielded erystals up to 50 mm (2 in) across. Crystals
up te 40 mm (7w in) acress feund in Freiberg; smal-
lex erystals only are known from Si. Andreasberg,
Germany. Crystals up te 20 mm (*ht In) acress come
from Pribram and Siara Veziee, Czech Republie.
Crysials Up te 50 mrm (2 in) aeress found in the San
Carles mine; Hiendslaeneina. Spain.

Appliraiiny: Ag ere.

Xantthanomtize
AgjAsS}

MONOCILLINIC o0

Properties: C - dark crimson, orange-yellow to
yellow-brown; S - orange-yellow; L — adiamantine;
D - translucent; DE - 5,5; H - 2-3; CL - good; F -
conchoidal; M - tabular and lath-like crystals,
botryoidal and radial aggregates.

Xarnithoecpitize, 2 mm xx, Mariznnbegy, Gaevnaemy

Pyvosttiipniter, 60 mm. Potosi. Bdivia

Origiin and occurenese: Hydrothcrmal in ore veins
together with proustite, pyrargyrite, acanthite, arse-
nic and calcite. Botryoidal masses with yellow
crystals up to 7mm (*/» in) long come from Freiberg;
other important localities arc St Andreasberg,
Germany, Ste-Marie-aux- Mines, France; Cobalt,
Ontario, Canada; Pribram, Trcbsko and Jachymov,
Czech Republic.

iite

M O NOCILIMNIC e

Propentiass: C — hyacinth- to orange-red; S - orange-
yellow; L — adamantine; D - translucent; DE - 6,0;
H - 2; CLB perfect; F - conchoidal; M — tabular to
lath-like crystals, radial aggregates.

Origiin and occumenese: Hydrothermall in low-tempe-
rature veins, associated with pyrargyrite, stephanite,
acanthite and other Ag minerals. The best arystals
come from . Andreasbetg, Germany. Crystals up to
10 mm (Y«in) long were found in Pribram, Trebsko
and Jachymow, Czech Republic. 1t is also described
from Colguechaca, Bolivia and Chaiiarcille, Chile.
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Samsonite
Ag 4 MnSb,Sg

M O NOCILIMNIC [ ]

Propentiess: C - steel-gray; S — dark red; L — metallic;
D - opaque; DE - 5,5; H — 2,5; CL - none; F —
conchoidal; M - prismatic striated crystals.

Origiin and ocewmencez: The only locality, where it
occurred in relatively larger amount, was the Samson
mine in St. Andreasberg, Germany, where crystals up
to 110 mm (s in) across were found.

Chalcosttiiee
CuSbs,

ORTHORHOWBIIC [ I ]

Propevtizs: C - lead-gray, tarnishing to blue and
green; S — lead-gray; L — metallic; D — opaque; DE
~ 5,0; H - 3-4; CL - perfect; F - conchoidal; M -
long prismatic, striated crystals, granular, massive.

Origiin and occunenes:: Hydrothermal in ore veins,
associated with jamesonite, chalcopyrite, tetra-
hedrite. stibnite, andorite and other minerals. Partly
altered crystals up to 10 mm (4 in) long are known
from Rar-cl-Auz near Casablanca, Morocco. It is
often in deposits in Bolivia (Huanchaca. Oruro,
Colquechaca), whete its crystals reach 10 mm (7sin)

Challkastitiitize, 29 mm, Saiits Pons, France

Seweonitiee, 12 mm x, St.Andleeaobegg, Goevmaany



Empikattiee, 60 mm. Schwarzeobbeyg, Grevmany

in size. The world’s best crystals up to 1l cm (6%/% in)
long were discovered recentlly near St Pons. France.

Empliatiiee

CuBis)

ORTHORHOWMEBIIC [ 3N J

Properties: C — gray to tin-white; S — gray; L -
metallic; D — opaque: DE - 6,4; H - 2; CL — perfect; F
- conchoidal to uneven; M -- thin prismatic to acicular
striated crystals.

Origiin and ocewnrereee: Hydrothermal in high-
temperature veins associated with chalcopyrite,

Bertthiiritee, 98 mm. Hevja. Reonwmia

WKittichenitee, 50 mm. WKittichem, Goermany

molybdenite, quartz, tetrahedrite and other minerals.
Fine acicular crystals up to 30 mm (II’/# in) long
come from Krupka. Czech Republic. Crystallized
specimens were also found in Wittichen and
Johanngeorgenstadt, Germany; Colquijirca, Peru and
in the Akenobe mine, Japan.

Witticheniisy
Cu3BiS}

ORTHORHOWBIC [ N ]

Propeviiies: C — steel-gray to tin-white, tarnishing
yellow to steel-gray; S — black; L — metallic; D -
opaque; DE - 6,2 H - 2-3; CL - none; F —
conchoidal; M - prismatic crystals, massive.

Origiin and occunrenter: Hydrothermall in ore veins,
associated with other Bi minerals, Cu-Fe sulfides,
selenidcs and secondary U minerals. It occurs in
Wittichen, Germany: Baila Bihorului, Romania;
Tsumeb, Namibia and Cerro de Pasco, Peru.

Bevithicriiee
FeSh,S,

ORTHORHONBIIC o000

Propertiéss: C ~ dark steel-gray, tarnishing iridescent
to brown: S ~ dark brown-gray; L — metallic; D
opaque; DE ~4,7; H - 2-3; CL ~ imperfect; M - long
prismatic, striated crystals, fibrous, felt-like and
radial aggregates.

Origin and oceurvence: Hydrothermall in low-tempera-
ture Sb deposits. Acicular crystals up to 10 mm (V«iir)
long arc known from the St. Antoni dc Padua gallery in
Kutna Hora, Czech Republic: thick prismatic crystals
come from Poproc, Slovakia. Iridescent columnar
aggregates up to 200 mm (77« in) long occur i Herja,
Romania. Fine specimens are known also from Ofuro,
Bolivia.
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Stepiianitize, & mm xx. Zacatzass, Wevico

Stepiianiice

AgsSbS4

ORT HORIHONEBI I o0

Propevtiss: C — black; S - black; L - metallic; D -
opaque; DE - 6,3; H — 2-2,5; CL - imperfect; F —
conchoidal; M ~ short prismatic to tabular striated
crystals, massive.

Origiin and occurvenze: Late hydrothermall mineral in
Ag deposits, associated with proustite. a@canthitc,
silver, tctrahedrite, galena, sphalerite and pyrite.
Crystals up to 40 mm (1%» in) long come from
Pribram and Jachymow, Czech Republic and from St.
Andreasberg, Germany. Crystals up to 50 mm (2 in)
across found in the Las Chispas mine, Arizpe, Sonora,
Mexico and Hiendelaencina. Spain. Smaller crysials
occurred in Freiberg, Schneeberg and Annaberg,

Germany. Applicairasi: Ag ore.

Pearceirr
Ag1ehs2S) )

MONOCILINIC [ N

Propeviiies: C - black; S -~ black; L — metallic; D -
opague; DE - 6,1; H -~ 3; CL — none; F - conchoidal
to irregular, M - short prismatic to tabular orystals
and rosctte-like aggregates, massive.

Origin and oceumenose: Hydrothermall in low- to
medium-temperature deposits with acanthite, silver,
proustite, quartz, barite and calcite. Crystals several
mm across are known from Jachymaw, Moldava and
Midinec, Czech Republic; from Arqueros, Chile and
from the Veta Rica mine, Coahuila, Mexico. Crystals
up to 112 mm ("1 in) across were found in the Cari-
bou mine, Colorado, USA: also in Dzhezkazgan,
Kazakhstan.

Huge accumulations of almost pure pearceite
occurrcd in the Mollie Gibson mine near Aspen,
Colorado, USA.

Appllicatrion: Ag ore.

Polybesiite
(Ag,Cu))j¢Sb,S| |

MO NOCILIIMNIIEC o0

Propeviizss: C - black; S - black; L — metallic; D
Bopaque; DE - 6,4; H — 2-3; CL - imperfect; F -
uneven; M — pseudo-hexagonal tabular crystals,
massive.

Origin and occuwmenoze: Hydrothermall in low- to
medium-temperature ore veins, associated with

Pearceitte, 15 mm xx, Guavaijieito, Wexico



Potybusiiee, 39 mm, Zacaecoss, Mixico

pyrargyrite, tetrahedrite, stephanite, acanthite,
quartz and other minerals. Crystals, several cm
across, are known from Wolfach, St. Amdreasherg,
Freiberg and Schneeberg, Germany; also from
Guanajuato, Mexico. The best specimens with
tabular crystals up to 90 mm (3*/» in) across come
from the Las Chispas mine, Arizpe, Sonora. Mexico.
Appliicaitivn: Ag ore.

Lovamifiee, 10 mm x, Alktieny, Maecelmia

Lovandiee

TIASS,

MO NOCILINIC [ N J

Propentiies: C — crimson, lead-gray, it covers with a
yellow coating; S — cherry-red; L - metallic to
adamantine; D — translucent to transparent; DE —
5,5, H - 2-2,5; CL - perfect; M — short prismatic to
tabular crystals, granular, massive.

Origin and ocoumennse: Hydrothermal, associated
with stibnite, realgar, orpiment, pyrite and other
minerals. Crystals up to 50 mm (2 in) across were
found in Allchar, Macedonia. It is also known from
Djijikrut, Tajikistan and from the cavities in dolomite
from Lengenbach, Binntal, Switzerland.

L-. .o ..
Hng453

MO NOCILINIC LN ]

Propertiess: C — black-gray; S - red; L — metallic to
adamantine: D - opaque; DFE - $0: H - 2; CL -
perfect; M — acicular crystals, columnar and fibrous
aggregates, massive.

Origim and ocoarsreee: Hydrothermal in low-
temperature veins, associated with cinnabar,
stibnite, getchellite and other minerals. The best
specimens with prismatic crystals up to 50 mm (2
in) long are known from Khaidarkan, smaller
crystals only found from Kadamdzhai, Kyrgyzstan.
It is also desctibed from the La Cruz mine,
Huitzuco, Guerrero, Mexico and from the Matsuo

mine. Japan.

40 rwm, Keidéaks

Lisiimgisoins K
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Boumuariiize, 62 mm, Cormwalll, UK

Bowmnaniiee Aikimite
PbCuSbS; PhCuBiSy
ORTHORHONWBIIC o000 ORTHORHOMBIIC [ N )

Propevtias:: C — steel-gray to black: S - steel-gray to
black; L ~ adamantine to dull; D - opaque; DE - 5,8;
H - 2,5-3: CL - imperfect; F - conchoidal to umeven;
M - short prismatic to tabular crystals, often striated,
granular, massive.

Origiin and occurnenoee: Hydrothermal in medium-
temperature ore deposits, together with galena,
tetrahedrite, pyrite, siderite and other minerals. The
finest crystals, complex twins called cogswheel ore,
over 50 mm (2 in) across come from the Herodsfoot
mine near Liskeard, Cornwall, UK. Tabular crystals
up to 40 mm (II*/» In) across found in siderite cavities
in Pribram, Czech Republic; large prismatic and
tabular crystals known from Neudorf, Germany.
Smaller crystals eommon in Cavnic and Bala Sprle,
Romania. Crystals, up te 100 mm (4 In) &cress,
oeeurred in Maechaeamarea, Belivia. Crystals up to
40 mm (175 in) eeme from Huaneavelica, Peru.
Crystals up te 1100 mm (4 in) acress repoerted frem
the Les Malines mine, Franee. Crystals up te 20 mm
(25/32 in) aseress found at Chenzheu. Hunan
previnee, China. Applicaliam: Pb, Cu and Sb ore.

Propeniigss: C — black-gray, tarnishing brown; S -
gray-black: L — metallic; D — opaque; DE - 7,3; H -

Aikinitee, 2 mm xx, RudVamy, Stowkia



Beveldtniinze, 40 mm xx. Dohezbaggan, Kcaahirsan

2-2,5; CL - imperfect; F  uneven; M ~ prismatic to
acicular, striated crystals, massive.

Origiin and occunnennse: Hydrothcrmall in ore veins,
associated with gold, pyrite, galena, tennantite and
other minerals. It is common in quartz veins with
gold in Berezovsk, Ural Mountains, Russia, where
crystals up to 30 mm (P6 in) long were found; fine
crystals come also from La Gardette, Bourg
d'Oigans, France. Grains up to 50 mm (2 in) across
oceurred in the Outlaw mine, Nevada, USA. It is also
knewn in metamorphic veins in Val d'Anniviers,
Switzerland.

Betekiitimiee
Cu|ffFePb)Sg

ORTHORHOMBIIC [ N ]

Properties:: C - black; S - black; L — metallic; D
opaque; DE - 6,1; H - 3-3,5; CL - good; M -
acicular crystals, granular.

Origin and ocewrepsee: Hydrothermall in ore
deposits. The best specimens come from Dzhez-
kazgan as clusters of acicular crystals up to 70 mm
(2% in) long. associated with bornite, chalcocite,
djurleite and other minerals. Rich specimens found

in Kipushi Kipushi, Shaba, Zaire. Granular aggre-
gates fairly common in calcite veinlets, cross-cutting
Cu-bearing shales near Eislcben, Mansfeld, Germany.

Awedtwriiee
PbAgSh3Sg

ORTHOR HONMBIIC ®®

Properiiies: C - dark steel-gray, tarnishing to yellow
and iridescent; S black; L — metallic; D — opaque;
DE - 5,4; H - 3-3,5; CL - none; F - conchoidal; M —
prismatic and tabular striated crystals, massive.
Origiin and occumenrse: Hydrothermall in ore deposits,
together with cassiteritc, jamesonite, stannite and
other minerals. The worldls best specimens come
from the Itos and San Jose mines in Oruro and the
Tatasi mine in Potosi, Bolivia, where it forms crystals
up to 30 mm (17« in) acroess. Thin tabular crystals are
knewn from Baia Sprie. Romania and from the
Keyser mine, Nevada, USA. Needles up to 10 mm (%4
in) long eccurred in Trebsko, Czeeh Republic.
Appiraiinpi: ruda Ag

ARdorite, 45 xm. QFuro, Bdivia
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Freiesidibwitite. 2 mm oc. Baia Sprie, Reunania

Freieslebeniiee
AngSij

MO NOCILIMNIC [ N

Propentiass: C - light steel-gray, lead-gray to silver-
white; S - light steel-gray, lead-gray to silver-white;
L - metallic; D opaque; DE ~ 6,2; H - 2-2,5; CL -
imperfect: F ~ conchoidal to uneven; M — prismatic,
striated crystals.

Origin and occunvenee: Hydrothermal in ore deposits,
associated with acanthitc, pyrargyrite, silver, galena,
siderite and andorite.

Crystals up to 20 mm (*/» in) across come from the
Santa Cecilia, Guadalajara, Spain; Freiberg, Germany;

Diapiimyitee, 5 mm xx, Pribvann. Czecth Regpeblic

ren

Oruro, Bolivia and from the Treasury Lode, Colorado,
USA.

Diapihariite
PbaAgySbyS3

MONOCILIMNIC LN

Propevtiss: C - steel-gray: S - steel-gray; L — metal-

lic, D opaque:. DE - 6,0; H - 2,5-3; CL - none; F
conchoiidal to uneven; M - prismatic striated crys-

tals.

Origiin and occurercee: Hydrothermall in medium-

temperature ore veins, associated with galena.

Sawttwritee, 4 mm x. Birmint{, SQuttzerkand



sphalerite, pyrargyrite, pyrite and other minerals.
Beautiful striated crystals up to 0 mm (*/«in) come
from the cavities of quartz veins in Poibram; rare
small crystals, several mm across found in the
cavities of quartz veins in the St. Antoni de Padua
gallery in Kutna Hora, Czech Republic. Complica-
ted combinations of crystals were desctibed from
Braunsdorf, Germany. Crystals up to 80 mm (3'A
in) long occurred in Hiendelaencina, Guadalajara,
Spain. It is also reported from Catorce, San Luis
Potosi, Mexico.

Savtrariiee
PbAs,S4

M O NOCILIMNIC e

Propevties:: C ~ dark lead-gray: S — chocolate-brown;
L - metallic; D — opaque; DE - 5,1; H - 3; CL -
good; F - conchoidal; M — prismatic striated crystals.
Origiin and oecurmennsz: Hydrothermall in dolomite,
associated with tennantite. dufrenoysite, pyrite and
realgar. The best crystals up to 00 mm (4 in) long
come from Lengenbach, Binntal, Switzerland. It was
also found in the Zuni mine, Colorado, USA.

Baumtiauerrize
PbjAs;Sy

TRICLINIC [ ]

Propatiées: C — lead- to steel-gray, tarmishing
iridcscent; S — chocolate-brown; L — metallic; D —
opaque; DE - 54, H — 3; CL - perfect; F —
conchoidal; M — tabular to short prismatic striated
crystals, granular,

Origiin and occwmenese: Hydrothermal. associated
with realgar and other sulfosalts. The best crystals up
to 25 mm (1 in) across come from Lengenbach,
Binntal, Switzerland. Massive aggregates were
found in Hemlo, Thunder Bay, Ontario. Canada and
Sterling Hill, New Jersey, USA.

Baumtiavecitite, 5U)mm. Binntal, SWivdeeliant

Raithitee. 60 mm. Binvitail, Snitzarand

Ratthiisz
(Pb,TizAsgS)

M ONOCILIMNIC [ ]

Propentiass: C ~ lead-gray, tarnishing iridescent; S -
chocolate-brown: L — metallic; D — opaque; DE
5,3: H - 3; CL - perfect; F — conchoidal; M -
prismatic striated crystals.

Origiin and occwnenese: Hydrothcrmal. associated
with other Pb-TI-As-S minerals. Crystals up to 10
mm (% in) across come from dolomite in Lengen-
bach. Binntal, Switzerland.

D
szASls s

MONOCILINIC o0

Properties: : C — lead- to steel-gray; S — red-brown to
chocolatc-brown; L - metallic: D — opaque; DE - 5,6;
H - 3; CL - perfect; F ~ conchoidal; M — elongated
striated tabular crystals.

Origin and occurvence. Hydrothermal lows-temperaturc
mineral, associated with rathite. sartorite, baumhauerite
and realgar. Crystals up to 25 mm (1 in) across come
from dolomite in Lengenbach, Binntal, Switzerland.
Also found in Batopilas, Chihuahua, Mexico.

Duffrenovetize, IOrmm,x, Bimtall, SSuitzerand
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Jovcthniige, 12 mm x. Binvtal!, Sonitzrdend

Jovdaniite
Pb| 4 {As55b)gS23

MO NOCILIIMNIC [ N J

Propentias: C — lead-gray, tarnishing iridescent; S
black; L — metallic; D - opaque; DE - 6.4; H - 3; CL
~ perfect: F — conchoidal: M - tzbular crystals,
botryoidal aggregates.

Geoamanitee, 70 mm. Poifivarm, Czedh Regpudic

Origiin and occurercez: Hydrothermal in low-
temperature ore veins, also in metamorphic dolo-
mites, together with tennantite, sphalerite, galena,
dolomite and other minerals. The most famous
crystals up to 50 mm (2 in) across come from cavities
in dolomite in Lengenbach, Binntal, Switzerland.
Tabular crystals occurred also in Secaimb , Romania.
Botryoidal aggregates, growing on barite crystals,
were described from the Yunosawa mine, Japan.

Geocvoniite
Pb) 4 (SthAS)S;

MONOCILIMNIC e

Properties: C - light lead-gray: S - light lead-gray to
gray-blue; L — metallic; D - opaque; DE - 6.4; H - 2.5,
CL - good; F - uneven; M - tabular crystals, massive.
Origiin and occurnenage: Hydrothermall in ore veins,
associated with galena, pyrite, tetrahedrite, barite,
fluorite and quartz. Crystals, up to 80 mm (37 in)
across, come from Pieirasanta, Italy, Crystals up to
90 mm (3% in) found in Virgem da Lapa, Brazil,
Tabular crystals up to 40 mm (1%s in) across occur-
red in the Kilbricken mine, Ireland. Massive sggre-
gates are known from Pribram, Czech Republic.



Zindkanmiee
Pho®h22%42

HEXAGOMNAL [ N J

Propevtiess: C - steel-gray, tarnishing iridescent; S ~
steel-gray; L — metallic; D - opaque: DE - 5,3; H ~
3-3.5; CL - imperfect; F - uneven; M - thin
prismatic striated crystals, radial to felt-like aggre-
gates, massive.

Origim and/ ocewreapee: Hydrothermal in ore
veins, associated with stibnite. jamesonite, bou-
langcrite. bournonitc, stannite and other minerals.
Crystals up to 50 mm (2 in) across are known from
the Itos and San Jose mines in Oruro. Bolivia. It
was also found in Wolfsberg, Germany; St. Pons,
France; Sacarimb and Baia Sprie, Romania.

Jamesanmiee
Pb,FeSt;Sj 4

MO NOCILIINIC

Propevtiess: C — gray-black, tarnishing iridescent; S-
gray-black; L — metallic; D - opaque; DE - 5.8; H -
2,5; CL ~ good; F uneven; M - acicular crystals,
fibrous and felt-like aggregates, massive.

Zirlkaniiee, 39 mm, Orwo. Bdivia

Jamesovitize, 30 mm xx. Somirersite, MWeasico

Origiin and occunmeneze. Hydrothermal in medium-
and low-temperature base metal ore veins, associated
with other Pb-sulfosalts, pyrite, sphalerite, galena,
tetrahedrite, quartz and other minerals. Needles up to
80 mm (3%s in) long occur in many localities in
Bolivia (Tasna; Bolivia mine, Poopo; San Jose and
Itos mines, Oruro). It also comes from Wolfsberg
and Freiberg. Germany; Nizna Slana . Slovakia and
Sombrerete, Zacatecas, Mexico.

Appliratieor:: Pb and Sb ore.
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iee
PhoShgS;|

M O NOCILIINNIIC [ N ]

Propertiass: C - gray to black: S - black; L
metallic; D — opaque; DE - 6,1; H - 2,5; CL -
petfect; M — tabular and prismatic crystals and their
rosette-like aggregates.

Origin and occunenoze: Hydrothcrmall in medium-
temperature veins, associated with jamesonitc,
bournonite, zinkenite, sphalerite and other minerals.
Fine rosctte-like aggregates of crystals over 10 mm
(% in) across come from Baia Sprie, Hetja and
Rodna, Romania. It was also found in the San Jose
mine, Oruro, Bolivia: Wolfsberg, Germany and
Huancavelica, Peru.

Boulknggriite
PbgStiyg Sy

MO NOCILINIC

Propertiéss: C - lead-gray; S ~ brownish; L — metallic
to sitky: D - opaque: DE - 6,2; H — 2,5-3; CL -

Sevrexgitec, 40 mm, Cawnii:, Reomamia

good; M - acicular striated crystals, fibrous and felt-
like aggregates.

Oriigiin and occumengee: Hydrothermall in low- and
medium-temperature ore veins, together with other
Pb sulfosalts, galena, sphalerite and other minerals.
Fine needles over 100 mm (4 in) long come from
cavities in quartz in Pribram, Czech Repubtic. It is
common in the Cocur d’Allene district, Idaho, USA.
Acicular crystals up to 30 cm (12 in) long were
found in Trepea. Serbia and Leadville, Colorado,
USA. It isalso known from Wolfsberg. Germany and
Bolivia (Colquechaca, Huanuni, Isca-1sca).

Cosalliz
Pb}Bi}Sg

ORT HORHONMBI IC o000

Propertiiss: C — lead- to steel-gray, silver-white; S ~
black; L — metallic; D - opaque: DE - 7,1; H — 2,5-
3; CL - none; F — uneven; M — prismatic to acicular
crystals, radial and fibrous aggregates.

Origiin and occumencer: Magirialic in pegmatites,
hydrothcrmall in medium-temperature deposits; also
metamorphic, associated with sphalerite, chalco-

Boulanggertie, 40 mm, Zacatteess, Masico



Cosalliee. 3 mm xv, Ocon e Fiev. Romenia

pyrite, pyrite, cobaltitc and other minerals. Elonga-
ted crystals are known from Crodo, Italy. Fine
needles up to 40 mm (PR» in) long, included in
quartz crystals, were found in Kara-Oba, Kazakh-
stan. It occurs also in Au deposits (Homestake mine.
South Dakota. USA) or in skams (Bai(a Bihorului.
Romania).

Kobellire
Pb73Cuy(Bi,Sb)39Ss9

ORTHORHKHONMBIIC [ N N ]

Properties: C — black-gray to steel-gray; S— black; L -
metallic; D - opaque; DE - 6,5; H - 2,5-3; CL — good;
M - fibrous aggregates, granular, massive.

Origin and oceurvence. Hydrothermal in high-tempec-
rature veins and pegmatites, together with cobaltite, ar-
senopyrite, chalcopyrite and other minerals. It is known
from a sulfide rich pegmatite in the Superior Stone
quarfy, North Carolina, USA. Massive aggregates arc
comrmon in Jedl'oves, Slovakia. 1t was originally des-
eribed from the Hvena mine near Askersund, Sweden.

Kobelfiee, 20 mm xx. Rozinwvey, Shovakia
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Reallgar. 64 mm, Shimern, Crina

Reallyarr
AsS

M O NOCILINIC [ N 4

Propertiéss: C - red 1o orange-yelliow; S — orange-red
to red; L — resinous to greasy: D - transparent to
translucent; DE - 3,6; H — IL.5-2; CL — good; F —
conchoidall; M — prismatic striated crystals, granular,
massive.

Ovpiinectit, 40 mm, Bei Sprge, Remania

ra

Origim and ocawrepgee: Hydrothermal in low-
temperature veins, associated with other As-Sb
minerals; also as a sublimation product of volcanic
gasses. in hot springs and sediments. The most
beautiful crystals over 100 mm (4 in) long come
from Shimen, Hunan, China. Crystals up to 70 mm
(2¥% in) long occurred in the Getchelll mine, Nevada,
USA. Crystals up to 80 mm (3% in) long wete found
in Lengenbach, Binntal, Switzerland. Crystals are
also known from Baia Sprie, Romania. Massive
aggregates are common in Allchar, Macedonia.

Orpiimantt

As;S3

MO NOCILINIC

Properties: C - lemon-yellow to bronze-yellow; S —
light lemon-yellow; L - resinous to pearly; D - transpa-
rent to translucent; DE ~ 3,5; H ~ IL,5-2; CL - perfect;
M - prismatic crystals, foliated and fibrous aggregates.
Origin and eeeurience: Hydrothetmal In low-tempera-
ture veins, together with realgar, stibnite. caleite etc.,
alse from hot springs and fiimareles. It is alse a com-
on produet of realgar oxidation. The best erystals up



to 100 mm (4 in) long come from Shimen, Hunan,
China. Fine clcavable lamellae occur in Lukhumi,
Georgia and Men-Kyule, Yakutia, Russia. Crystals up
to 50 mm (2 in) across found in the La Libertad mine,
Quiruvilca and Huayllapon. Ancash, Peru. Crystals up
to 80 mm (3% in) long described from the Getchell
mine, Nevada, USA.. Fine specimens are also known
from Allchar. Macedonia and Khaidarkan. Kyrgyzstan.
Appliizatiion: As ore, pigment,

Getcthellite
AsSbS3

MO NOCILIIMNIC [ X ]

Propertiizs: C — dark red, tarnishing green and irides-
cent; S - orange-red; L - pearfy to glassy, resinous; D
- transparent; DE - 4,0; H - 1L,5-2; CL - perfect; F -
splintery; M — imperfect curved crystals, massive.

Origiin and oceunrencer: Hydrothermall in low-tempe-
rature ore deposits, associated with orpiment,

Orpiiverns, 35 mm, Huaglbgpon, Peru

Getcatitize, 60 mm. Khaidbakkan, Ksygypssian

realgar, stibnite, cinnabar and other minerals. It was
described from the Getchell mine, Nevada, USA.
Beautiful specimens with grains up to several cm
across come from Khaidarkan, Kyrgyzstan. It is also
known from Zarehshuran. Kurdistan, Iran.
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3. Halides

Fludliiee
Al (PO4F(OM) .7 H,0

ORTHORHOMBIIC (N ]

Propentiizss: C - colorless, white, yellow; S- white; L
- vitreous; D - transparent; DE - 2.2: H- 3; CL --
imperfect; M - dipyramidal crystals.

Origin and occumennsz: Hydrothermall in grcisens,
also secondary as a result of triplitc alteration.
Crystal druses over 10 mm (*/«in) in size come from
Horni Slavkov, Czech Republic. Very similar
specimens were found in Stenna Gwyn near St.
Austell. Corawall, UK. Also found in pegmatites in
Kynzvart, Czech Republic and in Hagendorf,
Germany as a product of iriplite alteration.

Cryoliitz

Na_j‘AlFb

MO NOCILINIC L N N J

Prapertiex: C -- colorless, white, purple, brownish; S
~ white; L - greasy to pearly: D - transparent to
translucent; DE - 3; H — 2.5; CL - none; F - uneven;
M - pseudo-cubic crystals, massive.

Fluovitee, 67 mm, Bevibes, Spain
Cryolitte. 35 mm. Ivignat;, Gieeerland

Flueiltiee, 10 mm x. Hormii Slaskkow, Czech Regpeblic

Origiin and oceunenese: Characteristic mineral of the
cryolite pegmatites. Crystals up to 30 mm (1Vwin) in
size were found in Ivigtut, Greenland, where it was
mined as the Al ore for more than 100 years. It was
associated with other aluminofluorides, sphalerite,
cassiterite. ferrocolumbite and other minerals. It is
also known from the Francon quarry in Montreal,
Quebec, Canada in crystals up to 10 mm ( in)
across. Massive cryolite occurs in Miass, Ural
Mountains, Russia and in St. Peter’s Dome, Pikes
Peak batholith, Colorado, USA.

Applitairipn. it was an important Al ore.
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Creediite. 70 mm, Sevitu Ewlailiy. Moxico

Creeditz
CazAly(SO4)(FOMH)|g .6 HD

ORT HOR HOWBIIC eeooe
Propentiss.. C — colorless, white, purple; $ - white; L
— vitreous; D — transparent; DE — 2.7; H - 4; CL -
perfect; F - conchoidal; M - short prismatic to
acicular crystals, granular, massive.

Origiin and occumentez: Hydrothermal, associated
with fluorite and barite. Purple crystals, several cm
long, come from Wagon Wheel Gap near Creede,
Colorado, USA. Nice druses were found in Senta
Eulalia, Chihuahua, Mexico. The best creedite
specimens with purple crystals up to 30 mm (1'/x in)
long were recently found in Akcha-tau, Kazakhstan.

Carwallliee
KMgClj .6 HyO

ORTHORHONMBIIC

Propentiass: C - colorless, white, yellowish, red, blue;
S - white; L - vitreous to greasy. DE - IL6; H- 1-2;
CL - none; F - conchoidal; M ~ pseudo-hexagonal

pyramidal and tabular crystals, granular; LU -
strong; R — decomposes under wet conditions.
Origiin and ocosmenose: Sedimentary, one of the last
products of evaporation of salty solutions; also
supergene as a product of a reaction of older salts
with solutions, rich in potassium, associated with
halite, sylvite and other minerals. Crystals up to 40
mm (1%% in) across are known from the vicinity of
Carisbad. New Mexico, USA. Nice crystals come
also from Stassfurt and Alexanderhall, Germany.
Massive aggregates are common in many salt
deposits, like in Saskatchewan, Canada; in Kalush,
Ukeaine and elsewhere.

Appliizattapn: : the most important potassium salt,
used as fertilizer and for production of metal Mg.

Avacamiiee
CuyCI(OH)4

ORT HORHONVEBIICC [ N J

Propevticss: C - emerald-green, black-green; S -
green; L - vitreous; D - translucent; DE  3.8; H —-
3-3.5; CL - perfect; F - conchoidal; M - prismatic
crystals, columnar, radial and lamellar aggregates,
granular, massive.

Origiin and occwmenaez: Secondary in the oxidation
zone of Cu deposits in the arid climate, associated
with other Cu minerals. Crystals up to 10 mm (/sin)
long were described from Burra district, Southern
Australia, Australia. Crystals up to 0 mm (Vs in)
across come from Tsumeb, Namibia; also from
Bisbee, Arizona, USA. Rich aggregates of acicular
crystals occur in many localities in Atacama
province, Chile (Copiapo. Remolinos).

Carmailfiee, 80 mm, Merkers, Geevnwmy



Alacamiiee, 78 mm, Atacamea. Chile

Boleie
PibygAggCuy4Clg2(OH)4g
cuBiIC ®

Propeviiies: C — blue: S — blue; L — pearly; D -
translucent; DE - 5.1; H - 3-3.5; CL — perfect; M —
cubic crystals; R - soluble in water.

Boleitrz, 65 mm, Saizu Rosallin, Mevico

Origiin and occuwrarcee: Secondaty, originated in
the oxidation zone of Cu deposits in the arid cli-
mate. By far the best specimens were found in
Boleo. Baja California, Mexico, where cubes up to
25 mm (1 in) in size were found. It is also known
from Phillipsbura, Montana, USA and Challacolle,
Chile.
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Cumengiee, 21 mm, Bolen, Mico

At ke FEAT

Cumenggjiee
Py Cup9Clya(OH)40

TETRAGOMNMAILL [ J

Properties: C — indigo-blue; S - blue; L - vitreous; D —
translucent; DE ~ 4.7, H - 2.5; CL — good; M - tetrago-
nal pyramidal crystals, also epitaxially overgrown on

Todiangptize, 2 mom XX. RRudéiconys, Hingagary

boleite cubes. Origin and occurengee: Secondary in
the oxidation zone of Cu deposits in the arid climate,
associated with boleite. The largest crystals up to 35
mm (I¥% in) are known from Boleo, Baja California,
Mexico. It is also reported from Newport Beach near
Falmouth. Corawall, UK.

Vodturgyirtize
B-Agl

HEXAGOMNMAIL o000

Propertiass: C — colorless, tarnishes to yellow: S -
yellow; L - adamantine; D - transparent to
translucent; DE ~ 5.7; H - I-L.S; CL - perfect; F -
conchoidal, M ~ prismatic to tabular crystals,
granular, massive.

Origiin and occumeree: Secondary, product by
oxidation of Ag ores, with other Ag minerals. Common
greenish crystals over I0 mm (% in) in size occur in
Broken Hill, New South Wales, Australia. Also found
in Veancice, Czech Republic: Tonopah, Nevada, USA;
Chanarcillo and Copiapo, Chile.

Villiaumiite
NaF

cuBIC o000

Propettizss: C — dark red; S - white; L — vitreous;
D - transparent to translucent; DE - 2.8; H — 2-2.5;
CL - perfect; M — small crystals, granular, massive;
R - soluble in water.

Origin and occumeneez: Late mineral in cavities in
alkaline igneous rocks (nepheline syenites).
Crystals, several cm long, arc known from the
Rasvumchorr Mountain, Khibiny massif, Kola
Peninsula, Russia; only slightly smaller crystals
come from Mont St.-Hilaire, Quebec, Canada and
Illimaussag. Greenland.

Villiaumitee, 10 mm xx, Khidiiny Massiff, Kola. Rssia



Halie
Na@lt

CuUBIC o000

Propertiies.: C - colorlcss, gray, white, red. blue; S -
white; L - vitreous; DE — 2.2; H - 2; CL - perfect; F
- conchoidal; M/ - cubic crystals, granular, massive;
R - soluble in water.

Origin and occurrence: Product of higi-temperature
fumaroles (Etna. Mt. Vesuvius; Italy); mainly sedi-

Halive, 18 mm xx, Sonova, Mexico

mentary, as a result of evaporation of sea water,
associated with sylvitc, eamallitc and other minerals.
Very fine cubes over 1) mm (% in) are known from
Weliczka and Bochnia, Poland. Blue cleavable aggre-
gates are found in Bernburg, Germany. Salt deposits
in Austria (Hallstatt, Hallein) are also important.
Huge halite deposits, associated with potassium salts
are mined in the vicinity of Stassfurt, Germany. Fine
skeletal crystals are known from many localities in
California, USA.

Appliicatitom: food and chemical imdustries.
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Sylitee, 77 mm. Cabmiia, USA

Syliize

KCI

Sal ammsrizac. 10 mm x, Batompéeeopye. Humgery

Sal acanmnreniac
Nhi,Cl

cusBIcC L N N

Propetiass: C — white, gray, blue, red; S - white; L —
vitreous; D — transparent; DE - 2; H - 2; CL - per-
fect; F — uneven; M — cubic crystals and their com-
binations; granular, massive; R - soluble in water.
Origiin and occumennsr: Sedimentary as a result of
evaporation of sca water, together with halite,
carnallite and other minerals. Nice cubes up to 50
mm (2 in) come from Stassfurt; it forms stalactites in
Wathlingen, Germany. Crystals are also known from
Kalush, Ukraine and from Salton Sea, California,
USA, where it occurs as octahedra on halite crystals.
Applicdapi.: chemieal industry.

Callometi, 30 mm. Terlingua, LISA

CuBilC oo 0

Propertiies:: C — colorless, white, gray, yellow, brown; S
— white; L - vitreous; D - transparent; DE - L5 H -
I-2, CL - imperfect; F - conchoidal; M —
combinations of cubic crystals, dendritic and skeletal
aggregates; earthy.

Origim and occwrepnee: Typical mineral for
fumaroles and burning coal dumps, associated with
sulfur and other minerals. Complicated crystals are
known from Mt. Vesuvius, Etna and Vulcano, Italy.
Crystals over 10 mm (¥ in) in size occurred on
burning coal dumps near Kladno, Czech Republic;
similar from localities in Eastern Pennsylvania, USA
and near Ste-Etienne, France.

Calomst!
HgCl

TETRAGOMNAIL [N

Propertiies: C — colorless, white, gray, brown, it dar-
kens on air; S~ white; L —~ adamantine; D — transpa-
rent to translucent: DE ~ 7.2; H ~ IL5; CL - good; F—
conchoidal; M -~ tabular to pyramidal crystals,
coatings, earthy; LU ~ dark red.

Origiin and oceumennee: Secondary as a result of
alteration of Hg minerals, associated with cinnabar,
mercury and other minerals. Crystals were found
in Moschellandsberg, Germany; Avala, Serbis



Khaidarkan, Kyrgyzstan and Terlingua, New
Mexico, USA.

Floontite
CaF,

cuBIC eo0ooe

Propentiiss: C — colorless, white, yellow, red. green,
blue, purple, brown, black; S — colorless; L - vi-
treous; D - transparent to translucent, opaque; DE -
3.2; H - 4; CL - perfect; F - conchoidal to splintery;
M - combinations of cubic crystals, granular, mas-
sive; LU - blue, blue-green, also phosphorescent.
Origin and occurmencez: Rare magmatic, mainly
hydrothermal and metasomatic. Associations are
very diverse, depending on a type of the deposit, in
which it occurs. Beautiful crystals are known from
many localities all over the world. Pink octzhedra,
several cm in size, are known from pegmatites in
Nagar. Pskistan, Nice crystals were also found in
greisens in Corawall, UK (Wheal Mary mine) and
from Horni Slavkov, Czech Republic. Beautiful
geeen cubes up to 20 em acress and colorless cubes
up to 10 mm (Vi in) across from Dalnegorsk, Russia
are of hydrothermal origin. Famous green and
purple crystals come from Alston Moor and
Wesrdale, England, UK. Nice pink octahedra up to
30 mm (1%ziim) eccurred in Huwanzala, Rarl. Beai-

Fluanitee, 23 mm x, Chamariix, Fieance

Fluarite, 50 mm. Axggening

ful yellow cubes up to 50 mm (2 in) associated with
barite, are known from Halsbriicke and Annaberg.
Germamy. Purple complex combinations of crystals
come from La Collada, Spain. Mainly purple cubes
up to 10 mm (¥ in) occurred in Rosiclare, 1llinois;
in association with honey-yellow calcite crystals are
known from the Elmwood mine, Tennessee; similar
occurrences are also in several localities in Ken-
tucky, USA. The most valuable fluorite specimens
are pink octahedra up to 150 mm (6 in) from
Goschenen, Switzerland; Mont Blanc massif,
France and other Alpine localities.

Applitatripn: metallurgy, chemical industry, special
optics.optika.
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4. Oxides

Cupwiite

CujO

cusBIC o090

Kanisties chalcotrichitc (acicular to hair-like crystals)
Propeviiies: C - red; S - red: L - adamantine to sub-
metallic; D - transparent to translucent; DE — 5.8-6.2;
H - 3.5-4; CL - imperfect; F — conchoidal to uneven;
M - combinations of cubic crystals, hair-like
aggregates, granular, massive.

Origiin and occumengz: Secondary, as a result of the
oxidation of Cu sulfides. Crystals up to 150 mm (6 in)
in size, covered with malachite, occur in Onganja, Na-
mibia. Shiny octahedra, up to 40 mm (II* in) in size,
come from the Mashamba West mine, Zaire. Acicular
and fibrous crystals of the chalcetrichite variety were
found In Bisbee. Arizona, USA. Cembinations of
€ubie crystals, covered with malachite, arc known
frem Chessy niear Lyon, Franco. Crystals up to 30 mm
(17it, im) geress ave reported o Tsumeb, Nawitbia.
Appliteaironv:: impottant Cu ore.

Zindiite

ZnO

HEXAGOMNALL [ N ]

Propentifss: C — yellow, orange, red; S — orange-
yellow: L — adamantine; D — transparent to trans-

Amaihygss, 122 mm, Guereren, Meico
Cupritee, 18 mm x, Masiamiba kest, Zair

Zincitee. 11 mm x, Frankilin, USA.

lucent; DE - 5.7; H - 4.5-5; CL - perfect: F -
conchoidal: M - pyramidal crystals, granular,
massive.

Origiin and occurance:: Metamorphic, associated
with willcmite and franklinite. 1t forms very rare
crystals up to 40 mm ( i nip) in size in the metamor-
phosed Zn deposits in Franklin and Sterling Hill.
New Jersey, USA, it is mostly granular and massive.
Zincite crystals and aggregates of vitreous luster
from Poland, which are offered at the minerall shows,
are not of a naturall origin, there arc smelter products.

Chalhattichiteze, SO mm. Bistere, U.SA.

75



Tenarite
CuO

M O NOCILIMN I oo 0

Propevtiess: C - steel-gray to black; S - gray; L —
metallic; D — opaque; DE - 6.5; H - 3.5; CL - im-
perfect; F — uneven to conchoidal; M - thin tabular
to scaly crystals, earthy, massive.

Origiin and occurmenesz: Secondary, in the oxidation
zone of Cu deposits, together with other Cu super-
gene minerals. It was common in Cu deposits in the
Keweenaw Peninsula, Michigan, USA. It was mined
as Cu ore in Bisbee, Globe and Morenci, Arizona,
USA. Thin tabular crystals are known from Tsumeb,
Namibia.

Spuinet!
MgAlzO4

cusBIC o0 0

Kaerieties: pleonast (black)

Propentizss: C — pink, red, green, blue, brown, black;
S — white; L - vitreous to dull; D - transparent to
opaque; DE - 3.6; H - 7.5-8; CL - imperfect; F ~
conchoidal to uneven; M - octahedral crystals, gra-
nular, massive.

Origin and occurvence: Magmatic, metamorphic. also
in placers, associated with corundum, sillimanite and
other minerals. Large pleonast crystals reaching up to
1150 mm (6 in) were found in the Aldan massif, Yakutia,

Spiinet!, 10 mm x, Mogoik. Burona

Tenorige. 3 mm xx, Bisbew, USA

Russia. Fine crystals weighing up to 14 kg (30 Ib 22 0z)
come from Amity, New Yark. Crystals up to 120 mm
(4M». in) across are known from Sterling Hill, New
Jersey. Blue crystals of spinel come from Bolton,
Massachusetts, USA and South Burgess, Ontario.
Canada. Gemmy pink and red crystals up to 20 mm (*/»
in) reported near Ratnapura, Sri Lanka and in Mogok,
Burma. Fine pink crystals up to 50 mm (2 in) in size
occur in Kukh-i-lal, Tajikistan.

Appilbaitopn: gemstone.

Galfmiite

ZnAlyOy

cuUBIC L I

Propentiées: C — black-green, black; S — gray; L ~
vitreous to greasy; D - translucent to opaque; DE ~



Pleonast, 15 mm xx. Kietmam

4.4-4.6; H - 7.5-8; CL - impcrfect; F - conchoidal to
uneven; M - octahedrall crystals, granular.

Origiin and ocoamencez: Magmatic and metamorphic,
associated with wolframite, chalcopyrite and other
minerals. Crystals up to 120 mm (4% in) in size come
from Franklin and Sterling Hill. New Jersey. USA.
Crystals from Broken Hill. New South Wales, Austra-
lia reached up to 30 mm (IViein). Blue-green crystals
were found in Rowe. Massachusetts, USA. Cuttable
blue crystals occur near Gidan Wayo, Nigeria.

Magmatiice
Fez*Fea*i%

cumBitc o0 0

Propartiées: C — black: S - black: L - metallic; D -
opaque: DE - 5.2; H - 5.5-6.5; CL - none; F - un-

Magretiise, 20 mm x, Chester, USA.

Gulhwiiez, 90 mm, Broken Hl. Awetralia

even to conchoidal; M - octahedral crystals, gra-
nular, massive.

Origiin amd/ ocuurevcee: Magmatic, hydrothermal
and metamorphic. rare sedimemntany. Parageneses dif-
fer according to the origin. Fine crystals up to 170
mm (6" in) in size, come from Traversellla, Italy. A
crystal 25 cm (9"« in) in size was found in Vastan-
fors, Sweden. Fine crystals up to 40 mm (1Viv im)
occur in Dashkesan, Azerbaijan, where it is associa-
ted with andradite, epidote and apatite. Beautiful shi-
ny octahedra up to 40 mm (1¥» in) are known from
Alpa Lercheltini, Binntal, Switzerland. Rare cubes
up to 20 mm (*/s in) on edge come from the ZCA
No.4 mine, Balmat, New York. USA.. Magnetite
crystals reaching up to 10 cm were found in pegma-
tites In Jaguaragu, Minas Gerais, Brazil. Crystals up
to 20 em (77 in) in size reported from the Gardiner
complex, Greenland. Crystals up to 50 mm (2 in)
were lately found in Kovdor, Kola Peninsula, Russia.
Applisalinen: Fe ore.

77



Franiimiee. 30 mm, Sterlingg Hill, USA

Franliliriite
(Zn Mt Fed* ) (Fed* Mn?*), 0,

cuBIC [ N J

Propevtiess: C - black; S— dark brown; L - metallic;
D - opaque; DE - 5.1-5.5; H - 6; CL — none; F —
uneven to conchoidal, M -~ octahedral crystals,
granular, massive,

Origin and occumene=e: Metamorphic, associated
with willemite, zincite and other minerals. The only
localities, where it is common and occurs in very
large accumulations, are Franklin and Sterling Hill,
New Jersey, USA. Crystals up to 170 mm (6*/i% in)

Chromitte, 87 mm, Fnmland

7R

across are known from there. It is rare in Lamgban,
Sweden and Ocna de Fier, Romania.
Appllizattoon: Zn ore.

Chrowmiire
FeCm0q

cuBIC o060

Propentiizs: C — black; $ — brown; L - metallic; D ~
opaque; DE — 4.5-4.8; H - 5; CL - none; F - uneven;
M - octahedral crystals, granular, massive.

Origiin and occuprenase: Magmatic, together with
magnetite, uvarovitc and other minerals. Rare crys-
tals reaching up to 10 mm (7s in) arc known from
Uzun Damar, Turkey. It occurs mostly massive, like
in deposits in Bushveld, South Aftica; in Sarany,
Ural Mountains, Russia and in Guleman, Turkey.
Appleaiiva. Cr ore,

e
MnZtMn* 04

TETRAGOMNMAL o000

Properties: C - black; S — brown; L - submetallic; D
- opague; DE - 4.8; H - 5.5; CL - perfect; F- uneven:
M - pseudo-octahedral crystals, granular, massive.
Origin and occumnencsz: Hydrothermall in high-tem-
perature Mn deposits, also as a product of the contact
metamorphism. The best specimens with crystals
up to 30 mm (% in) in size come from the
N'Chwaning mine, Kuruman, South Africa, Smaller
crystals were found in lifeld and llmenau, Germany.
It also occurred as fine crystals in Langban and
Jakobsberg, Sweden.

Miiisrni, 60 mm, Brolem Hil, Aussralia



2
Pb2*,Pb4*0,

TETRAGOMNALL o0

Propentiess: C - red, S - orange-yellow; L — dull to
greasy; D - opaque; DE - 8.9; H - 2.5; CL - perfect;

Havemennitize, 42 mm, Kuamawy, Soutth Africa

M - earthy and pulverulent aggregates, massive.
Oriigiiv and ocourereee: Secondary mineral, as a
resullt of the galena oxidation. It occurs in
Langban, Sweden; in Anarak. Iran: in Leadhills,
Scotland, and in Broken Hill, New South Wales,
Australia.
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Chrysaibeylyl, 35 mm, Espiitico Sanito, Brazil

Chrymatisexpl
BeA|204

BeAt;07

ORTHORHOMBIC L2 N J
ORTHORHOMBIC LI

Varieties: alexandrite
Varieties. alexandrite

Prageetiges: C — yellow-green, yellow, blue-green,
alexandrite is green in daylight, purple in artificial

Alesamiivize. 75 mm, Malysiteeo, Ruesia

light; S — white; L ~ vitreous: D - transparent to
translucent; DE - 3.8; H - 85; CL - good; F -
conchoidal to uneven, M — thin to thick tabular
crystals common cyclic twins.

Oriigin and occumensee: Magmatic in pegmatites,
prevailing as mectamorphiic, in association with
schorl, phenakite and other minerals. Twins up to 22
em (8"« in) occurred near Pancas, Espirito Sento,
Brazil. Complicated twins up te 100 mm (4 in) in



size come from Ambatondrazaka and other localities
in Madagascar. Tabular crystals several cm in size,
embedded in the sillinianitic rock, were found in
Marj How, Czech Republic. Fine alexandrite crystals
up to 80 mm (3% in) are known from Malyshevo,
Ural mountains. Russia, together with emerald and
phenakite. Alexandrite crystals reach up to 30 mm
(1t in) in Nyanda, Zimbabwe. Gemmy chryso-
beryls, commonly with a cat’s eye effect, come from
the vicinity of Ratnapura, Sti Lanka.

Appltaiepn: gemstone,

Melentinite
Slbzo‘g'

ORT HORHIOMBEIC o0 e

Propevtizs: C - colorless, white, brownish; S — white;
L - adamantine; D - transparent to translucent; DE ~
5.7-5.8; H - 2.5-3; CL - perfect; M ~ prismatic to
tabular crystals, radial aggregates, massive.

Origiim und occumenaee: Secondary mineral, origina-
ted in the oxidation of stibnite. The best specimens
with crystals up to 30 mm (I7is in) were found in
Pribram, Czech Republic. Fine crystals come also
from Braunsdorf, Germamy. Crystals up to 20 mm
(3xin) long occur in Oruro, Bolivia. Beautiful radial
aggregates up to 40 mm (U= in) in diameter,
associated with kermesite, are known from Pezinok
and Pernek. Slovakia. Pscudo-morphs after stibnite
crystals up to 35 em (1375 in)long, are reported from
the Xikuangshan Mirne. Lengshuijiang, China,

Avsenodiiee
As,03

CuUBIC e e

Propestiizs: : C — white; S — white; L - vitreous; D -
transparent to translucent: DE - 3.9: H - LLS; CL -
good; F - conchoidal; M - octahedral crystals,
crusts, coatings; R — soluble in water.

Avsenabitize, 3 mm xx, Recsk, Hiungary

Kelentiniite, 40 mm. Nicokt, Qarada

Origin and occurrence: Secondary mineral, resulting
from the oxidation of As ores. Poorly developed crystals
several mm long, occur in Jachymox, Czech Republic;

in Johanngeorgenstadt and St. Andreasberg, Germany.
Crystals up to 20 mm (*%A: in) long originated during a
mine fire In the White Caps mine. Nevada, USA.

Senarnophitize
Sb,03

CUBIC oo e

Propentiass: C — white, light gray; S — white; L -
greasy, vitreous to adamantine; D - transparent to
opaque; DE ~ 5.2-5.8; H - 2-2.5; CL - imperfect; F

uneven; M - octahedrall crystals, granullar, massive.
Origiin and occurenez: Secondary, produced by
stibnite oxidation, with valentinite and cerussite.
The finest crystals up to 30 mem (IVi« in) in size
come from Djebel Hammimate, Algeria. Also
oceusred in Cetine. 1taly and in Dubrava, Slovakia.

Serarrmootitéte, 3 mm xx, Perned, Stovakia
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Bixibyiiee, /¥ mwm x, Thomas Rangz, USA.

(Mn3"\F),04

cusBIC o0

Propentiass: C - black; S - black; L - metallic to sub-
metallic; D - opaque; DE - 5; H - 6-6.5; CLB
imperfect; F — conchoidal to uneven; M - cubic
crystals, also twins.

Origin and occumenpee: Hydrothermal in rhyolite
cavities and mctamorphic. Cubes up to 12 mm (Vi
in) are found together with topaz in Thomas Range,
Utah, USA. Crystals up to 25 mm (1 in) occurted in

Corundliom. 10 rm xx, Miass, Ruesia

82

Lewensegpphize, 30 mm, S Lanka

the Postmasburg mine, South Africa. Crystals up to
80 mm (3% in) come from Ultevis, Sweden.

Covundlinm
A|203

TRIGONAIL

eo oo
Marieties: ruby, sapphire, leucosapphire, emery

Propertiées: C - colorless (leucosapphire), yellow,
pink, red (ruby), blue (sapphire), purple, green,

Rutyg, 15 rmm xx, Kolle, Russia



Corundinm. 4 mwn. Montanea. Y SA

gray; S - white; L - vitreous to adamantine; D -
transparent to opaque: DE - 4.0-4.1: H - 9; CL -
none; F - conchoidal to uneven; M - long pris-
matic to barrel-like crystals, pebbles; LU - rare
dark red.

