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Introduction 
The ever increasing number of publications about 
minerals renects 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 color 
photographs. In choosing illustrations of particular 
minerals, aesthetic criteria such as size of crystal 
and color played a role in addition to their 
importance and distribution in nature. This book 
includes some rare minerals, known only from one 
locality. because they form very attractive crystals 
or aggregates. There are minerals known to 
humankind since prehistoric times such as quartz 
and gold, but also minerals first described quite 
recently like rossmanite. The photographs show 
well-formed and colorful crystals but many 
aggregates, which are more common in nature, are 
also included. The minerals in the book are listed 
according to the mineralogical system of Hugo 
Strunz, in his book Mineralogisclle Tabellen in 
1978. The chemical formulae of individual 
minerals follow the form of Glossary of Mi11eral 
Species 1995 by M. Fleischer and J.A. Mandarino. 
The information is complemented in both cases 
with the latest knowledge from scientific 
literature, such as new nomenclature of 
amphiboles, micas and zeolites. 
The mineral descriptions cover the basic physical 
and chcmicol data, including chemical formula 
and crystal system. The data provided correspond 
mainly to the end-members. The less common 
valence of the chemical elements is marked in the 
chemical formula (Fe'' , Mn'', As'', Mn', Pb''). 
Where an element features in both valences in the 
mineral, they are both marked (e.g. ilvaitc, 
braunite). 
The origin of individual minerals is described in 
detail. We chose for a relatively simplified scheme 
because the normaJ complexity cannot be 
described here in derail. Minerals can be 
distinguished as either primary (resulting directly 
from a solidifying of magma, crystallizing of an 
aqueous solution or metamorphism - re
crystallization in a solid state) and secondary 
(resulting from alteration of the original mineral, 
e.g. during its oxidation or reduction under low 
temperature and pressure close to the surface of 
the Earth). Primary minerals are divided into 
following groups: I. magmatic, when a mineral 
crystallizes directly from a melt (it includes 
magmatic and effusive igneous rocks, including 
granitic and alkaline syenite pegmatites and 

Marcasite. 100 mm. Misburg. Germa11y 

meteorites): 2. sedimentary, when a mineral 
crystallizes during a process of diagenesis or from 
hydrous solutions under normal temperature 
(clastic, organic and chemical sedimentary rocks); 
3. metamorphic, when a mineraJ crystallizes 
during metamorphic processes in a solid state at a 
wide range of temperature and pressure (it 
includes regionally nnd contact metamorphosed 
rocks and skarns); 4. hydrothermal, when minerals 
crystallize from aqueous solutions and nuids 
under high to low temperatures (it includes ore and 
the Alpine-type veins, cavities in volcanic rocks, 
minerals and rocks, hydrothermally aJtered under 
high temperature, e.g. grciscns). 
Secondary minerals arc divided into following 
groups: I. oxidation, when minerals result from 
the oxidation (weathering) of the primary minerals 
i.n the oxidation zone of ore deposits and other 
rocks (it includes the origin of malachite and 
azurite during the chalcopyrite oxidation, also the 
origin of secondary phosphates in granitic 
pegmatites during the oxidation of primary 
phosphates); 2. cementation, when minerals result 
from the reduction of the primary minerals (the 
origin of native copper and native silver under the 
reduction conditions in the cementation zone of 
ore deposits). This classification is very much 
simplified of course. because in many cases we 
cannot readily determine a specific origin of a 
particular mineral. This relates to minerals that 
crystallize under conditions which approximately 
represent a trdnsition between separate phases of 
the origin, such as the magmatic or hydrothermal 
origins of clbaite in the pegmatite cavities; the 
metamorphic or hydrothermal origins of grossular 
in skarns; the magmatic or metamorphic origins of 
cordierite in migmatites; and the hydrothermal or 
secondary origins of some phosphates in granitic 
pegmarites 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 those private 
collectors and institutions which loaned minerals 
for photography. We hope those fascinated in the 
world of minerals and of nature will find this book 
a fascinating source of in formation. 
This book is dedicated to the memory of Dr. 
Jaroslav "venek, who was of extraordinary 
inOuence to several generations of Czech and 
Slovak mineralogists and mineral collectors with 
his enthusiasm for mineralogy and attitude to life. 
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1. Elements 
Copper 
Cu 

CUBIC ••••• 
Properties: 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 occurrence: Primary hydrothermal copper 
is mainly related to basic igneous rocks; it is also 
common as a product of supergene cementation. It is 
associated with cuprite. malachite, azurite, silver. 
chalkocite, bornite and other minerals. The largest ac
cumulations of primary copper are in the Keweenaw 
Peninsular, Lake Superior, USA. the largest being 15 x 
7 x 3m (approx. 50 x 23 x !Oft)and weighing 420 tons. 
Fine crystals up to 50 mm(approx. 2in) also occur 
there, as do calcite crystalwith copper inclusions. Su
perb supergene coppercrystals come from many 
localities like Tsumcb, Namibia and Chessy, France. 
Crystals up to 140mm (SY2 in) long occurred in the 
Ray mine and in Bisbee, Arizona, USA. Very fine 
spinel-law twins up to 5 em in size and dendritic ag
gregates come from Mednomdnyansk, Ural moun
tains. Russia; crystals up to 30 mm ('1!t6 in) were found 

Sil.,er. 52 mm, Freiberg, Germany 
Copper, JZO mm. Keweenaw Peninsula. U.S.A. 

Copper. 42 mm, Cornwall, UK 

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



Silver 
Ag 

CUBIC ••• 
Properlies: C - silver-white, tarnishes gray to black; S 
- silver-white; L - metallic; D - opaque; DE - I 0,5; II 
- 2.5 - 3: CL - none: F - hackly: M -cubic crystals. 
dendritic aggregates, wires, leaves, massive. 
Origin and occurrence: Hydrothermal in ore veins and 
also of secondary cementation origin in association 
with acanrhite, stephanitc, proustite, pyrargyritc, 
copper and many other mincrnls. The best specimens of 
crystallized and wire silver come from Kongsbcrg, 
Norway, where wires up tO 400rnm (16 in) long and 
crystals up to 40 mm (I 'h• in) in size have been found. 

Sil.-eJ; .5.5 mm. Sch><YJniiYJid. Germany 

Beautiful specimens of wire silver with wires over I 00 
nun (4 in) long are known from Freiberg, Schneeberg 
and St Andreasbcrg, Germany. Wires several em long 
were also found in Pribram and Jachymov. Czech 
Republic. Dendritic aggregates from Batopilas, 
Chihuahua, Mexico, 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 Superior. 
Michigan, USA. Wires, up to 100 rnm (4 in) long, 
come also from the San Genaro Mine in Huancavclica 
and Uchucchaqua. Peru. New rinds of silver wires. up 
to 150 mm (6 in) long, have been made in 
Dzhezkazgan, K::tZakhstan. 
Application: photographic industry. jewelry, elec
tronics. 



Gold. 48 mm, £1 Dorado, Colifomia. U.S.A. 

Gold 
Au 

CUBIC e e 

Properties: C- gold-yellow: S yellow: L metallic; 
D- opaque; DE 19.3; H - 2.5-3: CL - none: F 
hackly; M octahedral and cubic crystals, skeletal 
and dendritic aggregates, leaves, nuggets. 
Origin and occurrence: Primary hydrothermal in ore 
vems, also in contact metamorphic deposits and 
pegmatites. Placer deposits arc secondary. It occurs 
with pyrite, arsenopyrite, quartz. sylvanite, calaverire, 
krcnnerite and other minerals. Beautiful leaves and 
crystals of gold found in many localities in Cali fomia. 
USA (Colorado Quartz mine, Nigger Hill and others). 
Fine leaf gold comes from Rosia Montana, Romania. 
The best crystals. skeletal octahedra, up to 50 mm (2 
in) have been found in alluvial sediments ncar Gran 
Sabana. Roraima Shield. Venezuela. Gold wires up to 
110 mm (4'1•• in) long were very rare in Ground Hog 
mine, Gilman, Colorado. USA. The largest known 
sheets of crystallized gold occurred in the JamestO\vn 
mine. California, USA. where n cavity, which yielded 
49 kg (108 lb) of golden leaves, was discovered on 
26. 12.1992. The largest measures about 300 nun 
(11"/,. in) and has about 25.79 kg (56 lb 13 oz) of 

Gold. 68 mm, Eagle's Nest ,\1ine. California. U.S.A. 

gold on it. Typical aggregates of fine gold wires come 
from Farncomb llill near Breckenridge, Colorado, 
USA. Fine crystals were also found in Bcrezovsk. 
t.:ral mountains and in the Lena River basin, Siberia. 
Russia. Fine scales and larger nuggetS from placer 
deposits were found in Klondike, Alaska; Tuolumne 
County, California, USA and in Ballarat, Victoria, 
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 Krcpice near Vodnany, 
C7..ech Republic. 
Application: practically the only source of gold as a 
metal; used in jewelry. electronics and medicine. 

Mercury 
Hg 

TRIGONAL e e 

Properties: C tin white; L metallic to adamantine; 
D opaque; DE. 13.6; M - liquid at temperatures 
above -39°C (-38.2°F); R- very poisonous fumes. 
Origin and occurrence: Hydrothermal 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; 



t 
~ 

Mercury, 30 mm, Socrates Mine. California, US.A. 

ldria 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. 
Application: chemical industry, measuring instru
ments, metallurgy. 

M osche/landsbergite 
Ag2 Hgl 

CUBIC • • 

Properties: C - silver-white; S - silver-white; L -
metallic; D - opaque; DE 13.5; H - 3.5; CL - good; 
F - conchoidal; M - dodecahedral crystals and their 
combinations, granular. massive. 
Origin and occurrence: llydrothermal in low
temperature deposits. associated with cinnabar, 
tetrahedrite, pyrite and other minerals. Crystals, 
several mm long. were found in Moschellandsbcrg, 

Moschellrmdsbergi1e. 6 mm grain, Moscltcllondsberg 

Germany. They arc also known from Sala, Sweden; 
Lcs Chalanches. France and Brezina, Czech Republic. 

Lead 
Pb 

CUBIC • • 

Properlies: C - gray-white, tarnishes to lead-gray and 
gels dull; S - lead-gray; L - metallic; D - opaque; DE 
- 11.3; H- 1.5; CL none; M - octahedral and cubic 
crystals, massive. 
Origin and occurrence: Hydrothermal, also sedi
mentary (authigenic). associated with willemitc and 
other minerals. The best specimens with crystals up to 
40 mm (J•J" in) in s ize, come from LDngban, 
crystallized also from Pajsberg, Sw'Cden. Octahedra, up 
to I 0 mm ('!.in), arc described from El Dorado, Gran 
Sabana, Venezuela. It also occurs in Fran.klin, New 
Jersey, USA and Jalpa, Zacatecas, M.exico. 

Iron 
Fe 

CUBIC • • 

Properlies: C - steel-gray to black; S - gray; L -
metallic; D - opaque; DE - 7.9; H - 4; CL - perfect; 
F - hackly; M - crystals, granular, massive. 
Origin and occurrence: Terrestric iron occurs mainly 
in basic rocks, but it is also known from carbonate 
sediments and the petrified wood. The most famous 
locality is Blaafjcld ncar Uivfaq on Disko Island, 
Greenland, where masses up to 20 tons were found. 



Lead, 53 mm, Langban, Sweden 

Chunks, weighing over 10 kg (22 lb) come from Biihl 
near Kassel, Germany. Impregnations of iron in 
dolerite occur in the Khuntukun massif and masses up 
to 80 kg (176 lb) arc known from Ozemaya Mt., 
Siberia, Russia. 

Platinum 
Pt 

CUBI C e e 

Properties: C steel-gray to dark gray; S - steel-gray to 
silver-white: L metallic; D - opaque: DE- 21.5; H -
4-4.5; CL - none; F - hackly; M - cubic crystals, 
nuggets, grains and scales. 

P/atinlllll. 8 mm. Konder, R11ssia 

Origin and occurrence: Platinum occurs in magmatic 
segregations, together with chromite, olivine and 
magnetite in ultrabasic rocks; secondary in placers. 
The best crystals up to 15 mm ("/, in) come from 
Kondcr in Khabarovsk Region, small crystals, but 
mainly nuggets, weighing up to 11.5 kg (25 Jb 5 oz) 
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 Onverwacht mine, Bushveld, South 
Africa and Sudbury, Ontario, Canada. Fine smaller 
nuggets, weighing up to 75 g (165 lb) were found in 
the Trinity River sediments in California, USA and 
the Choc6 River sediments in Columbia. 
Application: chemical industry, catalytic convertors, 
rocket industry. 



Arsenic, 45 mm, Alden Island. Canada 

Arsenic 
As 

TRIGONAL ••• 
Properties: 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. 
Origin lmd occurrence: Mainly hydrothermal, 
together with other As minerals. It fonns massive 
veins, up to 200 rum (7'i• in) thick, with botryoidal 
surface in Jachymov, Czech Republic and in Freiberg, 
Germany. In A.katani, Japan, spherical aggregates 
consisting of small crystals were found. It is also 
known from Sacarimb, Romania. Botryoidal 
aggregates of arsenic with leaf gold were found in the 
Royal Oak mine, Coromandel, New Zealand. Crystals 
of metamorphic origin come from Sterling Hill, New 
Jersey, USA. 

Siibarsen, 58 mm. At/in, Canada 

Stibarsen 
SbAs 

TRIGONAL • •• 
Propenies: C - tin-white to gray, tarn ishes black; S 
gray; L - metallic. sometimes dull; D- opaque; DE -
6.3; H - 3-4; CL - perfect; M - indistinct crystals, 
botryoidal aggregates. 
Origin and occurrence: In pegmatites with antimony, 
stibiotantalitc and microlite; hydrothermal in ore 
veins withpyrargyrite, proustitc, pyrostilpnite and 
dyscrasite. Beautiful botryoidal aggregates of 
stibarsen (previously labeled as allemontite), up to 
100 mm (approx. 4 in) in size, come from Prfbram 
and Trcbsko, Czech Republic. Botryoidal aggregates 
up to 80 mm (3'i• in) and imperfect crystals were 
found in quartz veins in Atlin, British Columbia, 
Canada. Fine specimens occurred in a Li-bearing 
pegmatite ncar Varutriisk, Sweden. 

Antimony 
Sb 

TRI GONAL • • • 
Properties: C - tin-white; S - gray; L - metallic; D -
opaque; DE - 6.7; H - 3-3.5; CL - perfect; F -
uneven; M - rhombohedral crystals, botryoidal 
aggregates, massive. 
Origin and occurrence: Hydrothermal in ore veins 
with s ilver, stibnite, stibarscn, sphalerite and other 
minerals; also in pegmatites. As veinlets in a 
pegmatite in Varutrask, Sweden. Cleavable plates, up 
to 50 mm (2 in) known from Tornava, Finland. 



Massive aggregates up to 200 mm (7'1, in) come from 
Pribram. Czech Republic. Rhombohedral crystals up 
to 10 mm ('fa in) across and accumulations up to 300 
mm (II "/,, in) in size described from Lake George, 
New Brunswick, Canada. 

Bismuth 
Bi 

TRIGONAL ••• 
Proper/ics: C - silver-white. tarnishes pink; S -
silver-white; L- metallic; D- opaque; DE - 9.8: H -
2-2.5; CL - perfect; M - rhombohedral crystals, 
granular, massive. 
Origin and occurrence: It is found in pegmatites. 
greiscns and hydrothennal in ore veins together with 
chalkopyrite, arsenopyrite, lollingite. nickeline, 
breithauptite and many other minerals. Common in 
pegmatites in Anjanabonoina, Madagascar. Very fine 
crystals, up to 20 mm ("/, in) known from Schlema 
and Hartenstein, Gern1any. Skeletal aggregates, over
grown with other arsenides, occurred in Jachymov, 
Czech Republic. Masses weighing several kg found in 
Bolivia (Tasna, Velaque) and Australia (Kingsgate. 
New South Wales). Cleavable masses up to 12 em 
(4"f,.in) described from Cobalt and Gowganda, 
Ontario, Canada. 
Applicalian: Bi ore. 

Arsenolamprite 
As 

ORTHORHOMBIC e 

Properties: C - gray-white, 11 covers with a black 
coating; S black, L- metallic to adamantine; D -
opaque: DE - 5.6; H - 2: CL perfect: M- acicular 
crystals, tabular and fan-shaped aggregates, massive. 
Origin and occurrence: Hydrothermal in ore veins 
associated with arsenic, bismuth, silver and other 
minerals. Its crystals and vein lets were found with Cu 

Bismwlt. 20 mm, Cino•·ec. C=eclt Republic 

arsenides in Cerny dul, C7ech Republic. Occurs also 
in Jachymoc. Czech Republic and Marienberg 
Germany. Found recently in Cavnic. Romania. 

Graphite 
c 

HEXAGONAL ••••• 
Praperlies: C - black to steel-gray; S- black to steel
gray; L - metallic, dull. eanhy; D- opaque: DE 2.3; 
II - 1-2: CL - perfect; M hexagonal tabular Cr)•Stals, 
massive. 
Origin and occurrence: Metamorphic. from 
metamorphism of a scdimcntarymaterial with C 
contents: also primary magmatic.Associated with 
many materials, stabile undcrconditions of the 
grophite origin. Crystals several em in size known 
from l'lordre Stromfjord, Greenland_ Crystals were 
also found in Sterling Hill. New Jersey and 
Crcstmore, California. USA Foliated aggregates arc 
found in Sri Lanka (Radcgara, Galle region). Accu
mulations in Buckinghatn and Grenville, Quebec, 
Canada are industrially important. Also common in 
Shunga deposit in Karclia, Russia; in Cesky Krumlov, 
Netolice and Blizna, C;.ech Republic. 
Application: metallurgy. nuclear industry. production of 
lubricants. 

Gmpltit~. /30 mm. Kric/um. Bulgaria 
-.( . 



Diamond 
c 

CUBIC e e 

Varieries: bort (opaque technical diamonds), balas 
(dark colored, spherical radial aggregates), carbonado 
(brown-black to black massive aggregates, up to egg 
sized) 
Properries: C- colorless, yellow, brown, white, pink, 
black. red, blue, green; S - white; L - adamantine; D 
- transparent to translucent; DE - 3.5; H - I 0; CL 
perfect; F - conchoidal; M - octahedral and cubic 
crystals; LU - sometimes fluorescent. sometimes 
phosphorescent. 
Origin and occurrence: Primary magmatic 
occurrences are limited to kimberlite pipes, secondary 
occurrences to placers. Large primary deposits are 
known from South Africa (Premier mine, Kimberley) 
and Yakutia, Russia (pipes in the vicinity of Mimyi). 
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 Namjbia were 
found in placer depos its. Diamonds of indusrrial 
grade always prevail over the gem quality stones. The 
largest gem-grade diamond ever found, the Cullinan, 
weighing 3 106 carats, comes from the Premier mine 

in Kimberley, South Africa. It yielded gem rough for 
l 04 faceted stones, the heaviest of which weighs 53 1 
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 Tndia. Absolutely unique red diamond, 
weighing 5 carats, which is at the Smithsonian Insti
tution, Washington, DC, USA, is of unknown origin. 
Application: the most popular gemstone, borr and 
carbonado varieties are used as abrasives. 

Su/ji1r 
s 

ORTHORHOMBIC •••• 
Properries: C - sulfur-yellow, yellow-brown, greenish, 
reddish to yellowish-gray; S - white; L - resinous to 
greasy; D - transparent to translucent; DE- 2.1; H -
1.5-2.5; CL - imperfect; F- conchoidal to uneven; M
dipyramidal, disphenoidic and thick tabular crystals, 
botryoidal and stalactitic aggregates. 
Origin and occurrence: Hydrothermal product of 
fumaroles, product of an activity of microorganisms, 
disintegration of sulfides and acidic chemical reactions; 
associated with gypsum, anhydrite, aragonite, calcite, 



. T 
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celestite and halite. The world's best crystals come from 
many localities near Girgemi, Sicily, Italy (Caltanisseta, 
Cianciana) where they reached up to 12 em (411/,in) in 
size. Fine crystals are also known from Tarnobrzeg, 
Poland and Yavokskoye ncar Lvov, Ukraine. As a 
product of solfataras it occurs in many volcanically 
active places. like Solfatara near Pozzuoli. Italy or in 
sulfur lava near Shiretoku. Japan. Sulfur layers, up to 30 
m (100ft) thick, associated with salt diapirs, arc located 
near Charles Lake, Louisiana, USA. It originates during 
intensive oxidation/reduction reactions of pyrite in Rio 
Tinto. Spain and in Kostajnik, Serbia. 
Application: chemical. paper-making, rubber and 
leather-making industries, agriculn1re. 

Se/Mium, II 0 mm, Kladno, Czech Republic 

Selenium 
Se 

TRIGONAL e e 

Properties: C - gray to red-gray; S - red; L - metallic, 
0 - opaque to translucent; DE - 4.8; H-2; CL - good; 
M- acicular crystals. droplets of vitreous surface, felt
like aggregates. 
Origin and occurrence: 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-bcaring 
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 Radvanicc, 
CleCh Republic. Occurs with orcs of U and V along 
sandstone fissures in the Peanut Mine, Bull Canyon, 
Colorado, USA. Occurred through volcanic activity in 
Vulcano. Lipari Islands, Italy. 

Tellurium 
Te 

TRIGONAL e e 

Properties: C - tin-white; S - gray; L - metallic; D -
opaque; DE - 6.2; H - 2-2.5; CL - perfect: ~ -
prismatic and acicular crystals, granular, massive. 
Origin and occurrence: Primary hydrothermal in low
temperature ore deposits; it originates also as secondary 
through the oxidation/reduction reactions of tellurides. 
It is associated with gold. sylvanite, altaite. pyrite and 
other minerals. Crystals up to 30 mm ( J'/,. in) long are 
known from Balya, Turkey. Crystals up to 20 mm (!'/,., 
in) long occurred in the Au deposits Cripple Creek and 
Colorado City, USA. Crystals up to 10 mm ('/• in) 
across come from Kawazu and Suzuki, Japan. Rich 
cleavage masses and crystals up to 70 mm (2:V.. in) long 
were found in UzbekiStan. Crystallized tellurium is also 
known from Fata Baii and Baia de Aries, Romania. 

Tellu•·ium. 1 mm .u. Zlarna. Romt111/a 





2. Sulfides 

HEX AGON A L e e 

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 occurrence: 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 known from 
Chile (Algodones mine near Coquimbo, Atacama). 
Other localities are Talmcssi, Iran and Ungban, 
Sweden. 

Domeykite 
Cu3As 

CUBIC ••• 
Properties: 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. 
Origi11 and occurrence: Hydrothermal with copper, 
cuprite, algodonite and silver. Common in masses, 
weighing several kg, together with algodonite in the 
Keweenaw Peninsula, Michigan, USA. The largest 
accwnulations are known from Talmessi and Anarak, 
lran. It occurs ncar Copiap and Chaiiarcillo, Chile. 
Massive aggregates in cuprite up to 50 mm (2 in) 
come from Biloves, Czech Republic. 

Sphalerite, 56 mm, Picos de Europa, Spain 
Algodonile. 60 mm, Keweenaw Peninsula, U.S.A. 

Allargentum 
Agt-xSbx 

HEXAGONAL e 

Properties: C - silver-white; S - gray; L - metallic; 
D - opaque; DE - I 0, I; H - not determined; CL 
none; M - small crystals, granular. 
Origin and occurrence: Hydrothermal in the s ilver
bearing ore veins, associated with silver, 
breithauptite and dyscrasite. Crystals up to I mm f:/u 
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. 

Allorgentum, 50 mm. Schlema. Germa11y 



Dyscrasite 
Ag3Sb 

ORTHORHOMBIC e e 

Properties: C - silver-white, it tarnishes yellow to 
black; S- silver-white; L- metallic; D - opaque; DE 
- 9,7; H - 3,5-4; CL - good; F - uneven; M -
pyramidal and prismatic crystals, gxanular, massive. 
Origin and occurrence: Hydrothermal in the ore 
veins, associated with silver, stibarsen, pyrargyrite, 
caJ.cite and other minerals. The best specimens come 
from the silver-bearing veins, cross-cutting the U 
deposit Haje near P0ibram, 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 shows, are etched out of 
matrix. Deformed crystals of completely different 
habit are known from St. Andreasberg, Germany. 
Crystals occurred also in the Consols mine in 
Broken Hill, New South Wales, Ausrralia. 