Origin and oecurnencs: Magmatic in andesites, peg-
matites and basalts, metamorphic and in placers, in
association with andalusite, topaz, spinel and other
minerals. Crystals of common corundum weighed up
to 30 kg (66 Ib) near Bancroft, Ontario, Canada. A
crystal, weighing 1151 kg (333 1b 3 0z) was also found
in the Letaba district, South Africa. Sapphire erystals
welghing up to 20 kg (44 1b). come from the vielnity
of Ratnapura and Rakwana, Sti Lanka. Fine sepphire
erystals are also known from Kashmir, India. Reugh
gem sapphire Is mined from the Yogo Gulch sedi-
fments In Mentana. USA and frem Anikia, Queens-
1and, Austealia. Fine blue erystals up to 50 mm (2 in)
leng, eesur near Miass. Ural meuntains, Russia. Ru-
by is even mueh rarer variety ef esrundur. 1is beauti-
fisl erystals up te 50 mm (2 in) leng eerme frem Jeg-
dalek, Afghanistan; Megek. Burma and frem Lue
Yen, Vietnam. Pristatie erystals of epague ruby, up
10 40 mm (17:s in) in size were found in the KHit 1s-
1and near Kela Peninsula, Russia. Ruby erystals up 18
30 e (12 in) in size embedded in green zeisite frem
the vieinity ef Arusha, Tanzania are very deserative.
Applicsiibh: emery as abrasive matenal, sapphire
ahd Fuby a8 gemsiones:

Ruiby, 16 mm x. Jegdhibik, AfdYoanician

Sappthiez, 41 mm, Kastmirr. India
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Hewatriee, 50 mm. Lk Filrhia, S\Sivtzeftand

Hewatiite
Fey03

TRIGOMNMALL o0 000

Propentises: C - red, gray, black; S - red; L - metallic,
dull; D - opaque; DE - 5.3; H — 6-6.5. earthy to L
CL - none; F - uneven to conchoidal; M - thick to
thin tabular crystals, massive, earthy.

Origiin and occumensez: Magmatic, hydrothermal.

Lopantec(0Ex). 10 mm xx, Khiliimy Messiff, Kol Russia

&

sedimentary, also mctamorphic, parageneses vary
according to the origin. Beautiful crystals up to 100
mm (4 in) in size come from Brumado, BzhRa.
Brazil. Crystals up to 30 cm (12 in), were found in
the Wessels mine, Kuruman, South Aftica. So called
iron roses reached up to 100 mm (4 in) near St.
Gotthard. Switzerland. Fine crystals several cm in
size, occutred in Rio Marina, Elba, Italy. Very fine
tabular crystals reached up to 70 mm (2% in) in
Nadot. Morocco. New finds of fine crystals up to 40
mm (17K. in) in size were made in the Korshunovs-
koye deposit, Russia. Fine botryoidal sggregates
come from Hradiste and Horni Blatna, Czech
Republie and from Botallack, Cornwall, UK. Sedi-
fentary banded iren ores form huge depesits near
Krivey ;R;% Ukraine oF in the vieinity of Lake Supe-

fier (Mesabi Range., Minneseta: Marguette. Miehi-
gan. USA):

Appiicatropn: important Fc ore.

Yimeniite

FeTiO}

TRIGOMNMAL o000

Propentiess: C — black; S — black; L — metallic to dull;
D - opaque; DE - 4.5-5; H — 5-6; CL — none; F —
conchoidall to uneven; M - thick tabular crystals,
granular, massive.

Origiin and occunmensse: Magmatic, metamorphic
and in placers, associated with pyrrhotite, rutile,
magnetite and other minetals, Crystals weighing up



Nmemiee, 1V mm x, Biamute, SvAisgtadetand

to 30 kg (66 1b) were dcscribed from the Faraday
mine near Bancroft, Ontario, Canada. Crystals up to
I50 mm (6 in) in size occurred near Girardville,
Quebec, Canada. Crystals also reached up to 100
mm (4 in) near Miass, Ural mountains, Russia. Crys-
tals up to 1120 mm 120 mm (47x in), were found in
Arendal and Kragero, Norway, Crystal roscttes up to
0 mm (7 in) in size come from Madcranertal,
Switzerland. It is also common in placers (Kamituga.
Kivu, Zaire: Sti Lanka; Travancore. [ndia; Madagas-
car etc.).

Perovsikite

CaTiO;}

ORTHORHOWMBIIC LN ]

Praperties: C - dark brown to black; S - colorless to
gray; L - metallic to adamantine; D -~ opaque; DE -
4.0-4.3; H - 5.5-6. CL - imperfect; F — conchoidal to
uneven; M -~ pseudo-cubic crystals, granular.

Origin and occurvence: Magmatic in basic and ultra-
basic rocks, metamorphic, together with magnetite, zir-
con and other minerals, Fine pseude-cubic crystals up
to 40 mm (174 in) in size come from Zlatoust and Ak-
hmatevsk, Ural mountains, Russia. It 6ccurs as erysials
up to 80 mm (374 In), associated with magnetite erys-
tals in the Gardiner complex, Greenland. Crystals up to
40 mm (7. in) were found In Jacupiranga, Sao Peule.
Brazil. Crystals from Vel Maleneo, ltaly, resched up to
20 mm (## in). Crystals up te 20 MM (1 in) were
lately found in Afrikanda, Kela Pepinsula, Russia.

Lopantite((Ey)

(Ce,Na,Ca)TiOj}

ORT HOMR HONMEBI ICC [

Propevtiies: C - black, S — dark red-brown, L -
metallic; D - opaque: DE - 46-49; H - 55-6; M -
pseudo-cubic crystals, granular; R ~ metamict.

Origin and occuwvemee: Magmatic in alkaline rocks,
with lorenzenitc, eudialyte and aegirine. Fine inter-
penetration twins up to 20 mm (*4: in) in size come
from Mount Nyorkpakhk, Kola Peninsula, Russia.

Perovsliite, 60 mm, Zatmss!, Ressia
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Stibiizarnige, 230 mm, Catoreze. Missico

Stilbiizaniee
S SHP*,0 o (OH)

CUBIT

Propentiass: C — white, creamy, light yellow, brown;
S - white; L - vitreous, greasy to dull; D - opaque;
DE - 4.1-5.8; H — 3-6; M — pseudo-morphs after
stibnite crystals, earthy, massive.

Origiin and oecumenase: Secondary, as a result of the
stibnite oxidation, associated with valentinite and
other minerals. Fine pseudo-morphs after stibnite
crystals up to 30 ¢m (12 in) long come from Catorce,

Bindifeiinitize, 4 mm. Rudalidineq, Hiungary

San Luis Potosi, Mexico. Similar psswdo-morphs
were also found in Kostainik, Serbia; in the Ichino-
kawa mine, Japan and in Pereta, Italy. Pseudo-
motphs after stibnite up to 20 cm (774 in) long occur
also in Cukuroren, Turkey.

P
Pb, Sty 04 (0.0H)

cCuBIC [

Propentiéss: C — yellow, brown, gray; S - yelllons L -
resinous, dull to earthy; D - translucent to opaque;
DE - 4.6-5.6; H — 4-4.5; F — conchoidall to earthy;
M - botryoidal, nodular and earthy crusts.

Origiin and occumenpee: Secondary in the oxidation
zone of Pb-Sb deposits. Needles up to 10 mm (*/»in)
long come from Rudnik, Czech Republic. It is com-
mon in Broken Hill, New South Wales, Australia; in
Bisbee, Arizona, USA and in Sidi-Amor-ben-Salem,
Tunisia. Lamellar pseudo-morphs up to several cm in
size are known from Tsumeb, Namibia.

Pyvocthilyee
(Na,Ca)yNin;0 ¢ (OHF)

CUBIC e 00

Propentices: C — vellow-brown, brown, black; S ~
brown; L ~ vitreous to greasy; D - translucent to
opaque. DE — 4.5; H — 5-5.5; CL - locally good; F —
conchoidall to uneven; M — octahedral crystals, gra-
nular; R - radioactive (admixtures of U, Th).

Origiin andl occutrennse: Magmatic in alkaline rocks,
together with zircon, astrophyllite and other minerals.
Fine brown shiny crystals up to 20 mm (*/n in) in size
come from the vicinity of Vishnevogorsk, Ural moun-
tains, Russia. Crystals reaching [0 mm (W in) occur
in the Panda Hill deposit, Tanzania. Crystals are also
knewn from Oka, Quebec, Canada. Single octahedra
measuring S mm (¥x in) were found In Luesha, Kivy,
Zaire. Appirairivn: NbU and Th ore.

Micnaifiee, 7 mm x, Gileitte Quanmy, USA.



Pyvocifitoee, 58 mm. Kishnevogmrskk, Ural Mis., Russia

Betaffite
(GaNa Wi (FiNb. Tl QuOH)

cuBIC o0

Propevtiass: C — black, brown, yellow-brown; SB red-
brown; L -~ resinous to greasy; D - translucent to
opaque; DE - 4.2; H - 3-5.5; CL - none; F —
conchoidal to uneven; M - octahedral crystals, R
radioactive, metamict.

Origiin am! ocownancez: Magmatic in granitic peg-
matites, rich in U, Th and rare earth elements, asso-
ciated with beryl, euxenite-(Y) and other minerals.

Betejitz. 20 mm. Sther Craver. (Ransda

The world"s best specimens come from many locali-
ties in Madagascar (Betafo, Ambatofotsikely etc.),
where crystals up to 6 kg (13 Ib 3 0z) were found.
Beautiful specimens with crystals up to 130 mm (4
in) in size occur in the Silver Crater mine near Ban-
croft, Ontario, Canada. It is also known from Evje,

Norway.

Milnailiee
(Na,Ca)p T ¢ (O,0HF)

CuBIC

Propentiass: C — brown, yellow, green, reddish; S -
white; L - vitreous to greasy, locally adamantine;
D - translucent to opaque; DE — 5-6.4; H— 6-6.5; CL
~ locally good: F ~ conchoidal to uneven; M ~
octahedral crystals, granular, massive.

Origin and occurrene: Magmatic. typical for granitic
pegmatites, together with manganocolurabite, manga-
fiotantalite and other minerals. Octahedra up to 65 mm
(27i@ in) in size oceur in Ankola, Uganda. Crystals up
to 30 mm (17 in) in size come from Virgem da Lapa,
Minas Gerais, Brazil. Crystals up to 75 mm (3 in) are
reported from the Harding pegmatite, New Mexico,
USA. It eceurs in important accumulations nesr
Waedgina. Western Australia
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Quantzz, 60 mm, Hevikimery, USA

Quaviz
SiD,

TRIGONAIL o0 000

Marieties: rock crystal, citrine, smoky citrine,
morion, amethyst, rose quartz, chrysoprase, jasper,
chalcedony, agate, onyx, sardonyx, aventurine, helio-
trope, tiger's eye, falcon s eye.

se

Propevtiies: C — colorless (rock crystal), white, yellow
(citrine), brown (smoky citrine), black (morion),
purple (amethyst), pink (rose quartz), green (chryso-
prase), D - these varieties are mostly transparent,
often translucent; C ~ other varieties are mainly multi-
colored separate colors have different hues and the
color is commonlly caused by microscopic admixtures
of other minerals; varieties: red, green, brown, yellow
(jasper), banded with different colors (agate); white



Rock crysabl, 95 mm, La Gardetter, Fvance

and black bands (onyx), white and red-brown bands
(sardonyx), green to red-brown with mica or hematite
inclusions (aventurine), dark green with red spots
(heliotrope), yellow-brown to black-brown, fibrous

Sraky quaites, 70 mm, Midile Modis My, USA.

Ciiwiiaee, 32 mm, Chevcars, Mexico

with silky luster (tiger’s eye), blue-gray to yellow-
brown, fibrous with silky luster (falcon’s eye);, S

white; L ~ vitreous, silky, dull; D — transparent to
translucent, opaque; DE - 2.6; H ~ 7; CL - none; F -

Smaidy quartz. 8! mm, SSittzrland

89



Moviiam, 100 mm, Agediiy, KGaadinsan

Rose quantez, 145 mm, Minas Geraiis, Brazil

Horetliysss, 100 mn, Boctkowiee, Czecth Regpeblic

conchoidal; M - long to short prismatic, acicular,
dipyramidal to tabular crystals, fibrous, botryoidal
and stalactitic aggregates and coatings, concretions,
geodes, granular, massive.

Origim and occumreoee: Magmatic in different types
of rocks, mainly in granites, granitic pegmatites and
volcanic rocks: metamorphic in different types of
rocks, mainly in quartzites and mica schists;
hydrothermall in different types of ore and Alpine-



Armettiyess, 200 mm, Guernen, Wierico

type veins; secondary in the oxidation zone of ore
deposits; also in different types of sedimemtany
rocks and in organic remains, also in placers.
Probably the most common mineral in the Earth’s
crust and the most important rock-forming mineral,
as well.

Large crystals of rock quartz up to 7 m (23 ft) long
come from pegmatites in the Bctafo region in
Madagascar and from the Alpine-type veins, like

Uri. Grimsell and Furka, Switzerland: perfect
crystals are known from the cracks in marbles near
Carrara, Italy; it also occurs in the quartz veins in
Herkimer, New York and Hot Springs. Arkansas,
USA. Citrine occurs mainly in granitic pegmatites
and large crystals come from Goias, Brazil, from
Suky and Netin, Czech Republic; from Murzinka,
Ural mountains, Russia. Smoky quartz originates
mostly in granitic pegmatites. it also occuts in the

9



Chalkzeitogy, 68 mm, High Adis. Meoveram

Carnetlam, 40 mm, Nova Paka, Czecth Regpubic

Chvyaappease. 60 mm, Szklayy. Pedand

Alpine-type quartz veins and in cavities of volcanic
rocks. Perfect crystals up to several meters long,
come from many places, the largest crystal,
weighing 77 tons, was found in Kazakhstan: perfect
crystals occur in pegmatites in many places in
Brazil; also in Korostenskiy massif, Ukraine; in the
Pikes Peak batholith, Colorado, USA; in the Alpine-
type veins in Maderanertal and in Grimsel,
Switzerland. Morion crystals, commonlly associated
with smoky citrine, were found in quartz veins and
in pegmatites.

Its crystals are known from St. Gotthard, Switzer-
land. Amethyst comes from quartz and ore veins,
cavities in volcanic rocks, rare in the Alpine-type
veins. Famous localities in volcanic rocks are in the
states of Rio Grande do Sul and Minas Gerais,
Brazil, doubly terminated crystal, weighing 5.5
tons, come from Diamantina. In Serra do Mar, Rio
Grande do Sul, a cavity covered with amethyst

Jeeprry, 50 mm, Ural Mis., Russia



Jecpeer, 60 mm, Oregom, USA.

crystals measuring 10 x 2 x L m (33 x 6 x 3 ft 3in)
was found; rich druses occur also in the ore veins in
Porcura, Romania and Julimes, Mexico. Rose
quartz, forming masses up to several meters in
granitic pegmatites in the Rose Quartz pit. Quade-

Iron staineetd quantz, 95 mm, Horovicse, Czecth Regneblic

Petrifiret! wood, 70 mm, Podinikenasii, Czecth Rgpublic

ville, Ontario, Canada; in Ambeositra, Madagascar;
crystals up to 10 mm (% in) long growing on quartz
crystals, come from Sapucaia. Minas Gerais, Brazil.
Dark green chrysoprase veins up to 50 mm (2 in)
thick are known from serpentinites in Szklary,
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Ageire, 50 mm. Zelemioee, Czedh Regpublic

Poland. Jasper is known from volcanic rocks and
their contacts with sediments, locally as a result of
petrification of organic matter, mainly plants, it is
also known from quartz veins. Rich azggregates
occur in ldar-Oberstein, Germany; in Padkrkonosi
region and in Krusne hory mountains, Czech
Republic; in the Petrified Forest National Park,
Holbrook, Arizona, USA; in Ural mountains,
Russia; in Kabamby, Madagascar. Chalcedony is
mostly found in quartz veins and geodes in volcanic
rocks, also in sediments.

Rich aggregates come from ldar-Oberstein,
Germany; Julimes, Mexico: many localities in
Uruguay and Brazil; in Huttenberg, Austria. Agates
are known from cavities in volcanic rocks, rare in
hydrothermall veins and in sediments. The most
important localities are located in the southern part
of Brazil in the state of Rio Grande do Sul; in
Uruguay; also in Yemen; India; Mongolia; in several

Ageire, 140 mm, Homii Hallze, Czecth Regneblic

ma

Onyx. 65 mm. Brazi!

Moss agate. 40 mm. Krdjalli, Bdgeria



60 mm. Braail

localities in the USA; in Idar-Oberstein, Germany;
in Podkrkonosi, Czech Republic. The most famous
localities of onyx and sardonyx are in Brazil and
Uruguay.

Rich aggregates of aventurine come from Miass,
Ural mountains, Russia; Mariazell, Austria; Belany,
India. Heliotrope occurs in ldar-Oberstein, Germa-
ny; Kozakov, Czech Republic and in Brazil.

Aventtiriine, SO mm, lmtia

Applicatréon: important raw materiial in glass indus-
try, many colored varieties, like amethyst, smoky
citrine, citrine, onyx, sardonyx, and heliotrope are
cut as gemstones.

Tiger s eye, 50 mm, Griquaréadd, South Africa
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Tridymite, 9 mm. Big Lue Mr.. USA.

Tridywmiie
sioy’

ORTHORIHQNMBIC o0

Propentiess: C - colorless to white; S -- white; L —
vitreous; D - transpareat; DE ~ 2.3; H - 6.5-7, CL
none: F - conchoidal: M - pseudo-hexagomnall tabular
crystals.

Crisvaldatiiee, 110 mm, Machec, Shovakia

Origin and occurvence: Magmatic in cavities of young
felsic volcanic rocks in association with cristobalite,
chalcedony and other minerals. Pssudo-hexagonal
tabular crystals up to 10 mm (¥ in) in size, come from
Vechec, Slovakia. Similar crystals found in Ichigayama,
Japan. Crystals up to 0 mm (% in) occur with topaz
and other minerals in the Thomas Range, Utah, USA.

Cristolialfiee
sio,

TETRAGOMNAL o0
Karieties: lussatitc (fibrous)

Propevtiess: C — colorless to white; S - white; L —
vitreous; D - translucent: DE — 2.3; H - 6.5; CL —
none; M - pseudo-octahediral crystals, spherical and
botryoidal aggregates.

Origiin and occumennse: Magmatic in cavities of
young felsic volcanic rocks, associated with tridy-
mite. Crystals up to 4 mm (‘Y& in) are known from
Cerro San Cristobal, Hidalgo, Mexico. Crystals up
to 2 mm (it in) long oceur in Vechce, Slovakia. Gray
spherical aggregates come from Coso Hot Springs,
California. USA.



Opall
Si0; - n 0

AMORPHOWUS

Karieties: hyalite, milky opal, fire opal, precious
opal, wooden opal, geysirite.

Propevtiass: C — colorless (hyalite), white (milky
opal), red (fire opal), iridescence (precious opal),

Hyallie;, 45 mm. Mdec, Czecth Regpublic

brown, red-brown, yellow, green, gray, blue; S -
white; L - vitreous, dull, earthy, waxy, D -
transparenit to translucent, opaque; DE - 2.1, H -
5.5-6.5; CL - none; F - conchoidall; M - botryoidal
and stalactitic aggregates. coatings, concretions,
geades, massive; LU - white, yellow-green, green.

Oriigiin and occumengez: Hydrothermall in volcanic
rocks and tuffs, also in various types of volcanic
rocks and tuffites, in different types of sedimentary
rocks, in organic remnants and hot springs, rare in
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Opail, 47 mm. Opail Butse, USA.

Wooden opal. 40 mm. Lubiizoye;, Stovekia

hydrothermall veins; secondary in the weathering
zone of different types of rocks. It is often associated
with chalcedomy. Coatings and stalactitic aggregates
of hyalite up to 50 mm (2 in) thick known from
Cerritos, Mexico; Valec, Czech Republic; Klamath
Falls, Oregon, USA. Milky opal occurs in Dubnik,
Slovakia; Smreek, Czech Republic and many other
localities. The most famous locality of fire opal is
Zimapan, Hidalgo, Mexico. Precious opal comes
from many localities In Australia, e.g. Baracoo
River. Queensland; Coober Pedy, Seuthem Australia
and White Cliffs, New Seuth Wales, where it forms
rieh apgregates and veinleis in sandstones; classic
leeality is Dubnik, Slevakia. where it eeeuts in



andesites and was probably mined already by ancient
Romans. Beautiful precious opals come also from
the Virgin Valley, Nevada. USA. Petrified trees,
known as wooden opal, reach lengths of several
meters in the Petrified Forest National Park, Hol-
brook. Arizona. USA; in L'ubietova and Povraznlk,

Precious: opail, 55 mm. Opall Butse, US.A

Slovakia. White geysirite is known mainly from the
hot springs in Iceland; Yellowstone National Park.
Wyoming, USA; New Zealand.
Applicatigon: colored opal varieties, primarily
precious opal and fire opal are cut as gemstones,
diatomite in chemical industry.
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Melampridaiite, 80 mon, Fantallino. [ty

Melmaphdggire

Si0,

cusic ®

Propertrées: C ~ colorless, white: S — colorless; L ~ vi-
treous; D - transparent: DE - 2; H - 6.5; CL - none;
M - pseudo-cubic crystals, spherical aggregates.

Origim and ocewreenee: Hydrothermal, associated
with sulfur and other minerals. It was originally
described from the sulfur deposit in Racalmuto,
Sicilly, Italy as crystals up to 4 mm (*/» in) in size. It

Rutife, 21 mm, fbiviara, Brazil

is also known from Chvaletice, Czech Republic,
where it forms crystals up to 2 mm (% in) in size, in
Alpine-type veins.

Rutiik

TiOy

TETRAGOMNALL oo 00

Propartiées: C — red-brown, red, brown, yellowish,
black; S - light brown; L — metallic to adamantine;
D - transparent to transtucent: DE — 4.2; H - 6-6.5;
CL - good; F - conchoiidall to uneven; M - short pris-
matic, striated crystals, common twins, acicular
crystals, granullar, massive.

Oriigiin and/ ocewreeree: Magmatic and metamorphic,
also in placers, together with monazite-(Ce)), topaz,
beryl, quartz and other minerals. The largest crystals
up to IS0 mm (6 in) in size come from the Mount
Graves, Geotgia, USA. Beautiful epitaxial inter-
growths with hematite occur in Cavradischlucht. St.
Gotthard, Switzerland and in Ibitiara, Bahia, Brazil. It
is common as inclusions in smoky citrine (quartz)
crystals from Ibitiara, Bahia and Itabira, Minas
Gerais, Brazil. Knee-like crystal twins up to 70 (2%
in) cm in size were found in the vicinity of Golcuv
Jenikov and Sobeslav, Czech Republic.

Appplicéavon: Ti ore.
Rutiile, 48 mm, Betfiiai, Brazil



Cassierite Platthariiee
SmQy PbO,
TETRAGONAL o o0 0 @ TETRAGONAL o @

Propevtiass: C — colorfess, brown, black; S — white,
grayish, brown; L — metallic to adamantine, dull;
D - transparent to opaque; DE - 6.3-7.2; Ht—&-7; CL
- imperfect; F - conchoidal to uneven; M —
dipyramidal and short prismatic crystals, multiple
twins, granular, massive.

Origiin and occurencee: Magmatic in pegmatites,
hydrothermal in high-temperature deposits, meta-
morphic and in placers, together with wolframite,
topaz and other minerals. Crystal twins up to 150
mm (6 in) in size come from Hornii Slavkow, Czech
Republic. Crystals of similar size were also found in
Panasqueira, Portugal. Fine twins up to 80 mm (34
in) were found in Rossarden. Tasmania, Australia.
Crystals up te 70 mm (2% in) in size were found in
Llallagua, colorless and transparent crystals up te 50
M (2 in) in size in Viloeo, Bolivia. Crystals up to
110 mm (4Yii in) oeecurred lately in Tenkergln,
Chuketka, Russia. Crystals up te 130 mm (3% in) In
size are knewn frem pegrmatites in Minas Gerais,
Brazit (Fazenda do Funil). New finds ef shiny
erysials up ie 100 mm (4 in) long were made in
Hunan and Yunnan previnees, China.

fpnitrsiation: Sh ere:

Propertiess: C - black; S — brown; L — metallic to ada-
mantine; D - opaque; DE - 9.6; H — 5.5; CL - none;
M - acicular crystals, botryoidal aggregates, massive.
Origin and occurenese: Secondary, as a result of the
oxidation of other Pb minerals, together with pyro-
morphite, hemimorphite and other minerals. Fine
crystals come from Mina Ojuela, Mapimi, Durango.
Mexico and from the Blanchard mine, New Mexico,
USA. Botryoidal aggeegates, weighing up to 100 kg
(220 1b), were found in the Morning mine, Mullan,
Idsho, USA.

Platneerize, 150 mm, Magiinij, Mexico

101



Pyrollisitee, 88 mm. Baraga, USA

Pyvollusiiee

MnQj)

TETRAGOMNAL eeo oo
Propentitss: C - black, steel-gray; S - black; L ~
metallic to dull; D - opaque; DE - 5.1; H - 6-6.5;
CL - perfect; F — uneven; M — prismatic to acicular
striated crystals, stalactitic and botryoidal aggre-
gates, granular, massive.

Origin and occurrene: Secondary, as a result of alte-
ration of manganite and other primary Mn minerals,
also hydrothermal. Crystals up to 20 mm (*A: in) long
come from Horni Blatna, Czech Republic. Radial
shiny aggregates were found in Ohrenstock, Germany.
It occurred in Iifeld, Germany, too. L.arge sedimentary
Mn deposits, where pyrolusite is the main constituent,
are known near Chiaturi, Georgia of near Nikopol,
Ukraine, Crystals are reported also from Tsumeb,
Namibia and Hotazel, South Africa.

Appirairapi: impertant MA ere.

Holllandifiee
Ba(r ™, Mn?*)p0 | ¢

MO NOCILIMNIC o o0

Propertiies: C — gray-black; S - black; L -~ submetallic;
D - opaque; DE - 5; H - 6; CL - good; M - short pris-
matic crystals, racemous and columnar aggregates.

RANE. 4% /4

Origin and occunrencez: Metamorphic in Mn depo-
sits with braunite, scheelite and other minerals, also
secondany. Crystals up to 5 mm (Ve in) long come
from the Bradshaw mountains, Arizona, USA. It is
common in the metamorphosed Mn deposits in
Ultevis, Sweden; in Nagpur and Balaghat, India.

Covomadiiee
Ph(Mnf* Mi?™)p0 ¢

TETRAGOMNMAL [ 3 N ]

Propentiass: C — black, black-gray; S - brown-black;
L - submetallic to dull; D — opaque; DE — 5.4; 1l
4.5-5.5; M - botryoidall crusts with fibrous structure,
massive.

Oriigiin andl occunmencez: Secondary in the oxidation
zone of Mn deposits. Spherical aggregates up to 100
mm (4 in) in diameter come from the Bou Tazoult
mine, Imini. Morocco. Smalll crystals were found in
the Beltana mine, Southern Australia, Australia and
in the Silver Bill mine, Arizona, USA.

Tadorolkiiz
(Mn2*,camgMnt*;0; . H,0

MO NOCILIMNIC [ N

Propentiées: C - gray, brown-black, black; S — brown;



L - metallic to dull; D - opaque; DE - 3.5-3.8; H - 1;
CL - perfect; M - platy crystals, stalactitic and
nodular aggregates.

Origin and occurvene®: Secondary mineral, as a result
of the oxidation of Mn minerals. Crystals are reported
from several mines in the Kalahari region, South
Africa (Hotazel, Smart). It was originaily described
from the Todoroki mine, Hokkaido, Japan. 1t is an
important constituent of occanic Mn concretions.

Ferrorapialiec
FeTa0q

TETRAGOMNMAL o0 0

Properties: C - black, brown; V - red-brown; L - sub-
metallic, adamantine, resinous; D — opaque; DE - 7-
7.8. H - 6-6.5; CL - none; F - uneven to conchoidal;
M - dipvramidal and short prismatic crystals, massive.
Origin and occwrencer: Magmatic in pegmatites,
together with manganotantalite, microlitc, cassiterite
and other minerals. Crystals up to 40 mm (P2 in) in
size are known from the vicinity of Governador
Vsladares, Minas Gerais, Brazil. A crystal 120 mm
(47 in) long has been described from Angarf,
Moroeco. Short prismatic crystals come from
pegmatites near Topsham and Paris, Maine, USA.

Nimen@rcridde
(Ti,Nb,Fe)D,

TETRAGOMNALL o0 0

Propertiéss: C — black; S - brown; L - submetallic; D
- opaque; DE - 4.2; H - 6-6.5; CL - good; F - con-
choidal to uneven; M - prismatic crystals, granular.
Origin and occowneneee: Magmatic in pegmatites,
together with schorl, zircon, fluorapatite and other
minerals. Prisms several cm long come from Udraz
near Pisek, Czeeh Republic. It is also known from the
vicinity of Miass, Ural mountains, Russia and Evje,
Norway.

Todorolitte, 60 mm. Kawoggun, Jgpan

Fervouapobitize, ov mm, MavSilkow; Czecth Regpeblic

Nimenarctibile, 10mm x, Pisek, Czedh Regpublic
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Awattiese
Tio,

TETRAGOMNMAIL L N

Propantiss: C — black-gray, brown, red-brown, blue,
rare colorless; S — white; L — submetallic to adaman-
tine; D — transparent to opaque; DE — 3.8-4; H - 5.5-
6; CL - perfect; F — conchoidal; M — dipyramidal
and tabular crystals.

Origin and occuvrene: Hydrothermall in the Alpine-
type veins, associated with brookite and quartz, also
sedimentary and metamorphic. Beautiful crystals up
to 50 mm (2 in) long were found in Alpa Lercheltini,
Binntal, Switzerland. Famous black-blue crystals
reaching up to 30 mm (1°Ad im) come fram Mats-
korhae, Hardangervidda, Norway. Crystals up to 1S
mm (It%/j{ in) were recently found in Dodo, Polar Ural,
Russia. Crystals up to 30 mm (1 Visiin) i size ceaurred
in the Old Lot and Vulcan mines, Colorado, USA.

Tdlurire
TCOZ

ORT HORKHONEB KC o e

Propartréss: C - yellow, yellow-orange; S —
yellowish; L — adamantine: D - transparent; DE —

Avatarse, 16 mm, Havdhingeeviddela. Niorway

1MmA

5.8; H — 2; CL — perfect: M — acicular and thin
tabular crystals, radial aggregates, pulverulent.
Origiin and occunmencez: Secondary, resulting from
the oxidation of AuBTe ores. Crystals up to 10 mm
(#s in) long occurred in the Kawazu and Susaki
mines, Japan. Beautiful specimens were found in
Moctezuma, Sonora. Mexico: it also comes from
Cripple Creek. Colorado, USA.

Broofiite
TiOp

ORT HOR HONVEBI KKC L N ]

Propentiass: C — light to dark brown, yellow-brown,
black; S - white to gray: L — submetallic to adaman-
tine; D ~ transparent to translucent, opaque: DE
4,1; H - 5.5-6: CL - imperfect; F — conchoidal to
uneven; M - tabular, dipyramidal, long and short
prismatic crystals.

Origiin and occumenesz: Hydrothermall along the
fissures of the Alpine-type veins and in granitic and
alkaline pegmatites; it occurs as pseudo-morphs after
titanite and ilmenite; also in sedimentary rocks. Perfect
tabular crystals up to 50 mm (2 in) in size found in
Rieder Tobel, Switzerland: Magnet Cove, Arkansas.
USA; Passo di Viza, Italy. New finds of crystals up to
50 mm in size made in Dodo, Polar Ural, Russia.

Brodiitee, SO mm. Puiss, Polew Urals. Russia



Telurite, | mm x, Fata Baii, RRomania

Ferbevitte
FeWO

MO NOCLINIC [ I ]

Propevtiass: C ~ black: S - brown-black to black; L -
submetallic; D - opaque: DE ~ 7.5; H ~ 4-4.5; CL -
perfect; F - uneven: M ~ short prismatic to tabular
crystals, granular, massive,

Origiin and ocewrescee: Hydrothermall in high- to
medium-temperature ore veins, in greisens and
skarns; rare magmatic in granitic pegmatites and
granites; it also occurs in placers. It is usually
associated with cassiterite. scheelitc. sulfides and

Ferbevitte, 68 mm, Mundio Nuosw, Peru

quartz. Perfect tabular crystals up to 120 mm (4¥%i¢
in) in size found in the Quartz Creek mine, Colora-
do, USA; also in Cimovec, Czech Republic;
Panasqueira. Portugal; Ehrenfriedersdorf. Ger-
many and Potosi. Bolivia.

Applitaivon: W ore,

Hintineritze
MnWO,

M O NOCILINNIC [N X |

Propertiéss: C — yellow-brown, red-brown, black: S -
yellow-brown to black-gray; L — submetallic; D -
translucent to opaque; DE ~ 7.2, H - 4-4.5; CL -
perfect; F — uneven; M - short prismatic to tabular
crystals, granular, massive.

Origiiv and ocewreseee: Hydrothermal in high- to
medium-temperatture ore veins, in greisens; rarely
magmatiic in granitic pegmatites; also in placers.
Perfect tabular to short prismatic crystals up to 25
cm (9% in) in size, come from the Huayllapon
mine, Pasto Bueno. Peru; also from Baia Sprie,
Romania; Kara-Oba, Kazakhstan; the Sweet Home
mine, Alma and Silverton, Colorado, USA.
Applitairepn: W ore.

Hulbnaritee, 39 nun, Silvertoon, U.SA.

TR
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Tiranowveddimitéte. 20 mm, Tanco, Qavada

Titanowodlyimtce
MnTiTajOg

ORT HORHONVEBIIC ®

Propaentiéss: C — dark brown, black; S — dark brown;
L - submetallic; D - translucent to opaque; DE - 6.9;
H - 55; CL - imperfect; F - uneven; M -
dipyramidal crystals, granular.

Origiin and/ ocowrereee: Magmatic in granitic
pegmatites. Dipyramidall crystals up to 10 mm (Y«in)
long occur in the Tanco mine, Bernic Lake,
Manitoba, Canada.

Applliatréon: Ta ore.

Fervazanlwmbiite, 90 mm, Midklteown, USA

Ferrocolunibiee
FeNls;Og

ORT HORHONBIIKC LN ]

Propentiiss: C — black, red-brown; S - red-brown to
black: L — submetallic; D — translucent to opague;
DE - 52; H — 6; CL - good; F — uneven to
conchoidal: M - long to short prismatic and tabular
crystals, granullar, massive.

Origiin and occurneneee: Magmatic in granitic peg-
matites and granites; rare hydrothcrmal in high-
temperature ore veins and in greisens; also in
placers. Tabular crystals up to L m (34 in) in size
occur in granitic pegmatites near Custer and Key-
stone, South Dakota, USA; in Malakialina, Mada-
gascar; Ichikawa, Japan; masses, weighing up to 270
kg (594 1b) come from the Meyers quarty, Colorado.
USA

Apyllx:zm'rm:: Nb ore.
Manganotaniaiiiéte
M 04

ORT HOMRHONVEBIIEC [ BN

Properties: C — red, red-brown, black-brown, black; S
dark red to black; L. — submetallic; D - translucenit to
opaque; DE - 8.0; H - 6-6.5; CL — good; F  uneven

Manganobaarditiite, 1Y mm, Nurisemn, Afgdoaristan



Ewvenitez(Y)), 40 mm. Anibaiotfingy. Maddegesoar

to conchoidal; M - prismatic to tabular crystals,
granuiar, massive.

Origiin and occuneneee: Magmatic in granitic peg-
matites and granites; also in placers. Crystals up to
B0 mm (4 in) in size come from Li-bearing peg-
matites in the Tanco Mine, Bernic Lake, Manitoba,
Canada; also from Sao Jose da Safira, Minas Gerais,
Brazil.

Applliattéon: Ta ore.

Euxeniite((y)
(Y.Ce,U,Th) (Nb,TecTi)y

ORT HORKHOMBI IC [ N ]

Propevtiass: C - black with brownish and green hues;
S - gray, yellowish, brownish; L — submetallic,
resinous: D - translucent to opaque: DE ~4.6; H - 6;
CL -~ none; F ~ conchoidal: M ~ tabular crystals,
granular, massive: R ~ locally weakly radioactive,
commonly metamict.

Origiin and occuwmeneez: Magmatic in granitic and
alkaline pegmatites; also in placers. Typically
associated with monazite-(Ce), zircon, ilmenitc and
other oxides of rare earth elements. Crystals up to
150 mm (6 in) in size are known from Krageto and
Hitterd, Norway: from Ankazobe, Madagascar,

Aescihymite-(Ce)
(Ce.Ca) (TiiNU)) D¢

ORT HORHONMBIIC o0

Propentifss: C ~ black, red-brown, yellow; S — red-
yellow: L ~ vitreous, resinous, adamantine; D —
translucent to opaque; DE ~ 5.0; H - 5.5; CL - none;
F - conchoidal: M - prismatic and tabular crystals,
granular, massive: R - locally weakly radioactive,
commonly metamict.

Origiin and occunenase: Magmatic in alkaline and
granitic pegmatites and carbonatites. It is associated

Hesthyued@Ee). 45 mm, Hitreno, Neansay

with zircon and oxides of rare earth elements.
Crystals up to 190 mm (Tht& in) long occur in
Quadevillle. Ontario, Canada; other localities are
Kragero, Norway; Trout Creek Pass, Colorado, USA.

Stiibiiamalilie
SbTa0,

ORTHORHKHONMEBIIC o0

Propentiass: C - yellow, yellow-brown, red-brown,
yellow-green; S — yellow-brown; L — submetallic,
vitreous, resinous; D — transparent to translucent;
DE - 7.5; H — 5-5.5; CL - good; F — uneven to
conchoidall: M - prismatic, tabular and dipyramidal
crystals, granular, massive.

Oriigim and occwrepcee: Magmatic in granitic
pegmatites: also in placers. Crystals up to 120 mm
(47» in) in size occur in Muiane, Alto Ligonha,
Mozambique; also found in the Little Three mine,
Ramona, and the Himalaya mine, Mesa Grande,
California, USA. Also known from Greenbushes.
Western Australia, Australia.

Appliairivn: Ta ore.

Siibidamiatitite, 10 mm graiiy, Dot Keda, Czedh Regnublic
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Uraniiiite
uo,

CUBIC oo oo
Propentiéss: C — black, black-brown, black-gray; S ~
black, black-brown to greenish; L - submetallic,
greasy, earthy; D — opaque; DE — 7.5-10,6; H - 5-6.
earthy aggregates 3; CL - imperfect; F — uneven to
conchoidal; M - cubic crystals, botryoidal aggre-
gates, granular, massive; R - strong radioactive.
Origiin and ocouwrentez: Mainly hydrothermal in ore
veins, skarns, magmatic in granitic pegmatites; in
sedimentary rocks; also in placers.

Uranivitte, 8 mm x. Portland!, 11 S$A.

usually associated with other U minerals, e.g.
coffinite and secondary alteration products, mainly
U micas. Perfect crystals up to 100 mm (4 in) in size
and weighing up to 2.5 kg (5 1b 8 0z) come from the
Fissure mine, Wilberforce, Ontario, Canada, where
they occur in simple pegmatites, cross-cutting
marbles.

Crystals are also known from Dieresis, Spain and
Shinkolobwc, Zairr. Rich botryoidal aggregates were
found in Jachymow and Slavkovice, Czech Republic;
in Bois-Noirs and Margnac, France.

Appliiaiteon: U ore.



Gibibsitee, 80 nwn, Gawitsy, Brazill

Gibbsiisz
AI(OH)3

Bruciite. 30 nvn. Azbest!, Russia

Diasparre

AIO(OH)

M O NOCILIIMNIIC [ N

Propevtiiss: C — colorless, gray, white, greenish; S -
white; L — vitreous, pearly; D -~ transparent to
translucent; DE - 2.4; H - 2.5-3.5; CL - perfect; F -
uneven; M — tabular crystals, lamellar and earthy
aggregates, coatings and stalactitic films, granular,
massive.

Origin and occemencs: Hydrothcrmal as a product
of alteration Al-rich rocks; secondary in the
oxidation associated with goethite; metamorphic in
weakly metamorphosed Al-rich rocks, typically with
diaspore: a constituent of bauxites. Tabular crystals
up to 100 mm (4 in) in size were found in Zlatoust.
Ural mountains. Russia; also in Villa Rica, Minas
Gerais, Brazil.

Bruciirz
Mg(OH)z

TRIGOMNMAIL [ 2N ]

Propentiass: C - colorless, gray, white, bluish, blue,
yellow, brown; S — white; L - vitreous, pearly; D —
transparent to translucent; DE ~ 2.4; H - 2.5; CL -
perfect: F — uneven: M - tabular crystals, foliated.
acicular and earthy aggregates, granular, massive.
Origin and occurene: Hydrothermal in veins in
serpentinites or dolomitic marbles. a product of
periclase alteration: rare metamorphic in skarns and
marbles. Perfect crystals up to I8 cm in size, come
from the Lew’s mine, Pennsylvania and the Tilly Fester
mine. New Yerk, USA; also known from Asbestes.
Quebee, Canada: Predazzo. the Alps, ltaly; biue
crystals up to 50 mm (2 in) in size were found in the
Bazggenovsk@ye depesit. Azbest. Ural mountains.
Russia.

ORT HORMHOMBIIC o0 0

Propentiass: C - colorless, gray, white, greenish,
yellowish, pink, purplish; S — white; |. — vitreous,
pearly; D — transparent to translucent; DE — 3.4; H -
6.5-7; CL - pcrfect; F - conchoidal; M - tabular
crystals, foliated aggregates, stalactitic films,
granullar, massive.

Origiin and occamenpee. Hydrothermall as a product
of alteration Al-rich minerals, e.g. andalusite,
typically with pyrophyllite and corundum; meta-
morphic in Al-rich rocks: a constituent of bauxites.
Tabular crystals up to 120 mm (47» in) in size come
from Menderess, Turkey: also from Naxos, Greece;
Chester. Massachusetts, USA.

Diaspavee, 35 mm, Millas, Tiorkey
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Goetthitee, 77 mm. Savim Eulalliu, Miexico

Goethite, 60 mm, Pritirarm;, Czechk Regmebdic

Goeithiire
Fe>*o(OM)

ORT HORHOWEBIIC o0 000

Karieties. velvet ore

Propentiéss: C - black-brown, yellow-brown, brown;
S - yellow-brown; L — submetallic, metallic, silky,
earthy; D — translucent to opaque; DE ~ 4.3; H - 5-
5.5, CL - perfect; F ~ uneven to conchoidal; M

acicular to prismatic crystals, botryoidall aggregates,
commonly with radial structure, coatings and

Lepidlarooitite. 30 mm, Rudaiaryeg, Hiungary

stalactitic films, earthy, granullar, massive.

Oviigin anmt! ocawwererce: Secondary as one of the
most common minerals of the oxidation zone of ore
deposits, it forms a significant part of limonite;
hydrothermall in ore veins, in cavities in pegmatites
and volcanic rocks. It forms pseudo-morphs after
pyrite and other Fe sulfides. Rich botryoidal
aggregates of velvet ore with a velvety surface come
from Pribram, Czech Republic; acicular crystals up
to 50 mm (2 in) long are known from Bottalack and
Redruth. Corawall, UK: it also occuts in Siegen and
Herhausen, Germany; In Florissant, Colorade, USA.

Apppikiisrion: Fe ore.

Mangarmite
Mn3*O(OH)

MO NOCILINIC oo oo

Propentiéss: C - black to black-gray; S - red-brown to
black; L — submetallic to dull: D - opaque; DE — 4.3,
H - 4; CL - perfect; F — uneven to conchoidal; M -
long to short prismatic crystals, acicular and earthy
aggregates, concretions, granular, massive.

Origin amti ocowerence: Hydrothermal in low-
temperature ore veins, together with quartz; secon-
dary in the oxidation zone of ore deposits; sedi-
mentary and rare metamorphic in Mn-rich rocks.
Druses of black crystals up to 40 mm ([[74. in) long
come from the classic locality Iifeld, Germany; it
also occurs in Ohrenstock and [imenau, Germany; in
Nikopol, Ukraine; in Sterling Hill, New Jersey,
USA. in the N'Chwaning No. 2 mine, Kuruman,
South Africa.

Apptibitizion: Mn ore,

I epitiifany cmitize
FeHHO(OM)

ORTHORHONBIIC o0

Propentiéss: C — dark red to red-brown; S - orange to
brick-red; L - submetallic, adamantine to silky; D -
transparent to opaque: DE - 4.0; H - 5; CL ~ perfect;
F - uneven to conchoidal: M ~ tabular to short
prismatic crystals, acicullar, bladed and earthy
aggregates, concretions, granular, massive.

Origim and peewreniee: Secondary In the exidation
zone of ore deposits, overgiown on botryeidal
goethite. It occurs together with goethite as a
constituent of limonite, s tabular crystals and thelr
aggregates are known from Herderf, Germany and
Raneie, Franee.



Mangariice, 85 mm. Iifeld, Geernway

Litkiiagriooiize

(ALLiymaf* @, (0H),

Cuvilre

PbyUg0|7 .4 Hp0

MO NOCILIMNIC o0 0

Propetiéss: C - black, commonly with bluish tint;
S - black-gray to black; L — metallic to dull; D —
opaque; DE - 3.3; H — 3; CL - perfect; F = uneven;
M - scaly crystals, botryoidal and earthy aggregates,
coatings, granular, massive.

Origiin and occumenes:: Secondary in the oxidation
zone of ore deposits and along the cracks in
sedimentary rocks. Botryoidal aggregates occur in
Schnecberg, Germany; Jivina and Zajecov, Czech
Republic: Miyazaki, fapan.

Lidigiioorize, 60 mm. Ranggresidoiy, (evmany

ORTHORHONMBIC o0

Properties: C - dark orange to red-orange; S — light
orange; L ~ adamantine to earthy, D - transparent to
translucent; DE ~ 7.4; H ~ 4-5; CL ~ good; F - uneven;
M - acicular crystals, earthy aggregates, coatings,
massive; R - strong radioactive.

Origiin and occumenns:: Secondary in the oxidation
zone of U deposits, associated with other secondary U
minerals, e.g. torbernite, kasolite and uranophane.
Rich aggregates were found In Shinkolebwe, Zaire;
also known from La Crougzille. France; South
Alligator, Northern Territory, Australia,

Curiire, 30 mm, Shinkabddbbee, Zair
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5. Carbonates

Magnesiee

MgCO;

TRIGOMAL oo oo

Propasitées: C - colorless, white, yellowish,

brownish, black; S — white; L — vitreous to dull; D -
transparent; DE - 3.1; H - 4; CL - perfect; F - con-
choidal: M - rhombohedrall and prismatic crystals,
massive cleavable aggregates, earthy, LU — occasio-
nally blue or green.

Origiin and occunenae: Rarely magmatic, mainly
hydrothermal metasomatic and metamorphic. The
largest crystals are known from Brumado, Bahia,
Brazil, reaching up to ILrm(EW<iin)iinssize eenbloddtdel!
in metamorphosed dolomites. Crystals in cavities in
the same locality arc up to 50 mm (2 in) in size, Also
crystals up to 50 mm (2 in) found in the Eugui
quarries, Spain. Crystals up to [0 mm (*/vin) across
come also from Val Malenco. Italy. It prevails as
fmassive aggregates, forming huge deposits, like
Veitsch, Austria; Liao-Tung, China. Many deposits
are located in Slovakia (Jelsavska Dubrava, Hinusta).

Applinaivepin: heat-resistant material.

Calciiee, 40 mm, Hougthom Co.. USA.
Magpesiiee. 14X mm, Bruwaddy. Bracil

Swiitieonitize. 32 mm. Tsumeh. Ndamibia

Seiiiicmi
ZnCOj

TRIGOMNAL oo e

Propevtizss: C — white, gray, green, pink, blue; S -
white; L - vitreous to pearly; D — transparent to
translucent; DE - 4.4: H - 4-5; CL - perfect: F -
conchoidall to uneven; M - rhombohedrall crystals,
botryoidall and stalactitic aggregates, massive; LU -
sometimes green or blue.

Origiin and occuwwvenze: Supergene, as a result of oxi-
dation of the primary Zn ores, associated with other su-
pergene Pb minerals. The largest yellow scalenohedra
crystals up to 40 mm (I*/» in) in size come from Bro-
ken Hill, New South Wales, Australia. Pink crystals, up
to 30 mm (1%u in) long occurred in Tsumeb, Namibia.
World famous blue-green botryoidal crusts up to 100
mm (4 in) thick found in the Kelly Mine, Magdalcna,
New Mexico, USA. Nice aggregates and banded
stalactites described from Monte Poni. Sardinia, ltaly.

Swittisooitite, 40 mm, New Mexin, USA.
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Sidentec. 26 mm. Governauidor Ndlaedares, Brazil

Sideniee
FeCOj

TRIGOMNAIL o000

Properties: C - yellow, brown, black; S - yellowish-
white; L — vitreous; D - translucent; DE - 4; H-4; CL

Spimerauobéititéte, 16 mm, Bowizaer, Miowmnco

- perfect; F— uneven to conchoidal; M - rhombohedral
crystals, granular, massive.

Origiin and occumenesz: Hydrothermal in medium-
and low-temperature deposits, sedimentary. Crystals
up to 40 cm long found in Mont St.-Hilaire, Quebec,
Canada. Crystals up to )0 mm (4 in) in size come
from Panasqucira, Portugal. Crystals up to 30 mm
(1% in) in size occurred in Neudorf, Germany.
Rhombs up to 20 mm {*#a in) also found in Pribram,
Czech Republic. Pseudo-morphs of goethite after
siderite up to 70 mm (2% in) across described from
Pikes Pesk, Colorado, USA. Deposits of massive
siderite in Erzberg and Huttcnberg, Austria yielded
crystals up to 50 mm (2 in) long. Fine crystals
reported from Tavistock. Devon and Redruth,
Cerawall, UK.

Applicatréon.: important Fe ore.

Serenannibititite
CoCOh
TRIGOMNAMAL o0

Propentiéss: C — pink, gray, brown; S - red; L -
vitreous; D - transparent to translucent; DE - 4.1; H
- 4; CL - perfect; M - scalenohedral and
rhombohedtall crystals, radial aggregates, massive.
Origitn and oecunmenasz: Secondary, as a product of
the oxidation of primary Co minerals. The best
specimens, with crystals up to 30 mm (Il in) long,
come from Zaire (Musonoi; Kakanda). Crystals up
to 10 mm (4 in) long known from Bou Azzer,
Morocco.



Rhodismtkositie. 117 mm. Sweett Home Mine, US.A.

Rhodsatirossize
MnCOj

TRIGONALL o000

Propevtiss: C — white, pink, red brown. locally black
coatings on crystals; S — white; L ~ vitreous; D —
transparent to translucent: DE — 3.6; H - 3.5-4; CL -
perfect; F - conchoidal to uneven; M — rhombohe-
dral and scalenohedrall crystals, hemispherical and
botryoidall aggregates, granular, massive.

Origin and occumenns:: Only rare in pegmatites,
hydrothermall in medium- and low-temperature veins,
sedimentary and metamorphic. The most beautiful
crystals come from the Sweet Home mine. Alma,
Colorade, USA, where rhombs up to 150 mm (6 in)
in slze eceur, associated with purple fluorite, hubne-
rite. tefrahedrite and other minerals. Beautiful dark
red scalehohedra. up to 100 mm (4 in) found in the
N'Chwaning Neo.IL and 2 mines, Kuruman, Seuth
Afriea. Pirk rhombs up te 80 mm (3% in) come from
Sitverton, Ceolerade, USA. Nice pink hemispheres
and betryoidal aggregates are knewn frem Cavhie
and Bala Sprie. Remania. Sifilar speeifmens 666u-
fed in Huaren, Perd. Pink banded erusts and stalae-
tites were found in the Mina Capillitas, Calamarea.
Argentina. Pink rhembs. assoeiated with berirandite,
were Iately found in Keunrad: Kazakhstan.

Rhadhethesitéte, 70 mm, Mina Capiiliiess, Axggontina
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Calliiee. 150 mm, Elmmaacd Ming, USA.

Calcite

CaCoj

TRIGOMNAL oo o000
Propevtieess: C - colorless, white, gray, yellow, brown,
pink, red blue, green, black; S — white; L — vitreous
to pearly; D — transparent to opaque: DE — 2.7; H -
3. CL - perfect; F — conchoidal; M - crystals of
various habit, concretions, stalactites, oolitic
aggregates, granular, massive; LU ~ sometimes red
to orange.

Callciite, 30 mm, Tungudia. Rusia

Origiin and occumengez: One of the most common
minerals, resulting from a wide range of conditions,
it is magmatic, hydrothermal, sedimentary, meta-
morphic and secondany, it occurs in various para-
geneses. Large crystals found in many localities
throughout the world. Pinkish and yellow crystals
over 500 mm (20 in) long come from Joplin.
Missoutii and from the Elmwood mine, Tannessee,
USA. Beautiful calcite crystals, orysiallographically
of very complex habits, found in Dalnegorsk,
Russia. Nice caleite specimens occufred also In
Mexico (Naica, Chihuahua: Charcas, San Luls
Potost). European localities, like Pribram. Czeeh
Republie; St. Andreasberg. Germany: Keongsberg,
Norway are famous by their calcites, toa. Wine
yeliow, eomplicated erystals are knewn from the
Sarbayskeye depesit in Rudnyi. Kazakhstan. Clear
cleavable aggregaies of the birefringent ealeite (so
called fesiand egfaf) were feund in basalit eavities in
Helgustadir, tegland. The largest of ihem reachied up
18 6% 2 m (20 x 6t 81n) in size. Very niee
sealenohedra up te 80 mm (34 m)_len§ with eepper
inelusiens eeeur in Keweenaw Peninsula. Miehigan,
USA. Perfeet sealenshedra and their twins up te 160
MM (4 in) leng are knewn from Egrement and
Fﬁilﬁgeﬁu UK. Beautiful buttertly twins up te 80
TR (37% iR) recenty reperied from @,uﬂiaﬂg', HunaR,
€hina. Erystals sf ealeite with sand inelusiens up 18
66 mm (4 in) in size come from ihe vieinity of
Fortainebleat, France:

Appliizatréon: building industry, optical industry.



Dolizmitee. 33 mm x. Nevaroy, Sppain

Dolomiite
CaMg(@03),

TRIGOMNALL

Propevtiees: C — gray-white, pink, redi green, brown,
black; S — white; L - vitreous to pearly; D -
transparent to translucent, DE - 2.9: Il - 3.5; CL
perfect: F — conchoidal; M ~ rhombohedral crystals,
massive.