Chalcocite 
Cu2S 

MONOCLINIC •••• 
Properties: C - lead-gray to black; S - lead-gray to 
black; L - metallic; D - opaque; DE- 5,8; H - 2,5-
3; CL - imperfect; F - conchoidal; M - prismatic to 

.. ,, 

tabular crystals, granular, massive. 
Origin and occurrence: Hydrothermal, also sedi
mentary and metamorphic, mostly secondary, in the 
oxidation and cementation zones of ore deposits. It 
occurs together with pyrite, chalcopyrite, covellitc, 
bornite and other minerals. Crystals up to 25 em (97/s 
in) found in the M'Sesa mine, Zaire. Beautiful 
crystals several em across come !Tom Redruth and St 
Just, Cornwall, UK. Crystals over 20 mm (!'/, in) 
across occurred in Bristol. Connecticut and in Butte, 
Montana. Crystals up to 50 mm (2 in) in size known 
from the Flambeau mine near Ladysmith. Wisconsin, 
USA. Shiny cyclic twins of crystals up ro 20 mrn 
("/, in) fotmd in Dzhezkazgan, Kazakhstan. Massive 
aggregates are important Cu ore in Rio Tinto, Spain; 
Bor, Serbia; Bisbee, Arizona, USA and Tsumeb, 
Namibia. 
Application: important Cu ore. 

Djurleite 
Cu3 1S16 

MONOCLINIC ••• 
Properries: C - lead-gray to black; S - lead-gray; L 
- metallic; D - opaque; DE - 5.8; H - 2,5-3; CL -
none; F - conchoidal; M - short prismatic to tabular 
crystals, granular, massive. 
Origin and occurrence: Secondary as a product of 
the cementation zone in ore deposits. Crystals up to 
I 0 mm (!I• in) across known !Tom the Botallack mine 



Chalcocite:, 17 mm x, Cornwall, UK 

near St. Just, Cornwall, UK. Aggregates of thick 
acicular crystals up to 30 mm (1 '/,. in) long found in 
Dzhezkazgan, Kazakhstan. 
It occurs in massive form in many porphyry copper 
deposits (Bunc, Montana; Bisbee. Arizona. USA). 
also in Tsumeb, Namibia. together with chalcopyrite, 
pyrite and other minerals. 

Djurle:iie. 3 mm xx, Dzhe:kazgan, Ka=okhstan 

Berzelia11ite 
Cu2Se 

CUBIC ••• 
Properties: 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. 
Origin and occurrence: Hydrothermal. together with 
other selenidcs in U, Fe and Au deposits. It is the 
main mineral in the selenide mineralization in 
Tilkerode. Germany. Grains, up to several tens of em 
across, greenish tarnished occurred together with 
other selenides in Bukov, Hab0i, Petrovicc and 
Pi"edbonce, Czech Republic. Similar occurrence is 
known from near Pinky Fault near Athabasca Lake, 
Saskatchewan, Canada. 

Berzelianite. 60 mm, Bukov. Czech Republic 



Bornite, I 5 mm xx, Dzhezlwzgon. Kozokhstall 

Bomite 
cu5Fes4 

ORTHORHOMBIC •••• 
Properties: 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- pseudo-cubic 
octahedral crystals, massive. 
Origin and occurrence: Magmatic, hydrothermal, 
sedimentary, in skarns and pegmatites together with 
chalcocite, chalcopyrite, pyrite, quartz and other mine
rals. Fine crystals up to I 0 mm ('/• in) across are known 

from Cam Brea, Cornwall, England, UK. Crystals up 
to 30 mm ("/,. in) come from Likasi, Shaba, Zaire. 
Beautiful crystals up to 40 mm (J'f,, in) across were 
found recent ly together with chalcocite in 
Dzhezkazgan, Kazakhstan. Massive aggregates are 
common and used as Cu ore in K.ipushi, Shaba, Zaire. 
Fine-grained, sedimentary bornite occurs in Cu
bearing shales in Mansfcld, Germany, where it forms 
the main ore layer. Crystals, up to 20 mm f'/, in) in 
size, occurred in the Cole shaft and masses, weighing 
several thousands of tons, were mined in the Campbell 
shaft, Bisbee, Arizona, USA. Application: Cu ore. 

Umangite 
Cu3Se2 

TETRAGONAL ••• 
Properties: 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 selcnides (clausthalite, berzelianite). 
Jt is common, associated with berzelianitc in Tilkerode, 
Germany; Sierra de Urnango, Argentina and Slavkovice, 
Czech Republic. Larger accumulations occur in the 
Manin Lake mine near Athabasca Lake, Canada. 



Acantltite 
Ag2S 

MONOCLINIC ••• 
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 paramorpbs after argentite (high-temperature 
phase of the same composition). 
Origin and occurrence: Hydrothermal in ore veins. 
Beautiful crystals over 50 mm (2 in) long occurred in 
the Himmelsfiirst mine in Freiberg, in Annaberg and 
Schneeberg, Germany. Acicular crystals are known 
from Jachymov, Czech Republic. It is common in 
association with silver, proustite, pyrargyrire, poly
basile, stepbanite, galena and other minerals in 
Mexico. Probably the best paramorphs after argentite 
up to 70 mm (23/4 in) across come from the Rayas 
mine, Guanajuato. Fine crystals occur in the Las 
Chispas mine, Arizpe, Sonora and many localities in 
Zacatecas, Chihuahua. 
Application: important Ag ore. 

Argentite 
Ag2S 

CUBIC ••• 
hoperlies: C - black-gray, tarnishes black; S -
black: L - metallic; D- opaque; DE- 7, I; H - 2-2,5; 
CL - imperfect; F - uneven to conchoidal; M -
octahedral and cubic crysrals, dendritic aggregates, 
massive. Stabile at temperatures over 179EC 
(354.2°F), below this temperature there are 
paramorphs of acanthite after argentite. 

Origin. and occurrence: 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 (PI" in) across, arc known 
from Freiberg and Schneeberg, Germany. Similar 
crystals found in Jachymov and Midinec, Czech 
Republic. Crystals up to 30 mm (! '/., in) occur in 
Sarrabus, Sardinia, Italy. Maybe the best argentite 
crystals occurred in Mexico (Arizpe, Sonora; 
Zacatecas; Guanajuato ), where crystals reached up 
to 40 nun ( t•r,. in). fine crystals up to 20 mm (,./, in) 
across reported from Chaiiarcillo in Chile. 
Application: important Ag ore. 



Aguilaritc. 4 mm xx. Guanajuaro. Mexico 

MONOCLINI C ••• 
Properties: C - lead to steel-gray, tarnishes black: S 
light gray; L - metallic; D - opaque; DE - 8,4; II - 2-
3; CL - imperfect; F- even; M - pseudo-cubic crystal 
combinations, granular, massive. 
Origin and occurrence: Hydrolhcrmal in medium
and low-tcmpCr'<lture ore veins together with calave-

Hesslre, J I 111111, Bores. Romania 

rite, sylvanite. altaitc. gold, tellurium and other sul
fides. The best specimens with crystals up to 20 mm 
("lu in) across (''/u in) and aggregates up lo I 00 mm 
(4 in) come from the Bole 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 em' (several sq in) in size, were 
known in the Zavodinskii mine. Altai. Kazakl1stan. 

Aguila rite 
Ag4SeS 

ORTHORHOMBIC • 

Propenies: 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. 
Origin and occurrence: Hydrothermal in ore veins, 
together with silver. slephanite, proustite. pearccitc. 
calcite and quartz. The best crystallized specimens 
with crystals up to 30 mm { 11/ ,. in) across come !Tom 
the San Carlos mine, Guanajuato and Chontalpan. 
Taxco, Guerrero, Mexico. II is also known in inter-



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

Argyrodite 
Ag8GeS6 

ORTHORHOMBIC e 

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

Stromeyerite 
AgCuS 

ORTHORHOMBIC • • • 
Properties: 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
hexagonal tabular crystals, massive. 
Origin and occurrence: Mostly secondary in the 
cementation 70nc of ore veins, associated with 
freibergitc, bornite, chalcocite, galena and other 
minerals. Fine tabular crystals up to 10 mm Cl• in) 
across found in Dzhczkazgan, Kazakhstan, where 
pseudo-morphs of stromeyerite after silver wires also 
occur. Skeletal prismatic pseudo-morphs after 
chalcocite crystals come from Vraneice, Czech 
Republic. Massive aggregates are common in many 
deposits in Colorado, USA (Aspen; Red Mountain), 
Chile (Copiap6). Bolivia (Potosi) and Canada (Cobalt, 
Ontario). 

Slroml'yerite, 6 mm xx. Dzhe=luzzgan, Ka=akhstall 

Argyrodite, 34 mm. Mexico 

Ja/paite 
Ag3CuS2 

TETRAGONAL e e 

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 occurrence: Hydrothermal in low-tem
perature ore veins. Crystals up to 25 mm ( J in) across 
known from Jalpa, Queretaro, Mexico. Crystals up to 
30 mm ("/" in) across come from the Caribou mine, 
Colorado. USA. Massive aggregates, associated "~th 
galena, sphalerite, pyrite. stromeycritc. polybasite and 
other minerals. occurred in Peibram, Czech Republic. 
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Pentlandite 
(Fe,Ni)9S8 

CUBIC •••• 
Properties: C - light bronze to red-brown; S - light 
bronze; L - metallic; D - opaque; DE- 5,0; H - 3.5-
4; CL - none; F - conchoida l; M - crystals, massive. 
Origin and occurrence: 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. II is also 
important ore in the deposit near Rustenburg, South 
Africa. 
Application: the most important Ni ore. 

Splralerile, 70 mm. 0/kus:. Poland 

Sphalerite 
ZnS 

CUBIC • ••• 
Varieties: clciophane (green, yellow, orange), 
mannatitc (black) 

Properties: C - colorless, yellow, orange, green, 
brown, black; S brownish. light yellow, white; L -
resinous to adamantine; D - transparent, translucent, 
opaque; DE - 4, I; H - 3,5-4; CL - perfect; F -
conchoidal; M - tetrahedral and dodecahedral 
crystals, botryoidal, fibrous and stalactitic aggregates, 
massive; LU - sometimes orange. 
Origin and occurrence: Magmatic (liquid, in pegma
tites); hydrothermal in low- to high-temperature 
deposits, skarns, hydrothem1al 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 I 00 mm ( 4 in) known 
from Cananea, Sonora, Mexico. Fine yellow crystals 
up to 30 mrn ( !'/,.in) were common in Banska "tiav
nica, Slovakia; similar crystals occur in Madan, Bulga
ria. The most beautiful yellow, orange and red crystals 
up to I 50 mm ( 6 in) across found in Pi cos de Europa, 
Santander, Spain. They are sometimes faceted. Brown 
crystals up to 50 nun (2 in) come from Joplin, 
Missouri; stalactitic aggregates up to ISO mm (6 in) 
long come from Galena, Illinois, USA. Perfect black, 
shiny crystals and twins up t6 50 mm (2 in) are famous 
from Dalnegorsk, Russia; yellow crystals, up to 30 
mm (I'/•• in), occurred in Dzhezkazgan, Kazakhstan. 
Transparent crystals up to 30 mm (!'/,. in) also found 
in Franklin, New Jersey, USA. Green crystals up to 
I 00 mm (approx. 4 in) across occurred in the Big Four 
mine, Colorado, USA. Crystals up to 50 mm (2 in) 
known from the Oppu mine, Aomori, Japan. 
Applica~ion: principal Zn ore. 

Coloradoite 
HgTe 

CUBIC e e 

Properties: C - black-gray; S - black-gray; L -
metallic; D - opaqtle; DE - 8, I; H - 2,5; CL - none; 
F - uneven to conchoidal; M - granular, massive. 
Origin and occurrence: Hydrothermal, associated 
with altaite, calaverite, krennerite, gold, pyrite 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 rom, come from 
Jilove, Czech Republic. 

Chalcopyrite 
CuFeS2 

TETRAGONAL ••••• 
Properties: C - brass-yellow, tarnishes iridescent; S 
- green-black; L - metallic; D- opaque; DE - 4,3; 
H - 3,5-4; CL - imperfect; F - uneven; M -
tetrahedral crystals, botryoidal aggregates, massive. 
Origin and occurrence: Magmatic. hydrothermal 
and sedjmentary, in association with sphalerite, 
galena, tetrahedrite, pyrite and many other sulfides. 
Fine crystals up to 30 mm (J '"• in) across are known 
from Banska "tiavnica, Slovakia and from Cavnic, 
Romania. 
Crystals up to 120 mm (4"t.,in) across, associated 
with other sulfides, come from the Nikolai mine in 
Dalncgorsk, Russia. Beautiful crystals up to 120 mm 
(4"/,,in) found in Japan (Arawaka, Osarizawa). Fine 
crystals reaching up to several em occur in Peru 
(Huanzala, Huaron). Massive aggregates are 
important Cu ore in Sudbury, Ontario, Canada; 
Bingham, Utah; Bisbee, Arizona, USA and Rio 
Tinto, Spain. 
Application: important Cu ore. -V t-
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Luzonite, 60 mm, Recsk. Hungary 

T ETRAGONAL • • 

Properties: 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 occurrence: Hydrothennal in low- to 
medium-temperature veins, associated with cnargite, 
tctrahcdrite, sphalerite, bismuthinitc, Ag sulfosalts and 
other minerals. Crystals up to 40 nun ( 1'/,. in) across 
come from Quiruvilca; it is common in Cerro de 
Pasco. Peru. It is also common in the Teinc mine, 
Hokkaido, Japan; crystals also occur in Kink\vaseli, 
Taiwan. It is known from Bor. Serbia and Rccsk, 
Hungary. 