Origin and occurnencse: Magmatic in pegmatites,
hydrothermal, metasomatic, sedimentary and meta-
morphic, together with siderite, magnesite, calcite
and other minerals. Crystals up to 100 mm (4 in)

Ankeriie. ZDrvances. ARauiipy CERICRépallalic

long found in Brumado. Bahia, Brazil. Fine crystals
also occurred in Banska Stiavnica. Slovakia and in
Cavnic, Romania. Crystals up to 200 mm (77 in) in
size come from Eugui, Spain. Crystals up to 150 mm
(6 in) long found in cavities in dolomitic rocks in
Lengenbach. Binntal, Switzerland. Crystals several
cm long known from Jachymx, Czech Republic.
Large aceumulations of massive delomite are
€OiMon I magnesite deposits.

Applicaiai: metalluigy. heat-resistant material.

Awrikariiee
CaFe(Q03)y

TRIGOMNAL

Propetiiss: C — white, yellowish, brown-yellow; S -
white; L - vitreous to pearly: D — translucent; DE
3; H - 3.5-4; CL - perfect; F — conchoidal; M —
rhombohedrall crystals, granular.

Origiim and oceumenesy: Hydrothermall in medium-
and low-temperature veins, also sedimentary and
metamorphiic, together with siderite and other
minerals. Crystals up to 50 mm (2 in) oceurred in the
Tui mine, New Zealand. Brown rhombs up to 40 mm
(I7k. in) in size known from Gilman, Colorade,
USA. Yellowish crystals up to 10 mm (% in) come
from concretions near Kladno, Czech Republic,
Massive aggregates are common in metasomatic
deposits of siderite (e.g. Nizna Slana, Slovakia).

17



Kutnatimoitize. 60 mm, Kume: Hova, Czecth Repatdie:

Kutnotiaridee
CaMn(QQ3)2

TRIGOMNMAL o0

Propevties: C — white, gray, pink, yellowish; S —
white; L — vitreous; D — translucent; DE - 3.1; H —
3.5-4;, CL - perfect; F — conchoidal; M - poorly
developed crystals, granullar, massive.

Origiin and ocoumennze: Hydrothermall and metamor-
phic, associated with ankerite, quartz and other mine-
rals. Poorly developed crystals are known from Kut-
na Hora. Czech Republic. Smalil crystals several mm
in size are described from Mont St.-Hilaire, Quebec.
Canada. Large crystals occurted in Moncure, North

Aragoniitz, 49 mm, Tazoula, Mipracco

Huniitee, 110 mm, Koksix. Czecth Regnublic

Carolina. USA. Small gray-white crystals were found
in Broken Hill, New South Wales, Australia,

Humiiize
CaMg(T03),

TRIGOMNMAL e

Propentiass: C - white; S - white; L —~ earthy; D
opaque; DE - 2.7, H - LL5; CL - none; F —
conchoidal; M - fibrous aggregates, earthy.

Origin and occwvene: Secondary mineral resulting
from the oxidation of dolomite, associated with
magnesite and dolomite. Fine fibrous aggregates come



Flosferri, N1Dnwm fzeHoepo dhsrsivia

from Koksin, Czech Republic. It also occurs in the Ala-
Mar deposit, Nevada, USA. Massive aggregates are
known from the Boquira mine, Bahia, Brazil.

Avaganiiee

CaCoOj

ORTHORHONBIIC o000

Karieties: flos ferri, hot-spring tufa, peastone. tamo-
witzite.

Propevties: C — colorless, white, yellow, reddish,
greenish, purplish, bluish, gray; S — white: L

Peastonez, 35 mm. Karlowy Kary, Czectk Hegpublic

vitreous; D — transparent to opaque; DE - 3; H - 3.5-
4.5; CL — imperfect; F - conchoidal; M ~ prismatic
crystals, oolitic, banded, columnar and dendritic
aggregates, massive; LU -~ locally weak cream
yellow.

Origin and oceuraneee: Primary as a late hydro-
thermall minerall of high-temperature deposits more
commonlly secondary as a product of the oxidation
of siderite and pyrite. It also results from
precipitation of thermall springs, it is sadimentary
and metamorphiic. Fine white prismatic crystals up
to 70 mm (2% in) long found together with biue
celcstite crystals in _pania Dolina. Slovakia.
Similar crystals come from sulfur depesits In
Cianciano, ltaly and Tarnobezeg. Poland. Maybe
the best aragonite crystals in the world are known
from the gossan of the magnesite deposit in
Podrecany. Slovakia. where druses of crystals up to
200 mm (77% In) long were feund. Wine vellow
ceystals up to 100 mm (T« in) leng eeeurred in
cavities of voleanie rocks in Horenee near Bilina,
Czech Republie. These erystals were the enly gem
fough, suitable for faeetting, IA the werd. Very
interesting copper pseude-merphs after aragenite
eome from Cereeoro, Belivia. Banded and eelitie
aggregates found in Karlevy Vary, Czeeh Republie:
Dendritic aggregates from Erzberg, Austria and
elsewhere are knew as fles ferri.

Applicaiiesn: decorative siene.
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Strontianite, 34 mm. Hardin Co., USA.

R
SrC0;

ORTHORHONBIIC o000

Propartiées: C - colorless, gray, yellowish, greenish,
reddish, brown; S — white; L — vitreous to resinous;
D - transparent to translucent; DE - 3.8; H - 3.5; CL
~ perfect; F — conchoidal to uneven; M — prismatic
and acicular crystals, columnar and fibrous aggre-
gates, massive, earthy.

Origin and ocesrermee: Hydrothermal in low-tem-
perature veins, in cavities of volcanic rocks, mainly
sedimentany, together with calcite and zeolites.
Crystals up to 80 mm (3% in) long occur near

Witherite. 20 nan x, Alston Moor. UK

Bleiberg, Austria. Smaller crystals knowm from
Strontian. Scotland. Crystals up to 50 mm long found
in marls in Ahlen near Miinster, Germany.

Witheviite

BaCOj

ORTHORHONVEBIIC LN ]

Progeevities: C — white, gray, yellowish; S - white; L
~ vitreous to greasy. D - translucent; DE - 4.3; H
3.5; CL — good; F — uneven; M - pseudo-hexagonal
dipyramidal crystals, fibrous and botryoidal
aggregates, massive.

Origin ant! owomrrence: Hydrothermal in low-
temperature deposits with fluorite, barite, calcite and
other minerals. Beautiful yellowish crystals up to
120 mm (4'%sin) long come from the Minerva No.l
mine, Cave-in-Rock, lllinois, USA. Crystals, up to
70 mm (2% in) in size occurred in Hexham and
Alston Moor, England, UK. Its pseudo-hexagonal
crystals or botryoidal aggregates were very rare in
Pribram, Czech Republic.

Cerussite
PbCO}

ORTHORHONEBIIC o0 0

Propertiees: C - colorless, whitish, yellow, black; S ~
white; L — greasy to adamantine; D - translucent; DE
- 6.6; H - 3-3.5; CL - good; F - conchoidal: M ~



prismatic and pyramidal crystals, common trillings
and twins, granular, massive; LU - sometimes
yellowish.

Origin and occurrereee: Secondary mineral, result-
ing from the oxidation of galena and other Pb
minerals, together with pyromorphite, vanadinite.
barite and other minerals. The best specimens come
from Tsumcb. Namibia, where trillings up to 200
mm (77s in) in diameter occurred. Large twins also
known from Broken Hill, New South Wales,
Australia. Beautiful crystals up to 50 mm (2 in) in
size reported from Mibladen, Morocco. Fine crystals
up to 50 mm (2 in) leng found in Stribre, Czech
Republic. Typical white acicular crystals, up to 60
mim (2% In) leng eome from the Flux mine, Arizona,
USA.

Barytoaalfitee
BaCa(@3)y

MO NOCILIMNIC o0

Properties: C — colorless, white, gray, yellowish; S~
colorless; L — vitreous to resinous; D — transparent to
translucent; DE - 3.7; H — 4; CL - perfect; F -

conchoidal to uneven; M - prismatic, often striated
crystals, massive; LU - light yellow.

Origitn and occuwvenez: Hydrothermall in low-tempe-
rature veins, together with calcite, barite and other
minerals. Crystals several cm in size and cleavable
masses are known from Alston Moor, Cumbria. UK.
Imperfect crystals about 10 mm (*4«in) in size occur-
red in Stfibro, Czech Republic. It is also described
from Freiberg, Germany and from Langban, Sweden.

Bargttwetdtde, 52 mm, Alstam Moar. UK
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Azwitee. 48 mm, Touissi, Moraooor

Azamiite
Cu3(003)(OH)

MO NOCILIINNIC

Propenties: C - blue: S — blue: L vitreous; D -
transparent to opaque; DE 3.8, H - 3.5; CL
perfect; F ~ conchoidal: M - tabular and prismatic
crystals, pulverulent.

Origin and occurvence:: Secondary, resulting from the
oxidation of Cu sulfides, mainly associated with
malachite. Crystals up to 200 mm (77 in) long come
from Tsumeb. Namibia. Crystals from Touissit, ¥lo-
rocco reach up to 70 mm (2% in). Tabular crystals up
to 50 mm (2 in) in size found in Chessy near Lyon.
France. Famous crystals up to 50 mm (2 in) across oc-
curred in the Copper Queen mine in Bisbce, Arlzona.
USA. Fine azurite concretions with crystals on the
surface corme from La Sal, Uiah, USA, Crystal roset-
tes, reaching up to 130 mm (5%. in) in size were
found in the Yang Chweng Mine. Guang Deng. China.
Applireaiin: Cu ore.

Malbathiee
CU(©D3)(0H)y

MO NOCILINNIC LN 3K N J

Propervtiies.: C - green; S — light green; L - vitreous,
dull, earthy; D - opaque; DE -41; H - 3.5-4; CL -

19

Metkathite, 63 ron, Matizarbba West, Zair

perfect; F — conchoiidal to uneven: M - acicular and
prismatic crystals, botryoidall aggregates, stalactites,
massive.

Origiin and occuwnenze: The most common super-
gene minerall of Cu, associated with azurite, cuprite
and other minerals. Crystals up to 30 mm (1*A4kKim)inn
size occur in Kambove, Zaire. Crystals up to 20 mm
(*15t in) also found in Rudab<nya, Hungary. Pseudo-
morphs after azurite ceystals up to 100 mm (4 in) in
size known from Tsumeb: pseudo-morphs after
cuprite crystals up to 50 mm in size come from
Onganja, Namibia. The blocks of banded malachite
weighing up to 250 tons . oceurred in Medinorudn-
jansk, Ural meuntains, Russia. Similar materiall in
huge quantities come from many depesits in Shaba

Maihintitiee, 70)rmmn. Siheba, Zaiit



Rosasitee, 270 mm, Gleexam, USA.

province, Zaire, where stalactites up to 500 mm (20
in) long were also found.

Appliicatiiam: Cu ore, production of decorative objects
and jewelry.

Rosasire
(Cu,Zm)p{@D3)(OH)y

MO NOCL NIC [ N

Properties: C — green, blue; S — greenish; D -
opaque; DE - 4.0-4.2; H-4.5; CL - good; M — small
acicular crystals, fibrous and botryoidall crusts.

Origin and occuwenez: Secondary, forming in the

Evdberiieitize, 65 mm. Tiger. USA.

oxidation zone of Cu and Zn deposits, together with
other secondary minerals of Cu. Spherical aggre-
gates of acicular crystals up to 10 mm (*/«in) found
in Mina Ojuela, Mapimi, Durango, Mexico. Similar
finds were made in Bisbee. Arizona, USA.

Zng(COR)x(OHi)g

M O NOCILINNICC [ 2 N

Properties: C - white, yellowish; S - white; L — pearly
to dull; D — opaque; DE — 4; H — 2-2.5; CL - perfect;
F - conchoidal; M - tabular crystals, massive, earthy:
LU - locally blue.

Origin and occumence:: Secondary, resulting from
the oxidation of sphalerite, together with ccrussite,
smithsonitc and hemimorphite. Small crystals are
known from Mapimi, Durango, Mexico. Spherical
aggregates, several mm in diameter, were found in
Sterling Hill. New Jersey, USA. Stalactites and thick
crusts occurred in Long-Kieng, Burma. Crusts and
stalactites were also desctibed from Bleiberg, Aus-
tria: from Mezica. Slovenia and from Raibl, Italy.

Muiiatdit
(Zn,Cu)(CWD3) 7 (OH)g

ORTHORHONBIIC L I

Properties: C — light green, blue-green, blue; S -
blue-green; L - silky to pearly; D - translucent; DE —
4, H- 1-2;CL - perfat; M - mmla‘aymls.am
Origin and occurience: Secondary in the oxidation
zone of Cu and Zn deposits in the arid climate,
associated with linarite and other finerals. Laige
prismatic crystals come from Mina Ojuela, Mapimi,
Durange, Mexico. Nice roseties of acicular crystals are
known from Bisbee and from the 79 mine, Banner
district, Arizona, USA. It also occurred in Montepont,
Sardinia. ltaly.

Aurnidteddite, 80 mm, Avionea, USA
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Dawsaritize, 2 mm aggregaee, Recs, Hisrgary

Parisire{(8y), 71 mm. Boyarzu., Cedtmrbia
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Davwsamite
NaAK@O3)(OH),

ORTHORHONMBIIC o000

Propevtiies:: C — colorless to white; S — white; L —
vitreous; D — transparent; DE - 2.4; H - 3; CL —
perfect; M — acicular to blade-like crystals, radial
aggregates.

Origiin and occurvene: Hydrothermall in low-tempe-
rature deposits, associated with calcite, dolomite and
other minerals. Fine acicular crystals up to 35 mm
(IV4 in) long come from Mont St.-Hilaire, Quebec,
Canada. Radial aggregates along the rock cracks
were found in Dubnik and Zlata Bana, Slovakia.

Bastrasiiee((Ep)
(Ce,La)(COR)F

HEXAGOMNAIL o000

Propevtiies:: C — yellow to brown; S — yellow-brown;
L - vitreous to greasy; D - translucent; DE — 4.8-5.2;



Basmasitée(CEY). 6 mm x, Ariegre, Framce

H - 4-4.5; CL - good; F — uneven; M — tzbular
crystals, granular, massive.

Origin and occuwenee: Magmatic in pegmatites,
also metamorphic, together with allanite-(Ce) and
other rare earth elements minerals. Crystals up to
200 x 1150 mm (77 x 6 in) in size occur in Andeka-
tany, Madagascar. Crystals up to 100 mm (4 in) long
are known from Karonge, Burundi. Transparent
crystals up to 25 mm (1 in) long were found recently
in the Trimouns quarey, France. It forms inaportant
local deposits, as those of Mountain Pass, California,
USA Agipieatiaon: ere of rare earth elements.

@)

CaCe,(CO3)3F3

TRIGONAIL [ I I ]

Properties: C — brown, yellow-brown, gray-yellow;
S - brownish; L - vitreous to resinous; D -
transparent to translucent; DE — 4.4; H - 4.5; CL —
perfect; F — conchoidall to splintery; M - dipyramidal
striated crystals.

Origin and occurrence: Magmatic in pegmatites, also

hydrothermall and rarely metamorphic, together with
bastnasite-(Ce) and other minerals of rare earth
elements. Crystals several cm long come from Quincy,
Massachusetts, USA. Crystals up to 80 mm (3% in)
long occurred in pegmatites near Hundholmen,
Norway. Crystals up to 23 cm (® i rig) long found in
the Snowbird mine, Montana. USA. Transparent
crystals up to 15 mm (17 in) were lately reported in
the Trimoeuns quarry, France. Very unusual association
have been described from Muze, Columbia, where
crystals up to SO mrm occur together with emeralds,

Phosgamiiee
Pby(COz)Cly

TETRAGOMNMALL [ N

Properfies: C - colorless, white, yellow-white, gray,
brown; S — white; L — adamantine; D — transparent to
translucent; DE - 6.1; H - 2-3; CL - good; F -
conchoidal; M ~ short to long prismatic and tabular
crystals, granular, massive; LU ~ sometimes yellow.
Origin and occurrence: Secondary, resulting from the
oxidation of galena, associated with cerussite and other
secondary Pb minerals. Crystals up to 150 x 00 mm
(®x 44 in) across known from Montcponi, Sardinia.
Italy. Crystals from Tsumeb, Namibia reached up to
00 mm. Crystals up to 30 mm (I in) in size found
in Matlock, Derby, UK. Crystals up to 35 mm (1%biri)
long occurred in the Mammoth mine. Tiger, Arizona,
USA.

Phosganitize. 28 mm, Moniegeviii, Maly
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Bismuttieg. 3 mm xx. Brdevka, Sovakkia

Biswmaitite
Biizoz(COQ))

TETRAGOMNMAL L N

Properiiies: C - yellow, brown, gray, blue, black; S -
white: L - vitreous, pearly to dull: D translucent to
opaque; DE ~ 6.1-7.7, H - 3.5 CL - good; M -
spherical, radial aggregates, massive, pulverulent.

Origin and oceurvene®: Secondary, originated from

Hedoganite. 30 mm xx, Framcen Quanty, Ganada
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Gayilissiiee. 30 mm., Nawem Lake, Tiarzamia

the oxidation of Bi minerals, associated with
bismuthinitc and other minerals. It is common from
pegmatites in Madagascar (Ampangabc) and in
Mozambique. Large pebbles found in Kivu province,
Zaire. It also occurred in Tasna, Bolivia.

Gaylussite
NapCa(CO3); .5 Hz0

M O NOCILIINNIC oe0e0

Propertiies: C — colorless, white, gray, yellowish; S -
colorless; L - vitreous; D - transparent to
translucent; DE - 2; H — 2.5-3; CL  perfect: F -
conchoidal; M - lenticular to prismatic crystals.
Origiin and occurvenew: Sedimentary, typical a con-
stituent of salt sediments. Crystals up to 80 mm (37
in) long come from Searles Lake, California, USA. It
also occurs in Borax Lake and Mono Lake,
California, USA. Large crystals are known from
Amboseli Lake. Kenya.

Welogarniive
Naer3Zr(003)5 .3 IH20

TRICLINIC L]

Propesties: C - white, yellow; S - white; L -
vitreous; D — transparent to opaque; DE — 3.2; HI—
3.5. CL ~ perfect: F ~ conchoidal; M - pseudo-
hexagonall striated crystals.

Origiin and occurvene: Hydrothermall in the alkaline
rocks, together with zircon, dresscritc and other
minerals. Crystals up to 50 mm (2 in) come from
cavities in the Francon quarty. Montreal; crystals up
to 30 mm (¥« in) arc known from St. Michel,
Quebec. Canada.



Arivitize, 10 mm. Fetfiigay, Teurkey

Avtiiniiaz
Mg(CO3)(OH); . 3 Hp®

MO NOCILINIC

Properties: C — white; S — white; L - silky; D -
transparent; DE - 2; H - 2.5; CL - perfect; M
spherical, radial aggregates, vcinlets, crusts.

Origin and occurene: Hydrothermal, originating at
low temperatures in serpentinites, associated with

Zavatiite, 70 mm. Lanceateer Co.. USA

Hydhaeadiize, | mm xx, Dunatinogidayy. Hiurgary

magnesite, aragonite and other minerals. Radial
aggregates up to 20 mm (*in in) in size occur in the
Gem mine. San Benito County, California, USA.
Needles up to 20 mm (®Ai in) long come from Val
Malenco, Italy. Clusters of acicular crystals were
found on Staten Island New Yaork, USA.

Zavaitite
Niz(CD3)(@H)):. 4 HO

cusBIC e 00

Properties: C - emerald-green; S - light green; L -
vitreous to greasy; D — transparent to translucent; DE
- 26-2.7; H - 3.5; CL - none; F - conchoidal; M -
crystalline crusts, stalactites, coatings.

Origiin and oecuiwenes: Secondary, originating from
the oxidation of Ni minerals, associated with
millcritc, brucite and other minerals. It occurs as a
product of the oxidation of Ni minerals in ultrabasic
rocks in Kraubat and Stubachtal. Austria. Large
green coatings found in Hcazlewood, Tasmania,
Australia. It covers millerite needles in the vieinity
of Kladne. Czech Republic,

Hydhaiad titee
MggAlp(COR) (0] )4 4 Hy O
TRIGONAL [

Properties: C - while; S — white: L — pearly to waxy;
D - transparent; DE - 2.1; H — 2; CL - perfect; M —
fibrous and layered aggregates, massive.

Origiin and occunenes: : Hydrothermall in ultrabasic
and metamorphic rocks. It occurred with serpentine
in Nordmark. Norway and also found at Franklin and
Sterling Hill, New Jersey, USA.
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Stiicthtriee. 35 mm. Rouctlovesyy, Czedh Regpublic

Sticthifte
Mgg@rm(COB) (00} 4:- 4 HaO
TRIGOMNAL [ N

Propevtiies: C — pink to purple; S - white to light
purple; L — pearlly, waxy to greasy: D — translucent;
DE - 2.2, H - 1.5-2; CL - perfect; M - lamellar and
fibrous aggregates, massive.

Origin and occurvenee: It occurs in serpentinites as
scaly aggregates and veinlets in Bou Azzer,
Morocco; in Dundas. Tasmania, Australia and in
Barberton, South Africa.

Alwmorypdeceieltéte. 70 mm, Ladomifovep, Sovakia

12e

Ao cite
CaAly(CO3),(OH)4 .3 H20

TRICLINIC o0

Propevtites:: C — white, gray; S — white; L - earthy; D
~ opaque; DE - 2.2; H - 2.5; CL - perfect; M ~
chalky aggregates, consisting of acicular crystals.
Origin and occumengz:: Secondary, associated with
alophane and other minerals. It was described from
the Khakasy deposit, Siberia, Russia, where it
originates from the oxidation of alophane. Nice
white radial aggregates occurred along the cracks in
shales in L'adomirovo, Slovakia.

Anayilite((Ey)
Sr3(Ce, L) }(C3)7(OH)4 .3 HyO
ORTHORHOMBIC o ®

Properties: C — colorless, yellow, yellow- brown,
light purple, brown; S — while; L — vitreous to grea-
sy; D - transparent to opaque; DE - 4; H - 4-4.5; CL
— none; F - splintery; M — short to long prismatic
and pseudo-octahedrall crystals.

Origin and occuneme=: Hydrothermal in alkaline
rocks, associated with nepheline and other minerals.
Crystals up to 6 mm (*A in) long are known from



6. Borates

Ladasi itk
Mg,Fe’*BOg

ORT HOMRHHINMEB ICC o0

Propertikes: C - dark green, black-green, black: S
bluc-green; L B silky {o dull; D - opaque; DE - 3.9;
H - §; CL — perfect; F B uneven; M - prismatic
crystals, fibrous aggregates, granular, massive.
Origin and occumrenee: Metamorphic in skarns and
dolomitic marbles, locally associated with magnetite
and other borates. Rich aggregates are known from
Ocna de Fier, Romania: Kamineichi, Japan and the
Hol Kol mine, Suan. North Korea.

Appliieatitni: chemical industry, B ore.

Gauwznm'ae

Ca4Mn3*¥3(BO3);CO3(0,0H);

Cday v 3(BU3)3CU3 (U, U3

HEXAGONAL °

HEXAGONAL .

Propertiies: € - black; S - black: L - adamantine to
dull; D - opaque; DE - 34; H - 6; CL - good; E~
uneven; M — prismatic crystals, fibrous and acicular
aggregates.

Origin and occuvrenuez: Hydrothermal in calcite
veins. Prismatic crystals up to 50 mm (2 in) long

Gaudisfayjiee, 40 mm. Kuramary, Soutil: Africa
Luddigiee. 120 mm, Ocnar de Piier, Rromania

Indenitte, 239 mm. Boron, USA.

were found on the mine dumps near Tachgagalt,
Morocco and in the N°'Clhwaning No. 2 mine and the
Wessels mine, Kuruman, South Affrica.

Yndentiee
Mg 03(DiH)g - 5 H30

M O NOCILINIC o0 0

Propartiéss: C - colorless, white to pink in
aggregates; S — white; L ~ vitreous; D - transparent
to translucent; DE ~ 1.8; H ~ 2.5; CL -~ good; F
conchoidal to uneven; M - prismatic crystals,
acicular and fibrous aggregates, nodules, massive.
Origin and oceurancee: Sedimentary in boron
deposits, commonlly associated with colemanite and
other borates. Prismatic crystals up to 100 mm (4 in)
long occur in Boron, California, USA. It is also
known from Inder, Kazakhstan.

Appiration:: chermical industey, B ore.
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Inyaiirz, 90 mm, Tiurkey

Inyoite
CaB303(0H)s -4 kD

MO NOCILINIC [ I

Properties: C - colorless, white; S — white; L
vitreous; D -- transparent to translucent; DE B 1L9; I
- 2; CL - good; F - uneven; M — short prismatic to

Ulexilze, 20 mm aggeegatee, Death Kdley, Califirndg, 1154

Bovax, 60 mm x, Seatfss Lake, USA.

tabular crystals, columnar aggregates, massive.
Oriigin and occunmaneez: Sedimentary in boron
deposits, commonlly associated with colemanitc and
other borates. Clear tabular crystals up to 100 mm (4
in) long found in Kirka and Emet, Turkey. It also
comes from Inder, Kazakhstan and the Corkscrew
mine, California, USA.

Applicatifom.: chemicall industry, B ore.



Borax
Na;B405(OH)y . 8 HyO

M O NOCILIMNIC oo

Propevtiies: C — white, colorless, yellowish, gray,
greenish; S — white; L B vitreous to dull; D —
transparent, translucent to opaque: DE ~ 1.7, H ~ 2-
25; CL -~ perfect; F ~ conchoidal; M ~ short
prismatic to tabular crystals, columnar to earthy
aggregates, crusts, coatings, granular, massive; R -
soluble in watex.

Origiin and ocewmencee: Sedimentary in boron
deposits, associated with other borates and halite.
Prismatic crystals up to 150 mm long are known from
Borax Lake, also Scarles Lake and Boron, California,
USA. 1t also occurs in Kitka, Turkey.

Appilieaiiton: chemicall industry, B ore.

Ulexive
NaCaligD4(OH)g . 5 H0
TRICLINIC o e e

Properties: C - white, colorless, light gray; S -
white; L B vitreous to silky: D ~ transparent to
translucent: DE ~ 2.0: H ~ 2.5 CL - perfect: F B
uneven; M ~ elongated prismatic to acicular crystals,

fibrous aggregates, crusts, nodules, granular,
massive.

Origiin and occurentez: Sedimentary in boron
deposits, associated with other borates. Slabs up to
1100 mm (4 in) thick consisting of fibrous aggregates
occur in Boron, California; also found in Esmeralda,
Nevada. USA; Emct, Turkey and Inder, Kazakhstan.
Appllicatiton: chemical industry, B ore.

Collemaniiee
CayB40) | -5 HyO

MO NOCILINIC [ BN I

Properties: C - colorless, white, yellowish, light
gray; S — white; L ~ vitreous; D - transparent to
translucent; DE -~ 2.4; H ~ 4.5; CL - perfect; F B
uneven; M - short prismatic and isometric crystals,
granular, massive.

Origin and occurenter: Sedimentary in boron
deposits, associated with other borates. Perfect
crystals up to 200 mm (77 in), come from Emet and
Kirka, Turkey. Crystals up o 70 mm (2% in) long
occur in Gower Gulch, Inyo, California; also known
from Esmeralda, Nevada, USA and Inder,
Kazakhstan.

Appllicatiton: chemical industty. B ore.
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Kevniite, 100 mm. Borom, USA.

Kewniitz
NayB4Og(DH); .3 HpD

M ONOCLINIC

Propertiies: C — colorless, white, light gray; S —
white; L — vitreous to dull, silky; D — transparent,
translucent to opaque; DE ~ 1L9; H -~ 2.5-3; CL -
perfect: F — uneven; M -~ isometric crystals, fibrous
aggregates, granular, massive; R - soluble in water.

Rhodliiee, 23 mm. Ansiiabbe, Maddagesoar

Hewritergivide, 64 mm. Pamiv. TaddHifietan

Origin and occumwencsr: Sedimentary in boron
deposits, associated with borax and other borates.
Platy aggregates and crystals up to 2.5 x L m (8 ft x
3974 in) found in Boron, California, USA; also known
from the Tincalayu mine, Salta province, Argentina.

Harmibargiee
BeBOR(@HHF)

ORT HORHHOMBI IC [ N

Propeviies: C ~ colorless, white, light gray; S -
white; L — vitreous; D - transparent to translucent;
DE - 24; H - 7.5; CL B perfect; F B uneven; M -
tabular to prismatic crystals, granular.

Origin and ocewrene: Magmatic in granitic and
rarely also in alkaline pegmatites; hydrothermal in
cavities within the pegmatites, associated with
tourmaline, danburite and beryl. Tabular crystals up
to 200 mm (77 in) from the Little Three mine,
Ramona, California, USA. Crystals up to [LI0 mm
(4%n in) also known from several localities in
Madagasear, e.9. Imalo and Anjanabonoina; also
found In Hyakule, Nepal and Ctideuzice, Czech

Republie .

Rhodizis
(K.CHMijBeg (EEBR)Y) D23

cuBIC [ N ]

Propertiies: C - colorless, white, yellow, light gray; S
white; L - vitreous to adamantine; D - transparent
to translucent; DE ~ 3.5; H - 8.5; CL -~ imperfect; F
- conchoidal to uneven: M - isometric crystals,
granullak.
Origiin and occumenter: Magmatic in graniie
pegmatites, associated with tourmaline, danburite
and beryl. Cubic to tetrahedral crystals, reaching up
to 30 mm (I in) occur in several localities in



Madagascar, e.g. Sahatany and Antandrokomby; also
known from the Animikie Red Ace pegmatite,
Florence, Wisconsin, USA.

Bovaxiite
Mg3B70,30!

ORT HOMRHHONMEB IC

eeoeo

Properties: C — colorless, white, yellowish, light
gray, light to dark green: S -- white; L - vitreous; D
- transparent to translucent; DE - 3.0: H - 7-7.5; CL

Boracitte, 12 mm v, Ao Chaparee, Bafivia

1)

- none; F - conchoidal to uneven; M - isometric
crystals, fibrous aggregates, granullar, massive.
Origiin and occuwremez: Sedimentary in evaporitic
deposits, together with halite, gypsum and anhydrite;
metamorphic in metamorphosed evaporates. Crys-
tals up to I5 mm ("“/a in) come from Alto Chapare,
Cochabamba, Bolivia: crystals about 5 mm (Vi iim) im
size, occur in Stassfurt, Hanover and Kahlberg,
Germany. Crystals are also known from Choctaw,
Louisiana, USA and the Boulby mine, Neorth
Yorkshire, England UK.
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7. Sulfates

Anglsitee

PbS04

ORTHORHOWMWBIC o0 0

Propertiies.: C - colorless, white, yellowish, gray,
greenish; S — white; L — adamantine to greasy; D
transparent to translucent: DE - 6.4: H-2.5 - 3: CL
— dobra; F — conchoidal; M — thick tabular crystals,
massive, LU — sometimes yellowish.

Origin and occurvene: Secondary, as a result of the
galena oxidation, together with cerussite and other
minerals. Beautiful yellowish crystals up to 100 mm
(4 in) in size come from Touissit, Morocco. Crystals
from Tsumeb, Namibia, reached up to 40 mm (I*/»
in). Large crystals arc also reported from Phoenix-
ville, Pennsylvania, USA. Crystals up to 20 mm (A
in) eccur in cavities in weathered galena In Sardinia,
italy. Crystals, reaching up to 40 mm (I/x in) also
found in Mezica . Slevenia. Prismatic crystals up to
75 mim (3 In) long known from the Bunker Hill mine,
Idgho, USA.

Banitz,” 17 mm 28X Pétdl oG e@ararany
Anhydbitee, 55 mm. Simpilom Tunnel, Swizerland

Angllestec. 81 mm, Touissit, Merecco

Anikydfifee

CaSO,4

ORT HOR HOWEBIKC eoooe
Properties: C — colorlcss, white, bluish, purplish, red,
brown; S - white; L - pearly to vitreous; PS —
transparent to translucent; DE ~ 2.8-3; H - 3-3.5; CL -
good: F ~ splintery to uneven; M - isomettic and
prismatic crystals, granular, massive.

Origiin and oeewienay: Mostly sedimentary, as a
result of the evaporation of sea water, sesociated
with gypsum, caleite and other minerals: rare in
pegmatites and hydrothermall. It is very compmon in
form of massive apgregates in salt depesits in
Sisssfurt and Wathlingen, G . where small
crystals also oceur. Folded layers in clays knewn
from Wieliczka, Poland. Purplish erystals up to 20
MM (/. in) found in eraeks in metamorphic rocks
near Simplen and St. Getihard, Switzerland. Fine
druses of bluish erysials up te 200 mmm (7% in) iong
feund in Naiea, Chikuahua, Mexies.
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Celestiite

SIS0,

ORT HOMRHHONMBI IC o0 0

Propentiass: C - colorless, white, yellowish, blue; S~
white; L — vitreous; D - transparent to translucent;
DE - 4; H - 3-3.5; CL - perfect; F - uneven; M —
prismatic and tabular crystals, columnar aggregates,
concretions.

Origin and occurrence: Rare hydrothermal, mainly
sedimentary, together with halite, anhydrite and
gypsum. Beautiful blue crystals several cm long occur
in cavities of concretions in the Sakoany mine,
Madagascar. Prismatic crystals up to 100 mm (4 in)
long in sulfur deposits in Poland (Tarnobrzeg) and
Italy (Caltanissetta). Fine blue tabular crystals
associated with aragonite crystals found in _pania
Dolina. Slovekia. Fine crystals are known from marls
in Tunisia and Libya.

Bavit

BaS0O,4

ORTHORHOWMBIIC oo 00

Propestiass: C - white, yellow, blue, red, brown,
black; S - white; L - vitreous; D - transparent to
translucent; DE - 4.3-4.7; H - 3.5; CL -~ perfect;
F ~ conchoidal to splintery; M - tabular to pris-

matic crystals, massive; LU - sometimes blue.

Origiin ami occumencez: Hydrothermal, it originates
under medium and low temperatures, also sedi-
mentary, together with fluorite. calcite, cinnabar and
other minerals. Beautiful barite crystals tip to 50 mm
(2 in) found in hydrothermal veins in Pribram, Czech
Republic. Blue tabular crystals up to 100 mm (4 in)
from Dedova hora, Czech Republic. Beautiful tabular
crystals up to 100 mm (4 in) known from Banska
Stiavnica. Slovakia; Cavnic and Baia Sprie,
Romania. Very fine crystals of up to 200 mm (T4 in)
occurred in Alsten Mook, Frizington and Mowbray,
Cumbria. UK. Beautlful druses of heney-brown
erystals up to 70 mm (2% In) long found in Pohla,
Gerany. Fine druses of prismatie erystals khewn
from Elk Creek, Seuth Daketa, USA; so &alled

Awitlritee, 60 mm, Chuquitcemian, Orile



Baviite. 100 mn &X Stomatteam Co.. USA.

desert roses (crystals with inclusion of sand grains)
originating in desert climate occur in the vicinity of
Norman. Oklahoma, USA. Shiny crystals come from
Freiberg and Ilalsbrucke. Germany.

Application: an ingredient of drilling fluids, chemical,
glass, paper and rubber industries.

Mrdtberiie
Cuk(STDYL{EHY} ... 3 HO

ORT H ORHHOWES ICC [ N N J

Properties: C — green: S - light green; L - vitreous:
D - translucent; DE - 3.9; H - 3.5; CL - perfect; F
— conchoidal to uneven; M — short prismatic and

Brocanmiige, 14 mm aggregpaee, Bingtlaom, USA.

acicular crystals, crusts and earthy aggregates.
Origin and occurvence: Secondary, resulting from
weathering of Cu ores, associated with other secondary
Cu minerals. It is a principal minerall of the oxidation
zone in Chuquicamata, Chile, where it forms crystals
up to 5 mm (*Ak in). Acicular crystals, up to 20 mm (A
in) long, occurred in Bisbee. Arizona, USA.
Crystalline crusts arc known from Spania Dolina and
Picsky, Slovakia.

Broctiomitize
Ci(S0 4)(OMl)g

MO NOCLINIC [ N N J

Propertiies: C - green; S - light green; L — vitreous,
in cleavage planes pearly; D - translucent to
transparent; DE -~ 4; H - 3.5-4: CL - good; F
conchoidall to uneven; M — long prismatic to acicular
crystals, granular.

Origin and occurvenez: Secondary, as a result of the
oxidation of Cu ores usually in the arid climate,
together with other secondary Cu minerals. Crystals
up to 70 mm (2% in))l dmggfbanddiinBBsbizes toggehleer
with pscudo-morphs of malachite after brochantite.
Crystals arc also known from Tsumeb, Namibia.
Prismatic crystals up to 50 mm (2 in) long from
Cerro Verde, Peru. Emerald-green crusts occur in
L'ubictova, Slovakia.
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Linaitee, 23 mm xx, Gratham Co., USA.

Linantite
PbCu(S504)(OH),

Albaniite
KAI (S0 4)2(OH)g

MO NOCILINNIC [ N

Properties: C - azure-blue; S - light blue; L
vitreous to adamantine; D - translucent: DE - 5.3-
5.5; H - 2.5; CL - good; F - conchoidal; M - tabular
and prismatic crystals, coatings.

Origin and occurvence: Secondary, as a result of the
oxidation of Cu and Pb sulfides at low pH. The largest
crystals, reaching wp to 80 mm (35 in), come from the
Mamimoth mine, Tiger, Arizena, USA. Crystals from
the Grand Reef mine in Arizona up to 50 mm (2 in)
long. Very fine crystals, up to 30 mm (17u In) were
found in Keswick, Cumbria, England, UK, Large
crystals were also deseribed from Tsumeb, Namibia
and from Broken Hill, New Seuth Wales, Australia.

TRIGOMAMALL L N

Propentizs: C — white, yellowish, gray: S — white;
L - vitreous to pearly; D — transparent to opaque;
DE - 2.8; H - 3.5-4; CL - petfect; F — conchoidal;
M - rhombohedral crystals, porous aggregates,
granular.

Origin and occurrence: Secondary, as a result of
reactions of sulfuric acid with Al-rich rocks, associated
with gypsum. Small crystals are known in Berehovo,
Ukraine. Massive aggregates occur together with
turquoise in Cu deposits in Arizona, USA. (New
Cornelia mine and others). Huge alunite deposits, like
Zaglik. Azerbaijan. are mined for Al.

Applliecatiion: Al ore.



Allwitee. 1 mm xx, Naggeeghhaza, Hungayy:

Nattooi i s
NaFe™3(504)2(OH)g

TRIGOMNALL o0

Properties: C — yellow, brown; S - light yellow; L
vitreous; D — transparent to translucent; DE - 3.2; H
— 3; CL - good: F — conchoidal; M - tabular to
rhombohedral crystals, earthy aggregates..

Origin and occuvencz: Secondary, as a result of
weathering Fe sulfides, associated with fibroferrite,
alunite and other minerals. It occurs in Modum,
Norway; Soda Springs Valley, Nevada, USA;
Chuquicamata, Chile and elsewhere.

Jarosite
KFe>*3(S0 4)2(OHl)g

TRIGONAIL [ I I

Propetties: C - yellow: S - light yellow; L -
adamantine to dull; D - translucent; DE ~ 2.9-3.3; H
~2.5-3.5; CL - good: F ~ conchoidal to uneven; M —
rhombohedrall to tabular crystals, granular, massive.
Origin and oeeumenes:: : Secondary, as a result of
weathering Fe sulfides, usually associated with

Jarosite. 2mmexxGiayangiydsososdiuhiiangary

Naaifwnsiide. 50 mm. Lawiam, @rasce

natrojarosite and other sulfates. The worlds best
specimens come from Pena Blanca Uranium mine,
near Aldama. Chihuahua, Mexico, where crystals, up
to 20 mm (/s in) were found. Crystals, up to 10 mm
(% in), were found in Tombstone, Arizona, USA.
Crystals, together with pscudo-morphs of jarosite
after alunite, occurred in Chuquicamata. Chile.
Tabular crystals also were described from Horni
Slavkov, Czech Republic.

Beudantriee
PbFe?™* 3(ASD4)(S0 4) (OH)y,

TRIGONALL [ I ]

Properties: C - dark green, brown, red-brown: S -
greenish, gray-yellow; L — vitreous to resinous; D —
transparent to translucent; DE - 4; H - 3.5-4.5; CL -
good; M - rhombohedrall crystals, crusts.

Origin and occurvence: Secondary, occurring in the
oxidation zone of Pb deposits, together with scorodite
and other minerals. Crystals, several mm in size.
found in Tsumeb, Namibia, are the best in the world.
Smalll crystals are known from Bisbee, Arizona, USA;
Ashburton Downs, Western Australia, Australia and
Kamareza near Laurion, Greece.

Beudarmitiee, 70 mm., Moildwey, Czecth Regpublic



Hemidsiier
Nay7K(S0 4)g(CD3)5KI

HEXAGOMNMAL o0

Propertiis: : C — colorless, yellowish; S ~ colorless;
L - vitreous to dull; D - transparent to translucent;
DE - 2.6; H - 3.5; CL - good; F — uneven; M -
tabular to short prismatic crystals.

Origin and occumenee: Sedimentary in salt lake
sediments, together with halite, borax and other
minerals. Crystals up to 200 mm (7% in) found in
Searles Lake, California, USA. It is also known from
borax deposits in the Death Valley, California, USA.

Caledanier
CuzPb(ED4)HCONOH),

ORT HORHONVEB! K o0

Propertiles: C - green to blue-green; S - light green;
L - resinous; D - transparent to translucent; DE —
56, H - 25-3; CL - perfect; F — uneven; M -
prismatic crystals, radial aggregates.

Origiin and occuwvene: Secondary, occurring in the
oxidation zone of Cu and Pb deposits, associated
with linarite and other minerals. Crystals up to 20
mm (%2 in) come from Leadhills. Scotland, UK.
Crystals, up to 15 mm (™t in). were found in the
Mammoth mine, Tiger, Arizona, USA. Rich druses
are known from Anarak. Iran. Crystals reaching up

Haviksitee, 50 num. Seavites Labe. USA

to 20 mm (™« in) occurred in the Blue Bell mine,
California, USA.

Leadtiilliee
P 4(S304)(CD 3) (D)

M ONO@CILIN IcC o0

Propertizs: C - colorless, yellowish, gray; S - color-
less; L — resinous to adamantine; D - transparent to
translucent; DE - 6.5; H - 2.5-3; CL - perfect; F
conchoidal: M ~ pseudo-hexagomall tabular crystals.
Origin and oceurenee: Secondary mineral from the
oxidation zone of Pb deposits, associated with
cerussite, anglesite, linarite and other minerals. The
largest crystals, measuring up to 15 cm, come from
Tsumeb, Namibia. Crystals up to 25 mm (1 in) found
in the Mamrotth mine, Tiget, Arizona, USA.
Crystals In Leadhills, Scotland UK were of similar
size,

Challzanttiee
CuSO, . 5 H0

TRICLINIC e 00

Properties: C ~ deep blue; S — white; L - vitreous to
resinous; D ~ transparent to translucent; DE ~ 2.3: 11

2.5; CL - imperfect, F — conchoidal; M -~ short
prismatic to tabular crystals, stalactites, films; R -
soluble in water.

Calledbnitee. 5 mm x. Gratharm Co., USA.



Origiin and occunnenesz: Secondary, as a product of
the oxidation of Cu sulfides, stable only in arid
climate. Crystals up to 40 mm (I*/» in) in size, and

Melbnteertize, 80 mm, Havz Miss., (Reevmamy

stalactites, up to I m (3% in) long are known from
Bisbce, Arizona. USA. Crystals were also found in
the oxidation zone in Chuquicamata, Chile,
Beautiful stalactites come from RioTiinto, Spain.
Applicatreon: rarely mined as Cu ore.

Mebanteritte
FeSDy4 . 7 H,0

MONOCQLINIC o000
Marieties: pisanite (with Cu contents), kirovitc
(with Mg contents)

Propentiass: C — light green; S — colorless; L - vi-
treous; D - translucent; DE - 1L.9; 1 - 2; CL - par-
fect; F — conchoidal; M - granular crusts, botryoidal
and stalactitic aggregates, films; R — soluble in
water.

Orvigim and oecwrarsee: Secondary, as a result of
the oxidation of Fe sulfides, together with other
sulfates. It is unstable under atmospheric con-
ditions. Crystals up 1o 20 mm (*/s« in) long are
known from Bisbee, Arizona and from the Boyd
mine, Tennessee, USA. Stalactites, up to 50 em (20
in) long, occurred in Chvalctice, Czech Republic.
It is also common in Rio Tinto, Spain and Banska
Stiavnica, Slovakia
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Epsomiiee
MgS04 .7 HhO

Coquiinthiee
Fe3 % (504); .9 M0

ORT HOR HONVEBIIC eo oo
Properties: C — colorless to white; S — colorless; L -
vitreous to silky; D - transparent to translucent; DE -
L7, H - 2; CL - perfect; F — conchoidal; M - small
crystals, granular, stalactitic aggregates; R - soluble in
water, decomposing under atmospheric conditions.

Origin and occurvence: Secondary, as a result of the
oxidation of Fe sulfides, also from crystallization of
the salt Iske water, associated with halite and other
minerals. Crystals up to ILm (397x in) long were found
on Mount Krugee, Washington; prismatic crystals up
to 50 mm (2 in) long also occur in Bisbee, Arlzona and
needles of a similar size come from the White Caps
mine, Nevada, USA. Ii is also known & a product of
the activity of fumarelesin Mount Vesuvius, lialy.

Movenositee
NiSOy4 . 7 Hy0

ORTHORHONEBIIC [ N

Properties: C — green, green-white; S — greenish; L —
vitreous; D - transparent to translucent; DE ~ 2; H
2-2.5; CL - good; F — conchoidal; M - stalactitic
crusts and efflorescences; R - soluble in water.
Origin and oceurrence: Secondary. as a product of the
oxidation of Ni minerals, stable mainly in the arid
reglons. It is very common in Sudbury, Oniario,
Canada; also in Riehclsdorf. Germany and Potucky.
Czech Republic.

Epsomitee, 10 mm xx, Syassiurt, Geevnaamy
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TRIGOMNALL o0 0

Propertiees. C - purple, yellow, green, colorless; S -
colorless; L - vitreous; D — transparent; DE — 2.1; H
2; CL - imperfect; F - conchoidall to uneven; M -
prismatic to tabular crystals, granular, massive; R
soluble in water.
Origiin and occumenze: Secondary, associated with
other sulfates. Crystals, several cm long, were found
in the Dexter No.7 mine. Calf Mesa, Utah, USA.
Smalll prismatic crystals are known from Zeleznik ,
tabular crystals occurred in Banska Stiavnica,
Slovakia. It is very common in Chilean deposits, like
Chuquicamata and Tierra Amarilla.

Allsnagsen
Aly(SOy4)3 . 17 K0

TRICLINIC o0 e

Propevties: C — colorless, white, gray-yellow; S -
colorless; L - silky; PS - transparent; DE - 1.8; Il -
IL5; CL - perfect; M — pseudo-hexagonal crystals,
granular; R - soluble in water.

Origin and occurenes: Secondary, as a result of the
pytitc oxidation, also a product of sublimation on
volcanoes and buniing dumps, associated with other
Sulfates. Large crystals are known from the Dexter
Ne.7 mine. Calf Mesa, Utah, crusts, over 1L m (3Va
in) thick were found on Mouat Alum, New Mexico.

Movennsitee, 60 mm, Potuddy, Czecth Regpublic



Coquiintbiee. 110 mm. Cevviltass Bajos. Chile

USA. Fine aggregates occur on the walls of
underground workings in the old opal mines in
Dubnik, Slovakia.

Helloitrit i
FeAl{(S0 4)4 - 22 H20

M O NOCILIIMNIIC o0 0

Propevtiass: C — white, greenish; S - colorless; L ~-
vitreous; PS - transparent to translucent; DE - 1.9-
2.1; H - 1.5-2; CL - imperfect; F - conchoidal; M
acicular crystals, fibrous aggregates, efflorescences;
R - soluble in water.

Origiin and occurneneee: Secondary, as a result of the
pyrite oxidation, also a product of the activity of hot
springs ans solfataras. associated with other sulfates.
Common fibrous crusts occur in Dubnik. Slovakia. It
looks similar in Rio Marina, Elba, Italy and in
Chuquicamata, Chile. It is known from solfataras in
Pozzuoli, ltaly. It is & product of hot springs activity
in the Lassen Peak National Park. California, USA.

Apjotiniiee
MnAL(SD )4 - 22 HhO

M O NOCILIMNIIC o0 0

Propentiess: C - colorless, white, pink, greenish,
yellow; S - colorless: L - silky: D — transparent; DE
~ 1% H - LS; M - fibrous aggregates, coatings,
massive; R ~ soluble in water.

Origiin and occumenpez: Secondary, occurting toge-
ther with other sulfates. Large accumulations are
known from Little Pigeon Creek. Alum Cave, Ten-
nessce, USA. It also occurs in Delagona Bay.
Mozambigue.

Alsogeen, 80 mm, Dutbnily, Siovakia

Healletricblize, 30 ram, Recsd, Hiungary

Apyjatiniice, 60 mm, Smaihikk, Shouwakia
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Billnittz, 60 mm. Bifirm, Czecth Regnublic

Biliniire
Fe?*Fe3*, (SO )y : 22 H30

MO NOQL INIC o0
Properiiies: C — white to wellowish; S - white: L -
silky; D - opaque; DE ~ 1.9; H - 2; M -- fibrous
aggregates; R - soluble in water.

Oriigiin and oeceurvene®: Secondaiy, as a lesult of the
pyrite oxidation. associated with other sulfates.
Fibrous aggregates are known from Svitee near
Bilina, Czech Republie. Alse described frem Bisbee.
Arizena, USA.

Tschemmiigiee
(NHAI($0 )7 . 12 HD

cumBIC LN N J

Propevtiies: : C — colorless; S — colorless; L -
vitreous; D — transparent; DE — 1L6; H - L5; F -
conchoidal; M - octahedral crystals, fibrous and
columnar aggregates; R — soluble in water.

Tschemidgize, 50 mm, Mogywovesshaysya, Hiungary

LA,

Origin and occurrence: Secondary in the brown coal,
also on burning dumps and as a product of solfataras.
Skeletall crystals up to 10 mm (% in) in size arc known
from the brown coal basin near Most and Bilina, Czech
Republic. Original locality Kermniky, Czech Republic
yielded fibrous crusts, up to 50 mm (2 in) thick. Fine
octahedra, up to 10 mm (7 In) come from burhing
dumps near Zastavka near Brno, Czech Republic. Oc-
tahedra oceur also In Geysers, California, USA. Small
crystals on Eina, Sicily, Italy are of volcanic origin.

Polytallite

KCayMg(S04)g -2 H20

TRICLINIC o090

Propenties: C - colorless, brown, red-brown: S -
colorless; L - vitreous; D - transparent to trans-
lucent; DE - 2.8; H — 3-3.5; CL - perfect: M ~
acicular to prismatic crystals, columnar, scaly and
fibrous aggregates.

Origin and occuweme: Sedimentary, as a consti-
tuent of salt deposits, also as a product of volcanic
activity. Tabular and prismatic crystals are found
rarely together with massive polyhalite aggregates in
Stassfurt. Germamy. Fibrous aggregates come from
Halslait, Austria. Large deposits of polyhalite arc
located near Carlsbad. New Mexico, USA. Coatings
occur on Mount Vesuvius. ltaly.

Gorgeyiite
K2Cag(SOy)g - HD

MOMOCLINIC [ N

Propevtiies: C - colorless, yellowish: S - colorless: L
vitreous; D - translucent; DE - 3; H - 3.5;

Polyfailie:, 54 mm, Ceriiiai, USA.



Gypsum, 62 mm, Carmeitiée, Utah, USA.

CL - good; F ~ conchoidal: M - tabular crystals.
Qrigin ami occuvvenee: Sedimentary in salt deposits,
associated with halite and other minerals. Fine crystals
up to 80 mm (37 in) long found near Inder Lake.
Kazskhstan; also known from Bad Ischl, Austria,

Gypsam

CaSOy . 2 HipD

MO NOCILIMNIC

Karieties: Maria-glass, alabaster, satin spar, selenite.
Propevtiies:: C ~ colorless, white, gray, yellowish: S -
colorless; L — vitreous to pearly: D - transparent to
translucent, DE ~ 2.3; H - 1L5-2; CL - perfect; F
conchoidal; M - typical menoclinic crystals, often
twins, fibrous and platy aggregates, granular,
massive; LU — crystals with inclusions sometimes
bluish te yellowish,

Gorgeyitte. 80 mm, Inder Lake, Kezadingan

Origiin and occuvvenaz: Rare primary hydrothermal,
mostly sedimentary and as a weathering product,
associated with anhydrite, halite and other minerals.
Crystals up to 50 mm from Cavnic, Romania are
probably hydrothermal. Huge crystals up to L5 m (5
ft) long found in karst cavities (Cave of Swords) in
gossan in the PbBZn deposit Naica, Chihuahua,
Mexico. Crystals up to 9 m (29 ft 6 in) long from
Santa Eulalia, Chihuahua, Mexico, where they were
found combined with interesting aggregates, called
‘ram’s horns' from their shape. Crystals up to 4 m
(13 ft) loeng occurred in Tarnobrzeg, Poland. Com-
mon crystals are also knewn from Gerguel, Spain.
The ‘desert roses’ or erystal druses, from Sehara
desert in Tunisia and Algeria. with sand grain inely-
siens are mineralogieallly interesting. Large slabs of
the transparent variety, ealled Maria-glass, found in
Friedriehsrode, Germany. Fine-grained variety ala-
baster eeeurs e.g. in laly. Fibrous variety selenite
(seretifmes alse ealled satin spar) eomes frem the
Sylva river basin, Perm. Russia.

b I;i“é&'%n building, ehemical and medieal

LStFHES:

Langicse
CU4(SKD 4)(OH)g -2 HHD

ORT HORHHOWMEB IC [ I ]

Propentiss: C - blue, blue-green; S - light blue; L -
vitreous to silky; D - translucent: DE - 3.3; H - 2.5-
3; CL - perfect; M - small isometric crystals, fine-
grained crusts, earthy aggregates..

Origiin and occunenase: Secondary, as a product of
the oxidation of Cu ores, associated with gypsum
and other minerals. Crystals known from St. Just,
Cornwall, UK. Crystals occurred in Tsumeb,
Namibia. Fine specimens come from Spania Dolina
and L'ubletova, Slovakia and from Borovee, Czech
Republic. It is also common in Ely, Nevada, USA
and In E! Cobre, Chile,

Langtte, 49 mwn, Allthéss, Cork, /redand
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Fibroffariiee, 70 mm. Duibniik, Slovaidia

Fibroffenrsiee
Fe** (SD4)(OH)..5 H;O

ORTHORHONMBI I [ I N

Propertiies: C - yellowish, greenish, gray; S — white;
L - silky; D - opaque: DE — 1.9; H - 2.5; CL —
perfect; M — small crystals, fibrous and botryoidal
crusts; R - soluble in water.

Origiin and occurrenese: Secondary as a product of
the pyrite oxidation, together with other sulfates.
Crystals in cavities in melanterite found in the
Dexter No.7 mine, Calf Mesa. Utah, USA. Vein
fillings up to 3 m (10 ft) thick come from the Santa
Elena mine. La Alcaparrosa, Argentina. Fine fibrous
aggregates occur in Dubnik, Slovakia. It is common
in many localities in Chile (Tierra Amarilla,
Chugquicarmata).

Mlumiinite
Al (S0 4)(OH)y . 7 H;O

M ONOCILIMNIC [ N ]

Properties: C — white; S — white; L ~ dull; D -
opaque; DE — IL7-1.8; H - 1-2; CL — none. M -
earthy nodules, consisting of microscopic needles,
Origin and occurenes:: Secondary, resulting from
the reaction of sulfuric acid with Al in Al-rich rocks.
Large nodule, 30 em (12 in) in diameter, known from
Newhaven, Sussex. UK. Fine white nodules
described from Mala Chuchle, Prague. Czech
Republic. It also oceurs near Halle, Germany and
covers limestone in the vieinity of Joplin, Missouri,
USA.

18

Allwmifrtize, 60 mm, BicséeSsoddakis. Hiargary

Propertiies: C - orange-red: S - yellow; L — vitreous;
D - transparent to translucent; DE — 2.1: H - 2-2.5;
CL - perfect: F - conchoidal; M — prismatic striated
crystals, racemose and spherical aggregates with
radial structure.

Origiin and occurvemes: Secondary, as a result of the
pyrite oxidation in arid regions, together with other
sulfates. Crystals up to 35 mm (I¥4 in) long from the
Libiola mine near Genoa, Italy. It is common in
Chuquicamata and Quetena in Chile; also known
from Rammeclsberg. Germany.

Boitrgaggen, 3 mm xx. Knogiifée, USA.



Devilllnee, 10 mm xx, Spanitu Dolliva, Skevekia

Copiapite
(Feg.%ﬁéé’z(mm(ouh .20 HyO

TRICLINIC

Properiies: C - yellow, green-yelllow, orange; S -
yellow; L — pearly; D - transparent to translucent;
DE - 2.1-2.2; H - 2.5; CL - perfect; M - thin tabular
crystals, scaly and pulverulent aggregates, earthy.
Origin and ocewrseeer: Secondary, originated
from the pyrite oxidation, together with other
suifates.

Tabular crystals come from the Dexter No.7
mine, Calf Mesa, Utah, USA and also from
Zeleznik , Slovakia. Fine crystals were found in
many localities in Chile (Tierra Amarillla, Chu-

Copiagitez. 96 mm, Copiiagat, Ohile

Sevpéeitize, 80 mwn, Prilvam, Czedth Regpeblic

quicamata). It also occurs in Rammclsherg, Ger-
fAany.

Devillline
CaCuy(S0,4);(OH)g .3 H,0

M O NOCILINNIC [ 2N ]

Properties: C — emerald-green; S - white to light
green; L - vitreous to pearly; D — transparent to
translucent; DE - 3.1; H - 2.5; CL - perfect: M —
thin tabular pseudo-hexagomall crystals and coatings.
Origin and occurvence: Secondary, as a result of the
oxidation of Cu sulfides, associated with other
secondary Cu minerals. The world's best specimens
come from Spania Dolina, Slovakia. where crystal
rosettes up to 10 mm (T« in) in diameter were found in
the past century; also knewn from Betallack,
Corfiwvall, UK and Tsumeb, Namibia,

Sevpiiritee
Ca(Cu,Zim) }(54)7(OH)g .3 Ho0

MO NOCILINNIC

Properties: C - blue; S — white; L - vitreous; D -
transparent to translucent; DE - 3.1; H - 2.5; CL -
perfect; M — tabular crystals, coatings.

Origin and occurrence: Secondary, originated in the
oxidation zone of Cu-Zn deposits, together with
smithsonite and other minerals. Its small crystals and
aggregates occurred in Laurion, Greece. Recertly
confirmed at Pribram, Czech Republic.
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Etwiinggize, 45 mm, Kurwvam, South: Az

Etwiingjie
CagAln(SO)5(OH); 2 225 Hz0

Starneitite, 35 mm xx, Kuvome, South Africa

Jolhanniiee
CUUI03)3(S04)2( DY) -8 KO

HEXAGOMNAL e

Properties: C - colorless, yellow; S — white; L ~
vitreous to silky; D — transparent; DE — 1L8: H— 2.5;
CL - perfect; M — prismatic crystals, fibrous
aggregates.

Origin and occuwemee: Metamorphic, associated
with sturmanite. The world's best crystals reaching
up to G0 mm (4 in) come from the N'Chwaning
mine. Kuruman, South Africa. Crystals up to 4 tfim
("% 1n) oceurred in Franklin, New Jersey, USA. Also
known from the contact metamorphic conditions in
Crestmore, California USA.

3
CagFel! SOIBIOM AT, (OH)12 .25 H1O

TRIGONAL [ ]
TRIGONAL .

Properties: C — yellow, yellow-green; S — white; L
vitreous; D — transparent to translucent; DE - L9; H
~2.5; CL - perfect; M - flat dipyramidal crystals.
Origin and occurweme®: : Probably metamorphic,
associated with barite, hematite and ettringite.
Crystals up to 140 mm (54 in) long come from the
N'Chwaning mine, Kuruman, South Africa.

TRICLINIC o0

Propevtiies: C - green; S— light green; L - vitreous;
D - transparent to translucent; DE - 3.3; H - 2-2.5;
CL - good; M - prismatic to thick tabular crystals,
scaly aggregates, coatings; R — radioactive.

Origin and occurrenee: Secondary, as a result of the
uraninite oxidation, together with other secondary U
minerals. Crystals are known from Jachymaov. Czech
Republic and Johanngeorgenstadt. Germany. It was
common with zippeite in Central City, Colorado,
USA and also reported from Mounana, Gabon.

Ziippeitee
K4(U02)6(SO4)3(OH) g -4 HO

ORT HORHONVEBIICC e e 0

Propenties: C - orange-yellow; S - yellow; L — dull
to earthy; D ~ opaque; DE - 3.7; H - not determined;
CL - perfect: M -~ acicular and tabular crystals,
pulverulent and acicular aggregates, coatings; LU -
green: R ~ radioactive.

Origin and occunmenes: Secondary, forming during
the uraninite oxidation, associated with other
secondary U minerals. Small tabular crystals come
from Drmoul. Czech Republic. Coatings and



Joharmiteg, 70 mm. Jacthymovy. Czecth Reputdiic

acicular aggregates arc known from Jachymov,
Czech Republic and Central City. Colorado. USA;
also occurs in Shinkolobwe, Zaire.

Scifveatliee
CaWo,

TETRAGOMNAILL seo oo

Properties: C - colorless, gray-white, yellow-brown,
orange, red, greenish; S — white; L - greasy to ada-
mantine; D - translucent; DE - 6.1; H - 4.5-5; CL
good; F —~ conchoidal to uneven; M - pseudo-octa-
hedral crystals, granular, massive; LU - blue-white.
Origin and occurienc®: Magmatic in pegmatites,

Schestliee, 77 mwm, Sicthuarn. China

Zipypeitee, 40 mm. Lodser, Fraroe

hydrothermall in greisens and metamorphiic; para-
geneses vary significantly according to the origin.
Beautiful brownish crystals up to 100 mm (4 in) in
size come from Tacwha and Tongwha in Korea. Si-
milar crystals were recently found in China. Orange
crystals up to 40 mm (1" in) in size arc associated
with cassiterite crystals on quartz crystals from lultin
and Tenkergin, Russia. Clear crystals, weighing up to
50 kg (110 1b), occurred in pegmatites near Natas.
Naribia. Crystals up to 70 mm (2% in) reported
from several mines near Traversella, Italy. Beautiful
red crystals up to 20 mm (*/n in) were very rare in
Poibram, Czech Republic. Yellow crystals up to 40
mm (1%6 in) arc known from quartz veins with
purmpellyite in Obei Dsl, Czech Republic.
Appliicatian:: W ore.
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Svailtete, 20 mm, Avizora, U.SA.

Croewiee, 44 mm, Dundhss, Audralia

Stollite Crocuoiite
PBEWO, PbCrO,
TETRAGOMNALL [ X} M O NOCLLIINIC [ N J

Propertiies: C — gray-brown, orange-yelllow, red,
green: S — colorless; L — adamantine to resinous; D
transparent to translucent: DE ~ 7.9-8.3; H - 2.5-3;
CL - imperfect; F ~ conchoidal to uneven; M - dipy-
ramidal and thick tabular, striated crystals.

Origin and occurrence: Secondary, as a product of the
oxidation of primary W minerals. Crystals up (o 60 mm
(2% in) from St Leger-de-Peyre, Francc. Prisms and
needles up to 25 mm (1 in) long found in Broken Hill.
New South Wales, Australia. Crystals up to 25 mm (1
in) also known from Tsumeb. Namibia. Crystals up to
20 mm (5/i; in) reported from Cinevee, Czech Republic
and from the Black Pine mine, Montana, USA.

Ferviimapypbidie. 60 mm, Hurky, Czech Hegpublic

Propertiies.: C - orange, red; S — orange-yellow; L —
adamantine to greasy; D — translucent; DE - 6: H -
3: CL - good; F ~ conchoidal to uneven: M - long
prismatic to acicular crystals, crusts..

Origin and occusrenes: Secondary, as a result of the
galena oxidation in basic rocks. The world' best
specimens come from the Dundas district, Taswania,
Australia where crystals up to 100 mm (4 in) long
were found in several mines. Fine crystals up to 40
mm (17%s in) long are known from Berezovsk, Ural
mountains. Russia. Crystals up to 20 mm (%/» in)
were recently feund in Callenberg, Germany.



Ferrimalijiiiee

Fep(MoO )3 .8 0

Whalferite

PbMoO,4

ORT HORHHIOWBELICC L

Propevtiies: C - yellow, whitish; S - light yellow; L —
adamantine, silky, earthy; D - opaque; DE -4.4; H -
1-2; M — amall acicular arystals, fitrous and radiz
aggregates, earthy.

Origin and occurvence: Secondary, as a product of
the molybdenite oxidation. Microscopic crystals were
found in Glen Inncs, New South Wazles, Australia. It
occurred as yellow coatings in Climax and Telluride.
Colorado, in the Getchell mine, Nevada, USA. also In
Hsrky near Eista, Czech Republic.

Betpaiahiiiee
CaFe"Hg(MoO g)5(AsOy); .8 H,0

MO NOCILINIC [ ]

Propevtiies: C - lemon-yellow; S - yellow; L -
vitreous, waxy, dull: D ~ opaque; DE - 3; H- 3; CL
~ good: M - short prismatic microscopic orysials,
pulverulent.

Origin and occuwvenee: Secondary mineral. Origi-
nally described from Kara-Oba, Kazakhstan. It also
eceurred in Tsumeb, Namibia and in Krupka. Czech

Republie.

Mlulferiite, 38 mm, Los Lamentass, Meico

TETRAGOMNAL L N ]

Propetiess: C — yellow, orange, brownish, red,
greenish; S — white; L — greasy to adamantine; D -
transparent to translucent; DE - 6.3-7; H - 3; CL -
good; F— uneven to conchoidal; M - thin tabular and
dipyramidal crystals, granular, massive.

Origiin and occumensez: Secondary, as a result of
the galena oxidation, together with cerussite,
vanadinite and other minerals. The best specimens
are known from the Red Cloud mine near Yusia
Arlzona, where red tabular crystals found up to 50
mm (2 in) diameter. Yellow-brown crystals up to
1100 mm (4 in) come from the Glove mine, Arizona,
USA. Thick tabular orange erystals up to 20 mm
(*¥ in) in diameter found in the Erupeion mine.
Villa Ahuriada, Les Lamentes, Chiluahua. Beau-
tiful yellew plates up to 60 mm (2% in) with
orange mimetite spheres eccuried in the San
Franeisee mine, Magdalena, Soenera, Mexiee. Rare
tabular erystals up te 70 mm (2% in) acress come
from TsumeB, Namibia. Fine eorange-yellow
tabular erystals up te 20 mm (%« in) acress, and
pyramidall crystals are knewn from Bleiberg,
Austria and Meziea , Slovenia. Crystals up to 100
mm (4 in) were found reeently in Tewissit,
Meéreeee.

inr






8. Phosphates

Lihiiapriesgphtee
LiifFO 4
ORTHORHOMBIC [ )

Properties: C — colorless, white, pinkish; S — white:
L - vitreous; D ~ transparent to translucent; DE
2.5; H - 4; CL - perfect; F - uneven: M — prismatic
crystals, granular.

Origin and occumemz®: Hydrothermall in granitic
pegmatites, where it forms by replacement of spodu-
mene and montebrasite. Cleavable aggregates up to
1100 mm (4in) across occur in the Tanco Mine, Ber-
nic Lake, Manitoba, Canada; crystals up to 25 mm (1
in) across in the Foote mine, Kings Mountain, North
Carolina. USA.

Beryillmniit
NaBeR0,

MONOCLINIC oo

Properties: C — colorless, white, yellowish; S — white:
L - vitreous; D ~ transparent to translucent: DE - 2.8;
H - 5.5-6; CL - perfect; F — uneven; M - short
prismatic to tabular crystals, granular.

Origin and oceurrence: Hydrothermal in cavities in
granitic pegmatites where it is associated with herde-
fite, albite and tourmaline. Crystals and their twins, up
to 150 mm (6 in) across come from Stoneham and
Newry. Maine, LU'SA: also from Viitaniemi, Finland and
Paprok, Afghanisian,
Adawnise. S320mam Nk ppiiin Miktéexdco

Lithigphogtaate 360mnidrancCaiahiada

Berylionite 33 bmreaepkol ffighisaistan

TriphyWiie

LiffesFO 4

ORTHORHOMBIC e oo

Propenties:: C - gray-green, gray-blue, gray, brown;
S - gray-white; L -- greasy to vitreous; D - trans-
parent to translucent; DE - 3.4; H - 4-5: CL - good:
F - uneven; M B short prismatic crystals, granular,
massive.

Origiin and oceurencer: Magmatic in granitic
pegmatites, associated with graftonite, sarcopsidc
and many secondary phosphates. Large triphyllite
crystals up to IL5 m (5 fi)) across are known from
1 Ingavdisit, Genmany; fire ttie T Tapmiine, Cusier,
South Dakota and Palermo No. L mine, North
Groton, New Hampshire, USA; also from Hiihner-
kobel, Germany.

Tripgipyliee7 (Tnantidgeqengotieraenyany

ine



LithidafTit

LiMnfO 4

mMn3*¥Po,

ORTHORHONEBIIC L N J

Propertifes:: C — pink, red-brown, brown; S - white; L
- vitreous; D - transparent to translucent; DE - 3.3;
H - 4-5; CL - good; F - uneven; M — short prismatic
crystals, granular, massive.

Origin and occurvence: Magmatic in granitic peg-
matites. It is sometimes associated with triplite and
triphyllite, typically replaced by many secondary
phosphates. Large masses of lithiophillite, reaching
up to 1L m (394 in), occur in Karibib, Namibia;
Kitumbe, Rwanda, Other localities are Mangualde.
Portugal; Tanco mine, Bernie Lake, Manitoba,
Canada; Stewart Lithia Mine, Pala, California. USA.

Puwpuriter, 40 mm, Usalkes, Niamibia

ORTHOMR KNI ICC [ N

Properties: C — pink, purple, dark brown; S B red-
purple; L - dull to velvet; D - translucent to opaque;
DE - 3.7, H - 4-4.5; CL - good; F ~ uneven; M B
granular, massive.

Origin and occurvence: Hydrothermal, as a product of
lithiophillite replacement in granitic pegmatites. It is
usually associated with many secondary phosphates. It
is known from Kitumbe, Rwanda; Usakos and
Sendamab, Namibia; the Tip Top and Bull Moose
mines. Custer, South Dakota and Branchville,
Connecticut, USA.

Bevzaliiee
(Ca,Na)3 (Mg,Mn); (AsDy)3

CuBIC [ N J

Propentiies: C — yellow, orange; S - red-purple; L -
resinous; D - transparent to translucent; DE - 4.1; H
- 4-4.5; CL - none; F - conchoidal to uneven; M —
isometric crystals, granular, massive.

Origin and occurvenez: Metamorphic, together with
haussmanite, rhodonite and tephroite. It occurs as
massive in Langban and Nordmark, Sweden.

Whitlodéite
Cag(Mg,FE)H(FPO4)7
TRIGOMNAL o0

Properiies: C - colorless, white, yellowish, pinkish; S
- white; L - vitreous to dull; D - transparent to trans-
lucent; DE - 3.1; H - 5; CL - none; F - conchoidal to
uneven; M — rhombohedrall crystals, granullar, massive.



Origin and occurveme: Hydrothermal, as a product
of replacement of primary phosphates in granitic
pegmatites, rare in sedimentary rocks — phos-
phorites; very rare magmatic in meteorites. Mainly
associated with apatite and carbonates. Imperfect
crystals around [0 mm (*A in) across, occur in the
Palerme Ne. ILmiire NumthGroaton, NiswHdenpesires;
also in the Tip Tep mine, Custer, South Dakoia,
USA.

YPO,

TETRAGOMNAL o0 0

Properties: C — brown, yellow, gray, greenish; S —
white; L — vitreous to resinous; D - transparent,
translucent to opaque: DE - 4.5; H — 4.5; CL - good;
F — conchoidal to uneven: M - long prismatic to
tabular crystals, granular, R — sometimes weakly
radioactive and metamict.

Origin and occuremee: Magmatic in granitic and
alkaline pegmatites, granites and syenites: hydro-
thermal in the Alpine-type veins: metamorphic in
gneisses: common in placers. It is associated with
monazite-(Ce) and zircon. Perfect prismatic crystals
up to B0 mm (4in) across occur mainly in pegma-

XenapimeX)Y), 14 mm x, Kashingitom Co.. USA.

Wihittanidiee, KOrmmocxx, New: Hampshliiee, US A

tites in Kragero and Hitterd, Norway; Ytterby,
Sweden; in several places in Madagascar: in
Ichikawa, Japan. Crystals about 20 mm (¥/a in) arc
known from the Alpine-type veins in Binntal,
Switzerland.

Appllicatiom: ore of rare earth elements.

inr



Momaziiee((Ey)

CeP04

Hydvasyhth crdierite

CaBe(ff0 4)(OHF)

MO NOCILIIMIC [ I ]

Propevtiies:: C — yellow, brown, red-brown, orange,
gray-green: S— white; L ~ vitreous to resinous; D —
transparent, translucent to opaque: DE ~ 4.6; H - 5-
5.5; CL - good; F — conchoidal to uneven; M - long
prismatic to tabular crystals, granular; R
sometimes weakly radioactive and metamict.

Origin and occwmennse: Magmatic in granitic and
alkaline pegmatites, granites, syenites. carbona-
tites; hydrothermal in the Alpine-type veins and
greisens; metamorphic in gneisses: common in pla-
Cers.

It is associated with apatite, xenotime-(Y) and
zircon. Perfect prismatic crystals up to 200 mm (77
in) come from Mars Hill. North Carolina. Trout
Creek Pass, Colorado. USA; also from Arendal.
Norway, Ambatofotsikely and Ampangabe. Mada-
gascar. where masses weighing several kg are com-
mon: crystals, up to 200 mm (74 in) across found
in Minas Gerais. Jaguaragu, Brazil.

Applizatiam: ore of rare earth elements.

Momazite((€ER). 31 mm. Felicio. Brazil

M O N@CILINNIIEC o0

Propentieess: C — colorless, white, yellowish, greenish;
S - white; L — vitreous to dull: D - transparent to
translucent; DE - 3.0; H - 5-5.5; CL - good; F -
conchoidall to uneven: M — prismatic to tabular
crystals, radial aggregates, granular.

Origiin and occunenee: Hydrothermall in cavities in
granitic pegmatites and in greisens. Perfect crystals,
up to 120 mm (4"/isin) long come from Marilaca and
together with colored tourmalines from Virgem da
Lapa, Minas Gerais, Brazil; also known from
Topsham and Stoncham. Maine, USA.

Amidiggmidize
LIAKFO ()(F.OH)

TRICLINIC [ 3 N )

Propertizss: C - colorless, white, yellowish, bluish,
gray, S — white: L — vitreous to dull; D - transparent
to translucent: DE — 3.1; H — 5.5-6; CL - good; F -
conchoidall to uneven: M — short prismatic crystals,
granular, massive.

Hydbongiheradaréte, 22 mm. Anza. Cellifirnéa, USA.



Momethesitée, $mum, Witite Riacho, Avizona, LS.

Origiin and occunrencer: Magmatic in granitic
pegmatites and some granites; rare hydrothermall in
greisens and in ore veins. Large amblygonite masses,
several meters across, come from pegmatites, like
the Beecher, Custer and Hugo mines, Keystone,
Souith Daketa, USA, where its blocks weighed up to
200 tons; also known from Viitaniemi, Finland; Ute.
Sweden. Typlcal representative of the quariz-
amblygonite veins is Vernerov, Czech Republic.
Appliicatiint: Li ore and raw material for ceramics.

Monisirasivee
LIAED 4)(OH/F)

TRICLINIC [ 2K N J

Propertiies: C - colorless, white, yellowish, yellow,
bluish, gray: S — white: L — vitreous to dull: D -
transparent to translucent; DE - 3.0; H - 5.5-6; CL -
good; F - conchoidal to uneven; M - short prismatic
to tabular crystals, granular, massive.

Origin and oecwrencer: Magmatic in granitic
pegmatites and granites: hydrothermall in granitic
pegmatites, It occurs very frequently with ambly-
gonite, which it replaces. Large masses are known
from Montebras, France: also from the Tin Mountain
mine, Custer. South Dakota, USA.. Perfect tabular
crystals up to 150 mm (6 in) acress found in
Taquaral, Minas Gerais, Brazil.

erite
MgzPOL(FOH)

MO NOCILIINNIIC [ N N )

Properties: C — light yellow, yellow-green, yellow-
brown, green; S — white; L - vitreous to greasy; D -
transparent, translucent to opaque; DE - 3.2; HI - &
5.5; CL - imperfect: F — conchoidal to uneven; M -
short prismatic crystals, granular, massive.

Wegnevitee, 1§ rm x, Karfen. Augria

Oriigin and occuwrenter: Magmatic in granitic
pegmatites: metamorphic in gneisses and eclogites;
hydrothermall in quartz veins and in salt deposits.
The most famous finds come from the quartz veins
in Hollgraben and Radelgraben. the Alps, Ausiria,
where wagnerite oceur together with lazulite and
forms crystals up to 30 mm (1/» in) across: also
known from Mangualde. Portugal and Bedenmais.
Germany.

Awmibigpoitize, 55 mm, Mines: Gevaiis, Bracil

i nr



Zwikesatitize, 30 mwm graiin, Dolbii Borv, Czeth Regpublic

Zwiizstiee
Fey(PO4)F.OH)

MO NOCILINIC oo

Properiiies.: C — dark brown to black-brown; S — light
brown; L - vitreous to greasy; D - translucent to
opaque; DE - 4.0; H - 5-5.5; CL - imperfect; F
conchoidal to uneven; M - short prismatic crystals,
granular, massive.

Origin anif occurvence: Magmatic in granitic peg-
matites: rare hydrothermal in greisens. It is associated
with apatite, triplitc and secondary phosphates.
Imperfect crystals and granular aggregates are known
from pegmatites near Zwiesel, Germany: Dolni Bory,
Czech Republic.

Libetiaritite, S@mm. [ libietova, SBoukiia

VA

Triplie, 70 mom, Viitaniermij., Friorlend

Triplite
Mn(PO)(F,OH)

M O NOCILINNIC o000

Propertiies: C - pink, light brown; S — light brown; L
vitreous to greasy; D ~ translucent to opaque; DE
- 3.8, H-5-5.5; CL - imperfect; F - conchoidal to
uneven; M - short prismatic crystals, granular,
massive.
Origiin and ocewrencer. Magmatic in granitic
pegmatites and granites; hydrothermall in greisens
and in quartz veins. It is usually Hydirothermally
altered and replaced by secondary phosphates. Huge
masses several meters in size come from pegmatites
in Karibib, Namibia; it also occurs in Mangualde,
Portugal and in Sukula, Finland,

Libettiniit
CUp(FO 4)(OH)

ORT HOR HOWMSBI I [N ]

Propevtiies.: C - black-green to light green; S - olive-
green: L — greasy; D - translucent; DE - 3.9; il - 4;
CL - imperfect; F ~ conchoidal to uneven; M — short
prismatic and dipyramidal crystals, botryoidal
aggregates, granular, massive.

Origiin and ocewvenez: Secondary in Cu deposits,
where it occurs together with malachite, pseudo-
malachite and brochantite. Perfect crystals, up to 30
mm (IMw in) across, come from the Rokana mine,
Zambia; crystals, up to 10 mm (% in), are known
from Kambove, Zaire; L'ubielova, Slovakia; Nizhniy
Tagil. Ural Mis.. Russia.



Ofiveniter, 80 mm, Tsumeth, Ndamibia

Oliveniite
Cup(ASD,)(OH)

ORTHORHOWMBIC [ X X ]

Propentiéss: C - olive-green, green-brown, gray-
green to gray: S - light green; L - greasy: D -
translucent to opaque; DE - 4.4: fi1-33; CL—
imperfect; F - conchoidal to uneven: M - long to
short prismatic and dipyramidal crystals, acicular
and radial aggregates, massive.

Origitn and oceuntenter: Secondary in Cu deposits. It
is associated with other secondary Cu minerals.
malachite, azurite and scorodite. Perfect crystals up
to 10 mm (Vsin) across occurred in Wheall Gorland,
Cornwalll, and Tavistock, Devon UK. also in
Tsumeb, Namibia and Ashburton Downs, Western
Australia, Australia.

Adamiiee
Zn(AsD4)(OH)

ORT HORHOWMEBIIC [ 2K X ]

Propertiass: C ~ yellow-green, yellow, green, color-
less, purple; S - white; L - vitreous: D - transparent
to translucent: DE - 4.4; H - 3.5; CL - imperfect; F
- conchoidal to uneven: M - long to short prismatic
and dipyramidall crystals, acicular and radial aggre-
gates, massive; LU - yellow-green.

Origiin and occuwrenter: Secondary in Zn deposits,
associated with hemimorphite, goethitee and
smithsonite. Rich druses of green and rare purple
crystals up to 70 mm (2% in) acress come from Mina
Ojuela. Mapimi, Durange. Mexiceo; alse knewn from
Tsumeb., Namibia: Laurien. Greece and Cap
Garanne. France.

Adamiter, 34 mm, Megiinij. Merico

ine



Lazutfiee, 11 mwn x, Limeoifu Co.. LWSA

Lazullitz
MgAIL(FD,4)2(OH)

Big Fish River. Yukon, Canada and near Werfen,
Austria.

FeAlp(f4),(OH),

M O NOCILIINNIIEC [ N

Properties: C — dark blue, blue-green; S -- white; L
vitreous: D  transparent to translucent; DE - 3.3; HI
6; CL — impetfect; F - conchoidal to uneven;, M —
prismatic crystals, granular, massive.

Origin and oecurience: | Ivdhatharmal im granitic peg-
matites, as a replacement product of primary phospha-
tes, rare in quartz veins. Dark blue, granular aggre-
gates up to 00 mm (4in) across occur in the Palermo
No. | and No. 2 mines, North Groton. New Hampshire
and the Victory mine. Custer, South Dakota, USA.,

Roclliriitigi
FeZ*Fe3* 4(POy)3(OH)s

MO NOCILIINIIEC [ 2N N J

Properties:: C - dark to light blue, blue-green; S -
white; L - vitreous; D - transparent to translucent;
DE - 3.1; H - 5.5-6; CL — imperfect; F conchoidal
to uneven; M - short prismatic and dipyramidal
crystals, granular, massive.

Origin and occurvemee. Hydrothermal in quartz
veins and granitic pegmatites, where it is formed by
decomposition of primary phosphates: metamorphic
in quartzites.

Imperfect crystals up to 100 mm (4 in) across come
from Hiemgjolnerg, Swweatiom; parfent anystas dout T0
mm found in Ashudi, Pakistan; also known from

Scanziitize, BDmm. Relermo Na.2 Mine, UNSA.

T FA

ORT HOR HOWMBIIC [ 2N J

Properties: C - dark and light green, black-green: S -
green; L dull; D translucent to opaque; DE - 3.4:
H -4.5; CL - good; F - uneven; M - acicular crystals,
radial aggregates and crusts, granular, massive.
Origin and occurrence: Secondary in granitic pegma-
tites and in Fe deposits. 1t mostly originates from the
hydrotherimal alteration of primary phosphates, mainly
triphyllite. and it is associated with other secondary
phosphates. Rich radial aggregates up to 50 mm (2 in)
across come from |lagendorf, Germany; the Tip Top
mine. Custer. South Dakota and the Fletcher mine.
Groton, New Hampshire, USA.

Roaddriddgeéte, 70 mon, Nageeddlyf. Geermany



Frondeltee, 15 mm xx, Custer, USA.

Frondeélir:
MunFe> 4(PO)3(OH)s

Duffienitee, ¥ mom, Ddacaster, (ISA.

Psesdhmsidaoiiéte
Clig(PO4)(DiH)4

ORT HORIH@WSES 1€ e e e

Properties: C - light olive-green, brown, black-

green: S- green: L - ¢hll; ID  tramduosnt to aypapue:

DE - 35"H 45; CL good: F - uneven; M -
acicular crystals, radial aggregates and crusts,
granular, massive.

Origin and oceunenee:: Secondary in granitic peg-
matites, where it forms as a result of the hydrother-
mal alteration of primary phosphates, mainly
lithiophillite. Radial aggregates occur in the Fleicher
mine, Groton, New Hampshire, USA; also in
Sapucaia, Minas Gerais, Brazil,

Duffreniite
Fe ¥R o (RO 4) 3 (DH)5 - 2 WO

MO NOCILINIC oo 0

Propevties.: C - dark green, black-green. black; S

green: L vitreous to dull; D - translucent to
opaque; DE - 34; H  3.5-45; CL - good; F -
uneven; M  radial aggregates and crusts, granular,
massive.

Origiln and occunrenter: Secondary in granitic
pegmatites and in the oxidation zone of Fe deposits:
it forms in pegmatites as a result of the hydrothermal
alteration of primary phosphates. Radial aggregates
occur in pegmatites in Hagendiorfand Hiiltwerkobel.
Germany: also in gossan in the Wheall Phoenix mine.
Corawall, UK.

MONOEE LN IC oo e

Propertires: C - green, black-green; S - green: L -
vitreous to dull; D - translucent to opaque: DE - 4.3;
It - 45-5; CL ~ good; F — uneven; M - short
prismatic crystals, botryoidall aggregates with radial
structure, massive.

Origiin and ocewwrenes:: Secondary in Cu deposits,
associated with malachite, chrysocollla, libethenite
and goethite. Beautiful botryoidal aggregates and
large masses come from Nizhniy Tagil, Ural
mountains, Russia; also from Ehl and Virneberg,
Germany:; from L'ubietova , Slovakia; and also from
many localities in Shaba province, Zaire,

Pseudbmaidaiohéte, 30 mm, Lubizoves. Sovakia

inr



Comubhize, 30 mm, Farbister, Slosaléa

Auggrliee. 34 mm. Yikon Terrivory, (Careda

Cornulhitte Augeiite
Cug(ASD4)2(OH)4 Al (PO )(TH);
TRICLINIC ° MONOQLINIC © & ®

Propertifes: C - light to dark green; S - light green:
L - vitreous to dull: D — transtucent: DE - 4.8; H
not determined: CL ~ not determined; F ~ uneven: M
~ botryoidal aggregates, massive.

Origin and oceurenee: Secondary in Cu deposits. It
was found together with olivenite and clinoclase in
the Bedford United quarey. Cornwall, UK: also in
Ashburton Downs. Western Australia, Australia and
Farbiste, Slovakia.

Cormetiie, 10 mm aggpegatee, Luwnrmbbaishi. Zair

Propertifes: C - colorlcss, white, yetlowish, pinkish;
S- white; L - vitreous to dull; D - transparent to
translucent: DE ~ 2.7, H- 4.5-5; CL - good; F
uneven: M - thick tabular to prismatic crystals,
granular, massive.

Origin and occurenee: Hydrothermall in granitic
pegmatites as a product of primary phosphates
replacement; rare metamorphic in quartzites.
Massive aggregates several decimeters across occur
in pegmatites in Burango, Rwanda; also in the Hugo
mine. Custer, South Dakota and Mount White,
California, USA. Crystals up to 20 mm (*A: in)
across come from Rapid Creek, Yukon, Canada and
from the Champion mine, California; rare small
crystals found In the Palermo No. I mine. North
Groton, New Harmpshire, USA.,

Corngttite
CU3(FO 4)(Oi)3

ORT HOMRHHIWER IC L]

Propesties:: C - dark blue to blue-green; S -- light
blue; L - vitreous; D - transparent to translucent; DE
- 4.1; H- 4.5; CL - none: F - conchoidal to uneven;
M - short prismatic crystals, coatings.

Origiin and ocewmene: Secondary in Cu deposits. It
is rare in the Etoile mine near Lumumbashi and in
Kalagi, Shaba province, Zaire; also occurs in
Yeringion, Nevada and in Saginaw Hill, Arlzena,
USA.



Clinoetéee. 40 mm, Commnatll, UK

Clinodhee
Cu3z(AsD4)(OH)3

Conicttsditite, 70 mm, Tinlic, USA.

Duffiitz
PbCu(As,)(OH)

MO NOCILINIC [ N ]

Properiies: C - dark green-blue to black-green: S -
blue-green; L - vitreous; D - transparent to
translucent; DE ~ 4.4; H - 2.5-3; CL ~ perfect; F -
uneven: M - prismatic and tabular crystals,
botryoidal aggregates.

Origin and occurvemzz: Secondary in Cu deposits,
often associated with malachite, azuritc and other
secondary Cu minerals. Spherical aggregates up to
110 mm (/% in) known from the Majuba Hill mine.
Nevada, USA; occurs rarely near Tavistock, Devon,
UK; also in Novoveska Huta, Slovakia.

Coniicitai hitee
CuCa(AsTy)(OH)

ORTHORHONBIIC [ 2N N

Propertiies: C — yellow-green to emerald-green: S -
light green; L - vitreous to greasy; D - transparent to
translucent: DE  4.3; H — 4.5; CL - none; F -
uneven; M - short prismatic crystals, botryoidal
aggregates with radial structure, massive.

Origin and ocouene=: Secondary in Cu deposits. It
occurs as rich botryoidal aggregates in Otavi,
Namibia; Tintic. Utah, in the Higgins mine. Bisbee,
Arizona and Yerington, Nevada, USA.

ORT HOR HONVEBIIC [ N

Properiizs: C - yellow-green, olive-green to gray-
green; S - light green: L — vitreous to greasy; D -
translucent; DE - 6.5; H - 3; CL - not determined; F
- uneven: M - small crystals, botryoidal aggregates
and coatings.

Origiin and occuwveme: Secondary in base metals
deposits. It is associated with malachite and azurite
in Tsumeb, Namibia: in Mina Ojuela, Mapimi,
Durango, Mexico; in Moldava, Czech Republic.

Duffitee. 90 mmn, Tsumeth, Niarmibia

inr



Desathitziite, 38 mm. Groodfameiin, Namibia

Arsemitsstdizitéte, 95 mm. Mapiinij, Miico

ine

Desdhiviiee
PbZm(¥Q 4) (OH)

ORT HORHONMBI IC L

Progartréss: C - red-orange, red-brown to brown-
black, gray-green; S - light yellow-brown; L -
greasy; D transparent, transiucent to opaque; DE
6.1; H - 3-3.5; CL -~ none; F - conchoidall to uneven;
M - crystals of different habits, mostly pyramidal or
prismatic, botryoidal and skeletal aggregates,
massive,

Origin and occurvence: Secondary in base metals
deposits. It is mainly associated with pyromorphite,
mimetite, vanadinite and other secondary Pb
minerals. Occurs as crystals up to 30 mm ([’ in)
long in Tsumeb and Berg Aukas, Namibia; also
Broken Hill, Zambia; and the Mammoth mine, Tiger,
Arizona, USA.

Arsemlinxloizite
PbZm(fsD4)(OH)

ORTHORHONMBI IC ®

Properties: C  light yellow; S - white: L — adamantine
to greasy; D - transparent to translucent: DE - 6.1, H

4; CL - none; F - conchoidal to uneven: M - tabular
crystals, rosette-like aggregates.



Origin and occuwreme®: Secondary in base metals
deposits, associated with mimetite and goethite.
Found rarely as crystals of IL mm ('%» i) im size im
Tsumeb, Namibia: also Mina Ojucla, Mapimi,
Durange, Mexico.

Mottnamiiee
PbCu(@s0)(OH)

ORTHORHOWBIIC o0

Propertiies: C — grass-green to black-green; S - light
green: L — vitreous to dull; D - transparent to
opaque: DE -~ 59; H ~ 3-3.5; CL ~ none; F -
conchoidal to uneven: M - crystals of different
habits, botryoidal and dendritic aggregates, crusts
and coatings, massive.

Origin and occurvence: Secondary in base metals
deposits, associated with mimetite. descloizite and
vanadinite. It occurs in Mottram, Cheshire, UK; in
Tsumeb, Namibia: Mammoth mine, Tiger. Arizona,
USA.

Brazillamiie
NaAl(FO 4)2(Okl)y

MONOCILIMNIC o0 0

Properties:: C - colorless, white, yellowish, yellow-
green, S - white: L - vitreous: D — transparent to
translucent: DE - 3.0; H - 5.5; CL - good; F -
uneven: M short prismatic to isometric crystals,
radial aggregates, granular.

Origin and occurveme: Hydrothermall in cavities in
granitic pegmatites, where it is associated with
fluorapatite. albite and tourmaline. It occasionally
originates as a product of amblygonite replacement.
Perfect yellow-green crystals up to 150 mm (6 in)
across found in cavities in pegmatites in Conselhcira
Pena and Corrego Frio. Linopolis. Minas Gerais and
from Pietras Lavradas, Paraiba, Brazil.

Mottbamitec. 60 mm. Tiger. Avizonea, L1 $A

Cajfinsitee. 9 mm x, Binmtat!. Saitzerland

Cafarsity
Cag(Ti,Fe?* Fe?* M) (@3 03) 1 .4 Hy0

cuBIC ®

Properties: C - dark brown: S — yellow-brown: L
submetallic: D translucent; DE 3.9, H 5.5-6; CL -
none; F - conchoidal: M - isometric crystals.

Origin and occurrence: Hydrothenmall along cracks
in Alpine-type veins. Cubic crystals up to 30 mm
(17 in) across come from Binntal, Switzerland and
Pizzo Ccrvandone, Italy.

Bredilaniiee, 47 mm. Conszttieiiza Pena, Brazil

inr



Carwiiniiee
PbFe3*(As4)2(OM),

ORTHORHONMBIIC e e

Properties: C - crimson-red. red-brown; S - red-
yellow; L — adamantine to pearly; D - translucent;
DE - 5.5; H - 3.5; CL - good: F - conchoidal to
uneven; M - prismatic crystals, acicula, radial, felt-
like to porous aggregates, coatings and crusts.
Origin and occurtence: Secondary in base metals
deposits, associated with mimetite and scorodite.
Crystals up to 10 mm (7s1n) across eceur 1n Tsumeb,
Namibia: In Mina Ojuela, Mapimi. Durango,
Mexico; in Calstock, Cornwall, UK.,

Carwiiitee, 2 mm xx. Nadap, Hiungary

inr

Bayitibmiiée, 34 mm, Tsumeth, Wamibia

Baylidanite
PbCun{(AsOlz), (OH), . HRO

MO NOCILINIC [ N ]

Properties.: C — yellow-green, olive-green; S — light
green; L resinous; D — translucent; DE - 5.5; H -
4.5; CL - not determined; F - uneven; M — earthy
aggregates, coatings, massive.

Origin and occuwnenes:: Secondary in the oxidation
zone in hydrothermall Cu deposits and in greisens. It
occurs as common Yyellow-green coatings and
crystals up to 0 mm (% in) across, associated with
large azurite and mimetite crystals in Tsumeb,
Narmibia; also as coatings in St. Day. Corawall, UK;
in Meldava, Czech Republie.

Wesigniiire
BaCus(¥Q4)7(OH);

M O NOCILIINIC o0

Properties: C — yellow-green, olive-green: S - light
yellow-green; L - vitreous to dull; D - translucent;



Kesigneitte, 800mnm.Viiraniiee.CzethR dRepitic

DE - 4.1; H - 34; CL - good: F uneven; M -
earthy and pulverulent aggregates and coatings,
massive.

Origin and occumencee: Secondary in base metals
deposits and in sediments, containing Cu sulfides. It
occurs as yellow-green coatings in sediments in
Horni Kalna, Czech Republic: also in the Masham-
ba West mine, Zaire: together with barite and
psilomelanc in Friedrichsroda, Germany.

Arsenteimeblite
Pl Cu(XsMyg)(S5D 4) (OitH)

MO NOCILIMNIC [ ]

Propentirs:: C - bluish-green to light green: S — light
green; L dull: D - translucent; DE - 6.5; H- 3. CL
good; F  uneven; M - earthy aggregates, coatings,
massive.
Origin and ocoumenpse: Secondary in the oxidation
zone, where it forms as a result of mimetite replace-
ment. Found rarely in Moldava, Czech Republic; in
Tsumeb. Namibia, where it forms pseudo-morphs
after azurite crystals.

Avsentesswebibéze, 40 mm., Molidven. Czeeth Regneblic

ine



Fluomagaiitize. 30 mm, Dussw, Mediddan

Floonagnitiee
Cag(POy)gF

HEXAGOMNAL

Propentiass: C - colorless, white, yellowish, pinkish,
blue, purple, green, brown with various hues; S
white; L vitreous to dull; D - transparent to trans-
lucent, sometimes opaque; DE ~ 3.2; H §5; CL -
imperfect; F - conchoidal to uneven; M long
prismatic to tabular crystals, botryoidal. earthy and
fibrous aggregates, massive; LU ~ yellow.

Origiin  and! oceurepeee: Magmatic in granites,
syenites, diorites, gabbros and various types of peg-
matites. also in volcanic rocks: hydrothermall in
quartz velns, ore veins, greisens and Alpine-type
velns; metamorphie in different types of gielsses,
migmatites, miea schists, skarns and amphibelites;
in different types ef sedimentary focks. Perfest.
short prismatie, purple transparent crystals up to 40
X 40 mm (17ix X [Av in) are renewned frem
pegmatite in the Pulsifer guarey. Meuat Apatite.
Auburn, Maine, USA: pink erystals from Dusse,
Pakistan. Perfeet erystals abeut 100 mm (4in) aeross
alse from Alpine-type veins. &.g. in Fieseh. Switzer-
{and: alse knewn frem the guariz veins in greisens.

ine

associated with wolframite, in Panasqueira. Portu-
gal; in Horni Slavkov, Czech Republic; Ehrenfrie-
dersdorf. Germamy. Also found in skarns at Cerro de
Mercado. Durango. Mexico. Large deposits of mas-

Chillonagatitize. 20 rm x, Bobss Lake, Onrrin, Qeavada



sive apatite located in Kola Peninsula, Russia;
crystals weighing up to 300 kg (660 1b) from the
vicinity of Clear Lake, Ontario, Canada.
Appilrairopi: main source of P, chemical indusiry,
fertilizer,

Chiovagattiee
Cag (POl

HEXAGOMNMAIL [ 2 N J

Propentiss: C — white, various hues of yellow; S
white: L — vitreous to dull; D - transpareat to trans-
lucent: DE - 3.2; Il ~ 5. CL — imperfeci: F -
conchoidall to uneven; VI - long prismatic to tabular
crystals, granular.

Origin anid occumenser: Magmatic in nepheline
syenites and their pegmatites, some gabbros and
volcanic rocks, also in meteorites; metamorphic in
skarns. It is usually associated with scapolite,
amphibolc. titanite and magnetite. Perfect prismatic
crystals up to 35 cm (13'%% In) long, come from
pegmatites In Bamle, Norway: also from Kurokura,

Japan,

bypiitize
cls (PO@a(Ol"))

HEXAGOMNALL o0 0

Propevtizss: C — white, yellow, various hues of gray:
S - white; L - vitreous to dull; D - transparent to
translucent; DE ~ 3.2; H - 5; CL - imperfect; F -
conchoidall to uneven; M ~ short prismatic to tabular
crystals, acicular aggregates, granular.

Origiin and occunente:: Metamorphic in talc schists
and serpentinites: hydrotheemal in granitic pegma-
fites: sedimentary in organic remnants. Crystals up
to 30 mm (1%» in) across known from Snarum,
Norway: llospental, Switzerland; Easle, Colorado.
USA.

Carbonattetflovapptiitte
Cag(FO 4, CO3)5F

HEXAGOMNAMAIL [ N ]

Propentiées: C - white, gray; S - white; L - vitreous
to dull: D — transparent to translucent: DE ~ 3.2; H
- 5; CL - imperfect: F — conchoidal to uneven: M
B sphericall and botryoidal aggregates, massive.
Origiin and ocewmensez: Hydrothermall in ore veins
and along the cracks in volcanic rocks. Rich botryoi-
dal aggregates are known together with hyalite opal
from Valec. Czech Republic: the Wheall Franco mine.
Tavistock. Devon. UK.

Hydbaxghégatitée, 2 mm sx. Ternaszentaaidies, Hiungary

Cavifanateclocepgtiteite, D). Skeffel, GEanaapy

iAr



Pyromwpphie, 41 mm, Les Farges, Framce

Pwowppitize, 62 mm, Les Farges, Famce

Pyromarifite
Pbg(PO )3l

HEXAGOMNMALL L I

Propentiass: C - green, brown, yellow, orange, white,
gray: S -white; L - adamantine to greasy; D -
transparent to translucent; DE - 7.1; H - 3.54; CL -
imperfect; F - conchoidal to uneven; M - long
prismatic to tabular and pyramidall crystals,
botryoidal aggregates with radial structure, acicular
and earthy aggregates, massive.

Oriigin and ocewrentse: Secondary in the oxidation
zone of Pb deposit, associated with cerussite,
goethitece and other secondary minerals. Perfect
crystals up to 40 mm (IMi» in) long come from many
localities, e.g. green and brown ones from Bad Ems
and Zschopau, Germany: yellow-brown ones from
Les Farges. France; green, brown and yellow ones
frem Mina Ojuela. Mapimi, Durange. Mexieo.
Green, orange and brown erystals, up te 60 mm (274
in) leng, are knewn frem the Bunker Hill mine.
1dahe. USA.



Mimetiice. 14 mm x, Jofermeenggestatdr. Gaevmany

Mimetiie
Pbg(ASD 4)3CI

HEXAGOMNALL [ 2 N

Karigties: campylite

Propentizss: C — yellow, orange, brown, yellow-
brown, white, gray; S - white; L -~ adamantine to
greasy: D - transparent to translucent; DE ~ 7.3: 11
3.5-4: CL - imperfect; F — conchoidal to uneven; M
long to short prismatic and pyramidal crystals,
botryoidal aggregates with radial structure, acicular
and earthy aggregates, granular.
Origin and occumennez: Secondary in Pb deposits,
associated with pyromorphite and goethite., Perfect
crystals up to 20 mm (*75: in) leng come from
Johanngeorgenstadt. Germany: campylite eeeurs In
Drygill, UK: crystals up to 50 mm (2 in) across
feund in Tsumeb, Namibia; Santa Eulalia and San
Pedre. Chiliuahua. Mexiee. Beautiful yellow erystals
up to 30 mm (1'» in) found resenily in Hat Ya
previnee. Thailand.

Vewadinive
Pbg(VO4)3Q

HEXAGOMAIL o e e

Propeniizss: C — yellow, orange, red, brown, yellow-
brown; S - white: L — adamantine to greasy; D
transparent to translucent; DE — 6.9; H - 2.5-3; CL
none; F - conchoidall to uneven; M — long to short
prismatic and pyramidal crystals, botryoidal

aggregates with radiall structure, acicular and earthy
aggregates, granular.

Origiin and occwmeneze: Secondary in Pb deposits,
associate with pyromorphite, wulfenite and goethite.
Perfect crystals up to 130 mm (5% in) long come
from Djcbcl Mahseur and Mibladen. Morocco. Pris-
matic crystals were also found in Tsumeb, Namibia;
in the Old Yuma. Red Cloud. Apache and Mammoth
mines, Arizona, USA.

kawadivitre, 64 mm, Mibildéey,, Mioweco

ine



Atelkstitiey, 70 mm, Scihestegs. Gerwanyy:

Avelkettiee
Big(Asy)O(Oi)

M O NOCILINNIC [ ]

Properties: C - yellow, yellow-green; S - white; L -
adamantine to greasy: D ~ transparent to translucent;
DE-710;Hl - 4.5-5. CL - imperfect; F — conchoidal to
uneven; M ~ small tabular crystals, spherical aggrega-
tes.

Origin and occurrence: Secondary in the oxidation zone
of Bi deposits. It was found in Schneeberg, Germany.

Huwreautliee
Ming(FrO0,)p [ PROG( CEHIY ] .. 4 Hp ©

MO NOCILIMNIC

Propertiées: C — orange-red. pink, purplish, white,
gray; S - white; L ~ vitreous: D ~ transparent to
translucent; DE - 3.2; H ~ 3.5; CL - good: F -
uneven; M - prismatic to tabular crystals, coatings,
granullar, massive.

Huwreautivee, 53 mm, Shingyss, Rebistan

Mariscite, 30 mm. Eairflietlid, USA

Origiin and occumenes:: Secondary in granitic peg-
matites, as a result of alteration of the primary phos-
phates, mostly lithiophillite, triphyllite and grafto-
nitc. Purplish crystals up to 50 mm (2 in) across
come from Shingus. Pakistan. Similar crystals found
in Hagendorf, Germany. Also known from Mangual-
de, Portugal; Sao Jose da Safira. Minas Gerais, Bra-
zil; from the Tip Top mine, Custer. South Dakota.
USA.

kariscite
AI(PO,) .2 HL0

ORT HORHCNMEBIICC o0 0

Propentifss: C - colorless, greenish, blue-green; S -
white; L - vitreous; D - transparent to translucent;
DE - 2.6; H  3.5-4.5; CL -- good; F — uneven; M -
isometric crystals, botryoidal aggregates. nodules,
coatings, massive.

Origiin and occenmenper: : Hydrothermall in cracks in
sedimentary rocks, rich in Al and P, also in phos-
phates deposits. It is associated with apatite,
wavellite and other phosphates. Renowned greenish
nodules up to 30 cm (12 in) in diameter come from
Clay Canyon. Fairfield, Utah, USA; also known
from Ronneburg, Germany and Jivina near Beroun,
Czech Republic.

jiee
Fe3*(POy) .2 H,0

ORTHORHOOWMBI I L N I

Propentiess: C — colorless, pinkish, red-purple; S

white; L - vitreous; D - transparent to translucent;
DE - 2.8: H - 3.5-4.5; CL - good; F - conchoidal:
M - isometric, tabular to short prismatic crystals,
botryoidal aggregates with radial structure, coatings.
Orignm andl eeewrariee: Secondacy In granitie



Strengitee, 34 mm, Svappavearey, Swaden

Scanesitier, 1) mm x, Zacatteoss, Mieico

pegmatites where it forms as a result of hydro-
thermall replacement of primary phosphates; in the
oxidation zone of Fc deposit together with
goethite. Purple crystals up to 5 mm (¥i« in) across,
come from the Bull Moose mine, Custer. South
Dakota, USA: also known from Pleystein, Ger-
many and from Teskov, Czech Republic.

Sconaiiez
Fe3*(AsQy) .2 H;O

ORTHORHONMEBIIC [ 2 )

Propenties: B - light green, gray-green, olive-green,
colorless, blue, yellow-brown; S - light green; L -
vitreous to resinous: D -- transparent to translucent:
DE - 3.3: 1I - 3.5-4; CL - imperfect; F - conchoidal:
M dipyramidal to short prismatic crystals,
botryoidal and earthy aggregates, coatings, granular,
massive.

Origiin and ocecurnenee: Secondary in the oxidation
zone of ore deposits, associated with arsenopyritc,
lollingite and other arsenides; in granitic pegmatites;
hydrothermal in the hot springs.

Perfect crystals up to 50 mm (2 in) across come from
Tsumeb, Namibia; the Kiura mine. Oita, Japan;
Mina Ojuela, Mapimi. Durango, Mexico; green
crusts, severall em thick, were found in Djebel Debar,
Algeria.

i



PhosgriophiiyiVéte, 18 mm x. Potosii, Bollviaz

Phospiiogriy)litize

Lucilniide. 36 mm, Movosacida, Bdivia

Anapaire
cazFe(N4)2 4 Hzo

M O NOCILIMIC e

Propevies: C - colorless, blue-green, blue; S
white; L — vitreous: D - transparent to translucent:
DE - 3.1; H - 3-3.5; CL - good; F — uneven; M -
long to short prismatic and thick tabular crystals,
granular.