Stannite 
Cu2FeSnS4 

TETRAGONAL ••• 
Properties: : C - steel-gray tO black, tarnishes blue; 

Stannite, I 0 mm x.t. Potosi, Bolivia 

Gem10nite, 40 mm, Tsumeb. Nam1bio 

S - black; L - metallic: D - opaque; DE - 4,5; H -
4; CL - imperfect; F - uneven; M - pseudo
octahedral crystals, granular, massive. 
Origin and occurrence: 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'/,. 
in) from Chocaya and cross-like inter-growths from 
the San Jose and ltos mines near Oruro. II occurs as 
massive vein fillings in Carn Brea, Cornwall, UK 
and Cinovec, Czech Republic. It was also found in 
amblygonite pcgmatites in Caceres, Spain and in 
quartz-arnblygonite veins near Verneoov, Czech 
Republic. 
Application: Snore. 

Germallite 
Cu26Fe4Ge 4S32 

CUBIC •• 
Properties: C- pink to purple-grey, S - black, L • 
metallic, D. opaque, DE - 4.5. I I · 4, CL - none, F 

uneven, M - tetrahedral crystals, granular, 
massive. 
Origin and occurrence: 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 occurrences arc known from the 
Shikanai mine, Japan; small cubic crystals come 
from the Humboldt mine, Colorado, USA. 

Temlalltite 
Cu12As4S13 

CUBIC •••• 
Properties: 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 and occurrence: Hydrothermal in ore veins 
and greisens with pyrite, calcite, dolomite, quartz and 
other sulfides and Cu-Pb-Zn-Ag sulfosalrs. Fine 
crystals are known from Cornwall, UK (Wheal Jewel, 
Gwennap; Carn Brea). Crystals up ro 1.50 mm (6 in) 
across, come from Tsumeb, Namibia. Crystals of 
binnite in Lengenbach, Binntal, SwiJZerland, up to 30 
mm ( I'/•• in). Crystals up to 20 mm ('-'/, in) across 
were found recently in Dzhezkazgan, Kazakhstan. 
Large masses occurred in Kipushi, Zaire. Crystals up 
to 25 mm ( l in) known from El Cobre, Zacatecas, 
Mexico. Application: Cu ore. 

Tetrahedrite 
Cu12Sb4S13 

CUBIC •••• 
Properties: C - steel-gray to black; S - black, brown; 
L - merallic; D - opaque; DE - 5.0; H - 3-4,5; CL
none; F - conchoidal; M - tetrahedral crystals, 
granular, massive. 
Origin and occurrence: Hydrothermal in low· to 
medium temperature veins; in contact metamorphic 
deposits together with chalcopyrite, galena, sphalerite, 
pyrite, bornite, calcite, quartz and other minerals. The 
largest known crystals up to 25 em (9'/, in) across 

Tetrahedrite, 10 mm xx. Pem 

Tennantite. 26 mm. £1 Cobre. Mexico 

come from Anzen and lrazein in Pyrennces, France. 
Conunon crystals several em in size occur in Cavnic, 
Romania. Fine specimens with crystals up to 70 mm 
(2:V.. in) across found in the Mercedes mine in 
Huallanca, Peru. Other Peruvian localities like 
Casapalca and Morococha yielded fine crystallized 
specimens. Fi.ne crystals up to 20 nm1 f:'/u in) in size 
known from Peibram, Czech Republic. 
Application: ruda Cu. 
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Freibergite, 15 mm xx, Obecnice. Czech Republic 

Freibergite 
(Ag,Cu,Fe) I2(Sb,As)4S 13 

CUBIC ••• 
Properties: 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. 
Origin and occurrence: Hydrothermal in ore 
deposits. associated with many sulfides and 
sulfosalts. It is mainly massive in the Himmelsfiirst 
mine in Freiberg, Germany; Cobalt, Ontario, Canada 
and in Mount !sa, Queensland, Australia. It was a 
principal Ag ore in KutnA Hora, Czech Republic. 
Application: Ag ore. 

Wurtzite 
ZnS 

HEXAGONAL ••• 
Properties: C - dark red-brown, dark brown to brown
black: S - brown; L - resinous to submctallic; D -

Wun::ite. 30 mm xx. Animas, Bolivia 

translucent to opaque; DE - 4, I; H - 3,5-4; CL -
good; M - pyramidal. prismatic to thick tabular, 
striated crystals, concentric banded and radial 
aggregates. 
Origin and occurrence: 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 (!'/" in) across from 
Animas and crystals up to 20 mm (!'In in) across from 
Llallagua and Potosi. Fine crystals up to 30 mm (1'1,. 
in) across found in Talnakh near Norilsk, Siberia, 
Russia. Interesting radial aggregates, up to several em 
in diameter, occurred in P0ibram, Czech Republic. 

Greenockite 
CdS 

HEXAGONAL ••• 
Properties: C - yellow to orange, dark red; S -
orange-yellow to brick-red; L - adamantine to 
resinous; D - opaque to translucent; DE - 4,8; H - 3-
3,5; C L - good; F - conchoidal; M - trillings, 
pulverulent coatings. 
Origin and occurrence: 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 P0ibram, Czech Republic; Bleiberg, 
Austria and from the deposits in the TriState region, 
Missouri, USA. Crystals up to 10 mm ('I• in) 
occurred in the cavities of volcanic rocks near 
Renfrew, Scotland, UK. 

Enargite 
Cu3AsS4 

ORTHORHOMBIC •••• 
Properties: C - gray-black to black; S - gray-black; 



L - metallic; D - opaque; DE - 4,4; H - 3; CL -
perfect; F - uneven; M - tabular and prismatic, 
striated crystals, massive. 
Origin and occurrence: Hydrothermal in medium
temperature, sometimes in low-temperature deposits, 
associated with quartz, pyrite, sphalerite, galena, bor
nite and other minerals. Beautiful crystals, up to I 00 
mm (4 in) across, come from the Luz Angelica mine 
in Quiruvilca; crystals up to 150 mrn (6 in) across 
from Morococha and Cerro de Pasco, Peru. Fine crys
tals were found in Butte, Montana, USA and in Man
cayano, Luzon, Phi lippines. It occurs as a principal Cu 
ore in several deposits (Bor, Serbia; Huaron, Peru). 
Application: Cu ore. 

Cubatrite 
Cu2Fes3 

ORTHORHOMBIC ••• 
Properties: C - brass-yellow to bronze; S - black; L 
- metallic; D - opaque; DE- 4,1; H - 3,5; CL 
none; F - conchoidal; M- tabular crystals, massive. 
Origin and occurrence: Magmatic in liquid deposits 
as inclusions in chalcopyrite, as hydrothermal in 
high-temperature deposits, associated with chalco
pyrite, pyrite, pyrrhotite and sphalerite. The best 
crystals, twins, up to 40 mm (1 '/,. 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 

Cubanile. 33 mm x. Clribougamau. Canada 

Enargite. 41 mm, Buue, U.S.A. 

in Sudbury, Ontario, Canada; in Mooihoek, South 
Africa and in Prince William Sound, Alaska, USA. 
Application: important Cu ore. 
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Srernbergire. 20 mm. St.A11dreasberg. Germa11)' 

Stem bergite 
Ag2FeS3 

ORTHORHOMBIC • • 
Properties: C - golden-brown; S - black; L metal
! ic to adamantine; D-opaque; DE - 4,3; H - 1-1 ,5; 
CL - perfect; M - thin tabular pseudo-hexagonal 
crystals. often in rosettes and fan-shaped aggregates. 
Origin and occ11rrence: Hydrothermal in Ag-bcaring 
veins, associated with stephanite, acanthite, proustile, 
argemopyrite and other minerals. Tabular crystals up 
to several mm across known from Jachymov and 
Midinec. CLOCh Republic; from St. Andreasbcrg, 
Johanngcorgenstadt. Schneeberg and Freiberg, 
Germany. 

Arge11topyrite 
Ag2FeS3 

ORTHORHOMBIC •• 
Properties: C - gray-white. tarnishes iridescent; S 
gray; L- metallic; 0 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 ..... ;th proustitc, pyrargyrite. stcphanite, 
sternbergite. dolomite, quartz and other minerals. 
Crystals up to 5 mm ('/,. in) across come from Jacbymov 
and Midinec, Czech Republic; it is also known from 
Schlcma, Freiberg and Schnccbcrg, Germany and from 
Colquechaca, Bolivia. 

Pyrrhotite 
Fe 1-xs (x = 0-0, 17) 

MONOCLINIC •••• 
Properties: C - bronze-yellow to brown, tamishes 
quickly; S - 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 occ11rrence: Magmatic liquid in basic rocks, 
together with pyrite and pentlandite; in pegmatites; 
hydrothennal in high-temperature and metasomatic 
deposits; sedimentary and metamorphic. Tabular 
crystals up to 300 mm (I I"'" in) across come from 
Trepea, Serbia and Dalnegorsk. Russia: prismatic crys
tals up to !50 mm (6 in) long found in Santa Eulalia, 
Chihuahua, Mexico and ChiU2baia, Romania. Tabular 
crystals up to 110 mm (4s/,. in) occurred in Cavnic, 
Romania. Large imperfect crystals, coated with 
wavellite. are known from Llallagua, Bolivia. Huge 
masses of industrial importance occur in Sudbury, 
Omario, Canada; Talnakh near Norilsk, Siberia, Russia 
and elsewhere. Application: sometimes as Fe ore. 



Nickeline. 138 111111, Pohla, Germany 

Nickeline 
NiAs 

HEXAGONAL •••• 
Properties: C - light copper-red, tarnishes gray to 
black; S - light brown-black; L - metallic; D -
opaque; DE - 7,8; H - 5-5.5; CL - none; F -
conchoidal; M - striated crystals, botryoida l and 
dendritic aggregates, granular. massive. 
Origin and occurrence: Hydrothermal in high
temperature ore veins with skutterudite, nickel
skutterudite. saffiorite, rammelsbergite and other 
minerals. Also magmatic in noritcs a nd peridotites. 
Crystals up to 15 mm (" In in) across come from 
Pohla; small crystals were found i11 Richelsdorf, 
Germany. Fine massive aggregates and small 
crystals occurred in Bou Azzer, Morocco. Huge 
accumulations are known in Cobalt and Gowganda. 
Ontario, Canada. 
Application: Ni ore. 

Breithauptite 
NiSb 

HEXAGONAL 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 
tabu lar crystals, dend rit ic aggregates, massive . 
Origin and occurrence: Magmatic, hydrothermal 
and metamorphic, associated with silve r, nickeline, 
cobaltite and other sul fides. Jt occurs inter-grown 
with pyrrhotite and pcntlanditc in magmatic liquid 
deposit Vlakfontein, South Africa. ll is common in 
hydrothermal veins in Cobalt, Ontario. Canada; also 
known from Sarrabus, Sardinia, Italy and St. 
Andrcasbcrg, Germany. 

Breitlwuptite, 80 111111, Cobalt, Ca11ada 
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Millerite, 26 mm, Amwerp, US.A. 

Millerite 
NiS 

TRI G ONAL ••• 
Properties: C - light brass-yellow to bronze, tarnishes 
iridescent; S - greenish-black; L - metallic: 0 -
opaque; DE - 5,4: H- 3-3.5; CL - perfect: F uneven; 
M- acicular crystals. cleavable masses, aggregates of 
parallel inter-grown crystals with velvety surface. 
Origin and occurrence: Hydrothem1al in low-tempe
rature ore deposits, also as a product of decomposition 
of Ni sulfides. It is associated with pyrrhotite, 
ankerite, whewellite, barite and other minerals. 

Alaba111ille. 40 mm. Sacarimb. Romama 

Cleavable masses occurred ncar Temagami ncar 
Sudbury. Ontario, Canada and in Kambalda, Wesrcm 
Australia, Australia. Acicular crystals come from ore 
veins in J:ichymov and PTibram. Czech Republic; 
needles in cavities of siderite concretions in the 
vicinity of Kladno, C/CCh Republic, reached up to 70 
mm (2% in). Acicular crystals up to 80 mm (3't. in) 
long known from the limestone cavities near Dort
mund, Germany. Beautiful specimens with crystals up 
to 50 mm (2 in) long in the cavities in hematite occur
red in the Sterling mine, Antwerp, New York, USA. 
Velvety fibrous aggregates were found in the Thomp
son mine, Manitoba, Canada. Application: Ni ore. 