Ovitgin avit! ocumernece: Secondary in the oxidation
zone of ore deposits: in granitic pegmatites, where it
replaces primary phosphates. Perfect crystals, up to
140 mm (5%2 in) across come from sulfide cavities in
the Unificada mine, Potosi. Bolivia. Also occurs at
Hagendorf. Germany.

Ludbmiiee
Fe3(POY)).. 4 HyO

MO NOCILINIC [ N J

Propentiass: C - light green, green: S — white; L
vitreous; D - transparent to translucent: DE - 3.2; 11
- 3.5; CL — perfect: F — uneven; M — thin to thick
tabular crystals, granular, massive.

O¥iggin amitl ocmwencece: Secondary in the oxidation
zone of ore deposits: in granitic pegmatites, where it
replaces primary phosphates. Perfect crystals up to
90 mm (37K in) across known from the San Antonio
mine, Santa Eulalia, Chihuahua, Mexico: also from
Morococala. Bolivia and the Blackbird district,
ldahe. USA.

TRICLINIC LN

Propentiass: C — light to dark green, colorless; S
white; L - vitreous; D - transparent to translucent;
DE - 2.8; H - 3.5; CL - perfect; F — uneven: M —
thin to thick tabular crystals, rosctte-likc aggregates,
granullar.

Oviiguin emit! ocwmyerrece: Secondary in the oxidation
zone of Fe deposits and in sedimentary rocks, rich in
P. Tabular crystals several mm across and spherical
aggregates, up to 30 mm (1*/» in) across, come from
the cracks within oolitic ores near Anapa and Kerch,
Crimea. Ukraine; also known from Bellaver de
Cerdena, Spain.

Viviantizz
Fe3(POg4)z - 8 HxO

MO NOCILINIC

Properttées: C - colorless when fresh, quickly
oxidizes to blue, green, purple, black-bluc; S -~ white
to bluish; L ~ vitreous; D - transparent, translucent to
opaque; DE - 2.7, H - 1L.5-2; CL - perfect; F ~
uneven: M - long prismatic to acicular crystals,
fibrous, earthy to pulverulent aggregates. coatings,
granullar, massive.

Origitn and occumenase: Secondary in the oxidation
zone of Fe deposits; in granitic pegmatites. where it
forms by the replacement of primary phosphates and
in sedimentary rocks in proximity of organic



Amapzinée, 18 mm aggreguess. Anaga. Ulazine

material; hydrothermall in the ore deposits. Crystals
up to L5 m (5 ft) long found in clay sediments in
Anloua, Cameroon: crystals up to 200 mm (77 in)
across known from Morococala. Bolivia. Smaller
crystals come from Trepca. Serbia; Leadville,
Colerado, Bingham Canyen, Utah, USA; alse from
Kereh and Anapa. Crifmea. Ukigine.

Evytiirriree
Co3(AsOy); .8 hipy®

M O NOCILIMNIC [ 2 2N

Propentiess: C -- dark purple, pink, colorless: S$- light
pink to white: L - vitreous; D - transparent to trans-

Erythiritee, 29 mm. MWesdoo

lucent: DE — 3.2; H - L525; CL - perfect; F —
uneven: M — long prismatic, acicular to tabular
crystals, earthy aggregates, coatings, granular,
massive.

Oviginin ewit! ocemresece: Secondary in the oxidation
zone of Co, Ni and U deposits. Tabular crystals up to
60 mm (27 in) long comec from Bou Azzer,
Morocco. Other important localities are Schneebcerg,
Germany; Talmessi. Iran; Cobalt. Ontario. Canada;
Mount Cobalt. Queensiand, Australia.

Vivianiire, 48 mm. Moreearaldu, Balivia

inr



Phoghophiiiiiéte, 1S mm x, Potosi, Bolliii

Phospiioghh)iliize
ZnyFe(PO4); -4 HyQ

Ludiamitee, 36 mm, Movarasalda, Bdivia

Awagritee
CayFe(POy); -4 HyO

MONOCILIMNIC [ N

Properties: C - colorless, blue-green, blue: S
white; L - vitreous: D — transparent to translucent;
DE - 3.1; H - 3-3.5; CL - good; F - uneven; M -
long to short prismatic and thick tabular crystals,
granular.

Origin and occurvene®: Secondary in the oxidation
zone of ore deposits; in granitic pegmatites, where it
replaces primary phosphates. Perfect crystals, up to
140 mm (5% in) across come from sulfide cavities in
the Unificada mine, Potosi, Bolivia. Also occurs at

| gendiort. Gerimany.

Ludlamiier
Fey(POly)) .4 HpO

MO NOCILINIC [ N ]

Propeviies.: C — light green, green; S — white; L
vitreous; D - transparent to translucent; DE — 3.2; Hi
- 3.5; CL - perfect; F - uneven: M — thin to thick
tabular crystals, granullar, massive.

Origiin and occumenee: Secondary in the oxidation
zone of ore deposits; in granitic pegmatites, where it
replaces primary phosphates. Perfect crystals up to
90 mm (37 in) across known from the San Antonio
mine, Santa Eulalia, Chihuahua, Mexico; also from
Morococala, Bolivia and the Blackbird district,
Idaho. USA.

TRICLINIC [ N ]

Properties: C - light to dark green, colorless; S
white; L - vitreous; D — transparentt to translucent;
DE - 2.8; H - 3.5; CL — perfect; F — uneven; M —
thin to thick tabular crystals, rosette-like aggregates,
granular.

Origin and occuwrenze:: Secondary in the oxidation
zone of Fe deposits and in sedimentary rocks, rich in
P Tabular crystals several mm across and sphcrical
aggregates, up to 30 mm (IN/. in) actoss, come from
the cracks within oolitic ores near Anapa and Kerch,
Crimea, Ukraine: also known from Bellaver dc
Cerdena. Spain.

Vivianie
Fe3(fQy4); -8 HyO

M O NOCILIINNIC

Propentiéss: C — colorless when fresh, quickly
oxidizes to blue, green, purple, black-blue: S - white
to bluish; L - vitreous; D - transparent, translucent to
opaque; DE - 2.7, H — 1.5-2; CL - perfect; F
uneven, M - long prismatic to acicular crystals,
fibrous, earthy to pulverulent aggregates, coatings,
granular, massive.

Origin and oceuwremze:: Secondary in the oxidation
zone of Fe deposits; in granitic pegmatites, where it
forms by the replacement of primary phosphates and
in sedimentary rocks in proximity of organic



Amappitize, I8 mm aggreepistes, Anggea. Uleine

material; hydrothermall in the ore deposits. Crystals
up to L5 m (5 ft) long found in clay sediments in
Anloua. Cameroon; crystals up to 200 mm (77 in)
across known from Morococala, Bolivia. Smaller
crystals come from Trepca. Serbia: Leadville,
Colerade, Bingham Canyon, Utah, USA; also from
Kereh and Anapa. Crimea, Ukraine.

Erythrine

CoJ(ASD,); -8 H7O

MO NOGCILINIC L 2K X ]

Propertisss: C — dark purple, pink, colorfess: S-- light
pink to white: L - vitreous: D - transparent to trans-

Erytthitize, 29 mom. Misvico

lucent; DE - 3.2; H - 1L5-25; CL - perfect; F -
uneven; M - long prismatic, acicular to tabular
crystals, earthy aggregates, coatings, granular,
massive,

Origiin and occumenose: Secondary in the oxidation
zone of Co, Ni and U deposits. Tabular crystals up to
60 mm (27 in) long come from Bou Azzer,
Morocco. Other important localities are Schneebcrg,
Germany; Talmessi, Iran; Cobalt, Ontario, Canada;
Mount Cobalt, Queensland, Australia.

Wivianitee, 48 mm, Monasooetalu, Sadivia

ine



Amnatleegitiae, 55 mm, Lawiion, Greece

Symyptésitee, 12 mm xx, Baia Speiiz. RRomania

Amalieegitite
Nij(AsDg); -8 o0

MONOQLINIC o0 0

Marieties. cabrerite (Mg contents)

Propertréss: C - light to dark green, white; S — white;
L - vitreous, D — transparent to translucent; DE
3.2; M1 11.5-2.5; CL - perfect; F - uneven; M — long
prismatic to acicular and tabular crystals, acicular
and earthy aggregates, coatings, granular, massive.
Origitn ami occuivenee:: Secondary in the oxidation
zone of Nii deposits, associated with erythritc. Crys-
tals up to 5 mm (V» in) across occur in Gukuroren,
Turkey, Sierra Cabrera, Spain; Laurion, Greece.
Nedules up to 20 mm (Bf» in) come from the
Snowbird mine. Montana, USA,

Sympbaitize
Fe3(AsDg); -8 0
TRICLINIC L 2N ]

Propevtiies: C - bluish, dark blue, light green, black-
green; S — white; L vitreous; D - transparent to
translucent; DE ~ 3.0 H - 2.5; CL - perfect; F -
uneven, M - acicular to tabular crystals, spherical
aggregates with radial structure, earthy aggregates
and coatings, granular, massive.

Origin and ecewivenes:: Secondary in the oxidation
zone of ore deposits and in granitic pegmatites with

Pievephiasrmaaoiitkite, 128 mm. France



As minerals, mainly arsenopyrite and lollingite. It
occurs in Schnceberg, Germany: Baia Sprie, Roma-
nia and Trebsko, Czech Republic.

Picroplisarm aclite
CaMgH (ASD4)y . 12 HO

TRICLINIC o0

Properties: C — colorless, white: S — white; L
vitreous; D - transparent to translucent; DE — 2.6; H|
- 2.5; CL - perfect; F — uneven; M - acicular
crystals, spherical aggregates with radial structure,
coatings.

Origin and occurence: Secondary in the oxidation
zone of ore deposits with As minerals, mostly
arsenopyrite and lollingite. It is also known from
Ste-Maric-aux-Mines and  Salsigne, France;
Freiberg, Germany and Jachymaov, Czech Republic.

Brusihiite
CaH(PO,) .2 HyO

MO NOCILIMNIC o0

Properties: C - colorless, white; S — white; L -
vitreous, pearly on cleavage planes: D - transparent
to translucent; DE - 2.3; H — 2.5; CL - perfect; F -
uneven; M - prismatic, acicular to tabular crystals,
earthy aggregates and coatings, massive.

Origin and occurvene: Secondary on bat and bird

Brusihiiez, 4 mm xx, Dowicay, Shouskia

Legpandiiec. 25 mm xx, Mapiinii, Mivico

excrements and bones, it impregnates bones, along
the cracks of phosphorites. Tabular crystals up to 20
mm (*#}2 in) across come from Quercy. France also
occurs near Oran, Algeria and Pig Hole, Virginia.
USA.

Legrandiiee
Zny(ASO4)(DH) . HipO

MO NOQLINIC [ ]

Propertifes.: C — colorless, yellow, purple; S - white;
L - vitreous; D - transparent to translucent; DE - 4.0
H - 45; CL - imperfect; F - uneven; M - long
prismatic crystals and their inter-growths, radial
aggregates.

Origin and occurvemzz:: Secondary in the oxidation
zone of Zn deposits and in pegmatites. Prismatic
crystals up to 250 mm (9%« in) long found in Mina
Ojucla, Mapimi. Durango. Mexico. It is also known
from Galileia. Minas Gieyais, Brazil and Tsumeb,
Namibiia.

ine



Eucthooiiee, 10 mm xx, L'ubiiettiveg, Sttouakia

Eudinaiie
Cuy(AsOL ) (OH) . 3 HO0

ORT H ORHH@OWE IC [ I J

Propentizss: C — emerald-green; S - white; L ~
vitreous; D - transparent to translucent; DE - 3.5; H
— 3.5-4; CL - imperfcct; F - conchoidal to uneven;
M « short prismatic to thick tabular crystals,
massive.

Origiin and occameneze: Secondary in the oxidation
zone of Cu deposits, associated with olivenite and
malachite. Thick tabular crystals up to 30 mm (1’/n
in) comc from L'ubietova, Slovakia. It also occurs in
Zapacica, Bulgaria and Chessy, France.

Menaxite, 20 mm xx, Lidlagney, Bidivia

. - P

Swenziee, i) mn xx. Hagenddor, Geevmany

Maoxite
FeAly(fD4),(OH), . 6 H,O

TRICLINIC [ N

Propentiass: C - light to dark blue; S — white; L ~
vitreous; D - transparent to translucent; DE - 2.4; H
~ 3.5; CL -~ none; F - uneven; M tabular crystals,
radial aggregates, massive.

Oriigiin and ocoumenese: Secondary in the oxidation
zone of Sn deposits, associated with wavellite.
Crystals occur in the Siglo XX Mine, Llallagua.
Bolivia.

Strunziee
MnFe>* (PO )2 (OH) .6 HHO

M ONOCLINIEC eeo o
Propertiass: C — light yellow, yellow-brown; S -
yellowish; L - vitreous; D - transparent to
translucent; DE -~ 2.5; H - not determined; CL  not
determined; F - uneven; M - acicular crystals,
acicular and fibrous aggregates.

Origiin and occunmenase: Secondary in granitic pegma-
tites, as a result of weathering of primary phosphates,
mostly triphyllite; rarely hydrothermal in the cracks of
Fe-rich sedimentary rocks. Acicular crystals up to 20
mm (*¥ In) acress knewn from Hagendorf, Germany:
the Palermie Ne. [l antiNND. 2riities, Nt Griatsmaard]
the Fleteher mine, Greton, New Hampshire, USA.



Cacanerniee, | mm xx, Helbrtownn, Pennsythianiag, USA.

Cacoxaniite
(Fe™*, M) s(ROQ) | 1104(OH) |2 . 75 HQ

Bevaumiiee, 3 mm aggregatess, Nelkeszowy. Rlnegayy

Diadaatiiier
Fe&3* 3(FRD 4)(ST(CH)). 5 Hy©

HEXAGOMNALL [ N

Properties: C - light yellow, yellow-brown, orange; S
yellow; L - silky; D - transparent to translucent; DE -
2.3; H - 34; CL - not determined; F - uneven; M —
acicular and fibrous aggregates, often with radial
structure, botryoidal crusts and coatings.

Origin and occurveneez: Hydrothermall on the cracks
of sedimentary Fe ores, associated with wavellite;
rare as secondary in granitic pegmatites, as a product
of weathering of primary phosphates. Crystals up to
10 mm (7s in) across come from the Horcajo mine,
Ciudad Resal. Spain; golden-yellow acicular aggre-
gates occur In Hrbek near Svata Dobrotiva and
Trenlce, Czech Republic and in Amberg, Germany.

Bevamiite
Fel* Fe¥* 5 (PO 4) 4 (D)5 . 4 KO

MO NOQLINIC o0
Properties: C — red-brown, red, gray-green; S —
yellow to green-brown; L — vitreous to dull; D -
translucent; DE ~ 3.0; H — 3.5-4; CL - good: F —
uneven; M — acicular aggregates, often with radial
structure, botryoidal crusts and coatings.

Origin and eeccurenee:: Hydrothetmal on the cracks
of sedimentary Fe ores, typically together with
wavellite: secondary in granitic pegmatites, as a
product of weathering of primary phesphates.
Acleular aggregates up to 10 mm (7sin) across occur
In Mount Indian. Alabama, USA: also known from
Hrbek near Svata Dobrotiva, Czech Republic and
Amberg. Germany.

TRICLINIC L N ]

Properties: C - yellow-brown, brown, red-brown, yel-
low-green, gray-green; S - yellow to light brown; L -
dull, waxy; D - translucent to opaque; DE - 2.0-2.4;
H - 3; CL - not determined; F - uneven, conchoidal,
earthy: M - nodules, coatings and crusts, massive.
Origin and occurvenmese: Secondary in the oxidation
zone of Fe deposits. Diadochite caves in abandoned
mines are known from Saalfeld, Germany; nodules
found in New ldria, California and Eureka, Nevada,
USA.

Diadlantitiee, 40 mm, Reesk, fHungary

inr



WKavellite, 40 mm. Trenice, Czech Regaublic

Eosptiovitige. 4 mm xx. Lawa da Ilka, Buegil

1en

Wiaewellite
Al3(POg)(@HF)3 .5 HiyD

ORT HOMRHHWER IC o0 0

Propartréas: C — colorless, white, greenish, light blue-
green, green, yellowish; S ~ white; L — vitreous to
pearly; D - transparent to translucent: DE — 2.4; H
3.5-4; CL - perfect: F ~ uneven: M - isomctric
crystals, hemispherical aggregates with radial
structure, botryoidal aggregates, nodules, coatings,
massive.

Origin and occuwvence: Hydrothermall in the cracks
of Al and P-rich sediments, also in phosphate
deposits, ore veins and pegmatites. Beautiful hemi-
spherical aggregates up to 40 mm ([I74» in) in dia-
meter occur in Pencil. Garland and Magnet Cove.
Arkansas. USA; also known from Trenice and
Milina, Czech Republic and Ronneburg, Germany.

Eosphariiee
MnAI(FRD4)(OH), . HiyD

ORT HORHHEMER IC o0

Propertifes.: C - pinkish, colorless, white, brownish,
red-brown: S - white; L ~ vitreous to pearly; D —
transparent to translucent; DE - 3.1; H - 5; CL
imperfect; F — uneven to conchoidal; M - long to
short prismatic crystals, radial aggregates, granular.
Origin and ocewrentez: Secondary in granitic
pegmatites, as a product of hydrothermall replace-
ment of primary phosphates. Crystals up to 100 mm
(4in) long found in the Joao Modesto dos Santos
mine, Minas Gerais. Brazil. 1t occurs in Rapid Creek,
Yukon, Canada, t00.

Turquoise
CuAljg(PRI)y(OHY 3. 4 Hy O

TRICLINIC [ I ]

Propartiés: C — blue, blue-green, green; S — white; L
~waxy; D transparent, translucent to opaque; DE
2.9:H - 5-6; CL - good: F - conchoidall to uneven: M
shoet prismatic crystals, boiryoidal aggregates,
coatings, massive,
Origin and occumene: Secondary in the surface
parts of rocks with elevated contents of P and Cu,
e.g. in the oxidation zone of some Cu deposits. Small
crystals occurred near Lynch Station, Virginia, USA.
Massive blue and blue-green concretions come from
Mount Ali Mirsai near Maden, Iran. Other localities
are Cortez, Nevada, Los Cerillos and Eureka, New
Mexico and Bisbee, Arizona, USA.
Appliraii@n: popular gemstone.



Turquoise:, 3 mm aggpeguiess, Humow: Co.. USA

Challcosiiiteitze
CuFe™ (RO Y gs- 4 MO
TRICLINIC X

Properties: C - dark green; S - white; L vitreous:

D - transparent to translucent: DE  3.3; H 4.5; CL
good; F  conchoidal to uneven; M - short

prismatic crystals, coatings.

Tuar 50 mm. Kicaadiy

o

Origiin und oceunrenesz: Secondary in the oxidation
zone of some Cu deposits, together with goethite.
dufrcnitc and pharmacosiderite. It occurs in
Bisbec, Arizona, USA: in the Wheall Phoenix mine,
Cornwall, UK: Schncckenstein, Germany; Horni
Slavkoy. Czech Republic.

Chalkasideitéte. 90 mom, Covmnalill, UK

inr



Chenmawiitize, 100 rom, Chuepitzoveira. Chille

Chenutisiiee
CugFed*)(AsO 4), (D), . HO

Tyrolite, 90 mw, Novoveskby Halta, Sovekia

Delvaniee
CaFe?* 4(PO4, SO, )(DHH)g . 4-6 HibD

M ONOCLIMNIC [ ]

Properties: C — dark green, olive-green to yellow-
green: S- yellow-green; L - greasy; D -- translucent;
DE - 39; H - 3.5-4.5; CL - not determined: F —
conchoidal to uneven; M - earthy aggregates,
coatings, massive.

Origin and occurrence. Secondary in the oxidation
zone of Cu deposits, associated with malachite,
tyrolite. azurite and other minerals. Massive aggre-
gates occur in the Mammoth mine, Tintic, Utah,
USA.: also in Klein Spitzkopje, Namibia.

Tyrolire
CaCug(AsD4)7(COg)(DH)y . 6 HipD

ORT HOMRHHOWMEI ICC oo e

Propertiies: C - apple-green, green-blue to blue; S -
light green to blue-green; L - vitreous to pearly; D
transparent to translucent; DE - 3.3: H -~ 2; CL
perfect; F - uneven; M B scaly and Ian-shaped
aggregates, coatings and crusts.

Origin and oceunmenes:: Secondary in the oxidation
zone of Cu deposits, frequently associated with
chalcophyllite. Rich aggregates occur in the Majuba
Hill mine, Nevada, also in Tintie, Utah, USA. It is
also known from Brixlegg, Austria: Seelfeld and
Schnecberg, Germany; Novoveska Hula, Slovakia.

AMORPHOWS [ I ]

Propentizs: C - yellow-brown, brown, red-brown,
black-brown; S - yellow; L - greasy, waxy; D -
translucent to opaque; DE - 1.8-2.0; H - 2.5; CL - not
determined: F - conchoidal, earthy: M - nodules,
stalactites, coatings and crusts, massive.

Origin and occurrence: Secondary in oxidation zone of
Fe deposits. Nodules of 50 cm (20 in) across in Czech
Republic. Also known in Berneau and Richelle,
Belgium; Zeleznik, Slovakia: Kerch, Crimea, Ukraine.

Delhauxitize, 80 mm, Nudis;, Czedh Regpeblic



Bullousibjitize, 40 mom, Katiik, Czeah Reppeblic

Bulkovgéyiee
Fe>,(ASO 4)(SO4)(OH) .7 HyO

TRICLINIC ®

Properties: C ~ yellow-green, gray-green; S - yellow-
ish white: L - dull to earthy; D - translucent to opaque;
DE - 2.3: H - not determined; CL - not determined; F
-~ earthy; M B botryoidal aggregates and modules.

Origin and occurvence: Secondary on the old mine
dumps where it forms as a product of arsenopyrite
westhering. Nodules up to 60 em (24 in), occur on me-
dieval dumps in Kank near Kutha Hora. Czech

Republic.
Challapiyilitise. 36 mm, Chile

Weszelyite
(Cu,Zm))(FD4)(OH)3 . 2 M0

MO NOCILIMNIC o0
Properties: C - green, blue-green, dark blue; S -
green; L — vitreous; D — translucent; DE - 34; H -
3.5-4; CL - good; F -~ uneven; M — short prismatic to
tabular crystals, granular.

Origin and occurvemee: Secondary in the oxidation
zone of Cu-Zn deposits. Crystals up to 50 mm (2 in)
across found in the Black Pine mine. Philipsburg,
Montana, USA; also from Moravita, Romania;
Arakawa, Japan; Wanlockhead, Scotland, UK.

Ch

Cu|gAlx(AsO4)3(S04)3(OH)y7 - 36 H0
CUTsAT2IAS U 4)3(oW4)3(UM )27 .90 H2U
TRIGONAL
TRIGONAL I

Propentiies.: C — emerald-green, blue-green: S - light
green; L - vitreous, pearly; D — transparemt to
translucent; DE - 2.6; H - 2; CL - perfect; F ~
uneven; M - tabular crystals, scaly, fan-shaped
aggregales, coatings, massive.

Origin and occuwrenzes: Secondary in the oxidation
zone of Cu deposits, usuallly associated with tyrolite.
Rich aggregates occur in the Majuba Hill, Nevada
and in theTimtic district, Utah, USA. Nice specimens
also come from Novoveska Huta and Piesky,
Slovakia; Nizhniy Tagil. Ural mountains. Russia;
Cap Garrone, France.

Meszelyire, 13 mm, Phillgsbugg, USA

inr



Livocaniiee, 86 mm, Cormnait!, UK

Livolianiit
CupAl(ASD,)(OH)y . 4 HinD

M O NOCLINIC [ X

Propevtiies: C — blue, green; S — light blue; L -
vitreous to resinous; D - transparent to translucent:
DE 30; H - 2-25:CL - imperfect; F -- conchoidal
to uneven; M - lenticular, dipyramidal crystals,
massive.

Origin and oceurnenee:: Secondary in the oxidation
zone of Cu deposits, together with olivenite,
malachite and azuritc. Perfect crystals up to 30 mm
(N7 in) across come from Redruth and St. Day,
Cornwall, UK. It is also known from Cetro Gordo,
California, USA.

Evanstier, 5 mm aggregpiees, Sivk - Zellemikk, Stovakia

ine

Evamsifty
Aly(POL)(OH)) 0. & Hy O

AMORPHOWS 3

Properties: C — colorless, white, greenish, light blue-
green, yellowish; S - white; L ~ vitreous, resinous,
waxy, D — transparent to translucent; DE -~ 1.8-2.2;
H - 3-4: CL - none; F -- conchoidal; M - botryoidal,
stalactitic and hemispherical aggregates and
coatings.

Origiin and occurremee:: Secondary in the oxidation
zone of Fe deposits, rich in P associated with
alophanc and goethite. Rich stalactitic aggregates
come from Zeleznik, Slovakia and from Epermay,
France.

Whiteitte<
CaFeMgpAlp(FOy) 4(OH), .8 HihD

M O NOCIL NN I o0

Propesties:: C - brown: S - white; L -- vitreous; D -
transparent to translucent; DE - 2.6: 1 4; CL -
good: F« uneven; M short prismatic crystals.
Origin and ocewrvenes: Hydrothermall in the cracks
of P-rich sediments. Perfect crystals up to 20 mm
(*f» in) across come from Big Fish River, Yukon.
Canada. Crystals up t0 5 mm (¥« in), arc known
from Lavra da llha de Taquaral. Minas Getais,
Brazil.

Whiteite(CGREMY). 65 mmm. Yukon Territory, Ceaveda



JethnssteAQaMBMYYg). 60 mm. Custer; USA.

Jalhnsiite{ WYg)
Canmm@zﬁgggg‘(m)q .8 H,0

WKardite, 48 mm. Yukon Territory. Crmada

Cyvilkoviite
NaFes™3(PO 4)7 (D) . 2 Hy0

MO NOCILIMNIC [ J

Propentizss: C  yellow, light to dark brown; S - light
yellow; L. - vitreous; D transparent to transiucent;
DE 26; H - not determined; CL  good; F ~
uneven; M - short to long prismatic crystals,
granullar.

Origim and/ ocewrencee: Secondary in granitic
pegmatites, where it forms as a result of replace-
ment of primary phosphates. Perfect crystals up to
10 mm (7% in) across occur in the Tip Top mine,
Custer, South Dakota, USA. It is also known from
Hagendorf, Germany.

Wdardite
NaAL(FO 1), (OH)y - 2 ;0

TETRAGONAIL [ 2 N )

Propentiss: C -- colorless, white, greenish, light blue-
green; S -white; L -- vitreous; D - transparent to
translucent; DE - 2.8; H 5; CL  perfect; F
uneven, M - dipyramidal crystals, radial and
hemispherical aggregates, coatings, crusts, granular.
Origiiv andl  ocewrrepeee: Secondary in granitic
pegmatites, where it forms as a product of primary
phosphate replacement; hydrothermall in the cracks
in P-rich sediments. Perfect crystals up to 30 mm
(1%t in) across come from Rapid Creek, Yukon,
Canada. It is also known from Picdras Lavradas,
Paraiba, Brazil,

Prapertiéss: C — yellow, orange, brown-yellow; S -
yellow; L — vitreous: D — transparent to translucent;
DE - 3.1: H - 4; CL - good; F - conchoidal: M
tabular and dipyramidall crystals, coatings and crusts.
Origin: and/ oecwrancee: Secondary in granitic
pegmatites, where it forms as a resulit of replacement
of primary phosphates. Smalll crystals occur in
Cytillow, Czech Republic; 1lagendorf, Germany and
Sapucaia, Minas Gerais, Brazil.

Cyviitnitec, 60 mm. fron Monandt?. Mudralia

ine



Liroconite, 86 mm, Cornwall. UK

Lirolkeniit
CuzAl(Aﬂ4)(0H)4 .4 Hzo

MO NOCILINIC o0

Propertiées: C — blue, green; S - light blue; L -
vitreous to resinous; D transparent to tramslucent:
DE - 3.0, H - 2-2.5; CL  imperfect; F - conchoidal
to uneven; M - lenticular, dipyramidal crystals,
massive.

Origiin and ocowrepeee: Secondary in the oxidation
zone of Cu deposits, together with olivenite,
malachite and azurite. Perfect crystals up to 30 mm
(17K in) across come from Redruth and St. Day,
Comwall, UK. It is also known from Cerro Gordo,
California, USA.

Evansite, 5 ninn aggregates. Sirk — Zeleznik, SYovakia

ine

Evansiite
Al (PO CH)Y o 6 Ha O

AMORPHOWS 3

Propertiées: C - colorless, white, greenish, light blue-
green, yellowish; S — white; L - vitreous, resinous,
waxy; D — transparent to translucent; DE — 1.8-2.2;
H - 3-4; CL - none; F - conchoidall; M - botryoidal,
stalactitic and hemispherical aggregates and
coatings.

Oriigiin and ocewreeee: Secondary in the oxidation
zone of Fe deposits, rich in P associated with
alophane and goethilc. Rich stalactitic aggregates
come from Zeleznik, Slovakia and from Epernay,
France.

Wit (CaFeMg)
CaFaMpg Mg (REY)(OH), .8 H,O

MONOCILINIC o0

Pyopertiges: C  brown; S white; L vitreous; D -
transparent to translucem; DE - 2.6; H - 4; CL -
good; F — uneven: M - short prismatic crystals.
Oviigiin and ocewrepaee: Hydrothermall in the cracks
of P-rich sediments. Perfect crystals up to 20 mm
(¥7% in) across come from Big Fish River, Yukon,
Canada. Crystals up to 5 mm (in in), are known
from Lavra da llha de Taquaral. Minas Gerais,
Brazil.

Whiteite-(CaFeMg). 65 mm, Xuiwn TEeriviory( Gandda



Jetbweitee(@BhNNY). 60 mm. Custer: USA.

Jahansite-(CaMn Mg)
CaMniegFed ¥5(FD4) 4(O)y . 8 H,O

WKardite. 48 mm. Ykon Territory, CGamada

Cyvilloviity
NaFe™ 3(PO4)(OH)y . 2 Hz0

M O NOCILIMNIC [ N J

Propertréss: C - yellow, light to dark brown; S light
yellow; L - vitreous; D transparent to tramslucent;

DE - 2.6; Il - not determined: CL  good; F ~
uneven; M - short to long prismatic crystals,
granullar.

Origgiv amd! oceurreaoze: Secondary in granitic
pegmatites, where it forms as a result of replace-
ment of primary phosphates. Perfcct crystals up to
0 mm (7% in) across occur in the Tip Top mine,
Custer, South Dakota, USA. It is also known from
Hagendorf. Germany.

IMzedite
NaAIx{(fRD 4)2(OH)y . 2 HD

TETRAGONAL o0

Propertvées: C - colorless, white, greenish, light blue-
green; S -white; L - vitreous: D — transparent to
translucent; DE - 2.8; H 5; CL - perfect: F -
uneven; M - dipyramidal crystals, radial and
hemisphericall aggregates, coatings, crusts, granular.
Oviggin  andl oeeurrenee. Secondary in  granitic
pegmatites, where it forms as a product of primary
phosphate replacement; hydrothermall in the cracks
in P-rich sediments. Perfect crystals up to 30 mm
(1V= im) across come from Rapid Creek. Yukam,
Canada. 1t is also known from Piedras Lavradas,
Paraiba, Brazil.

Propartiéss: C - yellow, orange, brown-yellow: S -
yellow; L — vitreous; D — transparent to translucent:
DE - 3.1; H - 4; CL - good; F - conchaiidal; M
tabular and dipyramidall crystals, coatings and crusts.
Ovigiin and/ ocaurreaerre: Secondary in granitic
pegmatites, where it forms as a result of replacement
of primary phosphates. Smalll crystals occur in
Cynillox, Czech Republic: |lagendorff, Germany and
Sapucaia. Minas Gerais. Brazil.

Cyrillonitee, 60 mm, fron Monaneth, Awstralia

i



Pharmacosiddonie. 35 mm. Cormwalll, UK

Arsenigsiddentiae. 3 mm, Nagyiierzseowy, Hurgary

Lavendlthr, 36 mm, San Juan. Chile

Mixiie, 70 mm. Cinovee, Czech Rgmablic

ine

Phamencesddeitéte
KFe>* y(AsD4)3(OHl)y .6 H0

cuBIcC [ 2 N ]

Propertrées: C — green, yellow-brown, brown; S -
white; L ~ adamantine to greasy; D — transparent to
translucent; DE - 2.8; H - 2.5; CL — imperfect; F —
uneven: M - cubic crystals, coatings, crusts,
granullar, massive.

Oriigim and/ ocewrresmee: Secondary in granitic
pegmatites and in the oxidation zone of ore deposits,
where it forms as a product of arsenopyrite and
lollingite replacement. Cubic crystals up to 10 mm
(74 in) across occur in St. Day, Liskeard and Redruth.
Cormwdall, UK. It also comes from the Majuba Hill
mine, Nevada, USA; Horhausen, Germany and Cap
Garrone, France.

Arseaimiderite
CaFe?*3(A<y)305 .3 HjO

MO NOCILIINNIC (I

Propertiées: C - yellow, light to dark brown; S
yellow; L — submetallic to silky; D - opaque; DE -
3.6;H L5;CL - good: F - uneven; M — fibrous and
earthy aggregates, coatings, crusts, massive.

Origiin and/ ocewrrepaee: Secondary in the oxidation
zone of ore deposits and in granitic pegmatites,
where it forms as a product of arsenopyrite and
lollingite replacement. Rich aggregates occur in
Romanche, France; also from the Eureka mine,
Tintic, Utah, USA and Wittichen, Germany.

Lavendiitémee
NaCaCug(AsOg)4Cll . 5 H,O

ORTHORHONEBIIC [ ]

Propartiées: C — light blue-purple, blue; S — white; L
- vitreous to waxy: D — translucent; DE - 3.5; H
2.5; CL - good; F — uneven; M - acicular crystals,
acicular and earthy aggregates, coalings.

Origiin andl oceurrepaee: Secondary in the oxidation
zone of Co, Cu and Ni deposits, as a result of
arsenide weatheting. associated with erythritc. Rich
acicular aggregates come from Talmessi and Anarak,
Iran. Smalll crystals found in the Blanca mine, San
Juan, Chile and in Annaberg. Germany. Crystals up
te 4 mm (V& in) across oceur in the Gold Hill mine,
Utah, USA.



Kovdwrssitize, 15 mm x, Kovder:, Ko, Russia

Mixiire
BiCug(s0)3(OH)g .3 HL0

HEXAGOMNMALL [ N

Propentizss: C - emerald-green, blue-green, light
blue, light green, whitish; S - light green, light blue;
L — adamantine to dull; D - translucent: DH - 3.8; H
3-4; CL - not determined; F - uneven; M - acicular
crystals, acicular and earthy aggregates, coatings,
massive.
Origin and occurvence: Secondary in the oxidation
zone of Bi and Cu deposits, together with bismuthinite.
It occurred in Jachymav, Czech Republic; in Tintic.
Utah. USA; Schnceberg and Wittichen, Germany.

Torbemite, 120 mwn. Kattangey, Zair

Kovdonsdiee
MgH(FD4),(CO3)(Oki)p . 4.5 HaO

M O NOCILIIMNIICC [ ]

Propentiass: C — light pink-brown, white, blue; S ~
white; L — vitreous; D - transparent to translucent;
DE - 2.6; H - 4; CL - none; F — conchoidal to
uneven: M - tabular crystals, massive.

Origin and ocowvene: Hydrothermal, associated
with niagnesite. magnetite and other minerals. Blue
and pink-brown crystals up to 25 mm (1 in) across
come from the Zhcleznyi mine, Kovdor, Kola
Peninsula, Russia.

Tarbernitiz
Cu(UiD2)7(PO4)3 - $B-I12 HyD

TETRAGOMNAL [ N

Properties: C - emerald-green to grass-green: S - light
green; L - vitreous to dull, pearly on the cleavage planes;
D - transparent to translucent; DE - 3.3; H - 2-2.5: CL -
perfect; F ~ uneven; M - tabular to pyramidal crystals,
carthy aggregates, coatings, granular, massive; R -
strongly radioactive.

Origin and occurvence: Secondary in the oxidation
zone of U deposits, also in pegmatites and sedimentary
rocks, resulting from the hydrothermal alteration of
uraninite and other U minerals. Emerald-green tabular
crystals, several cm across, come from Sabugal,
Portugal; Jachymov, Czech Republic; Shinkolobwe,
Zaire, Bois-Noirs. France: Moctezuma. Mexico and
many localities in the Colorado Plateau, Utah, USA.
Beautiful druses of crystals up to 20 me (3] i) acress,
found in the Margabal mine. Aveyron, France.
Apppitietiaion: U ore.

inr



Aulunifee. 15 mm xx. Troncasa, Portuggl!

Mutnanifee
Ca(WD3)3(PO4); . 10-12 HyQ

TETRAGOMNALL LI N

Properties: C — light to dark yellow, yeliow-green to
green; S - light yellow; L - vitreous to dull; D
transparent to translucent; DE- 3.1: H 2-2.5;CL
perfect: F  uneven: M - tabular crystals, folistead
scaly, earthy and pulverulent aggregates, coatings,
massive: LU - yellow-green: R - strongly radio-
active,

Origiin and occumenesz: Secondary in the oxidation
zone of U deposits, in pegmatites and in some U-
rich sedimentary rocks, as a result of hydvothermal
alteration of uraninite and other U minerals. It is
frequently associated with torbernitc and other U

Vranagiveitize, 78 mm, Minas Gevais, Brazil

Noveekttee, 70 mm, Bruwadty, Brazil

secondary minerals. Tabular crystals up to 30 mm
(1Yl im) across come firam Schnceberg and Jstamn-
georgenstadt, Germany and Autun, France. It is also
known from Rum Jungte, Northern Territory. Austra-
lia: St. Austel, Cornwall, UK; Mount Spokane,
Washington, USA and Jachymow, Czech Republic.
Appiitiatiatieon: U ore.

Uranoaiiciiee
Ba((lD;);(PO4)y . 10 H,0

TETRAGOMNAIL [ N

Propestiass: C — light to dark yellow, light yellow-
green; S — light yellow; L - vitreous to dull, pearly
on the cleavage planes. D -- transparent to translu-

Zewngritiee, 5 mm xx, Cinovew, Czecth Regpublic



cent; DE - 3.5; H — 2-2.5; CL — perfect; F — uneven;
M - tabular crystals, foliated and earthy aggregates,
pulverulent coatings, massive; LU - green; R
strongly radioactive.

Origiin and occumenger: Secondary in the oxidation
zone of U deposits. Yellow tabular crystals up to 10
mm (¥ in) across occurred in Dametice. Czech
Republic; Bergen and Wolsendorf, Germany and in
the Sao Pedro mine, Suagui, Minas Gerais, Brazil.

Novazakkiee
Mg(U00))x(AsDy); - 10 H20

TETRAGOINALL [ I J

Propenticss: C — straw-yellow, light yellow; S - light
yellow; L - vitreous to dull; D — transparent to
translucent; DE — 3.7, H — 2.5; CL - perfect; F —
uneven; M — tabular crystals, lamellar, earthy and
pulverulent aggregates, massive; LU — dark green; R
strongly radioactive.

Origim and occumenser: Secondary in the oxidation
zone of U deposits. Tabular crystals up to 50 mm (2
in) across come from the Pedra Preta Mine,
Brumado, Bahia, Brazil. Lamellar aggregates arc
known from Zalcsi, Czech Republic; Aldama,
Chihuahua, Mexico; Wittichen, Germany.

Zeungrifte
CU(WO7),(ASO4); .10-16 HinD
TETRAGOMNALL [ I ]

Propentigss: C — emerald-green, yellow-green; S
light green; L - vitreous to dull; D - transparent to
translucent; DE - 3.4; H - 2.5; CL - perfect; F —
uneven; M - tabular crystals, foliated aggregates,
massive; R - strongly radioactive.

Origiin and oceanenesr: Secondary in the oxidation
zone of U deposits. Tabular crystals up to 30 mm
(It in) across, come from the Pedra Preta Mine,
Brumado, BahRa. Brazil. It is also known from
Zalesi, Czech Republic and Schneeberg. Germany.

Carwaliite
K2(UO2)2(VOy); - 3 HypQ

MONOCILINIC

Propertiass: C - light to dark yellow, yellow-green; S
light yellow; L — dull; D - transparent to trans-

lucent, opaque; DE — 4.9; H - not determined; CL -

perfect: F - uneven; M — earthy aggregates, massive;

R ~ strongly radiocactive.

Origiin and occumencez: Secondary in the oxidation

zone of sedimentary U deposits, typically associated

Carmatiee, 55 mm, Utath, USA.

with tyuyamunmite. Platy crystals, up to 2 mm (Vi» in)
across found in the Mashamba West mine, Zaire.
Earthy and pulverulent aggregates occur in many
localities in the Colorado Plateau, e.g. Paradox
Valley, Colorado and La Sal, Utah, USA. Also
known from Tyuya Muyun, Uzbekistan and Radium
Hill, Southern Australia. Australia.

Apptitiatietion: U and ¥ ore..

Tyuyamuniiee
Ca(W07)y(VOy); . 5-8 HyO

ORT HORHOWEBIIC L 2 N J

Propentiass: C — yellow-green, canary yellow; S
light yellow: L - silky to adamantine; D ~ translucent
to opaque; DE — 3.6; Il — 2: CL - perfect; F —
uneven: M - earthy aggregates, massive; LU — weak
yellow-green; R - strongly radioactive.

Origiin and ocowmenesz: Secondary in the oxidation
zone of sedimentary U deposits, together with carno-
tite. Common earthy and pulverulent aggregates oc-
cur in many localities in the Colorado Plateau, e.g.
Paradox Valley, Colorado and Red Creek, Utah, USA.
It was described from Tyuya Muyun, Uzbekistan.
Appiibitigion: U and V ore.

Tyuyamwuniiee, 30 mm. Fergana, Udthdddan

ine






9. Silicates

Phenaldiee
Be25i'04

TRIGOMNAIL oo e

Propentiass: C - colorless, white, yellowish; S —
white; L — strong vitreous; D ~ transparent to trans-
lucent: DE - 3.0; H - 8 CL - imperfect; F —
conehoidal; M - long prismatic to tabular crystals,
radial aggregates, granular.

Origiin and occuvnennse: Magmatic in granitic pegma-
tites: hydrothermall in greisens; metamorphic in mica
schists, associated with beryl, chrysoberyl, apatite
and quartz. Prismatic crystals up to 250 mm (9"/x» in)
long occurred in Kragero. Norway. It is also known
from Sao Miguel de Piracicaba, Minas Geyais, Brazil
in crystals, up to 100 mm (4 in) long. The other
localities are Habachtal, Austria; Malyshevo, Russig;
Anjanabonoina, Madagascar.

Appliaiveoi - sporadically cut as a gemstone,

Willewriire
Zn,Si0y

TRIGONAIL o0

Properties: C ~ white, yellowish, gray, green; S - white;
L - vitreous: D — translucent; DE - 4.6; H - 5.5; CL —
good; F B conchoidal to uneven: M - prismatic to
tabular crystals, radial aggregates, granular: LU
distinct light green.

Origin and occumenese: Metamorphic in marbles;
secondary in the oxidation zone of ore deposits,

Topaz, 60 mm. Thomes Range, U1SA
Wiillemive, 76 mm. Tsumeth, Nanibia

Phemidiee, 200 mmx. Kragera, Nionway

associated with zincite. franklinite, hemimorphite
and smithsonite. Crystals up to 00 mm (4 in) across
come from Franklin, New Jersey, USA. Mont St.-
Hilairc, Quebec, Canada.

Apppiligtiation: as Zn ore,

ine



Forsvertiee, 40 mm, Suppa, ledidsan

Forsteviiee
OLIVINE GROUP
Mg,SiO4

Offivii
OLIVINE GROUP
(Mg, Fe)Si04

ORTHORHOWMEBIIC oo o0

Propentiass: C — yellowish, greenish, colorless; S —
white; L - vitreous; D - transparent to opaque; DE —
3.3; H - 6.5-7; CL - good; F - conchoidal to uneven;
M - tabular to prismatic crystals, granular.

Origiin and occumenasr: Metamorphic in regionally
and contact metamorphosed dolomites. Typical rock-
forming mineral, associated with enstatite, spinel.
phlogopite and chlorite. Green gemmy crystals up to
80 mm (3's In) long come from Suppat, Pekistan. It
also eceurred in Crestmore, California, USA. Mount
Timobly, British Columbia, Canada and Mente
Somma, lialy.

ORT HORHONMBIIC oo 000

Karieties: chrysolite

Propentizss: C - green, yellow-green (chrysolite),
brown-green to black-green; S — white; L - vitreous;
D - translucent to apaque; DE - 3.3-3.6; H - 6.5-7;
CL - good; F B conchoidal to uneven; M — immperfect
crystals, granular,

Origiin and occumenesz: Magmatic in some ultra-
basic rocks, e.g. dunitcs, lherzolites, peridotites,
gabbros and in meteorites. Typical rock-forming
mineral, usually associated with diopside, magnetite
and pyrope. Classic locality of chrysolite is Zebirget
Island in the Red Sea. Egypt. where tabular crystals



Ofiviiae, 60 mm. Srweii, Czecth Regpublic

up to 130 mm (4 in) across occurred. It is also known
from the San Carlos Indian Reservation. Arizona,
USA. Olivine was found in many basaltic rocks in
Laacher See. Germany; Rockport. Massachusetts,
USA and elsewhere.

Applliicatiiam: chrysolite is cut as a gemstone.

Fayalite
OLIVINE GROUP

ORT HORHONVEBIIC o000

Properties: C - black-green to black; S - gray; L -
dull to vitreous; D - opague; DE -4.2; H-6.5-7; CL
- good: F B conchoidal to uneven; M - imperfect
prismatic crystals, granular.

Origin and occurremze: Magmatic in granitic peg-
matites, granites and syenites, associated with ortho-
clase. gadolinite-(Y) and epidote; rare metamorphic.
Poorly developed crystals up to 150 mm (6 in) long
found in pegmatites near Bavcno, the Alps, Italy.

Fayaliite, 80 mm. Rocipmrts, (1. 5A.

It is also known from Strzegom, Poland and the
Sawtooth Batholith, 1daho, USA.

Tephroive
OLIVINE GRQUP
Mn,SiD 4

ORTHORHOWBIC [ N ]

Properties: C - gray, olive-green, red-brown; S -
white: L - dull to vitreous: D - translucent to trans-
parent; DE - 4.2; H - 6; CL — good; F B conchoidal
to uneven; M - prismatic crystals, granular.

Origiin and occwmentsr: Metamorphic in skams
and Mn-rich metamorphosed sediments, together
with rhodonite, franklinite and spessartine. Granu-
lar aggeegates and perfect crystals up to 50 mm (2
in) across known from Franklin, New Jersey, USA:
Langban, Sweden. It comes also from Tarnobrzeg,
Poland. in crystals, up to 80 mm (3Y¥in))aaeesss.

Tephroite, 60 mm, Havsitgen, Sweden

inr



Pyropez, 3 mm graiins, Trebinlise, Czedh Regnddic

GARNET GROUP
Mg3AlLSiz0 3

cuBIC

Propertifes:: C —red to purple-red, light purple, black-
brown; S — white; L - vitreous; D - transparent to

Alvaritiee, 38 mm x, Otzvall, Austria

imve

translucent; DE - 3.5; H - 7-7.5; CL - none; F B
conchoidal to uneven; M - isometric crystals,
granular.

Origin and occurreme®: Magmatic in some ultra-
basic rocks, e.g. lherzolites, peridotites, kimberlites,
eclogites and serpentinites; metamorphic in quartz-
ites; also known from placers. It is associated with
diopside, magnetite and diamond. It comes from
many localities in ultrabasic rocks, like Trebenice
and Mirunice, Czech Republic; Zoblitz, Germany:
Madras, India: Kimbetiey, South Africa Crystals up
to 250 mm (9Vie in) across were found in Dora
Maria, the Alps, Italy.

Applieainn: cut as a gemstone.

Albvandiivee
GARNET GROUP

Fe3ALSiZ04 3
CuBIC

Properties:: C - red to purple-red, black-brown; S —
white; L — vitreous; D - transparent to translucent;
DE - 4.3; H - 7, CL - none; E B conchoidal to
uneven: M B well-formed crystals, granular.

QOrigin and occurveme®: Metamorphic in regionally
metamorphosed rocks, as chlorite schists, gneisses.

Spessutiiae, 96 mm, Gilgiit, Rebdsian



Grossdiluy, 17 mm x, Asbesnss, Canada

mica schists and migmatites; magmatic in some
granites and pegmatites; also in placers. Well-
developed crystals up to 150 mm (6 in) across are
known from Ishikawa pegmatites, Japan and
Shingus, Pakistan. It comes from many mica schists
and gneisses as crystals, up to about 50 mm (2 in),
like Fort Wrangel, Alaska. USA; Oiztal, Austria:
Bodo, Norway. It occurs in placers near Ratnapura,
Sri Lanka,

Applicatiiam: cut as a gemstone, abrasive material.

o
GARNET GROQUP
MmjAlYSEI

cusicC

Propastiees: C -~ red, orange, light brown to
yellowish; S - white; L - vitreous; D ~ transparent to
translucent; DE ~ 4.3; H - 7-7.5: CL -~ none. F B
conchoidalt to uneven: M - perfect crystals, granular,
Origin and occuwmenasy: Magmatic in granitic
pegmatites and some granites: hydrothermall 1n
cavities in rhyelltes; metamorphie in some skarns and
Mn-rich metamorphie rocks. Perfect erystals up te 30
mim (¥ in) across were found in granitic pegmatites
in the Hercules mine, Ramona, California, USA; near
Maerienfluss river, Namibia and in rhyelite cavities in
Nathrep, Celerade, USA.

Gemmy crystal fragments up to 50 mm (2 in) across
were recently found in an undisclosed locality in
Minas Gerais, Brazil.

Appllicaiitam: cut as a gemstone.

Grossuarr
GARNET GROUP

CaiAnSIiO |5
cuBIC

L )
Katidties hessonite. tsavorite

Propertiies: C - red, green (tsavorite), orange, red-
brown (hessonite) to colorless; S — white; L -
vitreous; D - transparent to tranlucent; DE ~ 3.4, H
- 6.5-7; CL - none: F B conchoidat to uneven, M —
perfect crystals, granular.

Origin and occurreme: Metamorphic in Ca-rich,
contact metamorphic rocks, skarns, rodingites;
hydrothermal along the cracks in these rocks,
associated with diopside, vesuvianite, wollasionite,
scapolite and epidote. Perfect crystals about 30 mm
(Vi in) across occur in the Jeffrey quarry. Asbestos.
Quebec, Canada and Sierra de las Cruces, Coahuila,
Mexico.

Tsavorite crystals up to 50 mm (2 in) across come
from the Tsavo National Park, Kenya and Merelani
Hills, Arusha, Tanzania. The other well-known
localities are Ala, Italy and Ciclova, Romania
Grossular crystals up to 100 mm (4 in) in size in
Vapenna, Czech Republic: Xalostoc. Mexico and
Sandare, Mali.

Appliizatiam: cut as a gemstone.

inr



Andivdilize. 30 mm xx, Graham Co.. USA

Devrenitidd, 3 mm xv, Botrowby, Russia

Awndfradiiee
GARNET GROUP
Cajfed " SHOY

cuBIC L N

Karieties: demantoid, melanite

Properties: C - dark red, black-brown, brown, green
to yellow-green (demantoid), black-brown to black
(melanite); S — white; L — vitreous; D  transparent
to translucent; DE - 3.9; H - 6.5-7; CL — none; E B
conchoidal to uneven; M B well-developed crystals,
granular.

Origin and occurvenee: Metamorphic in Ca and Fe
rich contact metamorphosed rocks, skarns.
rodingites; hydrothermall along the cracks of these
rocks, magmatic in some alkaline igneous rocks,
usually in the same localities as grossular. Crystals
up to 40 mna(I*. in) across come from Simerechens-
koye. Russia. Fine crystals were also found in the
Namgar mine. Usakos, Namibia and Ciclova,
Romania. Fine melanite crystals occur in Magnet
Cove, Arkansas, USA. Demantoid crystals up to 30
mm (176 in) across known from Val Malenco, Italy
and in the Bobrovka river basin, Ural mountains,
Russia.

Appllicatiton: demantoid is cut as a gemstone.

Mellnitfer, 5 mm xx. Rudingi, Ki¢azdingan



Unarviree 22manxxx Sges anyRiRsasi a

Uvarovilee

GARNET GROUP
Ca3CrZSi'3@|a

cuBIC

Propertiass: C — dark emerald-green: S - white; L —
vitreous; D - transparent to translucent; DE - 3.9; H
6.5-7; CL - none; F B eonchoidal to uneven: M —
perfect crystals, granular.
Origiin and oceurenteez: Metamorphic and also
hydrothermal are almost only limited to rocks with
increased Cr content, ultrabasic rocks with chromite,
serpentinites and skarns. It occurs as crystals up to 8
mm (% in) across along cracks in chromite in
Sarany, Ural mountains, Russia. Crystals up to 20
mm (*#5: in) across, come from Outokumpu. Finland.
1t is also known from Orford. Quebee, Canada.

Zireom
ZI'SI-IO4

TETRAGONAIL o000
Kanieties: jargon, hyzcinth.

Propevties: C - yellow (jargon), brown, yellow-
brown. red-orange (hyacinth), red to colorless; S —
white; L — vitreous, greasy to adamantine; D —
transparent to translucent; DE ~ 4.7, H - 7.5: CL -
imperfect; F B conchoidall to uneven; M — perfect
long and short prismatic crystals, granular: LU —
yellow: R B sometimes radioactive and usually
metamict.

Origin and occurvence: Magmatic and metamorphic
as an accessory mineral in different rock types; rarely
hydrothermall in the Alpine-type and quartz veins; also

in sediments and placers. Prismatic crystals up to 30
cm (12 in) across, occut in syenite pegmatites in Ren-
frew and Bancroft. Ontario, Canada. It is also known
from Miass, Ural mountains and from Mount Vawnbed,
Lovozero massif. Kola Peninsula, Russia. Classic
occurrences in granitic pegmatites are Alto Ligonha,
Mozambique: Arcndal. Norway; Ytterby, Sweden and
Jaguaraqu, Minas Gerais, Brazil. Gemwy zircons of
different colors up to 80 mm (3% in) in size come from
placers near Ratnapura, Sri Lanka and elsewhere.
Applliairéon: hyacinth and jargon arc cut as gem-
stones, Zr ote.

Zircom, 20 rnn X, Kidhnevoesgk Udidal /ALt Ribissia
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Eulfgtiiee, 2 mm xx, Schmestfryg. Geevmany

Eulyiiinee

BigSiz0 |2

CcuBIC [ N ]

Propevtiass: C — brown, yellow, gray, colorless; S —
white; L greasy: D translucent; DE - 6.6; H
4.5; CL - good; F B conchoidall to uneven; M — small
dipyramidal crystals, radial aggregates, granular.
Origiin and occumeneze: Secondary in Bi deposits,
typically associated with bismuth.

Its small crystals come from Horni Slavkow, Czech

Eucliase, 42 mm, Minas Noves, Bauaril

200

Sillivrawites, 10) mmggrains Heleli i R Bt ol «CheRtipRsboiblic

Republic; Schnccberg and Iohanngeorgenstadt,
Germamny.

Fudbsr
BeAiSiQy(OH)

MO NOCILINIC [ I

Propertiass: C — colorless, white, greenish, blue; S -
white; L — vitreous; D — transparent to translucent:
DE - 3.1, H - 7.5; CL - good: F B conchoidal to



uneven: M - long prismatic crystals, radial aggre-
gates. granular.

Origim and occuwmenesy: Hydrothermal occurs in
pegmatites, greisens and in quartz and Alpine-type
veins: rare in placers. Well-formed crystals up to 80
mm (3Vi in) in size known from Santa do Emcoberto,
Minas Gerais, Brazil. Blue crystals up to 50 mm (2
in) across occurred in the Last Hope Mine, Karoi,
Zimbabwe. It also come from the sediments of
Sanarka River, Ural mountains, Russia. Dark blue
crystals up to 150 mm (6 in) across were found
recently in the Chiver Mine, Colombia.

Appliesgieon: locally eut as a gemstone.

Sillineatiiice
Al;SiOg

ORTHORHONMBIC o0 000

Propentiass: C — white, gray, greenish, yellowish: S —
white; L - vitreous to dull; D — transparent to
translucent; DE - 3.3; H - 6.5-7.5; CL - good; F
uneven; M - long prismatic crystals, fibrous aggre-
gates, granular.

Origiin and occunenoee: Almost exclusively meta-
morphic in gneisses and migmatites; only rare
magmatic in pegmatites and granites: also in placers.
Typical rock-forming mineral, very commonly
associated with andalusite. Typical localities are
Bodenmais, Gerrany and Mav Kaw, Czech Repub-
lic. Gemmy crystals up to 20 mm @'/a in) long are
known from Rakwana-Deniyaya, Sti Lanka.

Andatlisitee

Al,SiOg

ORTHORHKHOMBIIC o000
Karieties: chiastolite, viridine

Propartiées: C — pink, red-brown, red, gray, whitish,
green (viridine); S- white; L — vitreous to dull; D -
translucent to transparent; DE - 3.2; H - 6.5-7.5;
CL - good; F ~ uneven; M - prismatic crystals,
fibrous aggregates, granular, massive.

Origiin and oceumentsz: Metamorphic in regionally
and contact metamorphosed rocks, magmatic in
pegmatites and granites, hydrothermal in quartzites.
Typleal rock-forming mineral, commonly associated
with sillimanite. corundum and cordieritc. Re-
nowned localities are Lisens. the Alps, Austrls;
Bimbewrie, South Australia. Australia. Green
gemrmy crystals come from Morro do Chapeu,
Bahia, Brazil. Viridine is knewn from Darmstadt.
Germany.

Andiatlisstite, 28 mm x. Aracuy, Minas Gevails, Brazil

Chiastiinh, 20 mm, Bimbaywide, Ausralia
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Kyawiitz
AlySiOg

TRICLINIC oo oo
Properties; C — blue, gray, white, green, dark gray,
colorless; S — white; L - vitreous to dull; D -
transparent to translucent; DE - 3.6; H - 4.5-7.5; CL -
good; F - uneven; M — prismatic to tabular crystals,
fibrous aggregates, granular, massive.

Origin and occumennzz: Almost only metamorphic in
regionallly metamorphosed rocks, mica schists,
gneisses, granulites and cclogites; less frequently
magmatic in pegmatites and granites; rarely
hydrothermall in quartz veins. Typical rock-forming
mineral, associated with andalusite and sillimanite.
Blue columnar aggregates and crystals up to 150 mm
(6 in) long occur in Barra do Salinas, Minas Gerais,
Brazil. Other renowned localities are Pizze Formo,
Switzerland: Prilep, Macedonia; Keivy, Kola
Peninsula, Russia.

Kyanisz, 87 mm. Minas Geveiss, Bracil

oMM

Topaz. I8 mm xx, Ghundaey HiW. Redidstan

Te

opaz
Al;SiO4(F,0H)

ORT HORHONEBIIC o0 0
Karieties:, pyenite

Propentitss: C — colorless, blue, yellow, gray, white,
greenish, pinkish, red; S — white; L — vitreous; D -
transparent to translucent: DE - 3.6, H- 8 CL -
good; F - uneven; M - perfect prismatic to tabular
crystals, radial and columnar aggregates, granular.

Origin and ocewraniee: Magmatic in pegmatites
and granites: hydrotheemall in greisens, in rhyolite
cavities, in quartz veins, also in placers. Topaz
crystals in pegmatites arc occasionallly very large.
like the crystal measuring 80 x 60 x 60 cm (31'A x
24 x 24 in) across from Fazenda do Funil: erystals



Topaz, 49 mm. Ry, USA.

up to 30 cm (12 in) from Virgem da Lapa, both
Minas Gerais, Brazil. Blue, brownish and bicolored
crystals up to 40 cm (15% in) long come from
Volodarsk Volynskii, Ukraine. Other topaz
localities are Iveland. Norway, Murzinka, Ural
mountains, Russia; Little Three mine, Ramona,
California; Pikes Peak. Colorade, USA; Gilgit,
Pakistan; Spitzkopje, Namibia. Orange to red topaz
(Imperial topaz) comes from guartz velns mearQure
Preto, Minas Gerais, Brazil. Pink topaz crystals up
to 70 mm (2% in) found at Meuat Ghundse,
Mardan, Pekistan. Important topaz specimens were
also found in Schneckenstein, Germany; Thomas
Range, Utah, USA: Nerehinsk, Siberia. Russia.
Celumnar aggregates of pyenite come from
Cinevee. Czeeh Republie and Altenberg, Germany:
Applirdiosn: eut a6 a gemstene.

Pyeniite, 60 mm, Cinover;, Czecth Hegpublic
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Srauadtier, 80 mm, Keivy, Kola, Russia

Sraunaiiee
FeyAlgSi 07 (OH),

ORTHORHOWMBIC

Propentiess: C — dark to light brown, yellow; S —
white; L - dull to vitreous; D - transparent to almost
opaque: DE - 3.7; H- 7-7.5; CL - good; F - uneven;

Sappiviriae, 26 mm, Kokimena, Mdddagasar

M - prismatic to tabular crystals and their combi-
nations, granular.

Origiin and occurnenezz: Metamorphic in regionally
metamorphosed rocks, gneisses and mica schists;
rare magmatic in granites; also in placers, commonly
associated with almandine, andalusite and kyanite.
Crystals up to 50 mm (2 in) across come from Pizzo
Forno, Switzedand. It is also known from Rio
Arriba, New Mexico, USA. Its cross-like twins, up
to 200 mm (77 in) across. occur in Keivy, Kola
Peninsula. Russia and Morbihan, France.

iiii
Mg,Al4SiO| o

MO NOCILINIC [ N )

Propenties: C — dark to light blue, green: S — white;
L - vitreous to dull: D - transparent to tramslucent;
DE - 3.5; H - 7.5; CL - imperfect; F — uneven; M —
tabular crystals, granular.

Origin and oceurmenese: Metamorphic in regionally
metamorphosed rocks, rich in Al and Mg and poor in
Si, associated with spinel and corundum. Crystals up
to 40 mm (Pfitiin) across come from Fiskenaesset,
Greenland: Betroka and Androy, Madagascar. Other
localities include Val Codera, Italy and Enderby
Land, Antarctica.



Chondtuiifiee. 15 mm x. Brewstar, USA.

Chondhadlies
MgsSipOg(DH F),

Cllimgturrinize. 19 mm, Kukhictbs/, ToddHikistan

Ch tiee
SbFe™ 55} Og (M)

MONOCILINIC o0 o0

Propeviiies: C - yellow, greenish, brown; S - white;
L - vitreous to dull; D — transparent to translucent;
DE - 3.2; H - 6-6.5; CL - imperfect; F ~ uneven; M
- crystals of different habits, granular.

Origin and occumennse: Metamorphiic in contact and
regionally metamorphosed carbonate rocks, rare
magmatic in carbonatites, typically associated with
spinel, chlorite and phlogopite. Perfect crystals up to
50 mm (2 in) long come from the Tilly Foster mine.
Brewster, New York., USA. Other localities arc
Parges, Finland: Monte Somma. ltaly; Riverside,
California, USA.

Clinoramiiee
MaehiuP 1 6(PH )

MONOCILINIC oo o0

Propertiies:: C - yellow, red, brown, white; S - white;
L - vitreous to dull; D - transparent to translucent;
DE - 3.3: H - 6: CL - imperfect: F ~ uneven; M -
crystals of different habits, granular.

Origin and oceuwmenesz: Metamorphic in contact and
regionally metamorphosed carbonate rocks,
serpentinites and talc schists, associated with spinel,
chlorite, forsterite. serpentine and phlogopite.
Gemmy yellow crystals up to 30 mm (17« in) across
come from Kukh-i-Lal. Pamir, Tajikistan, Other
locslities are Pargas. Finland: Monte Somma, Italy:
Jensen quarey, California, USA.

MO NOCILIINIC o0

Propertiass: C - olive-green to dark yellow; S -
yellowish to yellow; L -dull; D - translucent; DE -
37, H - 2.5; CL — imperfect; F — uneven: M -
elongated crystals, massive.

Origin and ocaurernee: Hydrothermal and
secondary in the cracks of rocks, sometimes with
stibnite. Its massive aggregates occur in Smilkov
near Votice, Czech Republic: in the Keely mine,
Cobalt, Ontarto. Canada.

Chapmaritize, 4 mm. Perneik, Skovakia
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Breumiiey, 60 mm. Langinry. Siveden

Braumiite
Mn2*Mn3*¢sio|,

TETRAGOMNAL o0 0

Properties: C - black, black-gray, black-brown: S -
gray: L - submetallic to metallic: D opaque; DE - 4.7;
H - 6-6.5; CL - perfect; F - uneven to conchoidal; M -
dipyramidal crystals, granular.

Origin and occumenas2: Metamorphic in regionally
and contact metamorphosed rocks; hydrothermal in

Thauwwasiite. 3 mm aggregatee, Magihvee:, Stovakia

sedimentary rocks rich in Mn and in hydrothermal
veins, associated with hausmanite, pyrolusite and
other Mn minerals. Its perfect crystals up to 70 mm
(2% in) long, come from Kacharhavee and Tirodi,
India. It is also known from Langban, Sweden; Ilfeld
and llmenau, Germany: St. Marcel, Italy; Tizi
Bashkun, Morocco.

Apppiligigtion. Min ore.

Thaumasiite
CagSipg(D3)72($04)2(0OH) 2 . 24 H0

HEXAGOMNALL o0

Propevtiex: C — white to colorless; S — white: L -
vitreous to dull: D — transparent to translucent; DE -
1L9; H - 35; CL - imperfect; F — uneven; M B
acicular aggregates, granular, massive; LU - white.
Origiin and occumencee: Hydrothermal or meta-
morphic in contact metamorphosed carbonate rocks,
usually associated with other Ca silicatcs and
carbonates, like ettringite and prehnile. Typical loca-
lities arc Crestmore, California; West Patcrson, New
Jersey, USA: Langban, Sweden; N'Chwaning mine
No. 2. Kuruman, South Aftica.

Titanive
CaTiOSiO,

MO NOCILIMNIC o000

Propentiass: C - colorless, yellow, brown, green, gray
to black: S — white; L - vitreous to dull; D - trans-
parent, translucent to opaque; DE - 3.5: H — 5-5.5:
CL - good; F — uneven to conchoidal; M - tabular
crystals and their combinations, granular, massive.
Origiin and occunmenaee: Metamorphic and magmatic
as a common accessory mineral in many igneous and

Fersmanitee, 10 mm x, Khithiny Massif, Kofa, Mussia



metamorphic rocks and pegmatites: hydrothermall in
the Alpine-type veins; also in placers.

The most beautiful crystals up to IB0 mm (7% in)
long occur in Alpine-type veins in Tavetsch and
Binntal. Switzerland; Zillertal and Felbertal, Austria;
Dodo, Polar Ural. Russia. Large, poorly developed
crystals weighing up to 40 kg (88 1b), come from
Eganville, Ontario, Canada and Rossie. New Yark.
USA.

Chilevitaritd, 30 mm. e de Croix, Framce

Fersmaniite
(Na,Ca)y(Ti,Nb),Siz 0 |(OH.F)p

TRICLINIC o0

Propevties: C - light to dark brown; S -white; L —
vitreousto dull: D translucent: DE-3.5; H 5-5.5;
CL - none; F — uneven to conchoidal; M - tabular
crystals.

Origin and occurrence: Magmatic to hydrothermall in
alkaline pegmatites together with pectolite, apatite and
sulfides. Crystals up to 30 mm ([N in) across known
from Mount Eveslogchort, Khibiny massif. Kola
Peninsula, Russia.

Chllonittaéld
FezAlySiy M) o(OH)y

MONOCILINIC, TRICLINIC

Propevtiies: C - dark gray, gray-green to black-green;
S - gray; L — vitreous to dull: D - translucent; DE —
3.6; H 6.5; CL - perfect; F ~ uneven to conchoidal;
M - tabular crystals, foliated and scaly aggregates,
granular.

Origin and occurrence: Metamorphic in some mica
schists and phyllites; hydrothermall alteration
product in lavas. Typical localities are Zermatt,
Switzerland; Ottrez. Belgium: Pregraten, Austria.
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Dattatiiez. 30 mm x3f, edmegorsk, RResin

Darallice
CaBSi(,(OH)

MO NOCILINIC [ N N ]

Propentiess: C — white to colorless, yellowish,
greenish, gray; S — white; L - vitreous to dull; D -
transparent to translucent: DE - 3.1; H - 5-5.5; CL ~
none; F - uneven to conchoidal; M - prismatic to
tabular crystals, nodules, granular.

Origin  and occurencez: Metamorphic  and
hydrothermal in contact metamorphosed rocks, in
cavities in volcanic rocks, in ore veins and pegma-
tites. 1t is commonly associated with zeolites,
prehnite, calcite and also with tourmaline, Prigmatic

GadiailinteetYY), 60 ram, Hiirnd, Nonsay

and tabular crystals up to 100 mm (4 in) long occur
in Dalnegorsk. Russia. Other typical localities are
West Paterson, New Jersey; Keweenaw Peninsula
Michigan, USA: Haslach. Germany: Charcas. San
Luis Potosi, Mexico.

Gadolinite-(Y)
¥ FFeBepsizO| p

MO NOCILINIC [ I

Propertiies: C - black, dark red, brown, greenish; $ -
gray-green: L — vitreous to greasy, D — transparent to
translucent; DE - 4.4; H - 6.5-7; CL — none; F —

Howiliez, 30 mm. Celliiomizy, 1454



Dumartvéeirite, 60 mm, Dethesea, (WUSA

conchoidal: M — prismatic crystals, granular; R
locally metamict.

Origin and occurrenzez: Magmatic in granites and
pegmatites, locally associated with fluorite and
allanite; rare hydrothermal in the Alpine-type veins.
Aggregates, up to 40 cm (15% in) across come from
Hittero. Norway. Barringer Hill and Clear Creek,
Texas, USA yielded aggregates, weighing up to 90
kg (198 Ib). Other famous localities are Blatchford
Lake. Northwest Territories, Canada; Baveno. the
Alps. ltaly; lveland. Evje, Norway.

Kornerupivee
Mg Al 5 (S, BR109 4 (OH)

ORTHORHOWMBIIC LI

Properties: C - colorless, white, greenish, gray,
brown; S ~ white; L ~ vitreous to dull; D - trans-
parent to translucent: DE ~ 3.3. Il - 6,5-7; CL —
none; F - conchoidal; M - prismatic crystals, radial
aggregates, granular,

Origiin and occunrencez: Metamorphic in strongly
metamorphosed rocks, as granulites. Crystals up
to 230 mm (9%« in) across known from Fisken-
aesset, Greensland. It also occurs in Lac Ste-
Marie. Quebec, Canada: Waldheim, Germany,
ltrongay, Madagascar.

Duwanttéeitite
(ALTi Mgl S33014(0,OH),
ORTHORKHOWMBI I o0 0

Propertiies:: C — purple, pink, blue, brown; S~ white;
L - vitreous to dull; D - transparent to transucent;
DE - 34; H - 85; CL - good; F — uneven; M -
prismatic crystals, radial and acicular aggregates,
massive.

Origin and occurvence: Metamorphic in some Al-
rich metamorphic rocks, eg. in migmatites and
gneisses; magmatic in granites and pegmatites;
hydrothermall in altered rocks. It comes from
Dehesa, California: Rochester, Nevada, USA: Beau-
nan, France; crystals are known from the vicinity of
Kutna | lers, Czech Reuubdlic; Seavims, Matingasesr.

Howilire
C3235§m9(0|ﬂ))5

MO NOCILIINIC o0

Prapertiies: C — white; S~ white: L - vitreous to dull:
D - transparent to translucent; DE - 2.5; H- 3.5; CL
- good; F - uneven; M - tabular crystals, modules,
massive.

Origin and occurveme: Hydrothermal in borate
deposits, associated with ulexite and colemanite.
Crystals, several cm across, come from the vicinity
of Bras d'Or Lake, Nova Scotia. Canada. It occurs
also in Lang and Daggett. California, USA.

Kormermgpiee, 90 mm, Ime Ste-Minrée. (Conada
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Cuprosikbodosisiere, 82 mm, Musonoyi, Aair

Cuprosétuitvekitize

Cu(W0;);Siy07 .6 KO

MO NOCILIMNIC [ X ]

Propertizzs: C - various hues of green; S - greenish;
L - vitreous to dull; D - transparent to translucent:

Uranapitanee. 125 mm., Brewatwyr. Texas, USA

am

DE - 3.8; H - 4; CL - good;; F- umexemn; M - nadfa,
acicular aggregates, thin coatings, granular, massive;
R - strong radioactive.

Origiin and occunmencsr: Secondary in the oxidation
zone of U deposits, associated with autunite,
torbernite, uranophane and other U secondary mi-
nerals. Crystals, up to several cm long, come from

Kasoitier, 30 mm., Musonevi, Zair



the Mashamba West mine. Musonoi, Zaire. It also
occurred in Jachymov, Czech Republic.

Uranopitans:

Ca(l0,),Si,07 .6 H,0

MO NOCILIMNIIEC o090

Propertiies.: C - various hues of yellow to brown; S~
yellowish; L - vitreous to dull; D - transparent to
translucent; DE - 39; H - 25: CL - good; F -
uneven: M - radial, acicular aggregates, thin
coatings, granular, massive: LU - yellow-green: R -
strong radioactive.

Origin and occunemee: Secondary in the oxidation
zone of U deposits as a product of wraninite
alteration, associated with autunite, torbcrnite and
other secondary U minerals. Needles up to 10 mm
(¥s in) long. comc from Musonoi. Sinkolobwe,
Zaire,

It is also known from the Faraday mine, Bancroft.
Ontario. Canada. It occurs in Wolsendorf, Germany,
as well as in Jachymoy. Czech Republic.

Kasolliz
Ph(WO,)Si0 . D

MONOCILINIC [ N ]

Properties: C - various hues of yellow, green to
brown; S ~ yellowish; L ~ vitreous to dull: D - trans-
lucent to opaque: DE - 6.2; H - 4.5; CL ~ good; F -
uneven; M - prismatic crystals, radial and acicular
aggregates, thin coatings, granular, massive; R -
strong radioactive.

Origin and occuweme: Secondary mineral in the
oxidation zone of U deposits. It is a product of
uraninite alteration and is associated with
uranophane, torbemite and U hydroxides. Crystals
up to [0 mm (% in) long occur in Shinkolobwe,
Kasolo, Zaite and Mounana. Gabon.

HAlkemnanitee
CaquSi 20}[

TETRAGONALL [ N ]

Properties: C - white, gray, green, brown; S— white;
L - vitreous to dull: D - transparent to translucent;
DE - 29; H - 55; CL - good: F - uneven to
conchoidal; M - short prismatic crystals, granular.

Origin and occurreme: Magmatic in volcanic basic
rocks. metamorphic in contact metamorphosed
marbles. A typical representative of localities in
marbles is Crestmore, California, USA. It occurs
also in Ca-rich volcanic rocks in Velardena, Mexico.

Akerrnamitite, 5 mm xv, My. Kesavius, Maly

Gehlleniite
C32A|25i07

TETRAGOMNALL o090

Propertiies: C — white, gray, yellowish; S — white; L
vitreous to dull; D — transparent to translucent; DE

- 3.0: H-5-6; CL - good; F - uneven to comchoidal:

M - short prismatic crystals, granular.

Origin and occuriene: Magmatic in volcanic basic

rocks: metamorphic in contact metamorphic

marbles.

It occurs in Crestmore. California. USA; Monzoni.

Italy; Oraviza, Romania and elsewhere.

Gelilenitez, 80 mm, K de Sus, RrRomemia
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I¥veitte, 20 mm«x, Delbvegorekk, Ruesia

Berwandfiez, 36 mm, Mrihieeen, USA.

214

Tvaiite
CaFe?* Fe¥* SipDg (OH)

ORTHORHOWBIC [ X N J

Properties: C ~ black to black-gray; S ~ black; L -
submetallic to dull; D ~ opaque; DE ~ 4.1; H - 5.5-
6; CL - good; F — uneven; M - prismatic crystals,
granular.

Origin and occurrenee: Metamorphic and hydro-
thermal in contact metamorphosed Fe, Zn and Cu
deposits. Prismatic crystals up to 100 mm (4 in) long
come from Rio Marina, Elba, ltaly. Crystals up to 30
cm (12 in) leng are known from Serifos Island,
Greece. Crystals, several ¢m long eccur alse in
Dalnegorsk. Rissia and in the Laxey mine, ldghe,
USA.

Bestnantiiiee
Be;SiyDy(OH),

ORTHORHOWMBIC [ 2 N

Propertiies: C - colorless, white, yellowish; S -
white: L - vitreous to dull; D ~ transparent to
translucent; DE - 2.6; H - 6-7; CL - perfect; F -
uneven; M - tabular crystals and their combinations,
radial aggregates, granular, massive.

Origin and occureme®: Hydrothermal in granitic
pegmatites, greisens and in hydrothermal veins,
together with beryl, also as pseudo-morphs after
beryl. Tabular crystals up to 50 mm (2 In) across
occur In Conselheira Pena, Minas Gerais, Brazil. It is
known from Keunrad and Kara-Oba. Kazakhstan In
crystals up to 30 mm (IVis in) across. It also comes
from Stoneham, Maine, USA; Pisek, Czech Repub-
lic and Iveland, Norway.

Appllration: the most Impertant Be ere.

Hemiinorppitite
Zn4Si'Q<D7(OHI))4 . H’lzﬂ’

ORTHORHOWMBIC [ I

Properties:: C — colorless, white, yellowish, greenish;
S - white; L ~ vitreous to dull; D - transparent to
translucent; DE - 3.4; H - 4.5-5; CL ~ perfect; F -
uneven; M -- tabular crystals and their combinations,
botryoidall and radial aggregates, granular, massive.
Origin and pcewvenez:: Secondary In the oxidation
zone of Zn deposits, associated with sphalexite,
smithsonite and cerussite, Crystals up to 100 mm (4
in) long come from Bisbee, Arizona, USA.. li is alse
from the El Potesi Mine, Santa Eulalia, Chihughua,
Mexico; Bleiberg. Austria; Che-Dien, Vieinam.
Appliaion: Zn ore.



Lal
Na,SF,TisSi; O | (OH.F),

MONOCLINIC

Praoperties: C — brown to dark brown; S - white; L —
vitreous to submetallic; D - translucent; DE - 3.5; H -
2-3; CL - perfect; F - uneven; M - tzhular crystals,

Herirmoophiie? @6 daonans] IHSA.

radial aggregates.

Origin and occurvence: Magmatic in alkaline syenites
and their pegmatites, associated with mepheline,
aegirinc and eudialyte. The best crystals up to 1150 mm
(6 in) long come from Mount Flora, Lovozero massif,
Kola Peninsula, Russia. It is also known from
Langesundsijordl Norway and Mont St-Hilaire,
Quebec, Canada.

Lamprgyyiiise Gomnocoasezer ddassolcoRusRuassia
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Clinazmpéitize. 36 mm, Eden Mills, U SA.

Clinozaisiiee
CayAl3SizO|3(OH)

MO NOCILIMNIC eoeoe
Propevties:: C - colorlcss, yellowish, green, pink; S
white; L — vitreous to dull; PS - transparent to
translucent; DE ~ 3.4 H - 6.5, CL - good, F -
uneven: M - prismatic crystals, columnar, radial
aggregates, granular, massive,

Origin and ocewvenes: Metamorphic and hydro-
thermal in contacts of matbles and in the Alpine-type
velns. Prismatic crystals up to 60 mm (2 in) long
come from Radey Island, Norway, It comes &lso
from Eden Mills, Vermont: Aliens Paek, Colorade,
USA; Pines Alios. Baja California. Miexico.

Epidotre
Cay(ALFeP*);Siz Ol OH)

MONOCILINIC o000 oe
Properties: C - green, brown, greenish, yellow-
green; S -- white: L -- vittksswsto dlll; [D--treangearant
to translucent, locally opaque; DE ~ 3.4: H-6-7; CL

- good: F - uneven, M - prismatic crystals,
columnar and radial aggregates, granular, massive.
Origin and occurveme®: Metamorphic in marble/
granite contacts; hydrothermal in the Alpine-type
veins and in hydrothermallly altered rocks, typically
associated with albite, prehnitc and amphibole. Its
green crystals up to 140 mm (5% in) long, were
found in Sobotin, Czech Republic. Perfect crystals
up to 100 mm (4 in) across come from Kmappen-
wand, Austria. Thick tabular crystals occur in Prince
of Wales Island, Alaska. USA. Fine crystals,
resembling Austrian crystals, were found recently in
Alchuri, Shigar, Pskistan. Fine columnar aggregatcs
of crystals are known from Pampa Blanca, Peru and
also reported from Arendal, Norway.

Piemantiiee
Cay(ALMKT*)3S31 00 (OH)

MO NOCILINIC e e

Properties: C — red-brown to black, crimson, red-
yellow; S- whitte: L ~ witheeustmdill; D ttrarsiuest,
locally opaque: DE - 35; H - 6; CL - good: F -
uneven; M — prismatic crystals, radial aggregates,
granular.

Origin and occuvvemze: Metamorphic in shales and
Mn-rich metamorphic rocks; rare magmatic in
rhyolites and pegmatites. Needles up to 30 mm (1%#»

Epidatte, Dastiidesson, A2eebisitiznan



Epidaier. 50 mm. Kneppermsadd, Avdria

in) long come from St. Marcel. Piedmont, Italy and
Otakiyama, Japan.

AWaiit{(Ey)
(Ca,Ce ¥yl Fed*)y55{ B, 2 (OH)

MO NOCILINIC

Propevtiies.: C - black to dark brown; S - light gray;
L - greasy to submetallic: D translucent to opague:
DE - 3%: H - 5.5-6; CL -- none: F - conchoidal to

Piemwontivee, 45 mm, Tedyryaatt, Mioranco

uneven; M - tabular crystals, granular; R — usually
metamict.

Origin and occurvenee:: Magmatic in pegmatites and
granites; metamorphic in various types of meta-
morphic rocks, e.g. migmatitcs, amphibolitcs and
gneisses. Grains, up to 70 cm (277» in) across found
in pegmatites near Bancroft. Ontario, Canada. Also
oceurs in Barringer Hill, Colorado: Amelia district,
Virginia, USA; Arcndal and Hittero, Norway; Ytter-
by and Riddarhyttan, Sweden; Yaies mine. Quebec,
Canada.

Aflaniiet@€)e). 40 mm, Vizcaya. Sppain
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Tanzaviite, 37 mm, Avugii. Tarzenia

Zoisiite, 60 mm., Weisensteiin, Gievmany

Zosiite
CaxAl3Si0) (D)

ORT HORHONMSBIIC [ 3 W )
Marigties. thulite, tanzanite

Propertiies:: C - colorless, yellowish, green, pink, red
(thulite), blue (tanzanite); S — white; L — vitreous to
dull; D - transparent to transtucent; DE - 3.4; H -
6.5; CL - good; F — uneven; M — prismatic crystals,
radial aggregates, granular.

Origin and occurvenc®: Metamorphic in regionally
metamorphosed Ca-rich rocks, mainlly in pyroxenic
gneisses, amphibolites and in marble contacts. It is
known from many localities like Saualpe. Austria
Zermatt, Switzerland; Lexvikcn, Norway (thulite);
Traversella, Italy; Alchuri. Pakistan; Merelani Hills,
Arusha, Tanzania (tanzanite), where crystals up to 70
mm (234 in) long were found.

Applicaiityn : tanzanite and thulite are cut as gem-
stones,

Thuliite, 40 mm, Lexilern, Ndonway



Vesavianite
Ca|lg(Al,Mg,Fe)| 35i,404§00HFD) | g

TETRAGOMNAILL o0

Properties: C — brown, yellowish, green, blue, purple,
colorless; S - white; L — vitreous to dull; D —
transparent to translucent; DE - 3.3; H - 6-7; CL -
imperfect; F — uneven to conchoidal; M - prismatic to
tabular crystals, columnar aggregates with radial
structure, granular, massive,

Origin and occuwence. Metamorphic and hydro-
thermal in contact metamorphosed Ca-rich rocks,
mainly in skarns, in marble contacts, also in
rodingites; rarely magmatic in alkaline rocks. It is
usually associated with grossular, wollastonite and
diopside. Perfect green ctystals up to 180 mm (7=
in) long and purple crystals up to 70 mm (2% in)
long come from the Jeffrey quarry. Asbesios,
Quebec, Canada. It Is also known from Hazlov,
Czech Republic; Crestmore, California. Franklin,
New Jetsey. USA; Monzeni, ltaly.

Wildidee
Ca jg(AlMg) 3B5Si {g048(0:0H) o

TETRAGOMNAIL

Properties: C — dark green, gray-brown; S — white; L
- vitreous to dull; D - transparent to translucent; DE
— 34; H - 6; CL - imperfect; F — uneven to con-
choidal; M - prismatic crystals.

Kiluite, 30 mm xx, Kili River. Riussia

Kesaviariike, 110 mm. Asbextss, Gareda

el
-

Origin and occuvwene: Metamorphic in serpenti-
nized skarn, associated with grossular. Its perfect
prismatic crystals up to 50 mm (2 in) long are only
known from the Vilui River basin, Yakutia, Russia.
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Benittaiite
BaTiSiyOy

TRIGOMNAILL LN

Properties: C - blue, pink, white, colorless; S~ white;
L - vitreous to dull; D - transparent to transiucent;
DE - 3.6; H - 6-6.5; CL - imperfect; F — uneven to
conchoidal: M ~ prismatic to tabular crystals, mainly
with trigonal cross-section: LU ~ bluish.

Origin and occurmenns; Hydrothermal in veins,
cross-cutting serpentinites, always associated with
neptunite and natrolite. Its classic locality is the
Benltoite Gem mine, Sen Benito Co.. California,
USA., where it forms tabular crystals up to 40 mm
(ii*1< in) across.

Carapkiiiee
NayZrSizOg . 2 HyO

HEXAGOMNALL o0

Propertiies: C -~ light yellow, yellow-brown, pink,
brown, blue; S — white: L — vitreous to dull; D -
transparent to opaque; DE — 2.8; H - 5-6; CL - good:
F - uneven; M - thin tabular crystals, kemellar
aggregates.

Origin and occunence: Magmatic in ncpheline
syenites and their pegmatites, together with acgirine,
titanite, nepheline and microcline. It occurs in Mont
St.-Hilaire. Quebec. Canada, as tabular crystals up to

Beritwiiee, 28 nun x, Sam Beniiw Co., USA

1150 mm (6 in) across. Crystals up to 30 mm (17M in)
across come from Mount Yukspor, Khibiny massif,
Kola Peninsula. Russia. It is also known from Lange-
sundsfjord, Norway, Magnet Cove, Arkansas, USA.

Eudiaigty
Na4(Ca,Fe,CaMin) yZnSi 40 | (@H())
TRIGONMALL [ N ]

Praperties. C— wat], pimk ttobnowm; - wihitts; L — witomss
to dull; D - transparent to translucent; DE - 2.8; Hll- 5-
5.5; CL — imperfect; F — uneven; M — prismatic and

tabular crystals, granular.

Origiin and occuvvenree: Magmatic in nepheline
syenites and their pegmatites, associated with

acgirine, nepheline and microcline. Crystals up to 80
mm (3% in) across comc from Mount Kukisvum-
chorr, Khibiny massif, Kola Peninsula, Russia. Crys-
tals up to S0 mm (2 in) across are also known from

Mont St.-Hilaire. Quebce, Canada. It also occurs in
Langesundstjord. Norway and in Los Island. Guinea.

Ferroaxiiiite
CazFeA|2BSi410,| 5(0")

TRICLINIC [ N

Propertiéss: C — brown to purple- brown, light
purple; S — white; L — vitreous to dull; D — trans-

Catapliitiee, 37 mm. Moty St-+Alibmiey, Qarada



Ewdiahjpee. 20 mm graiin, Khithiny Massif, Kola. fussia

parent to translucent; DE  3.3; H - 6. 5-7; CL -
good: F - uneven to conchoidal; M - tabular crystals,
platy aggregates, granular, massive.

Origin and occuwmenns;; Metamorphic and hydro-
thermal in contacts of marbles and granites,
associated with clinozoisite. prchnite, calcitec and
actinolite, also in the Alpine-type veins and pegma-
tites. Perfect tabular crystals up to 1150 mm (6 in)
across come from Puiva, Polar Ural. Russia. Other
renewned localities are Obira, Japan: Bourg
d*Oiisans, France: Mente Seopi, Switzerland.

Tinzenite
Ca(Mn,Fed ) A HBS3400) c(OH)
TRICLINIC oo

Properiies: C — yellow, orange to red; S— white; L -
vitrous to dull: D  transparent to translucent; DE
3.3:11 - 6.5-7; CL - good; F - uneven to conchoidal;
M tabular crystals, platy and fibrous aggregates,
granular, massive,

Origin and occurvence:: Hydrothermal in the Alpine-
type veins, cross-cutting a rock, rich in braunite. It
comes fromTinzen. Va d'Er, Switzerland and in the
Cassagna mine, Genova, ltaly.

Ferroainitey, 62 mm, Khapatly, Hediddan

Tinzevittz, 10 mm xx, 1@l Gravegla. Maly
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Bevyll
BQ3A||25'5@ is

HEXAGOMNALL

Kariaties: emerald. aquamarine, heliodor, morganite,
goshenite, red beryl (bixbite).

Propentiass: C — variable in different varieties:
common beryl —~ mostly yellow, yellow-green, light
green to white, rare blue; varieties: emerald ~ dark
emerald-green; aquamarine — light to dark blue-
green: morganite - pink. heliodor ~ light yellow to
yellow-green; goshenite ~ white to colorless: red
beryl B red: S~ white; L - vitreous to dull; D - trans-

Emenaitt], 30 mem x, Boyaras, Cedmmhia

parent to translucent; DE - 2.6; H - 7.5-8; CL -
imperfect; F - uneven to conchoidal; M - long pris-
matic to tabular crystals, columnar and radial
aggregates, granular, massive.

Origin and oceurrene: Magmatic in pegmatites and
granites; hydrothermal in greisens, in cavities in
rhyolite, in quartz veins. metamorphic in mica
schists. Perfect prismatic crystals of common beryl
up to 9 m (29 ft 6 in) long found in the Etta mine,
Keystone, South Dakota, USA. Crystals weighing up
to 1177 tons, come from Namive, Alio Ligonha, Mo-
Zambigue. Other localities are Plcl. Brazil; iveland,
Nerway; Antsirabe. Madagasear. Emerald erystals
666U i miea-schists, marbles and ultrabasie roeks,
assoeiated with ether Be minerals. phenakite and



Emevalli], 30 mm. Ural Mis., Rusda Aquarnaaiioe. 97 mm. Korowe! Huwta, Brazil

chrysoberyl. Beautiful dark green transparent crys-
tals are known from Malyshevo. Ural Mts.. Russia;
Muzo and Coscuez, Colombia; Habachtal, Ausiria,

Emenaitt!, 90 mm, Muza, (Zdowbia

where the largest crystals reach up to 20 mm (4"»
in) in size. Aquamarine is mainly known from
pegmatites and hydrothermall veins, commonly

Aquarnzaiiiae, |58 mm. Shingues, fedistan
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Helliodtwr, 87 mm, Muledarsk KMehnskii, {(Newine

Heliiedtvr, 26 mm x. Paniir, TaddHillistan

associated with tourmaline, quartz and albite. Intense
blue crystals are known from many pegmatites in
Minas Gerais, Brazil, where in the Marambaia mine,
crystals, up to 70 cm (2/¥e in) long and weighing up
to ILI0 kg (242 1b) found. Very beautiful gemmy crys-
tals over 30 cm (12 in) long rccently occurred in the
Medina Mine. It also come from Murzinka, Ural
mountains and Adun Chilon, Siberia, Russia. It also
comes from Spitzkopje. Namibia; Gilgit. Pakistan and
elsewhere. Morganite is a typical mineral of granitic
pegmatites, where it occurs in mainly in cavities,
usually associated with color varieties of tourmaline,
quartz and albite. Its tabular erystals up to 100 mm (4
in) across found in the White Queen mine, Pala, Cali-
fornia, USA. Smaller erystals come from San Piere [n
Campe, l:lba, ltaly. Crystals up to 50 em (20 in)
across reported from several localities in Minas
Gerais, Brazil. Heliodor also oceurs in pegmatite ca-
vities, hydrothermal veins and in gneisses, commenly
assogiated with quariz and albite. Prismatie crystals
up 16 200 mm (T in) leng, eore from Velodarsk
Velynskii, Ukeaine. It is alse knewn frem Nerehinsk:
Siberia. Russia and severdl mines in Minas Gerais,
Brazil. Geshenite occurs only in pegmatites. lis
prismatie erystals esmme from Geshen, Massaehusetts.



Gosteniiee, 39 mm, Apeiligur, Pakisiam Red bevyl. 17 mm x, Wt tlah Mits,, USA.

USA; San Piero in Campo, Elba. Italy. Red beryl
occurs in Violet Claims. Wah Wah mountains, Utah,
USA, where crystals up to 50 mm (2 in) were found.
Appléeditinn: Be ore, color varieties are cut as gem-
stones.

Movganiiee, 43 mvn x. Sam Diego Co.. USA.
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Barzziee, 70 mm, Tordal, Novaagy

Bazzite
Be3(SA1))S5iD g

HEXAGOMNALL L]

Propertifes: C — light to intense blue; S — white; L ~
vitreous to dull; D - transparent to translucent; DE —
2.8; H - 6.5; CL - imperfect; F — uneven to con-
choidal; M - long prismatic crystals, columnar and
radial aggregates.

Origin aml occumenaez: Hydrothermal in the Alpine-
type veins and pegmatites. Crystals up to 20 mm (*/»
in) long come from Tordal. Norway. It is also known
from Lago Maggiore, Italy and St. Gotthard,
Switzerland.

Cordierite
Mg2Al,SisO| g

Selkanineitize, 40 mm x, Dol Bovy, Czectk Regnublic

Properties: C - blue, purple, gray, gray-green, gray-
brown, trichroic; S — white; L - vitreous to dull; D -
transparent to translucent; DE - 2.5; H - 7-7.5; CL -
imperfect; F ~ uneven to conchoidal; M - short
prismatic crystals, granular.

Origin and occurvence: Metamorphic in migmatites
and gneisses and in contact cherts; magmatic in
granites and granitic pegmatites, usually associated
with andalusite and sillimaniie. also known from pla-
cers. It is a typical rock-forming mineral. Its prismatic
crystals arc very rare. Poorly developed transparent
crystals up to 200 mm (7% in) long come from Naver-
berg. Sweden. It also occurs in Orijarvi, Finland; Kra-
gero, Norway: Bodenmais, Germany. Gemmy pebbles
are known from the vicinity of Ratnapura, Sri Lanka.

Sedani iei
FerAlsSizD) g

ORTHORHOWMSBIC [ 2K B N

Karisties: iolite (gemmy blue)
Cordiizriiee, 50 mm. Fishzill Lalke, Qanada

ORTHORHONMSBIIC o000

Propevtiies.: C - blue, purple, strongly pleochroic; S



Dranitze, 27 mm. Gujawhkony, Migpal

- white; L - vitreous to dull; D — transparent to
translucent; DE — 2.8; H - 7-7.5; CL — imperfect; F
uneven to conchoidal; M — short prismatic crystals,
granular.
Ovigin anill ocaswenoere: Magmatic in granitic peg-
matites and some granites, associated with andalu-
site and tourmaline; metamorphic in gneisses and
migmatites. Conical, imperfect crystals, up to 70 cm
(277G in) long typically come from Dolni Bory.
Czech Republic: also known from San Piero In
Campeo. Elba. ltaly,

Dravite
TOURMAILINE GROUP

NaMgzAl(BXD3)3Si0 1 g(Oll)y

TRIGONAIL

Propertiies: C — light to dark black-brown, blue,
colorless, commonly pleochroic; S - white; L -
vitreous to dull; D — transparent to translucent; DE
3.0; H-7-7.5: CL - none; F- uneven to conchoidal;
M - long to short prismatic crystals, columnar to
acicular aggregates, granular.

Origin and oceunrene: Metamorphic in migmatites,
gneisses, mica schists, marbles and in contact meta-

Buergiiee, 12 mm x, San Luis Potosii, Wisico

somatic rocks; magmatic in some granitic peg-
matites; hydrothermal in quartz veins and ore veins,
also known from placers. Brown to dark brown
perfect crystals up to 200 mm (7% in) long come
from mica schists near Dravograd, Slovenia. It is also
known from marbles in Gouvcrneur, New Yark,
USA. Crystals up to 150 mm (6 in) across found in
Yinnictharra, Western Australia, Australia. Crystals
up to 50 mm (2 in) long were recenily found in
Guijarkot, Nepal.

Applicatifon:: transparent crystals are cut as gem-
stones.

Buevgentiee
TOURMALINE GROUP
NaFe>" 3 Allg(BO3)3SigO,| F

TRIGOMNAL [ ]

Properties: C - black, strongly pleochroic; S —
yellow-brown: L ~ vitreous to dull; D -t teavst Lucemtt to
opaque: DE - 3.3: H - 7; CL - none; F — uneven to
conchoidal: M B prismatic crystals, granular.

Origin and occuwwemzz: Hydrothermal in rhyolites.
Its black crystals, up to 40 mm (19/16 in) long, are
known from Mexquitic, San Luis Potosi, Mexico.
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Sciartl, 40 mm. Gilgik, Redkistan

Scihant/ Povondhaiite

TOURMAILINNE GROUP TOURMALLINE GROUP
NaFep/lj( B0y)i55 Oy g (D), NaFe3*3MpgFed* 4 (BO 93550 5(OHy
TRIGOMNAL o000 TRIGOMNAL [

Propertizs: C ~ black, black-brown, blue-black,
strongly pleochroic; S - white; L - vitreous to dull;
D - translucent to opaque; DE - 3.3; H - 7-7.5; CL
~ none; F- uneven to conchoidal; M — long to short
prismatic crystals, columnar to acicular aggregates,
granular, massive.

Origin and occurveme®: Magmatic in granites and
granitic pegmatites; hydrothermal in greisens, in
quartz and ore veins: metamorphic in migmatites,
gneisses, mica schists and tourmalinites; also known
from placers. It is usually associated with muscovite,
quariz and albite. Perfect black crystals come from
fhany pegmatite localities.

Its long prismatic crystals, up to 5 m long, come
from Arendal, Norway. Very good crystals are also
known from Kaatiala, Finland; Dolni Bory, Czech
Republic; Consclhcira Pena and Galileia, Minas
Gerais, Brazil,

Propevties: C - black; S — gray; L - vitreous to dull;
D - translucent to opaque: DE - 3.3; H - 7; CL -

Povondiaiiee, 60 mm, Ao Chapare:, Bdivia



Etheiire, 115 mm, Tourmaline: Queem Mine, 41.SA.

none; F - uneven to conchoidal; M - short prismatic
crystals, granular.

Origin and occumweme®: Hydrothermal along the
cracks in metamorphosed evaporitcs. Its black
crystals up to 10 mm (%s in) long typically come
from Alto Chapare, Cochabamba, Bolivia.

Etbaiiz
TOURMALIMNE GROUP
Na(Liy, 588 52040 (B 213 5% 61 sRH)) &'

TRIGONAILL [ N
Kavieties: nubhlites, weedidiie, imtliediits, aattroditc

Properties: C — varies in different varieties, rubellite
- pink to red: verdelite -~ various hues of green; indic-
colite - blue; achroite - colorless, other colors include
yellow, brown and black: S - white; L - vitreous to
dull; D - transparent to translucent; DE - 3.0; H - 7;
CL - none: F - uneven to concheidal: M - prismatic
crystals, columnar aggregates, granular, imsssive,

Origin and eeewwence: Almost only magmatic and
hydrothermal in granitic pegmatites, typically
gesociated with lepidolite and albite; alse in placers.
its erystals are mostly knewn from pegmatite eavi-

EWiter. 153 mm. Aftboanisan
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ties in many localities. Rubellite crystal called ‘The
Rocket' (109 emi3%x in long) was found in the
Jonas mine, Minas Gerais. Brazil. Rubellite crystals
up to 40 cm (15% in) long come from Alto Ligonha
district, Mozambique. Rubellite crystals up to 250
mm (9"%6 in) long occurred in the Stewart Lithia,
Tourmaline King and Tourmaline Queen mines,
Pala. California, USA. Verdelitc crystal 270 mm
(197 in) long, is known from the Dunton mine,
Newry, Maine, USA. Other important localities
include San Piere in Campo, Elba, Italy; Malkhan,
Transbaikalia, Russia; Rozna . Czech Republie; Uto,
Sweden: Gilgit. Pakistan; Paprok, Afghanistan.
Applircaiinn: commonly used as a gemstone.

Uvite
TOURMAILLINE GROUP

CaMg,Alg(B03)3SigO0 (D HF)y

TRIGOMNMAIL

Properties: C — gray, black, brown, green, red,
pleochroic; S — white; L - vitreous to dull; D -
translucent to opaque; DE - 3.3; H — 7-7.5; CL -

Uvite, 41 mm. Bruwadfy. Brazi!

none: F — uneven to conchoidal; M - long to short
prismatic crystals, columnar aggregates, granular.
Origin and oceuwene: Metamorphic in Ca-rich
rocks, marbles, skarns; magmatic in some peg-
matites; hydrothermall in ore veins.

Perfect green and red crystals, up to 30 mm (N/Kim)
across, occur in Brumado. Bahia, Brazil. It is also
known from Gouverneur and Pierrepont, New York,
USA.

Liddizenttiee
TOURMALLINE GROU P
Ca(LinAl)p (B3 Si g0 | (DH)4F

TRIGOMNAIL

[ 3 W )
Kerieties: rubellite, verdelite

Properties: C- vamiiesim diifftexant vavikties, minly pirk,
green, green-brown to yellow-brown; S — white; L —
vitreous to dull; D - transparent to transhucent; DE- R I;
H ~ 7: CL - none; F ~ uneven to conchoidal; M —
prismatic crystals, columnar aggregates, granular.

Origin and occuwremze. Magmatic in granitic peg-

Lidkdizaatitee, 60 mm, Anjanurtoninaa, Mbeliagescar



Kerdelite, 24 mm, Giletter Quanng, USA, Indigaiiee, 32 ram, Esmeratiide Mine, Mesa Grandiz, U.SA.

matites in association with lepldolite, spodumeneé  Anjanabonoina. It is also known from Blizna, Czech
and albite. Its perfect red and green erystals up &  Republic.

250 mm (9*Vi»in) long come from pegmatite cavities  Applliatiaon: cut as a gemstone.
in many localities in Madagasear, e.g. Sahatany and

Liddiiceatiiee, 41 mm, Maddagascar
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Foitite
TOURMALINE GROUP
£ FegMmig(B09)355075(OH)4

TRIGOMNMAIL o0 0

Properties: C - black to black-purple; $- white; L
vitreous to dull: D - translucent to opaque; DE - 3.3;
H — 7; CL - none: F — uneven to conchoidal; M —
prismatic crystals, acicular aggregates.

Origiin and occumencer: Magmatic in granitic
pegmatites and granites; hydrothermal in pegmatite
cavities. Foitite typically forms black tips of elbaite
crystals (moors heads) in Dobra Veda, Czech
Republic. San Piero in Campo, Elba, ltaly; White
Queen mine, Pala, California, USA. It occurs
together with schodl in some granitic pegmatites, like
Rozna, Czech Republic.

Rossmaniee
TOURMALLINE GROUP
£ LiAA AR(BO])3SRIOQ (M) 4

TRIGOMNAIL [ ]

Praperties: C — pink; S - white; L - vitreous to dull:
D - transparent to translucent; DE - 3.1: H- 7; CL
none: F — uneven to conchoidal: M - prismatic
crystals, columnar aggregates.
Origin and oeccurengez: Magmatic in granitic
pegmatites. Prismatic crystals, up to 20 mm (~%a in)
long. were found in massive lepidolite in Rozna. also
in Lastovieky, Czech Republic.

Foitite. 20 mm x, Doltva: Moda, Czecth Regpublic

Diopitase

CugSigQ) g -6 HyO

TRIGOMNAIL [ N J

Properiiies: C — emerald-green to blue-green; S
light blue-green; L - vitreous to dull; D - transparent
to translucent; DE — 3.3; H - 5; CL — good; F —
uneven to conchoidal; M — long to short prismatic
crystals, granular.

Origin and occurvemze: Secondary in the oxidation
zone of Cu deposits, associated with other secondary
Cu minerals. Beautiful crystals up to 50 mm (2 in)
across occur in Tsumeb, Namibia; Altyn Tyube.
Kazakhstan; Renneville, Congo. It also comes from
the Mammoth mine, Tiger, Arizona, USA.

Millarriee
KCapAIBe)Si 17039 - H7O
HEXAG OmMNAL e

Properties:: C — colorless, white, gray, light green; S
white; L — vitreous to dull; D — transparent to
translucent; DE - 2.5; Il - 5-6; CL — none; F -
uneven to conchoidal: M — long prismatic to acicular
crystals, granular.
Origin and occunenez: Hydrothermall in the Alpine-
type veins, in pegmatites and hydrothermal veins,
associated with adularia. Crystals up to 40 mm (I/u
in) long come from Jaguarapu, Minas Gerais, Brazil.
It was also found in St. Gotthard, Switzerland: Klein
Spitzkopje, Namibia; Valencia mine, Guanajuato,
Mexico.

Rosswariize, 10 mm xx, Lassosiidy, Czedh Repndblic



Dioptagee. 40 mwm, Mindlaii, Adir

Sugilliey
KNaj(Fe,Mn,Al)3Li3Si; 2039

HEXAGOMNAL [ ]

Properties: C — purple; S - white; L — vitreous to dull;
D - transparent to translucent; DE - 2.7; H- 6-6.5; CL

MiVarriire, 22 mm. Jagearaoy. Braail

~ none; F - uneven to conchoidal; M - long prismatic to
acicular crystals, granular.

Origin ami occurvence: Hydrothermal in alkaline
syenites, associated with pcctolite, albite and aegirine.
It occurs in Iwagi island. Japan and llotazcl, South
Africa. Appliieatiom: cut and polished as a gemstone
and decorative stone,

Sugjiifee, 40 mm, Hotazsb{, South; Africa
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Brovmitee, 15 mwm, Minas Gevaiss, Bracil

© FB* o
i A
Enstaiite
PYROXEMNE GROUP
Mg7Si0g

ORTYHORHONMBIC [ 2

Kariaties boomazice

Propevties.: C - colorless, gray, yellowish, greenish,
brown (bronzite); S — white; L - vitreous to dull; D
— transparent to opaque; DE - 3.2; H - 56; CL —
good; F - uneven to conchoidal; M ~ prismatic
crystals, granular.

Origin and occunvenae: Magmatic in ultrabasic
rocks, gabbros, peridotites and in meteorites; mcta-
morphic in marbles, associated mainly with olivine
and pyrope. Known from Bamle, Norway in crysials
up te 50 em (20 in) leng. 1t was originally described
from Ruda nad Moravou, Czech Republic. Gemmy
crystals up te 20 mm (¥ In) leng eceur in Brumade,
Bahia, Brazil.

Diopsiite
PYROXENE GROUP
CaMgSirOg

MO NOCILINIC L 2 2N BN N J

Kanaties: adinomedopsidte, fassite, jiefftessomice

Propevtiies: C — light green, dark green (chrome
diopside), colorless, white, gray, brown, rare blue; S
- white; L - vitreous to dull; D — transparent to
translucent; DE -~ 3.3; H - 5.5-6.5; CL ~ good; F ~
uneven to conchoidal; M ~ long to short prismatic
crystals, granular,

Chrome: diopside, 5 mm graiin:. Inagli, Ruesia

Origin and occuwemee: Metamorphic in Carich
rocks, skarns, pyroxene gneisses, marbles; magmatic
in basic igneous rocks, pegmatites and meteorites;
hydrothermall in the Alpine-type veins. Fassaite occurs
in skarns, chrome diopside in metamorphic deposits of
Cu and Cr; jeffersomitein melamorphic deposits of Mn
and Zn. Diepside is a typical roek-forming mineral.