Alabandi11e 
MnS 

CUBIC e e 

Properties: C - black; S green; L - submetallic; D 
- opaque; DE - 4, l; II - 3,5-4; CL - perfect: F -
uneven; M - cubic and octahedral crystals, granular, 
massive. 
Origin and occurrence: Hydrothermal in ore veins, 
associated with rhodochrosite. calcite. galena, 
sphalerite, pyrite and other minerals. Crystals up to 20 
mm r.s;, in) across together with granular aggregates 
are relatively common in Romania (Sacl.rimb, Baia de 
AriC$ . Ro$ia Montana). Crystals are also known 
from the Queen of the West mine, Colorado and from 
the Lucky Cuss mine, Tombstone, Arizona. USA. 



Galena 
PbS 

CUBIC ••••• 
Varieties: steinmannitc 

Properties: C - lead-gray; S - lead-gray; L -
metallic; D - opaque; DE - 7,6; H - 2.5; CL -
perfect; F - conchoidal; M - cubic crystals and their 
complex combinations, tabular crystals, skeletal 
aggregates, massive. 
Origin and occurrence: 'Magmatic, hydrothermal, 
metamorphic, very rare sedimentary, associated with 
sphalerite, chalcopyrite, pyrite, quartz and other 
minerals. Large crystals up to several tens of em in 
size come from many localities in the USA. (Joplin, 

Missouri; Galena, Kansas; Picher, Oklahoma; 
Sweetwater mine, Missouri). Beautiful, often skeletal 
crystals or spinel-law twins up to 200 mm (71

/. in) 
across known from the Nikolai mine in Dalnegorsk, 
Russia. Fine crystals oceur also in Naica. Chihuahua. 
Mexico. Famous complicated combinations of 
crystals were found in Neudorf, Germany. Octahedral 
crystals up to 10 mm ('/• in) (steinmannite variety) 
were common in Phbram, Czech Republic. Beautiful 
specimens with cubes up to several em across come 
from Madan, Bulgaria; spinel-law twins occurred in 
Herja. Romania. 
Application: the most important Pb ore. 

Claus-thalite 
PbSe 

CUBIC ••• 
Properties: C - lead-gray, bluish; S - gray-black; L 
- metallic; D - opaque; DE - 8,3; H - 2,5 - 3; CL 
good; F - granular; M - granular, massive .. 
Origin and occurrence: Hydrothermal in ore veins with 
a l.ow S cootent, together with berzelianite, umangite, 
uraninite and other minerals. It occurs as massive 
aggregates in calcite veins with other selenidcs in 
Clausthal and Tilkerode, Germany. II is similar in 
Skrikerum, Sv,-eden; common in the U deposits m 
Predbol'icc, Bukov and Zlatkov, Czech Republic. 

35 



Afraire. 65 mm. Srania, Romania 

Altaite 
PbTe 

CU B I C ••• 
Properties: 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 octahedml crystals, massive. 

Origin and occurrence: Hydrothermal in vein Au 
deposits, associated with other tellurides, galena and 
other minerals. Crystals up to 20 mm ('•tn in) across 
are known from the Revenge mine, Colomdo, USA. 
It is massive with aguilarite in Kalgoorlic, Western 
Austmlia, Australia. It is relatively common with 
other tellurides in Sacilrimb , Romania; in the 
Zavodinskii mine, Altai, Russia and in Zod near 
Scvan Lake, Armenia. 

Miargyrite 
AgSbS2 

MONOCLINIC ••• 
Properties: : 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. 
Origin and occurrence: Hydrothermal in low
temperature ore veins, together with proustite, 
pyrargyrire, polybasite, silver, quartz and other 
minerals. Fine crystals, up to 10 mm ('/• in) across, 
occurred in Pribram and Kutna Hora, Czech 
Republic; in Briiunsdorf and Freiberg, Germany. It is 
also known from many localities in Bolivia (Tatasi, 
Oruro - 10 mm ('/, in) crystals, Potosi) and Mexico 
(Sombrerete, Catorcc). It was also found in 
Hiendelaencina, Guadalajam. Spain. 
Application: Ag ore. 

Franckeite 
(Pb,Sn)6FeSn2Sb2S 14 

T RIC L I NIC e e 

Properties: C gray-black; S - gmy-black; L -
metallic; D - opaque; DE 5,9; H - 2,5-3: CL -

1-irmckidte, .?0 111111. Ormtl, Bolivia 



Cylindrite, 50 mm, Poopo, Bolivia 

perfect; M - thin tabular, curved crystals, often 
rosette-like aggregates of crystals. 
Origin and occurrence: Hydrothermal 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 (Mollecagua near Poop6; Huanuni; Chocoya 
near Potosi; Colquechaca and Oruro). It is known in 
contact metamorphic limestone from the Kalkar 
quarry, California, USA. 
Application: Snore. 

Cylindrite 
Pb3Sn4FeSb2S14 

TRICLINIC e e 

Properties: C - lead-gray to black; S - black; L -
metallic; D - opaque; DE - 5,4; H - 2,5; CL -
perfect; M - cylindrical, conical and spherical 
crystal aggregates, massive. 
Origin and occurrence: Hydrothermal in Sn-bearing 
veins with franckeite, stannite, cassiterite, galena 
and other minerals. World famous specimens with 

crystals up to 50 mm (2 in) long come from the 
Trinacria and Santa Cruz mines near Poop6, Bolivia. 
It was also reported from the Smirnovsk deposit, 
Transbaikalia, Russia. 

Cinnabar 
HgS 

TRIGONAL •••• 
P1vperties: 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 occurrence: Low-temperature hydro
thermal mineral, associated with realgar, mercury, 
pyrite, marcasite and other minerals. The world's 
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 I 0 rrun ('/• in) across come from Nikitovka, 
Ukraine and in Khaidarkan, Kyrgyzstan. Crystals up 
to 30 mm (I'lL• in) also found in Monte Amiata and 
Rippa near Seravezza, Italy. Its massive aggregates 
are an important Hg ore in Allchar, Macedonia; 
Almaden, Spain and elsewhere. 
Applicmion: the most important Hg ore. 

Cinnabar. 30 mm x, Hunan, Chii!O 
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Covel/ire, 65 mm, Burre. USJI. 

Cove/lite 
CuS 

HEXAGONA L ••• 
Propenies: C - indigo-blue, tarnishing iridescent; S 
- lead-gray; L - submetall ic to resinous; D - opaque; 
DE - 4,6: H - 1.5-2; CL - perfect; F - uneven; M 
hexagonal tabular crystals, massive. 
Origin and occurrence: Rare hydrothermal; mainly 
secondary in the oxidation zone of ore deposits, 
associated with chalcopyrite, chalcocite. djurleire, 
bornite and other minerals. Tabular crystals up to 30 
mm ( 11/ ,. in) across are known from Bune, Montana 

and Summitville, Colorado, USA; also from 
Sarrabus, Sardinia, Italy. Massive aggregates are 
common in Bor, Serbia; Bisbee, Arizona, USA and 
elsewhere. 
Application: Cu ore. 

Linneite 
Co2• c ol+ zS4 

CUBIC ••• 
Properties: 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. 
Origin and occurrence: Hydrothern1al in ore veins 
and metamorphic deposits, together with 
chalcopyrite, pyrrhotite, millerite, bismuthinitc and 
sphalerite. The best crystals up 10 30 mm ( J'f,. in) 
across come from the Kilcmbe mine, Uganda. 
Crystals are also known from Musonoi, Shaba, 
Zaire; Mhsen, Germany; siderite concretions in 
Kladno, Czech Republic and from the Bastniis mine 
near Riddarhy1tan, Sweden. 

Carrolite 
Cu(Co,Ni)zS4 

CUBIC ••• 
Properries: C - light to steel-gray, tarn ishing red
purple; S - gray; L - metallic; D - opaque; DE - 4.8; 
H - 4,5-5,5; CL - imperfect; F - conchoidal to 
uneven; M - octalledral crystals, granular, massive. 
Origin and occurrence: Hydrothennal in ore veins, 
associated with linneite, chalcopyrite and other 
minerals. It is a principal Co ore in deposits in Zaire. 
Beautiful crystals up 10 20 mm ("/, in) across are 
known from the M'Sesa mine near Kambovc, 
Kolwezi and lrom Kamoto, Shaba. 
Application: Co ore. 

Carroflite, 8 mm x, Kambove, Zair 



Stibnite 
Sb2S3 

ORTHORHOMBIC •••• 
Properties: 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 a11d occurrence: Hydrothermal in medium- and 
low-temperature ore veins with quartz and gold, the 
other associated minerals are rare (arsenopyrite, 
berthierite. gudmundite, antimony). The largest known 
stibnite crystals occurred in the in the lchinokawa 
mine, Shikoku, Japan, where they were up to 60 ern 
(24 in) long. Similar sized crystals were found recently 
in several localities in China {the Xikuangshan mine, 
Hunan). Crystals up to 200 mm (7'/a in) across come 
from Maohanan, evada, USA. Beautiful crystals are 
known from Romania; long prismatic ones with barite 
crystals arc prevalent in Baia Sprie, clusters of thin 
needles come from Herja and thick prismatic crystals 
from Baiut . Perfect druses of crystals up to 150 mm (6 
in) long, associated with purple fluorite crystals, barite 
and calcite, occurred in Kadarndzhai. Kyrgyzstan. 
Beautiful dntscs of stibnite crystals with quartz come 
also fi'om Krernnica, Slovakia. Also Kostajnik. Serbia 
and La Lucette. France yielded fme crystals in the past. 
Applic01ion: Sb ore. 

Stibmte, 120 "'"'· Baia Sprie, Romania 

Stibnite. 187 mm. Jchinoka·..,.a . .Iapan 
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Bismuthinite 
Bi2S3 

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

Tetradymite. 80 mm. Ciclova, Romania 

- opaque: DE - 6,8; H - 2-2,5; CL - perfect; F -
uneven; M - thick prismatic to acicular, striated 
crystals, f ibrous aggregates, massive. 
Origin and occurrence: Hydrothermal 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, Cornwall, UK. Rich finds were made in 
Biggendcn, Queensland, Australia. Interesting 
crystals are kn0\\~1 from Spinel, Norway. 
Application: Bi ore. 

Kermesite 
Sb2S20 

TRICLJNIC ••• 
Properties: C - cherry-red; S - brown-red; L -
adamantine to submetallic; D - translucent to 
opaque; DE - 4,7; H - 1-1,5; CL - perfect; M 
acicular crystals, radial aggregates. 
Origin and occurrence: Secondary, as a result of a 
stibnitc oxidation in Sb deposits, associated with 
stibnite, antimony, senarmontite, valentinite and 
stibiconite. Famous specimens with needles up to I 00 
mm (4 in) long, in radial ag~::regates, come from 
Pezinok and Pernek, Slovakia. Crystals up to 50 mm 
(2 in) long found in the G lobe and Phoenix mines, 
Zimbabwe. It is also known from Bolivia (San 
Francisco mine, Poop6; Oruro) and Briiunsdorf, 
Germany. 



Nagyagite. 100 mm. Sacarimb. Romania 

Tetradymite 
Bi2Te2S 

TRIGONAL ••• 
Properties: C - light steel-gray, tarnishing dark ro 
iridescent; S - light steel-gray; L - metallic; D -
opaque; DE - 7,3; H - 1,5-2; CL - perfect; M -
pyramidal crystals, curved bladed aggregates, 
massive. 
Origin and occurrence: 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 
10 mm ('/• in) across are known from lupkov , 
Slovakia. It is common in Colorado (Red Cloud) and 
in Califomja (Carson Hill), USA. lt occurs with gold 
in skarns in Bai Ja Bil1orului, Romania. 

Nagyagite 
Pb5Au(Te ,Sb)4SS-8 

TETRAGONAL e e 

Properties: C - black-gray; S - black-gray; L -
metallic; D - opaque; DE - 7,5; H - I ,5; CL -
perfect; F - uneven; M - thin tabular to foliated 
crystals, granular, massive. 
Origin and occurrence: Hydrothermal in low
temperature veins. associated with altaitc, arsenic, 
gold, rodochrosite and other minerals. Foliated 
crystals up to 40 mm (l•J,. in) across come from 

Siciirimb and Baia de Arie~ , Romania. Fine speci
mens were also found in Tavua, Viti Levu, Fiji 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. 