Diiogsiitde, 22 mm x, Ala, Maly



associated with plagioclase. grossular and epidote.
Well formed crystals are relatively rare. Jeffersonitc
forms prismatic crystals up to 250 mm (9"« in) long
in Franklin, New Jersey, USA. Crystals in Corrego
Sefuba, Minas Gerais, Brazil reach up to 30 cm (12 in).
Other typical localities are Zillertal, Austrig
Nerdmarken, Sweden; Orford mine, Quebee, Canada.
Fassalte Is known from Val di Fassa, ltaly. Chrome
diopside crystals reach up to 100 mm (4 in) In
Outokurripu. Finland and gem rough recently found in
Inggll, Yakutla, Russia.

Hedentiercptize
PYROXEMNE GROUP
CaFeSij0;

MO NOCILIMNIC eoo0oe
Propertiies: C - dark green, brown-green, brown to
black; S - white to gray: L - vitreous to dull; D —
transparent to translucent; DE - 3.6; H - 6; CL -
good: F ~ uneven to conchoidal; M —~ long to short
prismatic crystals, granular.

Origin and occurveme: Metamorphic in Carich
rocks, like Fe-skarns and pyroxene gneisses: mag-
matic in some granites and syenites, associated with
magnetite, grossular and epidote. Crystals are
relatively rare, reaching up to 50 mm (2 in) from

Hedentieegitize, 40 mm, Dainsgnek. Russia

Augiire, 17 mm, Firmentoth, Geermany

Dalnegorsk, Russia and Franklin, New Jersey, USA.
Also occurs in Nordmarken, Sweden. Large lamellar
aggregates come from skarns in Rio Marina, Elba,

Italy.

Augiite
PYROXENE GROUP
(Ca,Mg,Fe, All(SijA))Dy

MO NOCILIMNIC L I )
Propertiies: C — dark brown to black; S — gray-green;
L - vitreous to dull; D - translucent to opaque: DE —
3.6; H - 6; CL - good; F — uneven to conchoidal; M
— short prismatic crystals, granular.

Origin and occurenmez: Magmatic in basic rocks
(basalts, gabbros, diabases and their tuffs); rare
metamorphic in skarns. It is a typical rock-forming
mineral, known from many localities. Well formed
crystals up to 150 mm (6 in) across occur mainly in
volcanic rocks, such as near Lake Clear, Ontario,
Canada. Also known from Laecher See, Germany;
Lukov and Pa kapele, Czech Republic, in erystals,
up to 50 mm (2 in) in size,
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Ompiiacitse. 90 mm, S\ eanvbadd, Awdria

Jaceiter, 85 nm, Guenna Negpar, Baja Califomice, Aftevico

Ompihactiee
PYROXENE GROUP
(Ca,Na)(Mg,Fe?* Feb? Al)(Si, A0y

MO NOCILIMNIC oo o0

Properties: C  green to dark green; $- gray-white; L

vitreous to dull; D  translucent to opaque; DE - 3.3;
H - 56; CL good; F uneven to conchoidal: M -
short prismatic crystals, acicular aggregates, granular.
Origin and oeeurvence: Metamorphic in ultrabasic
and basic rocks, originaled under high-temperature,
usually associated with pyrope. diopside and kyanite.
It occurs in eclogites and granulites in Rubinberg,
Germany: Headsburg, California, USA and elsewhere.



Nepikrter, 60 mm, Jordhnows. Pelend

Jadeir
PYROXEME GROUP
NaAISi;Og

MO NOCILIINIC [ 2N ]
Kareties nephrite

Propesties.: C — white, lavender to gray, in aggregates
also light green (nephrite): S— white: L - vitreous to
dull; D - transparent to translucent: DE  3.2; Il - 6;
CL - good; F— uneven to conchoidal; M - prismatic
crystals, acicular aggregates, granular.

Origin and oceurene: Exclusively metamorphic in
strongly metamorphosed rocks. also in placers.
Blocks, weighing several tons, are known from Ben
Sur, California, USA. It also come from Tawmaw,
Burma: New Zealand; Tibet and elsewhere.
Applircaiini: 86 a materidl for carvings and decora-

tive purposes.

Aegiitnee
PYROXENE GROUP
NaFe>*SipO

M O NOCILIINIIC o0

Properties: C — dark green to black-green; S - light
yellow-gray; L ~ vitreous to dull; D - translucent to
opaque: DE ~ 3.6; H - 6; CL - good; F - uneven to
conchoidal; M - long prismatic to acicular crystals,
acicular aggregates.

Origin and occurvence: Magmatic, mainly in alkaline
magmatic rocks (syenites, carbonatitcs, alkaline
granites and their pegmatites). rare hydrothermal in

sediments. Well formed prismatic crystals up to 150
mm (6 in) long come from Mount Malosa, Malawi.
Crystals up to 30 cm (12 in) occur in Langensunds-
fjord. Norway. Other localities are Mount Karnasurt.
Lovozero massif. Kola Peninsula, Russia and Mont
St.-Hilaire. Quebec, Canada.

Aegiitiee, 77 mm, My Nfaibssa, Midawi
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Spaodlireese, 52 mm x, Kuner, Afghoarissan Hiddinitee, 35 mm, Adame: Propenyy. USA.

Kurdiite, 118 mm. Nuwigtem, Afgéoanisian

PYROXEMNE GROUP
LiAISip0¢

M O NOCILIMNIC o0 0

Kaneties kunzite, hiddenite, triphane

green (hiddenite), pink to purple (kunzite); S -
white; L ~ vitreous to dull; D - transparent to trans-
lucent; DE ~ 3.2; H ~ 6.5-7.5; CL ~ good; F ~ uneven
to conchoidal; M ~ long to short prismatic crystals,
cleavable aggregates, granular; LU -~ orange.
Origin and oceusvence: Magmatic in granitic pegma-
tites; hydrothermall in pegmatite cavities. It is known
from many localities. 1ts poorly developed crystals up
to 6 m (20 ft) leng oceur in the Eita mine. Keystone,
South Dskota and In Kings Meuntain, Nerth
Carolina, USA. Transparent kunziie erystals up te 40
€m (15% in) leng eorme from Mawi, Laghman, A
hanistan. Kunzite erystals up to 280 mm (11 in)
ong feund in the Pala Chief mine, Pala. California,
USA. Craeked kungzite erystals, up to 1L m (397 in)
long knewn frem Aragual, Minas Gerais, Brazil. Hid-
deriite oeeurs in erystals up te 250 mm (9Vis in) long
in Resplender. Minas Gerais, Brazil. It alse comes
frem the Adams preperty, Nerth Carelina, USA.
Applicalien.: raw material for esramies, kunzite and
hiddenite are eut 85 gemstones:

I' Propertiies: C — white, gray, yellowish (triphane),

Hrc



Carptiodiiee, 70 mm, Narii Savklaw, Czecth Regpublic

Carpihaliiee
MnAlSiyOg(OH)y

ORTHORHOWMBIIC [ I ]

Praperties: C - various hues of yellow; S — white: L
- vitreous to dull; D - translucent; DE - 3.0; 11 - 5-
5.5; CL - good: F - uneven to conchoidal: M -
acicular crystals and their aggregates.

Origin and occurrenez: Hydrothermall in veins,

Lovenzariiee, 20 mm xx, Flovw M., Kola, Ruesia

cross-cutting greisens, associated with fluorite,
quartz and cassiterite; also in metamorphic rocks. It
was described from Horni Slavkow, Czech Republic,
where it forms acicular crystals up to 10 mm (Vi in)
long and radial aggregates. It is also known from
Meuville. Belgium and Wippra, Germany.

Lovenzaniiee
N2, Ti;Si09

ORTHORHONMBIIC e

Propevties.: C — brown to black; S - yellowish; L —
vitreous to dull; D - transtucent to opaque; DE - 3.4;
H - 6; CL - good; F - uneven to conchoidal: M —
prismatic crystals, columnar aggregates, granular.

Origin and oceurrence. Magmatic in alkaline syenites
and their pegmatites, associated with astrophyllite,
nepheline and aegirinc. Crystals up to 80 mm (3% in)
long come from Mount Flora, Lovoezero massif, Kola
Peninsula, Russia. Other localities are Narssarssuk.
Greenland and Mont St.-Hilaire, Quebec, Canada,

Aol
(K.Na)Cup AlSig 4 (OH)g -3 HHO
TRICLINIC [ ]

Properties: C- e grasn $- light graam L - witksus
to dull; D -- translucent to opaque; DE — 3.0; H - not
determined; CL ~ not determined; F ~ uneven to
conchoidal: M — prismatic crystals, massive.

Origin and occumene: Secondary in Cu deposits,
associated with shattuckite. It occurs rarely as small
crystals in the New Cornelia mine. Ajo, Arizona,
USA. li is also known as inclusions in guartz crystals
In the Messina mine, Transvaal, South Africa,

Ajaiize, 60 mm, Ajo, USA
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Hollwgpricihilate, 60 mm, DNEMalartic, (Ganaia

A
AMP HIBOILE GROUP
Ma7Sig022(OHF),

ORT HORMHONEBIC

Properties: C — white, light brown, yellow, light
green; S— white; L - vitreous to dull: D ~ transparent
to translucent; DE - 3.4: H - 5.5-6; CL ~ good: F
uneven to conchoidal; M -- long prismatic crysials,
columnar and radial aggregates, granular.

Origin and eceuwrrenes:: Metamorphic in gneisses,

Arttiagriicze, 60 mm. Novith Carollims, WSA.

scrpentinites and at the contact of serpentinitcs and
pegmatites, usually with actinolite or fremolite and
cordicrite. Crystals up to 150 mm (6 in) long come
from the Marbridge No.l mine, Quebec, Canada. It
is also known from Bodenmais, Germany: Smarum,
Sweden and Hermanav, Czech Republic.

H st
AMPHIBOLE GROUP
LiMgzAlpSigQ22(0HFlp

ORTHORHONMBIIC [ 2 2N

Properties: C — blue, purple, gray, black; S — white; L
— vitreous to dull; D - transparent to translucent; DE -
3.0; H-5.5-6; CL - good; F — uneven to conchoidal;
M - acicular and prismatic crystals, fibrous
aggregates, granular.

Origiin and occumencer: Hydrothermal at the
contacts between complex Li-bearing pegmatites
and amphibolites, sometimes associated with biotite.
It occurs in Greenbushes, Western Australia,
Australia where its tibers reach up to 180 mm (77i»
in) in length. 1t is also known from Uto, Sweden;
Manono, Zaire and Brandbrucken, Austria.

Manganaggelfitite
AMPHIBOLE GROUP
Mn;FesSigD29(OH),

MO NOCILIMNIC [ N J

Properties: C — gray, dark green, brown, greenish; S -
white; L - vitreous to dull; D - translucent to opaque;
DE -~ 35; H - 56; CL- good;: F ~ uneven to
conchoidal; M - columnar, acicular and radial
aggregates, granular,

Origin and occurnenee: Metamorphic in contact and
regionally metamorphosed Mn rich rocks, associated
with chlorite and magnetite. It comes from
Dannemora, Sweden and elsewhere.

Manganoogedréte, 70 mm. Franz Joseghh Icederg;. Neaw
Zealtindd



Tremolize, 37 mm, Mavicogea Co., Avizeneg. 1) SA.

Tremolite
AMPHIBOLLE GROUP

CayMgsSig079(OH)y

Actinolliee, 30 mm xx. Augris

Edeniitr
AMPHIBOLE GROUP
NaCay(Mg.Fe)3 55j MO (OH),

MO NOCILINIC o0 000

Properties: C  white, gray, greenish, green, brown,
pink; S~ white; L ~ vitreous to dull; D — transparent
to translucent; DE ~ 2.9; H - 5-6; CL - good; F
uneven to conchoidal: M - columnar, acicular and
radial aggregates, granular.

Origin and oceurnenae: Metamorphic in contact and
regionally metamorphosed rocks, dolomites and
ultrabasic rocks: hydrothermall in the Alpine-type
veins, typically associated with diopside, talc,
dolomite and calcite. 1t is a typical rock-forming
mineral, known from many localities. Prismatic
crystals up to 40 cm (15% in) long come from
Brumado, Bahia, Brazil. 1t occurs also in Campo-
lunge, Switzerland: Zillcrtal, Ausiria: Gouverneur.
New York, USA and elsewhere,

Actiinailiee
AMPHIBOLE GROUP
Cay(Mg.Fe)5Sigzg(OH)y

MO NOCILINIC

Properties: C - light green to almost black: § -
white; L ~ vitreous to dull: D - transparent to trans-
lucent; DE - 3.2; H - 5-6; CL — good; F - uneven to
conchoidal; M - columnar, acicular and radial
aggregates, granular.

Origin and occurenz:: Metamorphic in contact and
regionally metamorphosed rocks, also in dolomites
and some basic rocks (amphibolites. shales). It is a
typical rock-forming mineral, associated with
anthophylite. chlorite, talc, dolomite and calcite. 1t is
known from many localities where it forms columnar
apgregates up to 250 mm (9%/» in) long, 8s in
Knappenwand and Zillertal. Austria; Val Malenco,
lialy: Brumado, BahRa, Brazil and Sobotin, Czech

Republie.

MO NOCILIMNIC o000

Propertiies:: C — white, gray to dark green; S - white;
L vitreous to dull; D - transparent, translucent to
opaque; DE ~ 3.1; H - 5-6; CL — good; F -- uneven
to conchoidal; M ~ prismatic crystals, granular.
Origin and occumencz:: Mctamorphic in regionally
metamorphosed basic rocks and marbles; magmatic
in diorites and gabbros. Typical rock-forming
mineral, its crystals up to 40 mm (1°/it im) leng come
from Edenvillc, New Yark, USA and Bancroft,
Ontario, Canada.

Edevifte, 48 mm. Wilberforce, Qavada
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Pargasiite
AMPHIBOLE GROUP
NaCay(Mg, Fe)yAISigAIp033(OMR

M O NOCILIMNIIEC

Properties: C — light brown, green-blue, brown to
black-brown; S - white: L - vitreous to dull; D -
transparent to translucent; DE -3311; H - 5-6; CL -
good:. F ~ uneven to conchoidal; M -~ prismatic
crystals, granular, massive.

Origin and occurvenz: Metamorphic in regionally
metamorphosed basic rocks, marbles and skarns;
magmatic in diorites and gabbros; typical rock-
forming mineral. Crystals up to 80 mm (374 in)
across come from the Jensen quarry. Riverside,
California. USA; Pargas, Finland; Hunza, Pakistan.

Commam Anpivilole
AMPHIBOLE GROUP
(Ca,Na)y(Mg,Fe, Al)g(Si| A1) 3052 (O F)

M O NOCILIMNIC

Properties.: C — dark green, brown to black; S - gray:
L - vitreous to dull; D - translucent to opaque: DE -
3.4; H - 5-6; CL ~ good; F - uneven to conchoidal:
M - short prismatic crystals, columnar aggregates,
granular,

Origin and oceurvemee: Metamorphic in basic rocks,
as amphibolites and shales; magmatic in some
igneous rocks, as syenites, diorites, andesitcs and
basalts. Typical rock-forming mineral, known from
many localities. Large crystals up to 1L m (3% in)
long come from Silver Crater, Ontario, Canada. It is
also known from Zillertal, Austria; Lukov, Czech
Republic and elsewhere.

Pargasiie, 70 mm. Limbergy, Paraimm. Fimriend

Covrmar Ampiiibtde, 50 mm x. Lukow; Czeck Regpublic

Ricthraniee
AMPHIBOLE GROUP
NapCa(Mg,FeAl) (S5, AN 0 (OHF)

MO NOCILINIC [ I ]

Properties:: C - brown, yellow, dark red, dark green;
S - gray: L - vitreous to dull; D - transparent to
translucent: DE ~ 3.1, H - 5-6; CL - good; F —
uneven to conchoidal: M long prismatic crystals,
columnar aggregates, granular.

Origin and eccumene:: Magmatic in alkaline rocks,
as trachytes and alkaline granites; rare metamorphic
in some metamorphosed rocks, as skarns and
marbles. Crystals up to 100 mm (4 in) long come
from Wilberforce, Ontario, Canada and Langban,
Sweden.

Richuerite;, 40 mm. Wilberfore, (Rarada



Rieearbiee, 45 mm, Griquetinad, Soutth Africae

Riebedliiite
AMPHIBOLE GROUP
Na(Fe*, M)} Fed* 1534 0y (OH)y

MO NOCILIMNIC

o000
Kanisties crocidolitc (tiger’s eye)

Properties: C - dark blue to black, crocydolite — gray-
blue; S - white; L - vitreous to dull; D - translucent to
opaque; DE ~ 34; H - 5; CL - perfect: F - uneven to
conchoidal; M - long prismatic crystals, acicular to
fibrous aggregates.

Origin and occurvence: Magmatic in alkaline rocks,
as granites, syenites and rhyolites; metamorphic in
regionally metamorphosed Fe rich shales. Large
crystals up to 150 mm (6 in) long come from
Khangay, Mongolia. Crocidolitc is famous from
Griqualand, South Africa.

Wlastonive, 44 mm. Cresitnaver, 1154

Aeniigratitie, 40 mm xx, Evedbgphborr. Kola, Russia

Aeniigmatinte
NayFegTiSigOo9

TRICLINIC [ N

Properiiies: C - black; $ - red-brown; L - submetal-
lic to dull; D -almost opaque; DE - 3.8; H - 5.5; CL

perfect: F — uneven to conchoidal; M - long pris-
matic crystals, columnar aggregates, granular.
Origin and oceamencez: Magmatic in alkaline
syenites and volcanic rocks, associated with aegirinc
and arfvedsonitc. It occurs in Julianehab, Greenland;
Lipari Island, Italy and elsewhere.

Wiollastorsire
CajSiz0§
TRICLINIC

Propertiles: C - white, gray, light greenish, pink; S~
white; L - vitrous to dull; D - transparent to
translucent; DE -~ 3.0; H — 4.5-5; CL - good; F —
uneven to conchoidal; M - tabular to short prismatic
crystals, columnar and radial aggregates, granular:
LU - orange.

Origin and occuwvemz: Metamorphic mainly in
contact metamorphosed rocks, as marbles, skarns,
less common in pyroxene gneisses and quartzites,
associated with grossular. diopside and vesuvianite.
Columnar and acicular aggregates up to [80 mm
(Ths in) long occur in the Strickland quarry,
Connegticut, USA. It also come from Cresimore,
California, USA: Ciclova, Romania and Zulova ,
Czech Republic. Short prismatic crystals up to 30 cm
(12 in) across are known from the Santa Fe mine,
Chiapas, Mexico.
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Bustamitiee, 20 mm xx, Brokem HHA Ausralia

Bustamifee
(Mn,CaySis0g

TRICLINIC oo 0

Properties: C — pink to red-brown; S - white; L
vitreous to dull; D — transparent to translucent; DE -
34, H - 5565, CL - good; F  uneven to
conchoidal; M - tabular crystals, acicular
aggregates, massive.

Origin and occurenee: Metamorphic or hydro-
thermal in Mn rich metamorphic rocks or skarns. It
isassociated with rhodonite and other Mn silicates in
Franklin, New Jersey, USA; Langban. Sweden;
Broken Hill, New South Wales, Australia.

Pectollite, 70 mm. Zelkeetfovekbe udolli, Czecth Reppeblic

Pecroliiee
CayNaSiz0g(OH)

TRICLINIC oo 0

Properties: C — white, pinkish; S - white; L —
vitreous {0 dull; D - transparent to translucent; DE —
2.9; H - 4.5-5; CL - good; F - uneven to conchoidal;
M B acicular and radial aggregates; LU ~ locally
yellow to orange.

Origin and oeccunmencse: Hydrothermal in basalt
cavities, less frequently along the cracks in marbles,
associated with zeolites. Classic localities are West
Paterson, New Jersey, USA, where it forms acicular
spherical aggregates up to 180 mm (7% in) across;
also Monte Baldo. Italy; Zelechovske udoli, Czech
Republic. Prismatic crystals up to 50 mm (2 in) long
come from Mont St.-Hilaire, Quebec, Canada.

Sevaudiiee
MnyNaSijOg(OH)

TRICLINIC ®

Properties: C - pink, red; S~ white; L — vitreous to
dull: D - transparent {o translucent; DE - 2.9; H - 4.5-
5; CL — good; F - uneven to conchoidal; M - tabular
and prismatic crystals, granular.

Origin and oceunenes:: Hydrothermall in cavities of
igneous rocks (alkaline syenite, carbonatite) together
with aegirine and analcime. Perfect pink crystals up
lo 200 mm (7% in) long come from Mont SX.-

Seramditer. 25 mm. Monr St+hiibinee, (Qareda



Hilaire, Quebec. Canada; crystals up to 60 mm (2
in) long found in the Yubileinaya dike, Mount
Karnasurt, Lovozero massif. Kola Peninsula, Russia.

Chavoiir
(K, Sr, B){ CaaNa) (S5 M) J ) o (DHH )
TRICLINIC [ I )

Properties: C ~ purple; S - white; L ~ vitreous to dull;
D - translucent to opaque; DE — 2.6; H - 5-6; CL
good; F - uneven; M - fibrous aggregates, massive.
Origin and oceuimenee:: Hydrothermal in alkaline
Igneous rocks, associated with acgirine and nephe-
line. Rich aggregates occur in Sirenevyi Kamen.
Chara river basin, Murun massif, Yakutla, Russia.
Appliratiam: cut and polished as decorative stone.

Agpellier
NaCapSi}O | F

TRICLINIC [ ]

Properties:: C - gray-white to greenish; S - white; L
- vitreous, dull to pearly; D - transparent to
translucent; DE - 2.9; H - 5.5: CL - good; F —
uneven; M - long prismatic crystals, granular.

Origin and occurrence: Metamorphic in alkaline
gneisses. It occurs as prismatic crystals up to 00 mm
(4 in) long in the Kipawa river basin, Quebec, Canada.

Okeniirz
CaSipD4(OH); . MO
TRICLINIC o0

Properties: C — white, yellowish: S — white; L
vitreous to dull; D - transparent to translucent: DE -
2.3;H 4.5-5; CL - good; F - uneven to conchoidal;
M B blade-shaped crystals, acicular crystals and
their sphericall aggregates.

Agrelllie, 120 nun. Kipamaz, Gareda

Chenaitee. 50 rom, Sivenenyi Kavrem, fusda

Origin and occwmenes: Hydrothcrmall in basalt
cavities together with zeolites. Rich acicular
spherical aggregates up to 80 mm (3¥s in) in
diameter come from basalt cavities in the vicinity of
Poona. India; also known from Faeroc Islands.

Otenifer, 125 mm, Mumbhai, India
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Xomatliee, 20 mm vein, Stare Ramiday, Czecth Regpublic

Xomaittiee
CagSigQ7(OHn

MO NOCILINIC oo

Propertiéss: C — white, pinkish, gray: S — white; L -
vitreous, dull to pearly: D ~ transparent to
translucent: DE - 2.7, H - 6.5; CL — good; F —
uneven to conchoidal; M -~ acicular to fibrous
aggregates, massive,

Brigin and securranss Hydrothermal in cavities of
Elpidite- 128 mm. Mone §Hilaire. Canada

basic and ultrabasic rocks and in the Alpine-type
veins, associated with calcite and zeolites: rare meta-
morphic in skarns and in contact rmetamorphosed
marbles. It comes from Tetela de Xonotla, Puebla,
Mexico; Crestmore, California, USA; Mihara mine,
Japan. It is was also found in Stare Ransko. Czech
Republic.

Elpidise
NapZrSigO|g -3 Hy0

ORTHORHOMBIIC [

Propertiiex: B - colorless, yellowish, red; S - white;
L - vitreous to dull; D - transparent to tramslucent;
DE - 2.6; H - 5.5-6.5; CL - good; F - uneven to
conchoidal: M — long prismatic crystals, fibrous
aggregates.

Origin and occurveme: Hydrothermal in albitized
parts of alkaline pegmatites, associated with albite
and aegirine. Perfect crystals up to 30 cm (12 in)
long come from Tarbagatay, Kazakhstan. Crystals up
to 200 mm (7% in) long found at Mont St.-Hilaire,
Quebec, Canada. Also known from Khan Bogdo.
Gobi desert. Mongolia; Umbozero mine on Mount
Alluaiv. Lovozero massif, Kola Peninsula, Russia.

Rbodbriiee, 35 mm x, Brokem Hill, Ausralia



Rhodtmitee, 70 mm, Mallyyee Sedettikbvop, Urall Mis., Russia

Rodoniis:
CaMnSi{Oy

TRICLINIC [ N BN ]

Prapertiies.: C - pink, red, red-brown, gray; S - white;
L - vitreous to dull; D - transparent to translucent;
DE - 3.7, H - 5.5-6.5; CL ~ good; F ~ uneven to
conchoidal: M - tabular crystals, granular, massive.

Origin and ocecumenes: Metamorphic in Mn-rich
tocks, hydrothermal in ore veins, associated with
spessartine and Mn oxides. Perfect crystals up to 200
mm (77 In) long comc from Franklin, New JSersey,
USA: also from Broken Hill. New South Wales,
Ausiralia.

Granular and massive aggregates occur in Langban.
Sweden and in Maloye Sidelnikovo, Ural mountains,
Russia.

Appliicatiiam:: cut and polished as a decorative stone.

Babi .
Ca Fe?*F* SigD | ((OM)

TRICLINIC LI

Properiies: C ~ green-black to black-brown; S -
green-gray; L - vitreous to dull; D - translucent to
opaque: DE ~ 3.3; H - 5. 5-6; CL - good: F - uneven
to conchoidal; M - short prismatic crystals, granular.
Origin and ocowivere: Hydrothermal along the
cracks in rocks, associated with prehnite, adularia and
epidote.

Well-formed crystals about 20 mm (*7u in) across are

known from Arcndal. Norway. Other localities are
Westffield] Massachusetts, USA; Baveno. Italy.

Bubingomitize, 5 mm x. Meottasi, India

245



Kinaiite
Caj CuySSiIg(OHihg

M O NOCILIIMNIC [}

Properties:: C - blue; S - light blue; L — vitreous to
dull; D - transparent to translucent; DE - 3.2; H - 5;
CL B perfect; F - uneven to conchoidal; M - pris-
matic crystals, granular.

Origin and occurveme®:: Hydrothermall along cracks
in rocks, associated with apophyllite and copper.
Small crystals were found in the Christmas mine.
Santa Rita mountains, Arizona, also in the Kearsarge
vein, Keweenaw Peninsula, Michigan, USA.

Inesitz
CayMnySiijgO23(OH)3 .5 H;0
TRICLINIC [ N ]

Properties:: C — pink, brown: S — white; L - vitreous
to dull; D - translucent; DE - 3.0; H - 5.5; CL -
good; E  uneven to conchoidal; M short prismatic
and tabular crystals, columnar and radial aggregates,
granullar,

Origin and occurvemee: Hydrothcrmal in ore veins,
associated with rhodochrosite, rhodonite and calcite.
Rich aggregates and well-formed crystals about 10
mm (¥«in) across found in Langban, Sweden; also in
Hale Creek, California, USX: Broken Hill, New

Kinoitte, 36 mm, Christtoass Mine, U.SA

South Wales, Australia. Its sphericall aggregates up to
30 mm (%4 in) in diameter are known from the
Wesscls mine, Kuruman, South Africa.

Nepitnitee
KNapLiFezTif 5033

MO NOCILIMNIC o0

Propertiles: C - dark brown to black; S - red-brown;
L - vitreous to submetallic; D - translucent to
opaque; DE — 3. 2; H - 5-6; CL — good; F ~ uneven
to conchoidal; M - long prismatic crystals, granular.
Origiin and occuwvenese: Hydrothcrmal in veins,
associated with natrolite, benitoite and eudialyte.
Well-formed prismatic crystals up to 80 mm (3Y%s in)
long come from the Benitoite Gem mine, San Benito
Co., California, USA. It is also known from Mont
St.-Hilaire, Quebe¢c, Canada and Narssarssuk,
Greenland.

Epidiidymiic:
NaBegSi{o(OH)

ORTHORKHDONWMBIIC [N J

Propevtiex: C  white, gray, yellowish; S — white: L
vitreous to dull; D transparent to translucent; DE
- 2.6; H- 6-7; CL - good; F-~ uneven to conchoidal;

Inesitre, 50 mm. Kuraweam, Soutth Africa



Nepwntter, 2X mm, Sun Beniitn Co.. USA.

M - tabular crystals, lamellar aggregates, granular.
Origin and occunmene®: Hydrothermall in cavities of
alkaline pegmatites, associated with zeolites.
Tabular crystals up to 60 mm (2% in) across come
from Mount Malosa. Malawi. It is also known from
Langcsundsijord. Norway; Mont St.-Hilaire.
Quebece, Canada; Narssarssuk, Greenland.

Baveniiee. 40 mm, Xarmofayewsikbyee, Ruesia

Baveniir
Ca Al BxSiiD6(OH)y

ORTHORHOWMBIIC o000

Praperties: C - white, yellowish, pinkish; S white; L
vitreous to dull; D - transparent to translucent; DE
2.8: HI- % CL - gmodt F— wneven to condroidtd; M

prismatic to tabular crystals, radial and lamellar
aggregates. Origin and occurrence: Hydrothermal in
pegmatic cavities with albite: typically produced by
beryl replacement in pegmatites or helvite replacement
in skarns. Found in Baveno, ltaly with crystals up to 20
mm (¥/«¢ in) across. Also known from Sirzegom,
Poland. Crystals up to 4 mm (*/s in) across found in the
Hewitt guarry, USA.

Epidiifynitize, 70 mm. Apetifyy. Kofa. Ruessia
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Prefiite, 28 mm, Brevtiery, Nawithia

Pretiniie
C32A|zsiw' o(oﬂ)q

ORT HOR HOWMBIIC

Propertiies: C — white, greenish to green, yellow,
gray: S — white; L — vitreous; PS - transparent to
translucent; DE — 2.9; H - 6-6.5; CL — good: F -
uneven to conchoidal: M - tabular to prismatic crys-
tals, usually forming botryoidal or spherical aggre-
gates, granular.

Origin and occwnenaze: Hydrothermal in basalt
cavities and in the Alpine-type veins, commanily
associated with calcitc, albite, epidotc and zeolites.
Rich aggregates are known from West Paterson, New
Jersey, USA: Val di Fassa, ltaly, Poona, India.

Asiwegityiize, 30 mm v, Kiiiiin: Messtf, Kota, Russia

M

EVooragroppliviléce. 47 mm. Poora, India

Crystals up to 45 mm (1% in) across found in
Copper Valley, Brandberg, Namibia, Asbestos,
Quebec, Canada and Talnakh, Siberia, Russia

Aswagihytitize
€46, N 3 (et )y TSG04 (0. OHi)7
TRICLINIC e

Properties: C - various hues of yellow; S— white; L -
vitreous to dull; D - transparent to translucent; DE —
3.3; H - 3; CL - good:; F - uneven to conchoidal: M -
long prismatic crystals, bladcd aggregates.

Origin and ocourrene: Magmatic in alkaline peg-
matiles. Crystals and their radial aggregates reaching
up to 100 mm (4 In) come from Mount Eveslogchort.
Khibiny massif, Kola Peninsula., Russia. It is also
knoewn from Mont St.-Hilaire, Quebec. Canada.

e
KCaySigOyg(F.OH) . 8 HyD

TETRAGOMNAL [ N ]

Propestiies.: C - white, greenish yellowish, pinkish; $
~ white; L — greasy to pearly; D — transparent to
translucent; DE — 2.4; H - 4.5-5; CL - perfect; F -
uneven; M — prismatic and tabular crystals, lamellar
aggregates, massive.

Origin and occurvenc: Hydrothermall in cavities in
volcanic rocks, along the cracks in the Alpine-type
veins, in ore veins and pegmatites. Well-formed
crystals up to 100 mm (4 in) long arc known from
Jalgaon and Poona, India: Centreville and Fairfax,



Pyropifiiiee, 37 mm, Califfomiéa, USA

Virginia, USA. Other localities are St. Andreasberg.
Germany; Bento Gongalves. Rio Grande do Sul.
Brazil.

Pyvopiiytiiee
Al28i4910(@H)2

MO NOCILINIC

eo oo
karigties. agalmatolite

Properties: C - white, greenish, yellow, gray; S
white; L - greasy to pearly; D - translucent to
transparent; DE — 2.8; H - 1-2; CL — perfect; F -
uneven; M B foliated and lamellar aggregates,
massive (agalmatolite), radial to acicular aggregates.
Origin and occuwwenz: Metamorphic in Al-rich
rocks, together with andalusite and kyanite; hydro-
thermal in veins with quartz and micas. Rich foliated
and radial aggregates and pootly-formed crystals up
to 10 mm (Y5 in) across arc known from Zermait,
Swiizerland: Berezovsk, Ural mountains, Russia and
the Champion mine, California, USA.

Appliedliem: heat-resistant material, agalmatolite a6
decorative stone.

Talc
Mg3Si40)(OH)2

MO NOCILINIC

Properties: C - white, greenish, yellow, pinkish,
gray; S - white; L — greasy to pearly; D - transparent
to translucent; DE — 2.8; H — 1: CL — perfect; F -

Agelfnatatitize, 70 mm, India

uneven; M - tabular crystals, foliated aggregates,
massive.

QOrigin and occurrence: Metamorphic in metamor-
phosed basic rocks and dolomites, together with
actinolite. dolomite and chlorite; hydrothcrmal in veins.
Tzbular crystals up to 20 mm (**/n in) across come from
Brumado, Bahia, Brazil and Chester, Massachusetts,
USA. Rich foliated aggregates are known from Ziller-
tal, Austria. Pscudo-morphs after quartz crystals come
from St. Gotthard, Switzerland. Large deposits of
massive talc arc mined in China.

Appliieatityn. as a filling materiall in textile, paper and
chemical industries, heat-resistant material,

Talc, 61 mm, Rociesterr, USA.

249



Museowiee
MICA GROUP
KAI3Siz 0 o(@HF)

Celadoniite
MICA GROUP
KFe>* (Mg, fe?* )55 00, o(OH);

MO NOCILINIC o0 000

Katieties: fuchsite

Properties: C - white, greenish, yellowish, pinkish,
green (fuchsite), gray; S - white; L — vitreous to
pearly: D - transparent to translucent; DE - 2.8: H
2.5-3: CL - perfect: F — uneven; M — tabular crystals,
lamellar and scaly aggregates, massive.

Origin and occurveme®. Metamorphic in various
rock types, as mica schists, gneisses; magmatic in
granites and pegmatites; hydrothermall in veins ar
next to ore veins (fuchsite). Important rock-forming
mineral, usually associated with quartz, K-fcldspar,
albitc and blolite. Its sheets, reached up to 5x 3 min
size and welghed up to 85 ions in the Inikurti mine,
Nellore, India. Large sheets are also krown from
Custer, South Daketa, USA. Well-fermed crystals up
to 60 mm (4 In) across come from Alabashka near
Muttinka, Ural mountains, Russla, Other famous
localities include Mamsk, Ural mountains, Russia
and Cruzeiro mine. Minas Gerais, Brazil, where
gemmy crystals were found.

Appileaiinn. insulation material in electrical applica-
tions and eenstruction.

Muscoxiee, 35 mm, Pluwasy, Calijforriéa, USA

M O NOCILINIC eeoooe
Propertives: C - light green to blue-green; S — white;
L — dull; D - translucent to almost opague; DE - 3.0;
H - 2; CL - perfect; F — uneven; M - earthy,
sometime small scaly aggregates, massive.

Origin and occurrenez: Hydrothermal as a product
of mafic mineral replacement in volcanic rocks,
associated with zeolites, prehnite and calcite.
Famous localities are Val di Fassa and Monte Balda,
Italy: also known from Bisbec, Arizona, USA.

Boromusoowivte
MICA GROUP
KAIZBSWﬂo(OH)Z

MO NOCILINIC [

Propesties: C - yellowish; S - white; L - dull; D
transparent to translucent; DE - 2.8; H - 2.5; CL
perfect; F — uneven;, M - small scaly aggregates,
massive,

gt 4nd ocstrenss: Yydrothermal In cavities in
Fuchsite, 4 mm xx, Pamir. Tadzhikistan
Fuchsite, 4 mm xv, Pamir. Tadzhikistan



Celadoniiee. 60 mm. UnhoStamy, Czech Repulbilic:

complcx pegmatites, associated with albite. elbaitc
and lepidolitc. Fine-grained scaly aggregates were
described from the Litile Three mine, Ramona,
California, USA; also in Recice, Czech Republic.

Paragomniitr
MICA GROUP
NaAl3 Siz0 | (O F)z

MONOCLIIMIC oo 0

Propertiles: C — white, greenish, yellowish, pinkish:
S - white; L - vitreous to pearly; D  transparent to
translucent; DE - 2.8: H - 2.5; CL B perfect; F -
uneven: M - tabular crystals, scaly aggregates,
massive.

Origin and occwwremee: Metamorphic in various
rock types, as mica schists and gneisses. Fine-
grained scaly aggregates are known from Pizzo
Fomo. Switzerland and elsewhere.

Boromusemiiee, 40 mm, Ramoma, USA.

Paragonitee, $Onmmm. Se(ootierd. $18iteskiadd

Glauwcanifer
MICA GROUP

Ko gUALFe" i Mg)(SiAILQ, SIGH),
MONOCILINIC

Properties: C - light green, yellow-green to blue-
green; S- light green; L - dull; PS - translucent to
opaque: DE -~ 2.9; H - 2; CL B perfect; F - uneven;
M B earthy and platy aggregates, massive.

Origin and occurrenae: [l jyhtootieerml iin sedinoen-
tary’ and volcanic sedimentary rocks, also as a pro-
duct of replacement of mafic minerals in volcanic
rocks. Common in sandstones and limestones,
locally associated also with phosphorites. It occurs
in many localities in the Karpathians, Poland; in
Polabi region, Czcch Republic. Massive aggregates
are known from the N'Chwaning No. 2 mine,
Kuruman, South Africa.

Glauconiite, $ErmmMdRoreeiice. (EzebhRdpephiitic
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Amiite, 120 mm. Budec. Czech Regpehlic

Awmniite
MICA GROUP
KFe3AlSiz D) o(OH,F)

Philogapitec. 45 mm. Sudlankby, Russia

Biotiiez
MICA GROQUP
K(Fe,Mg) 3 AIS 1) o(OHLF),

MO NOQLINIC [ N ]

Propentizss: C - black, locally with reddish or
greenish tint: S - colorless; L — vitreous to pearly; D
- transparent to translucent, locally opaque; DE -
2.8; H- 2.5-3; CL - perfect: F — uneven; M - tabular
crystals, lamellar aggregates, massive.

Origin and occurvenee: Metamorphic in skarns;
magmatic in some pegmatites and granites. Its
lamellar aggregates are known from Langban, Swe-
den and Cape Ann, Massachusetts, USA. Crystals up
to 1150 mm (6 in) across come from Mont St.-Hilaire,
Quebec, Canada.

Phllogopiiee
MICA GRQUP
KMg AlSI ) o(OHF)

MO NOCILINIC eoeoece
Propertiies: C ~ light brown, greenish, yellowish,
colorless, gray; S - white; L — vitreous to pearly; D
- transparent to translucent; DE - 2.8; H- 2.5-3; CL
- perfect; F- uneven; M - tabular crystals, platy and
scaly aggregates, massive.

Origin and occuwence: Metamorphic in various
rock types, as marbles and some ultrabasic rocks, at
the contacts of pegmatites and serpentinites, mag-
matic in some ultrabasic rocks and pegmatites,
associated with dolomite, diopside, anthophyllite.
Rich scaly aggregates come from many localities, as
Pargas, Finland and elsewhere. Crystals up to 5 m
(16 ft) across found in Sludyanka. Siberia. Russia.
Crystals up to 50 em (20 in) acress occuried in the
Gardiner complex, Greenland. The largest crystals,
1®x 3 m (33 x 16 fi) across, weighing up te 90 tens,
eorme from the Lacy mine, Ontarie, Canada.
Appiraiieon: as insulation material in elestrical
applieations.

o4n

M O NOCILIIMNIC oo 000
Propevtiies: C — brown to black, commonly with red
or green tint; S colorless; L — vitreous to pearly; D
transparent to translucent, locally opaque; DE —
2.8: H-2.5-3; CL - perfect: F — uneven; M - tabular
crystals, scaly aggregates, massive.
Origin and occurremez: Metamorphic in various
rock types, as mica schists, gneisses, migmatites and
different types of metamorphosed shales; magmatic
in pegmatites, granites, syenites and dioritcs, rare in
basalts and ultrabasic rocks. Typical rock-forming
mineral, usually associated with quartz, feldspars
and muscovite. Rich scaly aggregates arc known
from a pegmatite in Evje, Norway, where its crystals
reach up to several meters across. Other famous
localities are Bessies, France; Uluguru mountains,
Tanzania; Silver Crater mine, Ontario, Canada and
Laacher See, Germany.

MICA GROUP
KLipAlSijy@) (FH),

MO NOCILIMNIC [ 2N N J

Propentiies:: C — gray, colorless, yellowish, purple; S
- colorless: L - vitreous to pearly; D — transparent to
translucent; DE - 2.8; H - 2.5-3; CL - perfect; F -
uneven; M B tabular crystals, scaly aggregates,
massive.

Origin and occurvenee: Magmatic and locally also
hydrothermal in alkaline pegmatites, granites and
carbonatites, rare In Li-bearing granitic pegmatites.
Well-formed crystals up to 40 mm (Vs in) across
are known from cavities in alkaline pegratites from
Ment St.-Hilaire, Quebes, Canada. It cores &lso
from illimaussad, Greenland and from cavities in
granitic pegmatites in Recice, Czeeh Republie and



Bioliiee, 30 mm x, Onteviin. (Carada

elsewhere. Large industrial deposits known in
Blatchford Lake, Northwest Territories. Canada.
Applicatiiom: Li and Cs ore.

Trilithiomiite
MICA GROUP

MO NOCILIMNIC ee oo
Propertiees: C — purple, pink, blue, colorless, green;
S~ colorless; L — vitreous to pearly: D - tramgparent
fo translucent; DE ~ 2.8; H - 2.5-3; CL - perfect; F
~ uneven; M - tabular crystals, scaly aggregates,
massive,

Origin and occuwenee: Magmatic in Li-bearing
pegmatites and granites, commonly associated with
elbaite, spodumene, petalite, quartz and albite;
sometimes hydrothermall in quartz veins and peg-
matites. Well-formed crystals from pegmatite cavi-

Polviiithitinitiee. 30 mm. | ovanere MasabsKololBesRassia

lies are known from Virgem da Lapa, Minas Gerais,
Brazil. Massive aggregates come from the Stewart
Lithia mine, Pala, California and the Brown Derby
No. I mine, Colorado, USA; Varutrask, Sweden:
Rozna , Czech Republic: Meldon Quarry, Devon,
UK.

Applicatiam: Li and Cs ore.

Zinmnaditize
MICA GROUP
KLiFeRI3 S350 o (R@HI),

MO NOCILINIC

Propertiies.: C — gray, colorless, brown: S - colorless;
L - vitreous to pearly; D — transparent to tramsiucent;
DE - 3.7, H - 2.5-3; CL ~ perfect: F — uneven; M —
tabular crystals, scaly aggregates, massive.

Origin and oceunmenez: Hydrothermal in quartz
veins and greisens; magmatic in pegmatites and
granites, associated with fluorite, cassiterite and
wolframite. Rich aggregates with scales up to 160
mm (4 in) across are known from quartz veins in
Cinevee, Czech Republie. Crystals up to 1150 mm (6
in) across come from pegmatite cavities in Virgem da
Lapa. Minas Gerais, Brazil. It also occurs in the
Pikes Peak batholith, Colorado, USA: Baveno, ltaly.
Applreation: Li ore.

Trifithisanitez, 70 mm, Tanco. Qaraeda

Zivmnnaiditize, 10 mm xx, Cinover:. Czech Regpeblic
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Mavgarriee, 73 mm, Chesierr, L1.S5A

Mangariiee
CaAlySipD; o(OH)y

Clintoni fte
Ca(Mg, Al (M 5:Si)B)lg(OH)z

MO NOCILINIC [ I ]

Propesties:: C  pinkish, colorless, yellowish; S -
colorless; L ~ vitreous to pearly; D transparent to
translucent; DE - 3.1; H - 3.5-4.5; CL B perfect: F
upeven; M - tabular crystals, platy and scaly
aggregates, massive,

Origin and ocewwemee: Metamorphic, associated
with corundum, diaspore, tourmaline and staurolitc
in various types of metamorphosed shales. Coarse
platy aggregates come from Chester, Massachusetts
and Sterling Mill, New Jersey. USA.

Cllirtianiiee, 3 mm xx. Pomez., [Hungary

MO NOCILINIC [ 2N

Propetiees: C  colorless, yellowish, pinkish,
greenish; S - colorless; L - vitreous to pearly; D
transparent to translucent; DE - 3.1; H - 3.5; CL -
perfect; F  uneven; M tabular crystals, lamellar
aggregates, massive.

Origin and occumemee: Metamorphic in contact
metamorphosed marbles, associated with vesuvia-
nite, grossular, diopside and spinel. Rich aggregates
with lamellae up to 20 mm (™A; in) across occur in
Green Monster mountain, Alaska and Crestmore,
California, USA and Monzoni, Italy.

Stippnovetdnae, 100 mm. Howii Udoli, Czeck Regpublic



Stilpamerdnge
K(Fez*,_mg,Fey))ed@iM!l 2(0.0H),y

M O MOTILINIC

Propentiass: C — black, black-brown, black-green,
yellow-brown; S — colorless; L - vitreous to dull; D
- translucent to opaque; DE - 2.8; H - 3; CL —
perfect: F — uneven; M — tabular crystals, foliated,
lath-like and acicular aggregates..

Origiin and oceumennsz: Metamorphic in Fe-rich
shales, usually associated with chlorite, magnetite
and albite, Crystals up to 20 mm (*/i in) across
come from Jim Pond township, Maine, USA.
Foliated aggregates are known from Horni Udoli
near Zlate Hory, Czech Republic; Mesabi Range,
Minnesota, USA.

Monmaoviiionére
(Ca,Na)y $3(A),Mg))Si D) g(OH)z .m HQ

M O NOCILINIC

Propentiass: C — white, yellowish, greenish, bluish; S
- white; L - greasy; D - translucent to opaque; DE —~
2.3; 1l - 1-2; CL - perfect, wet massive aggregates
are plastic; F — uneven; M - earthy aggregates,
massive.

Origiin and occunrence:: Hydrothermal as a product
of replacement of other minerals in volcanic rocks,
granitic pegmatites and sediments. It is abundant in
many localities. Montmorillonite deposits arc known
from Antrim, Northern Ireland UK; in Hungary:
Slovakia and many placcs in the USA.

Applitairevi: ceramics and chemicall industry.

Sapaniiee

(Ca,Na)g 3(Fe,Mg)$(SiiM) 00 g(OH)y -4 HyQ

M O NOCILINIC

Propertizss: C — white, yellowish, gray-green, bluish;
S - white: L — greasy; D - translucent to opaque; DE

Monttmooitidlatete, Kistfaags. Hyria

Seporitite, 2 mm crex(. Lrdotdergee. [Humgary

-21:H- U.Q(D.L mm ASSTNCCAPNT ORI
plastic under wet conditions; F — uneven:

nodular, massive.

Origiin and occumenosz: Hydrothermall as a product
of replacement of other minerals in volcanic rocks
and serpentinites. It occurs together with copper in
many places in Keweenaw Peninsula, Michigan,
USA. Scales up to 110 mm (¥« in) across described
from Mont St.-Hilaire, Quebec. Canada.

Wearmiculive
(Fe. Mg, Al)x(S3M)390p(OH), .4 HyO

M O NOCILINIC e o
Properties: C — yellow-brown, gray-green, green-
brown; S - white; L - greasy: D — translucent to
opaque: DE ~ 2.5; H - IL5; CL B perfect; F ~ uneven;
M - scaly aggregates, massive: R - il expands when
heated.

Origin and occunmenesz: Hydrothermall as a product
of replacement of phlogopite and other mafic micas
in various rock types. It occurs in Palbora, South
Africa; Milbury, Massachusetts, USA: Kovdor
massif, Kola Peninsula, Russia.

Applitedigon: electrical applications and paper
industey.

Kermicalieg. 50 mm, Drathariy, Czecth Republic
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Coolketiee, 60 mm. Dotva oda, Czecth Regpublic

Cookeilr
CHLORITE GROUP
LiAljySi 3y 9(OH)g

MO NOCILINIC [ N J

Properties:: C - white, yellowish, pinkish, brown; S~
colorless; L — vitreous to pearly; D — transparent to
translucent; DE - 2.6; H - 2.5-3.5; CL - perfect; F~
uneven: M B scaly, locally radial aggregates,
massive.

Origin and occurrenee: Hydrothermall in cavities in
Li-bearing pegmatites, associated with elbaite,
Icpidolite, fluorapalite and albite, it also replaces
spodumcne; metamorphic in Al-rich shales, together
with diasporc and pyrophyllite. Massive aggregates,
replacing spodumene, occur in the Tanco mine,
Bernic Lake, Manitoba. Canada. It also comes from
cavities in pegmatites in the Little Three mine.

Keavmereerize, 11 mm xx, Kop Daglti, Tiukey

5 mm xx, Savamy. Russia

Ramona and the Himalaya mine, Mesa Grande,
California. It is also known from the Pulsifer quarry,
Maine, USA and Muiane, Mozambique.

Clinodtitbyec
CHLORITE GROUP
(Mg, FedpAlhSiyOpg(OH)g

M O NOCILIMNIC

(I )
Karieties: kammererite

Properties: C  greenish, gray, white, yellowish,
brown, red-purple (kammererite); S — colorless; L ~
vitreous {0 pearly; D transparent to translucent; DE
- 27, H - 2-2.5; CL - perfect; F - uneven: M B
poorlv-developed tabular crystals, foliated and radial
aggregates, massive.



Chawasitte. 70 mm. Hajam, Frungery

Origin and occuweme®: Mctamorphic in various
types of shales and marbles; hydrothermal in quartz
veins and Alpine-type veins, occasionally replaces
certain minerals as biotitc. Crystals up to 50 mm (2
in) across, associated with chondrodite and magne-
tite, are known from the Tilly Foster mine. Brewster,
New York and Chester, Pennsylvania, USA. It also
occurs in Val d'Alla, ltaly and Zillertal, Austria.
Scales up to 40 cm (15% in) across come from
Beramy, Madagasear. Kammererite crystals up to 20
mm (*#: in) across found in Kop Daolari, Erzerum,
Turkey.

Chamasiitr
CHLORITE GROUP

(FeMgYAL;SiHO | (OH)3

M ONOCILIMNIICC

Properties: C - gray, gray-green, brown; S - gray-
green; L - vitreous to duil; D - translucent to opaque:
DE - 3.2; H ~ 2-2.5; CL - perfect; F — uneven; M B
scaly and oolitic aggregates, massive.

Origin and occumenee:: Metamorphic to hydro-
thermal in various types Fe-rich sediments, typically
associated with siderite and magnetite.

It is common in Chamoson, Switzerland; Nueice,
Czech Republic. Spherical aggregates up to IS mm
(" in) in diameter found in Monl $i.-Hilaire,
Quebec, Canada.

Kaolliiite
Al3SizO5(OH)4

TRICLINIC eeecoe

Propertiies.: C — white, yellowish, greenish, gray; C -
colorless; L - earthy; D — translucent to opaque; DE
~2.6; H- I CL - perfect; F — uneven; M - earthy
and exceptionallly scaly aggregates, massive.

Origin and oceuwwene: Hydrothermal, as a result of
feldspar replacement in various rock types, as

Didlitee, 100 mm, Nomea Rueks, Peohend

granites and arcoses. It forms large deposits in
China, France, UK and Czech Republic.
Appliieatiom: raw material for ceramics.

Dicliie
Al;SizOg(OH)y

MO NOCILINIC [ X I

Propeviies:: C — white, yellowish; S - colorless; L
earthy to pearly; D - translucent to opaque; DE -
2.6; H - I; CL - perfect; F — uneven; M - earthy and
platy aggregates, massive.

Origin and occumrene:: Hydrothermal in cavities in
hydrothermall veins, together with quartz, carbonates
and sulfides. It occurs in Essen, Germany; Anglesey,
Wales , UK: Kladno, Czech Republic. Microscopic
crystals come from Mas d"Allary, France.

Kaolnitee, 50 mm. St.suatl, UK
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Nathitéte, 70 mm. Rocilizz, Goernmy

Naenire
Al;SipO5(OH)y

MO NOCILIINNIIE o0 0

Properties: C - white, yellowish, gray-white; S
colorless; L - earthy to pearly; D — translucent to
opaque; DE - 2.6; H ~ II; CL - perfect; F — uneven;
M - earthy and scaly aggregates, massive.

Origin and occurenes: Hydrothermall in cavities of
hydrothermall veins, associated with quartz, fluoritc
and topaz. It occurs in Horni Slavkov, Czech
Republic; Freiberg, Germany. Psewdo-morphs after
topaz come from Ouro Preto. Minas Gerais, Brazil.

Antiigaiiee
Mg3SinOg(OH)y

MO NOCILIMNIC oo 000

Propertiéss: C — white, yellowish, greenish, gray;
S — colorless to gray; L - vitreous, pearly, silky,

Awiggaritte. 110 mm, Pelsorsaear, Himgery

earthy; D — translucent to opaque; DE - 2.6; H -
2.5-3.5; CL - perfect; F ~ uneven; M B foliated,
lamellar and fibrous aggregates, massive.

Origin and occurveme®: Metamorphic in serpenti-
nites, marbles and other Mg-rich rocks; hydrother-
mal in veins cross-secting these rocks. It is imyportant
rock-forming mineral. It occurs in Kraubat, Austria;
Hrubslce, Czech Republic; Antigorio, ltaly and
elsewhere.

Amesite
Mg Al(SIAIND(OH)4
TRICLINIC o0

Properties: C — greenish, gray; S — colorless; L -
vitreous to pearly; D — translucent; DE - 2.8; H -
2.5-3; CL - perfect; F — uneven; M B foliated to
radial aggregates, massive.

Origin and occurvemee: Hydrothermal in Mg-rich
rocks, associated with diaspore, magnetite and
chromite. It comes from Chester, Massachusetts,
USA. Crystals up to 40 mm (17.in) across found in
Sarany, Ural mountains, Russia.