Sylvanite 
(Au,AghTe4 

MONOCLINIC ••• 
Properties: C- steel-gray to silver-white, tarnishing 
to yellow; S - steel-gray to silver- white; L -
metallic; D - opaque; DE - 8,2; H - I ,5-2; CL -
perfect; F - uneven; M - shon prismatic to thick 
tabular crystals, skeletal aggregates, granular. 
Origin and occurrence: Hydrothermal in low
temperature ore veins, also in medium- and high
temperature deposits as one of the latest minerals, 
associated with gold, calavcrite, hcssite, krennerite 
and other minerals. The best specimens come from 
Silcln"mb and Baia de Arieij , Romania, where it 
occurs as skeletal crystals and aggregates. Crystals 
were also found in Cripple Creek, Colorado, USA; 
crystals up to I 0 mm ('!. in) across come from the 
Emperor mine, Viti Levu, Fij i. 

Sylvanite. 20 mm, Cripple Creek, US.A. 

41 



Krennerite, 3 mm xr, Sacarimb. Romania 

Krennerite 
AuTe2 

ORTHORHOMBIC e e 

Properlies: 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, striated crystals, massive. 
Origin and occurrence: Hydrothennal in gold
bearing veins, associated with gold, tellurium, pyrite, 
quartz and other tellurides. Crystals up to 20 mm 
(uh, in) across found in Tavua, Viti Levu, Fiji. Small 
crystals occurred in Siicirimb and Baia de Ari~ , 
Romania and in Cripple Creek, Colorado, USA. 
Application: Au ore. 

Calaverite 
AuTe2 

MONOCLINIC ••• 
Properties: C - brass-yellow to si lver-white; S -
greenish; L - metall ic; D - opaque; DE - 9,3; H -
2,5-3; CL - none; F - uneven to conchoidal; M 
bladed and short prismatic, StTiated crystals, 
granular, massive. 
Origin and occurrence: Hydrothermal in low
temperature Au-bearing veins, sometimes in 
medium- and high-temperature deposits, associated 
with coloradoite, altaite, lrrennerite and other 
tellurides. It is common in the Mother Lode in 
California (Carson Hill). Tt is important, together 
with hessite in Cripple Creek, crystals up to I 0 mrn 
('I• in) across come from the Cresson mine, 
Colorado, USA .. It is also known !Tom several mines 
near Kirkland Lake, Ontario, Canada. 
Application: Au ore. 

Pyrite 
FeS2 

CUBIC ••••• 
Properties: 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 - conchoidal. to uneven; M -
combinations of cubic crystals, striated, stalactitic 
and spherical aggregates, massive. 
Origin and occurrence: Magmatic segregations in 
basic rocks with pyrrhotite and pentlandite, in 
pegrnatites and skams; hydrothermal in porphyry and 
vein deposits together with other sulfides; hydro
thermal sedimentary, sedimentary and metarnorpbic. 
Magmatic segregations are known !Tom Sudbury, 
Ontario, Canada and Merensky Reef, Transvaal, 
South Africa. Large crystals up to 200 mm (7'/• in) 
across are known !Tom Rio Marina, Elba, Italy. Fine 
octahedra come from Llallagua, Bolivia. Crystals, up 
10 120 mm (411/.oin) across, were found in Binghan1 
and Park City, Utah, USA. Crystals up to 150 tnm (6 
in) are known !Tom Huanzala and Quiruvilca, Peru. 
The largest pyrite deposit is Rio Tinto, Spain, where 
!me-grained pyrite fonned accumulations about 1 
billion tons. Beautiful cubes up to 80 mm (3'/s in) 
come from Navajun, Spain. Large defonned crystals 

Calaverite, 1 I mm. Nagyag, Romania 
~ 



Pyrite, 74 mm. Nava}1ln, Spain 

up to 200 mm (77/o in) across occurred in the Sarno 
mine near Hnust'a , Slovakia. Interesting, complex 
combinations of crystals found in Nanisivik, on an 
edge from Climax, Colorado. USA. 
Application: production of sulfuric acid. 

Hauerite 
MnS2 

CUBIC ••• 
Properties: C red-brown to brown-black; S -
brown-red; L - metallic to adamanrine; D - opaque; 
DE - 3,44; H - 4; CL - perfect; F - uneven to 
conchoidal; M - octahedral crystals and their 
combinations, spherical aggregates .. 
Origin and occurrence: Low-temperature sedimen
tary mineral, limited to clays with high S contents. 
The best crystals up to 50 mrn (2 in) across come 
from the Dcstricella mine near Raddusa. Sicily, Italy. 
Crystals up to 25 mm (I in) and their aggregates are 
known from V!gla5slci Huta (former Kalinka) ncar 
Zvolen, Slovakia. Crystals up to 15 mm ("In in) 
across occur in Tarnobr7..eg, Poland. Also found with 
sulfur. gypsum, realgar and calcite in the salt domes 
near High Island, Tex.as. USA. 

Pyrite. 135 mm, Washington, U.S.A. 

Hauerite, 39 mm, Raddusa. Italy 
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Sperryli1e, 55 mm, Talnakh, Russia 

Sperrylite 
PtAs2 

CUBIC e e 

Properties: 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. 
Origin and occurrence: It is mainly of magmatic 
l iquid 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 (19

/" in) across known from 
Tweefontein, Potgietersrust, Bushveld, South Africa. 
It also occurred as disseminated aggregates in 
Sudbury. Ontario, Canada. 

Aurostibite 
AuSb2 

CUBIC e e 

Properties: C - gray, tarnishing iridescent; S - gray: 
L - metall ic; D - opaque; DE - 9,9; H - 3; CL 
Bnone; M -granular. 

Origin and occurrence: Hydrothermal in quartz 
veins, associated with gold and other Sb minerals. 
Grains up to 5 mm rt•• in) across come from Krasna 
Hora, Czech Republ ic. It also occurs in the Giant 
Yellowlo1ife mine, Northwest Territories and Hemlo, 
Thunder Bay, Ontario, Canada and is also reported 
from Bestyube, Kazakhstan. 

Krut'aite 
CuSe2 

CUBIC e 

Propel'lies: C - gray; S - gray; L - metall ic; D -
opaque; DE - 6,5; H - 4; M - microscopic crystals, 
massive. 
Origin and occurrence: H ydrotherrnal, associated with 
clausthalite, uraninite and other minerals. The richest 
accunmlations of massive aggregates were found in the 
El Dragon mine, Potosi, Bolivia, where crystals up to I 
mm ('h> in) occurred as well. It was originally des
cribed as microscopic from Pctrovice, Czech Republic. 

Cobaltite 
CoAsS 

ORTHORHOMBIC ••• 
Properties: C - si lver-white; S - gray-black; L -
metallic, adamantine to dull; D - opaque;DE - 6,3; 
H - 5,5; CL- perfect; F - uneven; M - pseudo-cubic 
crystals, g ranular, massive. 
Origin and occurrence: Hydrothermal in high
temperature ore deposits and metamorphic, together 

Auro.m'bite, 4 mm grain. Krtisna Hom, Czech Republic 
<:- ~ 



with magnetite, sphalerite, chalcopyrite, other sulfides 
and arsen.ides of Co and Ni. The best dodecahedra, 
several ern across, come from metamorphic sulfide 
deposits in Tunaberg, Sweden. Other Swedish 
localities. like Hakansboda and Ramsberg, yielded 
crystals up to 60 rnm (24 in) across. Fine crystals 
about I 0 mm ('!. in) occurred in the magnesite deposit 
Mu01ik near Hnust'a , Slovakia. Cubic crystals up to 
30 mm ( 11/,. in) across found in Espanola, Ontario, 
Canada. Beautiful crystals are known from the skarn 
in Bimbowrie, South Australia, Australia. 
Application: Co ore. 

Gersdorfite 
NiAsS 

CUBI C ••• 
Pmperties: C - si lver-white to steel-gray, tarnishing 
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 occurrence: Hydrothermal in medium
temperature ore deposits in association with nickel
inc, nickel-skutterudite, ullmanite, siderite and other 
minerals. Crystals up to 100 mm (4 in) across come 
from the Snowbird mine, Montana, USA. It is import-

Cobalrite, 5 mm x . Nakansbodo. Sweden 

ant in several mines near Sudbury and Cobalt, Ontario, 
Canada. Large cleavable masses arc known from Dob
sinli, Rudiiany and Nizna Slana, Slovakia. Crystals 
from the Alt Ahmane mine near Bou Azzer, Morocco, 
reached up to 40 mm (!'/,. in) . Application: Ni ore. 

Cersdor/]ile. /0 mm u . BouAzzer. Morocco 
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Ullmanile. 60 mm, Bou Cric/ra, Morocco 

Ullmanite 
NiSbS 

CUBIC e e 

Properties: C- steel-gray to silver-white; S - gray
black; L- meraiJic; D- opaque; DE- 6,8; H - 5-5,5; 
CL- perfect; F - uneven; M - combinations of cubic 
crystals, massive. 
Origin and occurrence: Hydrothcm1al in ore veins 
together with other Ni minerals. Fine crystals, up to 
20 mm ("In in) across, come from Monte Narba near 
Sarrabus, Sardinia. Italy. Twins are known from 

Marcasire. 42 mm. Vintii'ov, Czech Republic 

Lolling, Austria. Crystals up to 10 mm ('/,in) were 
found in I.<Sice near Swibro, Czech Republic. lt is 
common in Broken Hill, New South Wales. Australia 
and in Cochabamba, Bolivia. 
Application: Ni ore. 

Marcasite 
Fes2 

ORTHORHOMBIC •••• 
Properties: C - tin-white, bronze-yellow, 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 ocmrrence: It originates at low tempera
tures in very acidic environment, either in sedimen
tary, or in hydrothermal deposits, associated with 
pyrite, pyrrhotite, galena, sphalerite, nuorite, 
dolomite and calcite. Hydrothermal crystals and 
pseudo-morphs after pyrrhotite are known from Frei
berg, Germany; Llallagua, Bolivia and Chiuzbaia, 
Romania. Crystals from Wiesloch, Germany and 
Reocin , Santander, Spain are of similar origin. Large 
crystals occurred in Joplin, Missou.ri and in Galena, 
Illinois, USA. The best crystals of sedimentary 
marcasite come from coal basins. Fine crystals from 
black coal are known from Essen, Germany. 
Cockscomb-like aggregates up to 150 mm (6 in) 
acr<;>ss, come from the brown coal basin in Vinti0ov, 
Czech Republic. Spherical, radial concretions with 
pyrite are known from Sparta, Illinois, USA and 
from Champagne, France. 
Applicmion: production of sulfuric acid. 

Marcasire, 70 mm, Sparta. U.S.A. 



LO!lingile, 7 mm xx, Coball, Canada 

Lollbzgite 
FeAs2 

ORTHORHOMBIC ••• 
Properties: C -steel-gray to si lver-white; S - gray
black; L - metallic; D - opaque; DE - 7,5; H- 5-5,5; 
CL - sometimes good; F - w1even; M - prismatic 
crystals, massive. 
Origin and occurrence: Magmatic in pegrnatites; 
hydrothermal in greisens and Sn-W veins, rare in the 
other types of ore veins, together with skutterudite, 

bismuth, nickeline, siderite, calcite and other mi
nerals. Fine crystals are known from syenite in 
Langensundsfjord, Norway. Crystals up to 50 em (20 
in) across come from a pegmatite in Kaatiala, 
Finland. Masses occur in the Kobokobo pegmatite, 
Kivu, Zaire. Massive aggregates with schorl were 
found in Dolni Bory, aggregates with cassiterite in 
P0ebuz, Czech Republic. 

Safjlorite 
(Co,Fe)As2 

ORTHORHOMBIC ••• 
Properties: C - tin-white, tarnishing to dark gray; S 
- gray-black; L - metallic; D - opaque; DE - 7,5; H 
- 4,5-5; CL - good; F - uneven to conchoidal; M -
prismatic crystals, radial aggregates, massive. 
Origin and occurrence: Hydrothermal in medium
temperature with skutterudite, rammelsbergite, 
nickeline, s ilver, bismuth and Iollingite. It is 
common in Schneeberg. Germany; Cobalt, Ontario, 
Canada; Batopilas, Chihuahua, Mexico and in Bou 
Azzer, Morocco. 

Rammelsbergite 
NiAs2 

ORTHORHOMBIC ••• 
Properties: C - tin-white, pinkish; S - gray-black; L 
- metallic; D - opaque: DE - 7, I; H - 5,5-6; CL 
good; F - uneven; M - prismatic crystals, radial and 
f ibrous aggregates, massive. 
Origin and occurrence: Hydrothermal in medium
temperature veins associated with other Ni and Co 
minerals. Botryoidal aggregates come from 
Schnceberg, Germany. It is common in Sarrabus, 
Sardinia, Italy; in the Eldorado mine near Great Bear 
Lake; in Cobalt, Ontario, Canada and Bou Azzer, 
Morocco. 
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Arsenopyrite 
FeAsS 

MONOCLIN IC •••• 
Properties: 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 
crysJals. granular, massive. 
Origm and occurrence: It occurs in pegmatites; 
hydrothennal m high-temperature vein deposits and 
grciscns; metamorphic in contact metamorphic skams, 
gneisses and mica schists. Long prismatic crystals up to 
30 em ( 12 in) long arc known from the Obi.m mine, 
Japan. It is very common in grcisen Sn and W dcJ)Osits, 
fine crystals arc known from Horni Slavkov. Czech 
Rcpubl ic and Ehrcnfricdcrsdorf, Germany. Beautiful 
crystals up to 50 mm (2 in) across come from 
Panasqueira. Portugal. where they occurred associated 
with fluorapatite, wolrramite and siderite. Historically 
important were large crystals from Tavistock. Devon • 
UK. Crystals up to 40 mm (1 '/, in) found in Llallagua, 
Bolivia. Crystals up to 50 mm (2 in) across were found 
recently in the Nikolai mine in Dalncgorsk, Russia. 

Gudmundire. 10 mm xx. Polar Urols. Russia 

Shiny crystals up to 30 mm {I ' /u. in) across, come from 
Hunan province, China. Application: As ore. 

Gudmundite 
FeSbS 

MONOCLINIC ••• 
Properties: C - silver-white to steel-gray; S - black; 
L metallic; D - opaque; DE - 7,0; H - S-6; CL 
none; F - uneven; M - prismatic w.·inncd crystals, 
massive. 
Origin and occurrence: Late hydrothermal mineral 
of ore deposits, also in metamorphic deposits and 
skarns. It is common in metamorphic sulfide depo
sits in Sweden (Bolidcn, Gudmundstorp). Massive 
aggregates are known from Kutna Hora and Vlas
tijovice, Czech Republic. It was common in Broken 
llill. New South Wales, Australia. 

Molybdenite 
MoS2 

HEXAGONAL •••• 
Properties: C - lead-gray; S - blue-gray; L - me
tallic; D opaque; DE 4,0; 1-l 1-1 ,5; CL - perfect; 
M - tabular and prismatic crystals. scaly aggregates. 
Origin and occurrence: Magmatic in pegmatitcs, 
granites and aplitcs, hydrothermal in high
temperature veins, also in porphyry ore deposits and 
in contact metamorphic deposits; associated with 
chalcopyrite, quartl and other minerals. Large 
crystals come from pegmatitcs in Blue llill Bay. 
Maine, USA and in Murue-Fides-SJavorcn. Trans
vaal, South Africa. where they reach several tens of 
em in size. Crystals up to !50 x70 mm (6 x 23/, in) 
across come from the transitional type between 
pegmatitcs and quartZ veins near Arendal and Moss, 
Norway: large crystals also occur in the Temiska
ming district, Quebec, Canada; tabular crystals up to 
120 mm (''/., in) across found in quartz-molybdenite 
breccia pipes in veins in Australia (Queensland, 1 ew 
South Wales). Fine crystals arc also known from 
Kladnica near Vito_a, Bulgaria; Horni Slavkov, 
Czech Republic and Ehrenfriedcrsdorf, Germany. As 
a fine grained disseminated ore was mined in 
Bingham, Utah and Climax, Colorado, USA. 
Application: Moore. 

Skutterudite 
CoAs2-l 

CUBIC ••• 
Propertiel·: C - tin-white to silver-gray, tarnishing to 



gray attd iridescent; S - black; L- metal lic; D - opaque; 
DE - 6,8; H - 5,5 - 6; CL - good; F - conchoidal to 
uneven; M - combinations of cubic crystals, skeletal 
aggregates, granular, massive. 
Origin and occurrence: Hydrothermal 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 
em in size were found in Schneeberg and Annaberg, 
Germany. Large massive accumulations occur in Cobalt 
and Gowganda. Ontario, Canada. Application: Co ore. 

S~1111erudi1e, 25 mm, Sc!meeberg. Germany 

Nickel-skutterudite 
NiAs3 

CUBIC •••• 
Properties: C - tin-white tO silver. tarnishing to gray 
and iridescem; S - black; L - metallic; D - opaque; 
DE - 6,5; H - 5,5 - 6; CL - good; F - conchoidal to 
uneven; M - combinations of cubic crystals, skeletal 
aggregates, granular. 
Origin (11/d occurrence: Hydrothermal in medium
temperature veins with arsenopyrite, arsenic, bismuth, 
calcite and siderite. Known in crystals from Chatham, 
Connecticut and Chester, Massachusetts, USA; also 
Val d' Anuiviers, Wallis, Switzerland. Massive aggre
gates come from Dobiina, Slovakia; Les Chalanches, 
france; Mohawk mine, Michigan, USA; Schneeberg, 
Germany. Application: ruda Co aNi. 

Nickel-skullerudim, 36 mm, Saxony, Germany 
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Proustite, 25 mm, Chanarcillo, Chile 

Pyrargyrite, 61 mm. Zacatecas. Mexico 

Proustite 
Ag3AsS3 

TRIGONAL e e 

Properties: 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 
scalenohedral crystals. massive. 
Origin and occurrence: 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, Chaiiarcillo, Chile. Crystals up to 80 
mm (3'/, in) long found in the Himmelsfiirst mine in 
Freiberg, Niederschlema and Schnecbcrg, Germany. 
Large druscs with crystals up to 40 x 20 mm (J•J,. x 
u1, in) across occurred in Jachymov; crystals up to 20 
mm (,./, in) across known from P0ibram and Stara 
Vozice, Czech Republic. Fine crystals come from Ba
topilas, Chihuahua and Sombrerete, Zacatecas, Mexi
co. Crystalline masses ofproustite, weighing over 250 
kg (550 lb), .,.,-ere found in 1865 in the Poorman mine. 
Silver City, Idaho, USA. Application: Ag ore. 



Pyrargyrite 
Ag3SbS3 

TRIGONAL •• 
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. 
Origin and occurrence: Low-temperature hydrother
mal mineral, also secondary in U1e oxidation and 
cementation zone, together with si lver, acanthite, 
other Ag sulfosalts, calcite and quartz. Crystals in 
Cotquechaca. Bolivia and Chaiiarcillo, Chile reached 
several em in size. Crystals up to 70 rnm (2~ in) long 
occurred in the Santo Nino vein in Fresnillo, Zacate
cas, Mexico. San Genaro mine in Huancavelica, Peru 
yielded crystals up to 50 mm (2 in) across. Crystals 
up to 40 mm (!'lot in) across found in Freiberg; smal
ler crystals only arc known from St. Andrcasberg, 
Germany. Crystals up to 20 mm ("'In in) across come 
from Pnbram and Starn Voiice, Czech Republic. 
Crystals up to 50 mrn (2 in) across found in the San 
Carlos mine, Hiendelaencina. Spain. 
Application: Ag ore. 

Xanthoconite 
Ag3AsS3 

MONOCLINIC • • 

Properties: C - dark crimson. orange-yellow to 
yellow-brown; S - orange-yellow; L - adamantine; 
D - uanslucent; DE - 5.5; H- 2-3; CL - good; F 
conchoidal; M - tabular and lath-like crystals, 
botryoidal and radial aggregates. 

Xamhoconite. 2 mm xx. Morienberg, Germo11y 

Pyrostilpnite, 60 mm. Potosi, Bolivia 

Origin and occurrence: Hydrothermal in ore veins 
together with proustitc, pyrargyritc, acanthite. arse
nic and calcite. Botryoidal masses with yellow 
crystals up to 7mrn <:t, in) long come from Freiberg; 
other important localities arc St Andreasberg, 
Germany; Ste-Marie-aux- Mines, France; Cobalt, 
Ontario, Canada; Pfibram, Trebsko and Jachymov, 
Czech Republic. 

Pyrostilpnite 
Ag3SbS3 

MONOCLINIC • • 

Properties: 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 aggregaLeS. 
Origin and occurrence: Hydrothermal in low-tempe
rature veins. associated with pyrargyrite, stepbanite, 
acanthite and other Ag minerals. The best crystals 
come from St. Andrcasberg, Germany. Crystals up to 
I 0 mm (!I• in) long were found in PHbram, TFebsko 
and Jachymov, Czech Republic. It is also described 
from Colquechaca, Bolivia and Chaiiarcillo, Chile. 
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Samsonite 
Ag4MnSb2S6 

MONOCLINIC • 
Properties: C - steel-gray; S - dark red; L - metallic; 
D - opaque; DE - 5,5; H - 2,5; CL - none; F -
conchoidal; M - prismatic striated crystals. 
Origin and occurrence: The only locality, where it 
occurred in relatively larger amount, \Vas the Samson 
mine in St. Andreasberg, Germany, where crystals up 
to 10 mm ('/* in) across were found. 

Chalcostibite 
CuSbS2 

ORTHORHOMBIC e e 

Properties: 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. 
Origin and occurrence: Hydrothermal in ore veins, 
associated with jamesonite, chalcopyrite, tetra
hcdrite. stibnite, andorite and other minerals. Partly 
altered crystals up to 100 mm (4 in) long are known 
from Rar-ci·Auz near Casablanca, Morocco. It is 
often in deposits in Bolivia (Huanchaca, Oruro, 
Colquechaca), where its crystals reach 10 mm ('/. in) 

Chalcostibite, 19 mm. Saint Pons. France 

Samsonite, 12 mm x. St.A11dreasberg. Germany 
~ '!' 



in size. The world's best crystals up to 16 em (6'/,. in) 
long were discovered recently ncar St Pons, France. 

Emplectite 
CuBiS2 

ORTHORHOMBIC ••• 
Properties: C - gray to tin-white; S - gray; L -
metallic; D- opaque: DE - 6,4; H 2; CL-pe&-ct; F 
-conchoidal to uneven; M thin prismatic to acicular 
striated crystals. 
Origin and occurrence: Hydrothermal in high
temperature veins associated with chalcopyrite, 

molybdenite, quartz, tetrahedrite and other minerals. 
Fine acicular crystals up to 30 mm (I'/" 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. 

Wittichenite 
Cu3BiS3 

ORTHORHOMBIC • • 

Properties: C - steel-gray to tin-white. tarnishing 
yellow to steel-gray; S black; L - metallic; D -
opaque; DE - 6,2: II 2-3; CL - none; F -
conchoidal; M - prismatic crystals, massive. 
Origin and occurrence: Hydrothermal in ore veins, 
associated with other Bi minerals, Cu-Fe sulfides, 
selenides and secondary U minerals. It occurs in 
Winichen, Germany; Bai1a Bihorului, Romania; 
Tsumeb. Namibia and Cerro de Pasco, Peru. 

Berthierite 
FeSb2S4 

ORTHORHOMBI C ••• 
Properties: 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 occurrence: Hydrothermal in low-tempera
ture Sb deposits. Acicular crystals up to I 0 mm ('Is in) 
long arc known !Tom the St. Antoni de Padua gallery in 
Kuma Hora, Czech Republic; thick prismatic crystals 
come from Poproe, Slovakia Iridescent columnar 
aggregares up to 200 mm (7'1• in) long occur in Helja. 
Romania. Fine specimens are known also from Oruro, 
Bolivia. 
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Stephonite, 8 mm xx. Zllcctecas. Metico 

Stephanite 
Ag5SbS4 

ORTHORHOMBIC e e 

Properties: C- black; S black; L - metallic; D 
opaque; DE - 6,3; H 2-2,5; CL - imperfect: F -
conchoidal; f.,.f - shon prismatic to tabular striated 
crystals. massive. 
Origin and occurrence: Late hydrothermal mineral in 
Ag deposits, associated with proustite. acanthitc, 
si lver, tctrahedrite, galena, sphalerite and pyrite. 
Crystals up to 40 mm ( !'/,, in) long come from 
Pnbram and Jachymov, Czech Republic and from St. 
Andrcasberg, Germany. Crystals up to 50 mm (2 in) 
across found in the Las Chispas mine. Arizpe, Sonora, 
Mexico and Hiendelaencina, Spain. Smaller crystals 
occurred in Freiberg, Schneeberg and Annaberg, 
Germany. Application: Ag ore. 