Cronsixiiriee
Fe?*,Fe3*,Si05(OH)y

MONOCILINIC o0

Properties:: C — black, black-brown, black-green; S—
dark olive-green; L - vitreous to submetatlic; D —
translucent to opaque, DE -~ 3.6; Il - 3.5; CL
perfect: F - uneven; M - prismatic crystals,
columnar aggregates.

Origin and occurvence: Hydrothermal in ore veins.
Fan-shaped aggregates of crystals come from Pribram
and Kutna Hora, Czech Republic; Ouro Preto, Minas
Gerais, Brazil; Salsigue mine, Auge, France.

Amesite, 40 mm. Savamy. Ural Mis., Russia



Cronsiedlitee, 42 mm, Hunam, Bolivia

Chryseadiléa
(Cu,Alhyi;SipOg(OH)y - n HaO

MONOTC LINIC

Properties: C - different hues of blue-green; S ~
white; L - vitreous, greasy to earthy; D - translucent
to almost opaque; DE — 2.0-2.4; H — 2-4; CL - none;
F - conchoidal to uneven; M - microscopic acicular
crystals, botryoidal, stalactitic and earthy aggregates.
Origin and occurtene®t: Secondary in Cu deposits,
associated with malachite and other secondary Cu
minerals.

Rich aggregates come from many places in Arizona,
USA, like Bisbee and Marenci. It is also known
from Mednorudnyansk, Ural mountains, Russia and
Broken Hill. New South Wales, Australia.

Alfophane
approximately Al;SiOf . n HyQ

AMORPHOWS o0 0

Propertiies: C — white, gray, bluish, greenish, brown;
S -white; L — vitreous, greasy and earthy; D —
transparent, translucent to opaque; DE - 1L.9; H — 2-
3 CL - none: F - conchoidal to uneven; M -
botryoidal, stalactitic and earthy aggregates.

Origin and oceurreree: Hydrothermal product of
alteration along the cracks of sedimentary rocks in

Chrysaeailég, 50 mm, Avizensy, U.SA.

t

coal deposits and in the oxidation zone of ore
deposits, associated with other secondary minerals.
Rich botryoidall aggregates occur in Delir. Germany;
Moldova Nuova, Romania; New Cornelia mine,
Arizona, USA; El Dragon mine, Potosi, Bolivia.

Allopitare:, 90 mm, Ritee Hory, Czech Regpablic
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Palygonsidiec, 120 mwn. Buvidn. Miungary

Palygonsfiite
(Mg AN Si L) p(@H)).- 4 O

M O NOCILIINNIC

Propertiies: C — white, gray; S— white; L — dull; D -
translucent to almost opaque; DE-2.2; H- 1; CL -
good; F - uneven, aggregates plastic under wet
conditions: M - aeicular crystals, fibrous aggregates,
massive.

Origin and occurrence: Hydrothcrmal as a product of
alteration of different rock types, such as sorpentinites,
granites, marbles and graywackes, also in ore veins
and the Alpine-type veins. Rich aggregates resembling
leather occur along the cracks in marbles in Hejmi near
Horazd'ovice, Czech Republic: in the Mammoth mine,
Tiger. Arizona, USA and in Palygorskava, Russia,

Sepiiaifiec, 70 mm, Eskisethey, Teorkey

Sepiistiite
Mg4Sig0 | 5(QH)3 . 6 HyO

ORT HORHKHOWMEBIIC [ N ]

Propertifes.: C — white, yellowish, gray; S — white; L
- dull; D - opaque; DE - 2.0; H - 2-2.5; CL - not
determined; F - uneven; M - earthy aggregates,
massive.

Origin and occurveme: Hydrothermal as a product
of serpentinite alteration, typically associated with
magnesite. Classic locality is Eskisehir, Turkey; also
known from Biskoupky, Czech Republic.

Zeophylite
CaySigOg(CHF)y - 2 HiyD
TRICLINIC [ N J

Properties: C — white; S — white; L — pearly; D -
transparent to translucent; DE - 2.6; H - 3; CL -
perfect; F — uneven; M — platy crystals, commonly
with radial structure.

Origin and occurvenee: Hydrothermall in cavities of
volcanic rocks, associated with zeolites. lts most
important locality is Radejein, Czech Republic,
where it forms spherical aggregates up to 10 mm (%«
in) in diameter. Also known from Schellkopf,
Germany and Monte Somma, ltaly.

Cavandie

CaVOSiy0|g .4 H,0

ORTHORHOMBIIC [ I ]

Propettiies: C — green-blue, blue; S - light blue; L -
vitreous; D - transparent; DE - 2.2; H - 3-4; CL -
good; F - uneven; M - long prismatic to acicular
crystals, radial aggregates.

Origin and occurremee: Hydrothermall in cavities of
volcanic rocks, associated with calcite, apophyllite
and zeolites. Rich radial aggregates up to 30 mm

Zeapityilize, 60 mm, Radejeim, Czecth Reppbdic



Cavangitee, 120 rvn. Poona. ndia

{1 Vi in) in diameter come from the Wdgiioli Quarry,
Poona, India.

Nepheline

(K.Na)AISiO 4

HEXAGOMNALL o000

Propentiiss: C - colorless, white, greenish, yellowish,
gray, green, brown; S — white; L - vitreous to greasy;
D - transparent to translucent; DE — 2.7; H - 5.5-6;
CL - none; F - uneven to conchoidal; M - prismatic
crystals, granular, massive.

Oriigiin and occunnenesz: Magmatic in many alkaline
rocks, as alkaline syenites and their pegmatites, also
in some basalts; rare mctamorphic in gneisses. It isa
typical rock-forming mineral, associated with
leucite. augite and apatite. Well-formed crystals
found in Mount Vesuvius, Italy. Rich aggregates are
known from many localities in Khibiny massif, Kola
Peninsula, Russia. Crystals up to 70 cm (E7%:w- in)
long occur in Davis Hill, Bancroft, Ontario. Perfect
erystals up to 35 mm (17s in) long, come from Mont
St.-Hilaire, Quebee, Canada.

Appliesigpn: locally as Al ore and in ceramic
industiy.

Nepiketinee, 43 mm, Aodli, Mraeco
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Peralite, 23 mm, Paprok, Afdarigan

Petalire
LiAISi @)

MO NOCILIMNIC o0 0

Propertiles: C - colorless, white, greenish, yellowish:
S - white; L - vitreous; D - transparent to trans-
lucent; DE - 2.5; H - 6-6.5; CL — good: F ~ uneven
to conchoidal; M — prismatic crystals, granular.

Origin and occumenes: Magmatic in Li-bearing
pegmatites, associated with lepidolite, elbaite,
amblygonite and locally replaced by a mixture of

Chikaifoiite, 70 mm, Umbozenmn, Kola, Russia

quartz and spodumecne. Gigantic crystals several
meters long, come from Bikita, Zimbabwe: and
Varutrask, Sweden. Clear gemmy crystals up to 230
mm (9%« in) across found in pegmatite cavities in
Paprok, Afghanistanand also in San Piero in Canipo,
Elba, Italy. Crystals up to 100 mm (4 in) across occur
in Araguai, Minas Gerais, Brazil.

Appliaiiaon: ceramic industry.

Chkallosiiee
NajBesiy0y
ORTHORHOMBIIC [ Y

Propertiies: C - colorless, white; $ - white; L —
vitreous; D — transparent to translucent: DE — 2.7, H
- 6; CL - imperfect; F — conchoidal; M - prismatic
crystals, granular, massive.

Origin and occuere: Hydrothermal im alikalime
pegmatites, usually associated with mnatrolite,
sodalite and eudialyte. Crystals up to 200 mm (77
in) across come from the Umbozcro mine, Mount
Alluaiv, Lovozero massif, Kola Peninsula, Russia;
also at Julianhab, Greenland and Mont $&t.-Hilaire,
Quebec, Canada.

Saviidiner, 30 mm x. Dracheni@éy, Geevmany



Saniiilinee
FELDSPAR GROUP
KAISijOg

MONOCILINIC

Propeviiies:: C — colorless, white, yellowish, pinkish,
gray; S - white; L - vitreous; D - transparent to
translucent; DE - 2.6; H - 6-6.5; CL — good; F -
uneven to conchoidal, M - prismatic crystals,
granular, massive.

Origin and occurene: Magmatic in acid volcanic
rocks, as rhyolites and trachytes, a typical rock-
forming mineral. Well-formed crystals and their
combinations up to 10 mm (4 in) in size occur in
rhyolites and trachytes in Drachenfels and Laacher
See, Getmany. 1t also comes from Roc de Courlande,
France; Beaverdell, British Columbia, Canada;
Kyustendil. Bulgaria,

Ovithactbisse

FELDSPAR GROUP
KAISijOg

MO NOCILINIC

Kariaties!, agilbaiaa, mooorsstore( ggemmyy vaaiety wiith
chatoyancy)
Orthodtasse, 32 mm x. Or Grande, LISSA.

Propertiies:: C - colorless, white, yellowish, pinkish,
gray, brown, yellow; S - white; L — vitreous to pearly
(adularia); D - transparent to translucent; DE — 2.5;
H - 6-6.5; CL - good; F - uneven to conchoidal; M
- prismatic and tabular crystals and their combi-
nations, granular, massive.

Origiin and occumencez: Magmatic in rhyolites,
trachytes, granites, syenites and pegmatites;
metamorphic in various rock types, as orthogneisses
and migmatites; hydrothermal in the Alpine-type
veins, ore veins and some sediments, also in placers,
a typical rock-forming mineral. Well-formed crystals
and twins up to 200 mm (77s in) across come from
granites in Twentynine Palms, California, USA;
Marina di Campo, Elba, Italy; Loket and Karlovy
Vary, Czech Republic; in pegmatite cavities in
Strzegom, Poland; San Plero in Campe, Elba, Italy.
Yellow gemmy erystals up t6 70 mm (2% In) across
found in lirongay, Madapasear. Gigantic feldspar
erystals up to tens of meters long known from
several pepmatite loealities in Black Hills, South
Daketa, USA; alse Hagenderf, Germany. Adularia is
knewn frem Alpine-type veins in St. Getihard,
Switzerland: pebbles of moensiene eeceur in gem-
bearing gravels in Ralnapura, St Lanka.
Applicailyy: ceramie and glass industry, meenstone
a6 a gemsione.

Advidarie, 60 mm, A, Sawtaeriand

263



Micractinee, 110 mm, Lake George, Teller Co.. USA

Micvaatiiree arnvee
FELDSPAR GROUP FELDSPAR GROUP
KAISi{Og (K, Ba)AI(SIiA)30g
TRICLINIC [ 3N BN B I ) MO NOCILINNIC [ N N J

Katieties: amazonite

Propertiess: C - colorless, white, yellowish, pinkish,
gray, light to dark green (amazonite); S - white; L -
vitreous; D - transparent to translucent; DE - 2.6; H
~ 6-6.5; CL - good; F - uneven to conchoidal; M —
prismatic crystals, granular, massive.

Origin and occurengee: Magmatic in  granites,
syenites and pegmatites; metamorphie in various rock
types. as orthogneisses and migmatites; hydrothcrmal
in the Alpine-type veins and ore veins; a typical rock-
forming mineral. Well-formed amazonite crystals up
to 40 cm (15% In) across occur In pegmatite cavities
in Crystall Peak, Colorade. USA: Keivy, Kola
Peninisula, Russia: Merefield mine, Virginia, USA.
Gigantie mieroeline erystals up to 112 m (39 ft) acress
€ofe from pegatites in Blaek Hills, Seuth Daketa
USA: Kaatiala. Finland.

Applltedioon: ceramic industry, amazonite as a
decorative stone.

Properties: C — colorless, white, yellowish; $ —
white; L — vitreous; D -- transparent to translucent;
DE - 2.9; H - 6-6.5; CL — good; F — uneven to
conchoidal; M - prismatic crystals, granular,
massive.

Arazxwitize, 60 mm. Keiwy, Kola, Russia



Hyailogrfaae, 50 mm, Bussieaea, Bosnia

Origiin and occumencse. Magmatic in phonolites:
metamorphic in various rock types, as marbles,
gneisses and Mn-rich rocks; hydrothermal in the
Alpine-type and ore veins. Crystals up to 100 mm (4
in) across found in Alpine-type veins near Busovaca,
Bosnia-Hercegovina.

Albire

FELDSPAR GRQUP
NaAlISi}Og

TRICLINIC XEXX

Marieties: pericline. cleavelandite

Propevtiass: C — colorless, white, yellowish, pinkish,
gray, greenish, bluish; S — white; L - vitreous; D ~
transparent to translucent; DE - 2.6; - G65%;CIL —

Ablitee, 85 mm. Govemaddor Kdadares, Brazil

Ofigoeibgse. 40 mm, Ural Mis., Russia

good; F - uneven to conchoidal; M - tabular crystals
and their twins, platy aggregates, granular, massive.
Origiin and occumerwes: Magmatic in granites,
syenites and their pegmatites; metamorphic in various
rock types, as orthogneisses. migmatites, phyllites
and metamorphosed shales;, hydrothermal in the
Alpine-type veins and ore veins, a typical rock-
forming mineral. Well-formed tabular to platy cleave-
landite crystals up to IS0 mm (6 in) across occur in
pegmatite cavities in the Amelia district, Virginia and
the Pala distriet, California, USA. Albite crystals also
come from Strzegom, Poland; San Picro in Campo,
Elba, 1taly: Murzinka, Ural mountains, Russia; many
localities in Minas Gerais, Brazil. Pericline crystals
are known from the cracks along Alpine-type veins in
Grossgeeiner, Ausiria; St, Gotthard, Switzerland; also
from ore veins in Roznava, Slovakia.

Olfigociisee
FELDSPAR GROUP

(Nw,9-0,7C%0,1- 0.3 11113 2927P8

TRICLINIC

LI I ]
Karieties: peristerite. sunstone

Propentiss: C — white, yellowish, pinkish, greenish,
iridescent (peristerite); S - white; L - vitreous; D —
transparent to translucent; DE - 2.6; H - 6-6.5; CL -
good; F— uneven to conchoidal; M - tabular crystals,
platy aggregates, granular, massive.

Origin and oceurmense:: Magmatic in granites,
syenites, andesites and pegmatites; metamorphic in
gneisses and migmatites; hydrothermal in the Alpine-
type veins; typical rock-forming mineral. Large
crystals, several dm long. are known mainly from
pegmatites, Peristcrite comes from Arcndal, Norway:.
Miass, Ural mountains. Russia; Quadcville, Ontario,
Canada: Tvedestrand, Norway. 1t also occurs in Veana
. Czeeh Republic. Sunstone is mined in the Ponderosa
mine near Lakeview. Oregon, USA.

Applaiiepn: peristerite and sunstone are used a6
gemstenes.
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HAmdlesiree, 50 mm, Bodemmaids, Germarny

Andbsiee
FELDSPAR GROUP
{N29;7.0,5%2p,3-0,5M 1, 331155272508

TRICLINIC

Propentizss: C - yellowish, pinkish, gray, light green:
S - white; L - vitreous; D — transparent to trans-
lucent; DE — 2.7; H - 6-6.5; CL - good: F - uneven
to conchoidal; M - platy aggregates, granular,
massive.

MMbradaitec, 50 mm, Latvaitvr, Qareda

Anomtiviee. 10 mm xx, Pasmaanita. Fitndand

Origin and occwmencer: C - white to dark gray,
greenish; S — white; L — vitreous, pearly; D - trans-
parent to translucent; DE - 2.7, H - 6-6.5; CL -
good; F - uneven to conchoidal: M B cleavable
aggregates, granular, massive.

Labnadbiiize
FELDSPAR GROUP

Can7-0,5M%03-0,581,5-1,7572,523P8
TRICLINIC

Propentizs:: Miggwetic in andesites. diorites; meta-

morphic in gneisses and migmatites; typical rock-

forming mineral. Large grains are known from mig-

matites in Bodenmais, Germany and Adamello, Italy.

Origin and ocounems: Magmatic in gabbros, basalts,

anorthosites: metamorphic in amphibolites. Large

iridescent aggregates up to ILnvY(3D7din)ageosss,conme
from Naln, Labrador, Quebec, Canada and also occur

in Kerostenskiy massif. Ukraine and Y lamaa, Finland.

Applicatrani. as a decorative stone.

Hmerttiee

FELDSPAR GROUP
CaAl}SijOg

TRICLINIC o0 0

Propentiass: C - gray, greenish, pinkish; $— white; L
vitreous, dull: D - transparent to translucent; DE -
2.8: H - 6-6.5; CL - good: F - uneven to conchoidal;
M B granular, massive.
Origim and occwrerree: Magmatic in gabbros,
basalts, anorthosites; metamorphic in contact meta-
morphosed rocks. Pinkish grains and poorly-
developed crystals come from Val di Fassa. Italy.
Crystals up to 50 mm (2 in) across arc known from
Miyake-Jima Island, Japan. It was also found in
Mount Erebus, Antarctica and Monte Somma, Italy.



Dantburriee
CaB;Si,O0g

ORTHOR HONMBIIC LN 2N

Propevties: C — colorless, white, gray, greenish,
pinkish, yellow, brown, red-brown; S - white; L -
vitreous, dull; D - transparent to translucent; DE - 3.0;
H - 7; CL - imperfect; F - uneven to conchoidal; M
prismatic crystals, columnar aggregates, granular,
massive.

Origiin and occumeneze: Hydrothermall in pegmatite
cavities, ore veins and the Alpine-type veins; meta-
morphic in skarns and contact metamorphosed
rocks.

Well-formed prismatic crystals up to 250 mm (9¥it
in) long come from Russell, New York. USA;
Toroku, Japan; Dalncgorsk. Russia; and Charcas,
San Luis Potosi, Mexico.

Cancviiifte
NagCaAlgSig0y4(COs) .2 Hy0

HEXAGOMNAL [ 2N X J

Propevtizss: C - colorless, white, yellow, orange,
bluish; S ~ white; L ~ vitreous; D — transparent to
translucent; DE ~ 2.4; H - 5-6: CL - good: F - un-
even to conchoidal; M - prismatic crystals, granular,
massive.

Origiin and/ oecwrereee: Magmatic in alkaline
syenites; hydrothermall as a product of replacement
of volcanic rocks, associated with nepheline and
sodalite.

Crystals up to 20 mm (¥/a in) across comc from
Mont St.-Hilaire. Quebec, Canada. It was also found
in Litchfield, Maine, USA; Cancrinite Hill, Ban-
croft, Ontario. Canada and elsewhere.

Canarintiee, 70 mm, Divew. RRomamia

Darvituritee, 109 mm, Chaveas:, Midco

Leiffire
Nay(Si,Al,Be); (@OHIEF)4

TRIGONALL [ ]

Propevtiass: C - colorless; S — white; L — vitreous; D
- translucent; DE - 2.5: 1l — 6; CL — good: F —
uneven; M - acicular crystals.

Origiin and occumengez: Hydrothermall in cavities of
alkaline pegmatiites, associated with microclinc and
zinnwaldite. Crystals up to 20 mm (*%: in) across
occur in Narssarssuk. Greenland. Fine crystals arc
also known from Mont St.-Hilaire, Quebeg. Canada,
associated with serandlte.

Leifite, 100 mm. Mot St-hibiniee, Ganada
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Soclaliwe, 50 mm. Banaxif], Carada

Sodallite
NagAlgSigDa4Tly

cuBIC

oo 0
Karieties: hackmanite

Propentiass: C — colorlcss, white, blue, yellow, pink
(hackmanite); S — white; L - vitreous; D — transpa-
rent to translucent; DE — 2.3; H - 5.5-6; CL - imper-
fect; F — uneven to conchoidal: M - isometric
crystals, granular, massive; LU - orange-red.

Origiin and ocourepaee: Magmatic in alkaline
syenites and phonolites, associated with nepheline,

Nosearm, 6 mm grdins, Laacieer See, (evmany

zircon and titanite; hydrothermal in marbles. Gra-
nular aggregates are known from the Primcess
Sodalite mine, Bancroft, Ontario, Canada and
Ditrau, Romania. Crystals up to 100 mm (4 in)
across come from Kangerdluarssuk. Greenland.
Applitaition. cut as a gemstone,

Nosznee
NagAlgSig024(S04)

cuBIC

Propentiéss: C - colorless, white, blue, gray, black; S
— white; L — vitreous; D — transparent to translucent;
DE - 2.3; H - 5-6; CL - good; F — uneven to con-
choidal; M ~ isometric crystals, granular, massive.
Origiin and ocowmenasz. Magmatic in alkaline basalts
and similar effusiverocks, associated with mepheline
and haliyne. Granular aggregates are known from
Laacher See, Germany and Monte Somma, Italy.

Lazumiite
(Na,Ca)pAlgSig024(S.S04)

cuBIC

Propatiées: C - dark blue; S -light blue; L ~
vitreous; D - transparent to translucent; DE - 2.4,
H - 5-5.5; CL - imperfect; F - uneven to con-
choidal; M — isometric crystals, granular, massive.
Origiin and occumencsz: Metamorphic in contact
metamorphosed marbles, associated with pyrite.
Crystals up to 50 mm (2 in) across come from Sar-e-
Sang. Badakhshan province, Afghanistan. Granular
aggregates are known from many localities, such as
Malobystrinskoye deposit near Lake Baikal. Russia
of Monte Somma, ltaly,

Applinadiioi: decorative stone and gemstone.

Lazariez, 60 mm. Affdaristan



Lazwrter, 21 mm x. Nurictemy, Afgtioaricen

Tugtupive
NagfgiM§Sp@54ChH

TETRAGONAILL [ N ]

Propertiass: C — white, pink, redl bluish; S - white; L
- vitreous; D ~ transparent to translucent; DE - 2.3;
H -~ 5; CL -~ good; F ~ uneven to conchoidal; M —
small crystals, granular, massive.

Origiin and ocewmengsz: Hydrothermal in alkaline
syenites and their pegmatites, also as a product of
chkalovite alteration. Aggregates up to 60 mm (2
in) across come from the Umbozero mine, Mount
Alluaiv, Lovozero massif, Kola Peninsula. Russia

Tugtupitee. 90 mm, himearssgq, Greeerhand

Lazwiiee, 60 mm, Chile

and 11Rmaussaq, Greenland. Small crystals occur in
the Poudrette quarry, Quebec, Canada.

Danallite
FeqBe3Siz0|,S

CUBIC

Propentiss: C — gray,yellow,pink, red, brown; S ~
white; L - vitreous; D - transparent to translucent;
DE - 3.4; H - 5.5-6; CL — imperfect; F — uneven to
conchoidal; M - isometric crystals, granular,
massive,

Origin and occwnenese: Magmatic in granitic peg-
matites; hydrothermal in greisens, skarns and ore
veins. It occurs in Cape Ann, Massachusetts, USA;
Hortekollen, Norway and Coolgardie, Western
Australia, Australia.

Damaiite, 70 mm., Yxjoberg, Sveden
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Hellviite, 2 mm xx. Cawiis. Rromania

Hellviite
M ERyS{D)}S
cCuBIC [ N N J

Propentiess: C — brown, gray, yellow, yellow-green; S
- white; L — vitreous; D —~ transparent to tiranslucent;
DE - 3.4; H - 6; CL ~ good; F - uneven to con-
choidal; M — isometric crystals, granular, massive.
Origim and occwrepsee: Magmatic in granitic
pegmatites and alkaline syenites; hydrothermal in
greisens, skarns and ore deposits. Cubic crystals up
to 25 mm (1 in) across known from the Sawtooth
Batholith, ldaho, USA. Crystals also come from
Schwarzenberg, Germany; Cavnic, Romania; and
Oslofjord, Norway.

Apniliatition : Be ore.

Scegritvee, 44 mm x, Lesliz Lake, Quelter:, (Ranada

Maniailiee
SCAPOLITE GROUP
Nag(AISi3Qg)g (Clp Sy)

TETRAGOMNAL eeoo
Propentiéss: : C - colorless, white, gray, purplish,
yellow; S — white; L - vitreous, locally pearly; D
transparent to translucent; DE - 2.5; H - 5-6; CL -
good; F - uneven to conchoidal; M - prismatic crys-
tals, columnar aggregates, granular, massive; LU -
yellow to orange.

Origiin and occunenere: Hydrothermall in veins, cross-
cutting alkaline metamorphie rocks and in pegmatites,
cross-cutting ultrabasie rocks: metamorphic in mar-
bles and mctacvaporites. It comes from Ankazobe.
Madagascar; Umba. Tanzania and Crestmore, Califor-
nia, USA.

SCAPOLITE GROUP
Cag(Al;SirOg)y (CD3,504)

TETRAGOMNAIL

Propentigss: C - colorless, white, gray, purplish,
green, blue; S - white; L - vitreous; D — transparent
o translucent; DE - 2.8; H - 5-6; CL — good; F —
uneven to conchoidal; M -- long prismatic crystals,
columnar aggregates, granullar, massive; LU -~
yellow to orange.

Leuciite. 30 mm, M. Mesuvius. Maly



Origiin and occumencee: Metamorphic in skarns,
marbles, granuliles and in contacts of volcanic rocks;
hydrothermal in veins, cross-cutting Ca-rich rocks.
Well formed crystals up to 40 cm (15% in) across
come from Lake Clear and Eganville, Ontario.
Canada. Crystals are also known from Monte
Somma. ltaly. Sludyanka. Siberia. Russia and
Pargas. Finland.

Leuciite
ZEOLITE GROUP
KAISizOg

TETRAGOMNAL

Prapertisées: C — colorless, white, gray: S - white; L ~
vitreous; D — transparent to translucent; DE - 2.5; H
- 5.5-6: CL- imperfect; F— uneven to conchoidal; M
isometric crystals, granular, massive.

Origiin and occumenns:: Magmatic in effusive K-rich
basalts, associated with nepheline and sanidine.
Well-formed crystals, several cm in size, come from
Mount Vesuvius, Italy and Laacher Sec, Germany.
Appliiaivivi.: ceramic industry.

M fitinee
ZEOLITE GROUP
NaAlSipOyg . Hp0

CuBIC

Propentiéss: C — colorless, white, pinkish, yellowish:
S - white; L ~ vitreous; D - transparent to trans-
lucent; DE - 2.3; H - 5-5.5; CL — impcrfect; F - un-
even to conchoidal: M — isometric crystals, granular,
massive.

Origin and occurvemee: Mainly hydrothermal as a
product of nepheline or sodalite replacement: rare
magmatic in effusive rocks; also in sediments,
associated with calcite and zeolites. Well-formed
crystals up to 30 cm (12 in) across come from Nidym,
Siberia, Russia: Lago Maggiore, Italy; Mont St.-
Hilaire, Quebec, Canada; West Paterson, New Jersey;
USA and elsewhere.

Polfuciize
ZEOLITE GROUP
(Cs,N2)AISE D¢ . HyO

cuBIC e o0

Propentiéss: C - colorless, white, gray; S — white; L -
vitreous; D — transparent to translucent; DE - 2.9; HI
- 6.5-7; CL - none; F - uneven to conchoidal; M -
isometric crystals, granuliar, massive.

Orvigiin and oecumenas;: Magmatic and rarely also
hydrothermall in Li-bearing pegmatites, associated
with lepidolite, albite, quartz and pctalite. Aimost
monomineral layer of pollucite several meters thick
occurs in the Tanco mine, Bernic Lake. Manitoba,
Canada. White and colorless crystals from pegmatite
cavities up to 60 cm (24 In) across come from
Paprok. Afghanistan, Alse known from San Piero in
Campe, Elba, ltaly and Gilgit. Pakistan.
Appliraiimpn: ceramie industry, Cs ore.

Poltuciiee, 22 mm jx, Gifgiit. Rekistan
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Natvolive, 47 mm, Mevicegaa Co., Aviaenea, USA.

Scaikatite. 165 mm, Nasik, bedia

274

Nanalliee

ZEOLITE GROUP
NajyAl;Sig0|g .2 K@

ORTHORHONMBIIC o000

Propentiéss: C - colorless, white, yellowish, pinkish;
S - white; L — vitreous to silky; D — transparent to
translucent; DE — 2.2; H - 5-5.5; CL - perfect: F —
uneven to conchoidal: M -~ long prismatic to acicular
crystals, fibrous and radial aggregates, granular,
massive.

Origiir and occumenese; Hydrothermall in cavities in
volcanic rocks, alkaline pegmatites, along the
Alpine-type fissutes, also as a product of plagioclase
replacement, commonlly associated with calcite and
zeolites. Colorless and white acicular crystals up to
30 cm (12 in) long come from cavities of alkaline
pegmatites in Mount Putelicherr, Khibiny massif,
Kola Peninsula, Russia. Crystals were also found in
Narssarssuk, Greensland and Mont St.-Hilaire,
Quebee, Canada. Crystals also eccur In cavities of
basaltic rocks IR Teigarhorn, leeland; Zalezly and
Soutisky, Czeeh Republie and in Faeroe Islands.



v
Skolkzatiee
ZEOLITE GROUP
CaAl;SizO|g -3 HyO

MO NOCILINIC o0 0

Propentiies: C — colorless, white; S — white; L -
vitreous to silky; D — transparent to translucent; DE
~2.3; H-5; CL - good; F- uneven; M - long pris-
matic to acicular crystals, fibrous and radial
aggregates.

Origiin and occumenase: Hydrothermall in cavities in
volcanic rocks and along the Alpine-type fissures,
associated with calcite and zeolites. Clear prismatic
crystals up to 200 mm (77 in) long come from basalt
cavities near Nasik, India. Crystals come also from
Teigarhorn. Iceland and Suderoy, Faeroe Isiands.

Mesolite
ZEOLITE GROUP

Na p£G2g 2485172240 +64 H20

Mesailiee. )50 mm. Mattasthitea. Irdia

Thomsoniite
ZEOLITE GROUP
CayMaAl(ALSi),SigOzq .6 HizO

ORTHORHOWMBIIC o0

Propevtiass: C - colorless, white; S — white; L —
vitreous to silky; D - transparent to translucent: DE
—2.3; H-5; CL - good; F - uneven; M - acicular
crystals, fibrous and radial aggregates, granular,
massive.

Origiin and occumenese: Hydrothermall in cavities in
volcanic rocks, associated with other zeolites. Color-
less needles up to 150 mm (6 in) long come from the
basalt cavities in Berufjord and Teigarhorn, leeland.
Radial aggregates up to 200 mm (77 in) in diameter
known from the vicinity of Poona, India. Prismatic
crystals up to 100 mm (4 in) long found in
Skookumchuck Dam. Washington, USA.

Thomsaniiee, 50 mm. Bazsi, Hiungary

ORT HORHONWBIC oo
Propevtiies: C - colorless, white, yellowish, brown-red;
S white; L - vitreous to pearly; D — transparent to
translucent; DE - 2.3; H - 5-5.5; CL -~ good; F — un-
even to conchoidal; M ~ prismatic crystals in clusters
with radial structure, botryoidal aggregates, massive.
Origin and occumenase: Hydrothermall in cavities in
volcanic rocks, also as a product of hydrothermal
feldspar replacement. Colorless and white acicular
crystals, forming radial aggregates up to 50 mm (2 in)
in diameter come from Old Kilpatrick, Scotland, UK
and West Paterson, New Jetsey, USA. Hemispherical
aggregates up to 30 mm (1YA» in) across knewn from
Vingieka hora niear Kladne, Czeeh Republic.
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Gomurdiiee, 10 mm xx, Zaletlarbgp. [ Horgary

Gonmairdfiee

ZEOLITE GROUP
(Na.Ca))s_.s(Al.si)MO4o .12 Hzo

TETRAGOMNMAL

Progentiass: C - colorless, white, yellowish; S
white; L - vitreous to pearly; D - transparent to
translucent; DE - 2.3; H — 4.5-5; CL - good; F - un-
even to conchoidal: M - prismatic crystals, fibrous
and radial aggregates.

Origin and occurvence: Hydrothermal in cavities in
volcanic rocks, associated with zeolites, also in the
contact zone of marbles, associated with wollastonite.
Acicular crystals and fibrous aggregates occur in Aci
Castello. Sicily, Italy: Weilberg, Germany; Bundoora,
Victotia, Australia.

Edingttniiee
ZEOLITE GROUP
BaAlLSizO(q .3 H,0

TETRAGOMALL [ N N J

Propertiies; C - white, gray, pinkish; S - white: L -
vitreous; D - transparent to translucent: DE -- 2.8; Hi

4: CL - good; F - uneven to conchoidal; M -
prismatic crystals, granular, massive.
Origin and ocewnene: Hydrothermall in cavities
and along the cracks in volcanic rocks, associated
with calcite and harmotome. Colorless and white
prismatic crystals up to 40 mm (17/» in) across come
from Old Kilpatrick. Scotland, UK; Stare Ransko.

Edingtominge, 100 mm, Steve Ransém. Czecth Regpublic



Czech Republic and Mont St.-llillairc. Quebec,
Canada.

DacthicrciiieeO8a
ZEOLITE GROUP
(Ca@_s,Nla,K)sAllg,Si | |9;048 .13 Hzo

MO NOCLLINNIC [ I ]

Properties. C — colorless, white, yellowish; S —
white; L — vitreous to pearly; D - transparent to
translucent; DE - 2.1; H - 4-4.5; CL - good; F -
uneven to conchoidal; M - prismatic crystals and
complex intcrpenetration twins.

Origin and occurvemez:: Hydrothermal in cavities in
granitic pegmatites, associated with albite, petalite
and elbaite. also as pseudo-morphs after petalite, It
occurs in San Picro in Campo, Elba. ltaly and 1n the
Opal Hill quarry, Riverside, California, USA.

Ferrienitedza
ZEOLITE GROUP
(Ca.NaKMe)AlgSiggO7; - I8 My

ORTHORKHOMBIIC [ N J

Properties: C — colorless, white, greenish, pink,
brownish; S -- white; L - vitreous; D - transparenit to
translucent; DE ~ 2.1 H -~ 3-3.5; CL - good: F -
uneven to conchoidal; M - tabular crystals, platy and
columnar aggregates, massive,

Origin and oecurvence: Hydrothermal in cavities in
volcanic rocks, along the cracks of the Alpine-type
veins and in volcanic tuffs, associated with calcite and
zeolites, Platy aggregates occur in Svejanov, Czech
Republic; Albero Bosso and Menastir. Sardinia, Italy:
Kamploops Lake, British Celumbia, Canada.

FerviiritecO6la, 2 mm aggrezpiess, Regere. Hhvoggery

Dactlisndilis€a, 2 mm xx, Regex:, Hivmgary

L aurmmanitiee
ZEOLITE GROUP
CayAlshgOQge 18 H 0O

MO NOCILINIC

Properties.: C - colorless, white, yellowish, pinkish;
S - white; L — vitreous; D ~ transparent to trans-
lucent, weathered almost opaque; DE ~ 2.4; H ~ 3-4;
CL - good; F- uneven to conchoidal; M - prismatic
crystals, fibrous and radial aggregates.

Origin and occurrence: Hydrothermal in cavities in
volcanic rocks, along the cracks in the Alpine-type
veins, in ore veins and sediments, associated with
calcite and other zeolites. Colorless and white acicular
crystals up to 38 cm (14'%s in) long come from the
Pandulena Hill Quarries, India. Crystals up to 150
mm (6 in) long known from Pine Creek, Bishop.
California, USA. It was also found in Dillenburg.
Germany:.

Lenwmnwtitite, 120 mn, Mentaxicee, Czedth Reppuilic
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HeulartifizecGa, 8 mm xx, Parana, Brezil

HewhnditeeObla
ZEOLITE GROUP

(Cag 5.Srp 5/NaK)y gAlGSizrO 7, .24 HHO

MO NOCILIINIC

Properiiies: C — colorless, white, yellowish, pinkish,
red, brown; S - white; L B vitreous to pearly; D -
transparent to translucent; DE - 2.1; H - 3.5-4; CL -
perfect; F — uneven to conchoidal; M - prismatic to
tabular crystals, granular, massive.

Origiin and occurrene: Hydrothermall in cavities in
volcanic rocks, in the Alpine-type fissures, ore veins
and sedimentary rocks, usually associated with
calcite and other zeolites. Colorless and white
tabular crystals up to 100 mm (4 in) across come
from Nasik, India; West Paterson, New Jersey, USA;
Teigarhorn, Iceland. Red heulandite found in Val di
Fassa, Italy,



Clinapitidiitiz€s€a, 2 mm xx, HonRwvea Hurka, Caech
Repubhiic

~isfe

| ARt TS

ClinopiitdiiecoBa
ZEOLITE GROUP
(Ca@_g,.Nh,K)4,5AIQSi2-;’Or;22 .24 Hzo

Episiitbtee, 15 mmxx, Nasiik, imdia

Epistithiee
ZEOLITE GROUP
(CaMapPRiD) 3 .4 Wy

MO NOCLLIINIC o060

Propertizs:: C ~ colorless, white, yellowish, pinkish,
red. greenish; S — white; L ~ vitreous; D - trans-
parent to translucent; DE - 2.2; H - 3.5-4; CL -
perfect; F- uneven to conchoidal: M - platy crystals,
massive.

Origin and occurvemsz: Hydrothermal in volcanic-
sedimentary rocks. Large industrial deposits occur in
New Zealand, Japan and Australia. Crystals come
from Agate Beach, Oregon, USA.

Appliieaiion: construction, chemical industry and
agriculture.

StilhiiteGa
ZEOLITE GROUP
(Cag 5. Na,K)gAlgSiz 70 . 28 H30

M ONOCILINIC

Propertiies: C — colorless, white, yellowish, pinkish,
brown; S — white; L - vitreous, locally pearly: D —
transparent to translucent; DE - 2.2; H - 3.5-4; CL -
good; F - uneven to conchoidal: M - prismatic and
tabular crystals, commonly complicated inierpenetra-
tion twins and sheaf-like aggregates. granular,
massive.

Origin and ocewnene: Hydrothermal in cavities of
volcanic rocks, along Alpine-type fissures, in ore
veins, also in sedimentary rocks and hot springs,
typically associated with calcitc and other zeolites.
Colorless and white tabular crystals and their combi-
nations up to 200 mm (7% in) across come from the
Pandulena Hill Quarries, India. Crystals arc also
known from Teigsrhorn, Iceland: Feeroe Islands;
West Paterson, New Jersey, USA and elsewhere.

MO NOCILINIC [ N N J

Propertiies.: C ~ colorless, white, yellowish, pinkish,
light brown: S — white; L — vitreous; D — transparent
to translucent; DE — 2.2; H — 4; CL - good; F -
uneven to conchoidal; M — prismatic crystals, radial
aggregates.

Origin and occurvenee. Hydrothermal in cavities in
volcanic rocks: associated with other zeolites. Clear
and white tabular crystals and their twins up to 30
mm (V46 in) across come from Jalgaon, India; also
in Teigarhorn, Iceland and Faeroe Islands.

ShiliiezBa, 83 mm, Nasik, idia
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Gismornidiae, 2 mm xx, TapolcaBiéek!, Humgargy

Gismonaiiree
ZEOLITE GROUP
CaAijSipOy . 4,5 HyQ

MO NOCILINIC [ I ]

Propertiies.: C - colorlcss, white, bluish, pinkish: S—
white; L — vitreous. D — transparent to tranmslucent;
DE - 2.3; H - 4.5; CL - good: F - uneven; M -
complex twins of crystals, platy aggregates.

Origin and eecuiienes: Hydrothermal in cavities in

Havweioome, 79 mm, Swonttam, UK

PhitllgsiieekX, 3 mm xx, Limitercg, Geevmany

volcanic rocks, in hydrothcrmally altered rocks. It
comes from Capo di Bovc. Italy; Schiffenberg, Ger-
many and Dobrna, Czech Republic.

Philllipsiieekk
ZEOLITE GRQUP
(K.Na.Cag SIISSi| | O3 - 12 H20

M O NOCILIMNIC

Propertréss: C — colorless, white, reddish; S — white;
L - vitreous: D -~ transparent to translucent; DE —
2.2; H-4-4.5; CL - good; F— uneven; M - prismatic
crystals and complex intcrpenetration twins,
granular, massive.

Origin and occurvence: Hydrothermall in cavitics in
volcanic rocks, sedimentary rocks and hot springs;
associated with calcite and other zeolites. Colorless
and white interpenetration twins up to 20 mm (*/» in)
across come from Capo di Bove, ltaly: Doughboys,
Tasmania, Australia; Sovincc near Litomioce, Czech
Republic and elsewhere.

Havonaitwaee
ZEOLITE GROUP

(Bag,5.Ca 5K, Ma)gNigSi) | O3, - 12 Hp0
M O NOCILINIC

Propevtizss: C — colorless, white, gray, reddish,
yellow, brown; S — white; L - vitreous; D - trans-
parent to translucent; DE - 2.4; H - 4.5; CL — good:
F - uneven: M - prismatic crystals, commonly com-
plex interpenetration twins, granular massive.
Origin and ocewvene: Hydrothermall in cavities in
volcanic rocks, in the Alpine-type veins. ore veins
and in pegmatites. Prismatic crystals and their twins
up to 20 mm (®Ai in) across are known from
Strontian, Scotland. UK. Crystals also come from St.
Andreasberg and Obcrstein, Germany: Kozakov,
Czech Republic and Kongsberg, Norway.



Gooszaraakkiize
ZEOLITE GROUP
CaAl,Siz0|g .5 H,O

MO NOCILIIMNIC ®

Properties: C — white, colorless; S — white; L -
vitreous; D — transparent to translucent; DE — 2.2; H
4.5; CL B perfect; F ~ uneven to conchoidal: M -
prismatic crystals, granular,
Origin and occuvveme: Hydrothermall in cavities in
volcanic rocks. It is known from Goose Creek,
Virginia, USA. Crystals up to 30 mm (1 Vieiin) aaosss
found in the Pandulena Hill quarries, India.

ChabagiteCa
ZEOLITE GROUP
(cao.s,Na,K)Al4§'3024 .12 Hzo

TRIGONAL eeo e
Propertiéss: C — colorless, white, yellowish, pinkish,
greenish; S — white: L - vitreous to dull; D -
transparent to translucent: DE ~2.2: H- 4-4.5:CL -
imperfect: F - uneven to conchoidal; M — rhombo-
hedral crystals and their twins, granular, massive.

Origin and eeewivence:: Hydrothermal in cavities in

ChatteziterGGu, Passbarma:, Novar Scotiiy, (Qaneda

Goosewreakiize, 25 nun xx, Malarashraa, dia

volcanic rocks and pegmatites, along Alpine-type
fissures and in hot springs, usually associated with
calcite and other zeolites. Colorless and white
interpenetration twins up to 60 mm (24 in) across,
come from Faeroc Islands. Crystals are also known
from Repcice, Czech Republic; Berufjord, lceland;
Panvil, India; Maglovec, Slovakia and elsewhere.
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10. Organic compounds

Wheweillite
CaCyQy - #20

MO NOCILINIC o060

Propertiies: C — colorless, white, grayish: S — color-
less; L — vitreous; D — transparent to translucent; DE
-22; H-2.5; CL -~ good; F - conchoidal; M - pris-
matic crystals, commonly twinned.

Origin and occurrence: Rare hydrothermal, mainly

Awiterr, 40 mm. Ballic Sea. Latvia
Wheweliiee, 27 mm x. Burgk, Geevmany

sedimentary in coal basins, associated with barite,
ankerite and other minerals. Hydrothermall crystals up
to 70 mm (2% in) long, come from U-bearing veins in
PrRbram, Czech Republic. Similar crystals, up to 70
mm (2% in) long, occurred in Cavnic, Romania. Heart-
shaped and butterfly twins, up to 00 mm (4 in) found
in concretions near Kladno, Czech Republic. Similar
specimens are known from Burgk near Dresden,
Germany. Interesting flat radial aggregates found along
cracks in clays In the vicinity of Mest, Czech Republie.
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Meliite, 179 mm, BicsieCoodksit, FFungery

Melliitz Fichuliee
Al[C4(COO)g] . I8 Hiz0 Gz
TETRAGOMNMAL [ I M O NOCILINIC [ I N

Properties: C — honey-yellow; S — white; L —
resinous to vitreous; D - transparent to translucent;
DE - I,7; H - 2; CL - imperfect; F - conchoidal; M
- dipyramidal crystals, granular: LU - blue.

Origin and occurrence: Secondary in the cracks in
brown coal and lignite. The best specimens with crys-
tals up to 40 mm (1%7% in) in size, come from Csorda-
kut near Tatabanya, Hungary. Crystals, up to 10 mm ("4
i) across, were found in Artern, Germany. Granular
aggregates arc known from Valchov, Czech Republic.

Evenidiiee
C24M50

M O NOCILIMNIC [}

Properties: C - colorless to light yellow: S— colorless;
L — waxy; D - translucent: DE - 0,9; H - 1; CL -
good; M — pseudo-hexagonall tabular crystals: R
melts at SOEC(122°F).

Origin and oceurvence: Probably secondary. It occurs
within geodes near Evenki, Siberia, Russia. Also
known from the cracks in altered andesite in Dubnik,
Slovakia.

ACh

Properties:: C - colorless to yellowish: S — colorless:
L - vitreous; PS - transparent to translucent: DE - L,
H - 1: M - thin tabular crystals, scales, crystalline
crusts.

Evenitee, 50 mm, Dulnikk, Sovakia



Origin and occusvemze: Secondary, typical mineral
of peat-bogs. Its crystals arc known from Borkovice
near Sobeslav. Czech Republic; also known from
Marktredwitz. Germany.

HAvntbarr

a mixture of hydrocarbons

AMORPHOWS [ 3 N )

Propettiies.: C — honey-yelllow, yellow-brown, brown,
red-brown, blue, green, black; $ ~ white; L -
resinous, dull: D - transparent to translucent, rare
opaque; DE - 1.@-1,1; H - 2-2,5; CL - none; F -
conchoidal; M massive irregular or drop-shaped
aggregates, nodules and fragments; LU - light blue,
yellow,

Origin and occwwnenz: Amber is a petrified resin
from Tertiary and Mesozoic conifers, occurting rare-
ly in sediments. Plant or insect remnants arc some-
times found trapped in amber. The most famous
localities are located along the southerm coast of the
Baltic Sea in Poland. Germany. Lithuania, Esionia,
Latvia and Russia. The largest masses found
weighed up to 10 kg (22 1b). Blue amber is known
from the Dominican Republic. Other amber locali-
ties are found in Syria, Lebanon. Thailand, Vietnam,
Canada and the USA.

Applicaiitn: as a gemstone.

Awilerr, 95 mm, Mddingescar

Ficlhtiver. 80 mm, Maziey, Czedh Regpublic
3 vl

, [
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11. Rocks, meteorites and tektites

Racks consist of minerals and often of fragments of
other rocks and organic matter. Since rocks are
mixtures, we cannot determine certain physical /
chemical data (chemical formula, crystal system,
hardness, etc.). Unlike minerals, some rocks form
huge bodies which may cover several thousand kit
$0 1o single localities are shown in this book. Rocks
are mainly used for building. in agriculture, and as
faw materials for chemicals, ceramics and metals.
Rocks are generally divided into three principal
groups according to their orlgin:

1. igneous rocks

2. sedimentary rocks

3. metamorphic rocks.

L Igneaus recks

Propertiies: C - light gray, gray, white, brown, black,
gray-green, pinkish, red-brown: D - opaque, rare
transparent to translucent; L ~ dull, rare vitreous, DE
- varies from 2.6 up to zbout 3.8: F - uneven, rare
conchoidal; M - coarse to fine grained, commonly
massive aggregates, consisting of microscopic or
larger grains or crystals of various minerals, up to
several decameters across, glass is also present
rarely. Minerals in rocks usually have characteristic
texture features, like graphic granite and others.

Origin and classiftieaiin:: 1gneous rocks form at high
temperature and commonly at high pressure in
solidification of mainly silicate magma of variable
composition. The mineral composition reflects a
chemical composition of magma. Typical rock-

Orbizuténr gvanifey, 150 mm, Sweden
Pegmatitte, 65 mm, Dolbii Bory, Czech Regpublic

Gramiite, 6) mm, Nonsay

forming minerals arc quartz, orthoclase, microcline,
plagioclase, biotite. muscovite, amphiboles, pyroxenes,
olivine and nepheline. Rocks may solidify at various
depths, according to which they are either intrusive,
dyke or effusive. They can be grouped according to
chemical composition (SiO2 content):

felsic - granite, syenite, pegmatite, rhyolite, obsidian
intermvediate  diorite, andesit basic ~ gabbro, basalt
utraibasic - peridotite. varles from ILO up to about 2.8;
F - uneven, sometimes concholdal: M - coarse to fine
grained and massive aggregates, consisting of grains or
crystals, from microscopic to several dm in size, also
of rock fy and organic matier, banded textures
are typical and sorme roeks are fossiliferous.

Diattesez, 65 mm, Rozany, Czech Regpublic



Sandisomre, 65 mm, Buffaily Geap. Soutti Detketar, U1SA.

2. Sedinamaeayy rocks

Properties: C - grey, brown, red-brown, black, green-
grey. pinkish, white, yellow, often variable even within
one rock, banding is typical; D  opaque, rare
translucent; L ~ dull, sometimes vitreous, greasy or
earthy; DE -varies from [L.0 up to about 2.8; F - uneven,
sometimes conchoidal: M - coarse to fine grained and
massive aggregates. consisting of grains or crystals,
ranging from microscopic to several dm in size, also of
rock fregments and organic matter, bended textures arc
typical and some rocks are fossiliferous.

Ovigm and elassifftaliaon: Sedimentary rocks
oeriginate under surface temperatures and jressures,

Limestoee, 65 mm, Maly

Conglamecaite, 65 mm., St.ARam, UK

as a result of sedimentation of mineral and rock
fragments and organic matter of different size
through the water and wind activity, or by precipi-
tation from water solutions. Typical rock-forming
minerals are quartz, calcite, dolomite, halite, clay
minerals and others. According to their origins we
can distinguish several groups of sedimentary rocks:
clastic (consisting of rock fragments) -~ sandstone,
conglomerate, quartzite, siltsione,

organic (consisting mainly of organic matter) -
limestone, coal.

chemical (originating by precipitation from water
solutions) - evaporites, travertine.

Evagariter, 40 mm. Hakenried. Geernany



Sevpeniititlie, 65 mm. HrulSie, Czech Repnudlic

3. Melamoppiic racks

Propertiess C - light gray, gray, brown, green, red-
brown, black, green-gray, pinkish, white, sometimes
variable within one rock, banding is relatively common;
D - opaque; L ~ dull, rare vitreous; DE ~ varies from
2510 4.8: F uneven, rare conchoidal: M coarse to
fine-grained. platy. acicular and sometimes masslve
aggregates, consisting of grains and crystals, renging
from microscopic to several decimeters across. Typical
are planar textures and feliation of some minerals,

Origin and elassifeationi: Metamorphic rocks origi-
nate under higher temperature and pressure during
metamorphism of originally igneous ef sedimentary

Mavthie, 100 mm. @rasce

Gneiiss, 65 mm. Douttnaxcemyy, Czecth Regpublic

AR el -

rocks. The source of a thermal energy could be magma,
then this type is called contact metamorphism. or the
thermal source lies in the depth of the earth’s crust and
effects large areas, then this type is called regional
metamorphism. During a process of metamorphism
new minerals originate. Typical rock-forming meta-
morphic minerals arc quartz, orthoclase, plagioclases,
biotite, muscovite, amphiboles. pyroxenes, calcite,
dolomite, sillimanite, kyanite, almandinc. staurolitc
and serpentine.

Regionally metamorphosed rocks: strpentinite,
mica schist, gneiss, marble.

Contact metamorphosed rocks: contact chert
(porcclanite), skarn.

Sker, 65 mm. Lisma, Czecth Regaublic
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Iron meteariiee, 50 mm, SikfatteAtilin, Ruesia

fron metewiiee, 40 mm dewill, Gibeam, Namibia

Meveaniiess

Properties: C - light gray, gray, gray-green, black; D -
opaque; L ~ dull, metallic, rare vitreous; DE — varies
from 3.0 to 7.3; F ~ uneven; M - coarse to fine-
grained, sometimes massive aggregates, consisting of
irregular grains of different minerals, ranging from
microscopic to several cm across.

Origin and classification: Meteorites arc igncousrocks
formed in space. Most originate in the asteroidbelt
between Mars and Jupiter. They consist of various imine-
rals and their chemical compesition differs greatly.
Typical rock-forming minerals in meteorites are
ollvine, pyroxenes, plagioelases, Fe and Ni alloys and
sulfides, rarely also erganic matier. Meieorites fall inte
four main greups, accordingte metallic iren and
silicate component;

iron metesyite;

siderolite;

ehondrite;

aehendrite;

Occurrence: Meteorite falls are known throughout the
world. The largest known iron meteorite, weighing
approximatelly 60 tons , is located near the Hoba farm,
Namibia. The largest known chondrite, weighing about
1L ton ,, fiedl i 1548 i Norton County, Nebraska, USA.
Most meteorites that have been found recently conic
from large glaciers such as those of Antarctica and
from desert in Namibia.



Molkdiariee, 35 mvn, Souttherrn Bohemitg, Czecth Regpublic

Tektites

Properties: C — light to dark green, yellow-green,
brown-green, brown, green-gray, black: D — transpa-
rent, translucent to opaque; L — vitreous; DE  varies
from 2.3 to 2.6; H - 6-7; F — conchoidal to uneven;
M — massive irregular, drop-shaped or disc-shaped
aggregates, irregular fragments, sometimes with
typical sculptured surface.

Origin, classiffizatiivn and occurvenez: Natural glas-
ses, rich in Si02. which formed as a result of rapid
melting of surface rocks during impacts of large
meteorites or comets,

They are classified acording 18 their ag& and eeetr:
Maidarites. 48 ram. Sguthern Bohemia. Cooch Republic

Tectite, 55 mm, Dalkit, Kigwann

rence (following sequence from the oldest to the
youngest):

Bediasites and georgianites — the USA, Mexico,
Barbados, Cuba;

Urengoites — Novyi Urcngoi, Russia;

Moldavites - southern Bohemia and western Mora-
via, Czech Republic;

Ivorites — lvory Coast;

Irghisites — Zhamanshin. Russia;

Indochinites, phillipinites, javanites, bilitonites —
southeastern Asia;

Australites ~ Australia.

Appllicatiion: some tektites, mainly moldavites, as
gemstones.
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Porcellaniiec, 85 mm. Komiim, Czecth Regpublic
Agatre, 50 mm, Zelemiéee, Czecth Regnublic
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