Pearceite 
Ag 16As2S 11 

MONOCLINIC e e 

Properties: C - black; S black; L - metallic: D 
opaque: DE - 6,1; H - 3; CL - none; F - conchoidal 
to irregular; M - short prismatic to tabular crystals 
and rosette-like aggregates, massive. 

Origin and occurrence: Hydrothermal in low- to 
medium-temperature deposits with acanthite, silver, 
proustite, quartz, barite and calcite. Crystals several 
mm across are known from Jachymov, Moldava and 
Midinec, Czech Republic; from Arqucros, Chile and 
from the Veta Rica mine, Coahuila, Mexico. Crystals 
up to 12 mm ("In in) across were found in the Cari
bou mine. Colorado, USA: also in Dzhezkazgan, 
Kazakhstan. 
Huge accumulations of almost pure pcarceite 
occurred in the Mollie Gibson mine near Aspen, 
Colorado, USA. 
Application: Ag ore. 

Polybasite 
(Ag,Cu) 16sb2S II 

MONOCLINIC e e 

Properties: 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 occ11rrence: Hydrothermal in low- to 
medium-temperature ore veins, associated with 

Pearceite. 15 "'"' xx. G~taliOJualo. Maico 



Po/ybasite. J9 mm. Zacatecas. Mexico 

pyrargyrite, tetrahedrite, stcphanite. acanthitc, 
quartz and other minerals. Crystals. several em 
across. are known from Wolfach, St. Andrcasbcrg. 
Freiberg and Schnccbcrg, Germany; also from 
Guanajuato, Mexico. The best specimens with 
tabular crystals up to 90 mm (3'/.• in) across come 
from the Las Chi spas mine, Arizpe, Sonora, Mexico. 
Application: Ag ore. 

Lorandite 
TIAsS2 

MONOCLINIC e e 

Properties: C - crimson, lead-gray, it covers w;th a 
yellow coating; S - cherry-red; L - metallic 10 

adamantine; D - translucent to transparent; DE -
5,5; H - 2-2,5; CL - perfect; M - short prismatic to 
tabular crystals, granular, massive. 
Origin and occurrence: Hydrothermal, associated 
with stibnite, realgar, orpimcnt, 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, BinntaJ, Switzerland. 

Livingstonite 
HgSb4s8 

MONOCLINIC e e 

Properties: C - black-gray; S red; L - metallic to 
adamantine; D - opaque; DE - 5,0; H - 2; CL -
perfect; M - acicular crystals, columnar and fibrous 
aggregates, massive. 
Origin and occurrence: Hydrothermal in low
temperature veins, associated with cinnabar, 
stibnite, getehellite and other minerals. The best 
specimens with prismatic crystals up 10 50 mm (2 
in) long are known from Khaidarkan, smaller 
crystals only found from Kadamdzhai, Kyrgyzstan. 
It is also described from the La Cruz mine, 
Huitzueo, Guerrero, Mexico and from the Matsuo 
mine, Japan. 

Livingstonite. 40 111111, Khaidal'ktm, Ky,.gystan 
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Bournonite. 62 mm, Cornv.'a/1, UK 

Boumonite 
PbCuSbS3 

ORTHORHOMBIC •••• 
Properties: 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 uneven; 
M - short prismatic to tabular crystals, often striated, 
granular, massive. 
Origin and occurrence: Hydrothermal in medium
temperature ore deposits, together with galena, 
tetrahcdrite, pyrite, siderite and other minerals. The 
finest crystals, complex twins called cogswheel ore, 
over 50 nun (2 in) across come from the Herodsfoot 
mine near Liskcard, Cornwall. UK. Tabular crystals 
up to 40 nun (I '/,. in) across found in siderite cavities 
in Pnbram, Czech Republic; large prismatic and 
tabular crystals known fTom Ncudorf, Germany. 
Smaller crystals common in Cavnic and Baia Spric, 
Romania. Crystals, up to 100 mm (4 in) across, 
occurred in Machacamarca, Bolivia. Crystals up to 
40 mm (1'1 .. in) come from Huancavelica, Pem. 
Crystals up to 100 mm (4 in) across reported from 
the Les Malines mine. France. Crystals up to 20 mm 
(25/32 in) across found at Chenzhou. Hunan 
province, China. Application: Pb, Cu and Sb ore. 

Aikinite 
PbCuBiS3 

ORTHORHOMBIC • • 
Properties: C black-gray, tarnishing brown; S -
gray-black; L metallic; D - opaque; DE - 7 ,3; H -



Betekhlinitc. 10 mm xx. Dzhezkazgan, Ka:zakhslall 

2-2,5; CL - imperfect; F - uneven; M - prismatic to 
acicular, striated crystals, massive. 
Origin and occurrence: Hydrothermal 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 ( I 'It• in) long were found; fine 
crystals come also from La Gardcrte, Bourg 
d 'Oisans, France. Grains up to 50 mm (2 in) across 
occurred in the Outlaw mine, Nevada, USA. It is also 
known in metamorphic veins in Val d'Anniviers, 
Switzerland. 

B etekhtinite 
Cu 1 o(Fe,Pb)S6 

ORTHORHOMBIC e e 

Properries: C - black; S - black; L - metallic; D 
opaque; DE - 6,1; I-1 - 3-3,5; CL - good; M -
acicular crystals, granular. 
Origin and occurrence: Hydrothermal in ore 
deposits. The best specimens come from Dzhez
kazgan as clusters of acicular crystals up to 70 mm 
(2l.4 in) long, associated with bornite, chalcocite, 
djurleitc and other minerals. Rich specimens found 

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

Andorite 
PbAgSb3S6 

ORTHORH OMBIC e e 

Properties: 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. 
Origin and occurrence: Hydrothem1al in ore deposits, 
together with cassiterite, jamesonitc, stannite and 
other minerals. The world's best specimens come 
from the ltos and San Jose mines in Oruro and the 
Tatasi mine in Potosi, Bolivia, where it forms crystals 
up to 30 mm (I ''•• in) across. Thin tabular crystals are 
known from Baia Sprie, Romania and from the 
Keyser mine, Nevada, USA. Needles up to l 0 nun ('/• 
in) long occurred in Ti'ebsko, Czech Republic. 
Applicaiion: ruda Ag. 

Andorite, 45 mm. Oruro. Bolivia 
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Freieslebenite, 2 mm xx, Baia Sprie, Romania 

Freieslebenite 
AgPbSbS3 

MONOCLINIC •• 
Properlies: C - light steel-gray, lead-gray to silver
white; S - light steel-gray, lead-gray to silver-white; 
L - metall ic; D - opaque; DE - 6,2; H - 2-2,5; CL 
imperfect F - conchoidal to uneven; M - prismatic, 
striated crystals. 
Origin and occurrence: Hydrothermal in ore deposits, 
associated with acanthite, pyrargyrite. silver, galena, 
siderite and andorite. 
Crystals up to 20 mm (''/, in) across come from the 
Santa Cecilia, Guadalajara, Spain; Freiberg, Germany; 

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

Diaphorite 
Pb2Ag3Sb3S3 

MONOCLINIC e e 

Properties: C - steel-gray; S - steel-gray: L - metal
lic; D - opaque; DE - 6,0; H - 2,5-3; CL - none; F 
- conchoidal to uneven; M - prismatic striated crys
tals. 
Origin and occurrence: Hydrothermal in medium
temperature ore veins, associated witb galena. 

Sartorite, 4 mm .x, Binntal. Switzerland 



sphalerite, pyrargyrite, pyrite and other minerals. 
Beautiful striated crystals up to I 0 mm ('/, in) come 
from the cavities of quartz veins in P0ibram; 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 described from 
Briiunsdorf, Germany. Crystals up to 80 mm (3 '/• 
in) long occurred in Hiendelaencina, Guadalajara, 
Spain. [t is also reported from Catorce, San Luis 
Potosi, Mexico. 

Sartorite 
PbAs2S4 

MONOCLINIC • • 
Properties: C - dark lead-gray; S -chocolate-brown; 
L - metallic; D - opaque; DE - 5,1; H- 3; CL 
good; F- conchoidal; M - prismatic striated crystals. 
Origin and occurrence: Hydrothermal in dolomite, 
associated with tennantite. dufrenoysite, pyrite and 
realgar. The best crystals up to 100 mm (4 in) long 
come from Lcngenbach, Binntal, Switzerland. [twas 
also found in the Zuni mine, Colorado, USA. 

Baumhauerite 
Pb3As4S9 

TRICLINIC • 
Properties: C lead- to steel-gray, tarnishing 
iridescent; S - chocolate-brown; L - metallic; D -
opaque; DE - 5,4; H - 3; CL - perfect; F -
conchoidal; M - tabular to short prismatic striated 
crystals, granular. 
Origin and occurrence: Hydrothermal, associated 
with realgar and other sulfosalts. The best crystals up 
to 25 mm ( I in) across come from Lengenbach, 
Biontal, Switzerland. Massive aggregates were 
found in H.cmlo. Thunder Bay, Ontario, Canada and 
Sterling Hill, New Jersey, USA. 

Rathile, 60 mm, Bimual, Switzerland 

• 

Rathite 
(Pb,TI)JAs5S I O 

MONOCLINIC e 

Properties: 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. 
Origin and occurrence: Hydrothermal, associated 
with other Pb-Tl-As-S minerals. Crystals up to 10 
mm (!Is in) across come from dolomite in Lengen
bach, Bi11ntal, Switzerland. 

Dufrenoysite 
Pb2As2s5 

MONOCLINIC e e 

Properties: : C - lead- to steel-gray; S - red-brown to 
chocolate-brown; L - metallic; D - opaque; DE - 5,6; 
H - 3; CL - perfect; F - conchoidal; M - elongated 
striated tabular crystals. 
Origin and occurrence: Hydrothermal low-temperature 
mineral. associated with rathitc. sartorite, baumhauerite 
and realgar. Crystals up to 25 mm ( I in) across come 
from dolomite in Lengenbach, Binntal, Switzerland. 
Also found in Batopilas, Chihuahua, Mexico. 
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Jordan/re. 12 mm x, Bm11ral. Swilzerland 

Jordanite 
Pb 14 (As,Sb)6S23 

MONOCLINIC • • 

.. 

Properries: C lead-gray, tarnishing iridescent; S 
black; L metallic; D - opaque: DE - 6,4: H 3; CL 
- perfect; F conchoidal: M - tabular crystals, 
botryoidal aggregates. 

Geocronire, 70 mm, P'fibram, Czech Republic 

r..n 

Origin and occurrence: 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 Slicarimb , Romania. 
Botryoidal aggregates, growing on barite crystals, 
were described from the Yunosawa mine, Japan. 

Geocronite 
Pb 14 (Sb,As)6S23 

MONOCL INIC • • 

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. 
Origin and occurrence: Jlydrothcrmal in ore veins, 
associated with galena, pyrite, tetrahedrite, barite, 
fluorite and quartz. Crystals. up to 80 mm (3'/• in) 
across, come from Pietrasanta, Italy. Crystals up to 
90 mm (3'1•• in) found in Virgem da Lapa, Brazil. 
Tabular crystals up to 40 mm ( 1'/ .. in) across occur
red in the Kilbricken mine, Ireland. Massive aggre
gates are known from PTibram, Czech Republic. 



Zil1kenite 
Pb9Sb22S42 

HEXAGONAL ••• 
Properties: 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. 
Origin and occurrence: Hydrothermal in ore 
veins, associated with stibnitc. jamesonite, bou
langcrite. bournonite. stannite and other minerals. 
Crystals up to 50 rnm (2 in) across are known from 
the ltos and San Jose mines in Oruro, Bolivia. It 
was a lso found in Wolfsberg, Germany; St. Pons, 
France; Sl\car!mb and Baia Sprie, Romania. 

Jamesonite 
Pb4FeSb6S14 

MONOCLINIC •••• 
Properties: 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. 

Zinkenlte, 39 mm. Oruro. Bo/Ma 

Jamesonite. 30 mm xx. Sombrere/e, Mexico 

Origin and occurrence: Hydrothermal in medium
and low-temperature base metal ore veins, associated 
with other Pb-sulfosalts, pyrite, sphalerite, galena, 
tetrahedritc, quartz and other minerals. Needles up to 
80 mm (3'i& in) long occur in many localities in 
Bolivia (Tasna: Bolivia mine, Poop6; San Jose and 
ltos mines. Oruro). It also comes from Wolfsberg 
and Freiberg. Germany; NiZna Slana . Slovakia and 
Sombrerete, Zacatecas. Mexico. 
Application: Pb and Sb ore. 
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Semseyite 
Pb9Sb8s21 

MONOCLINIC e e 

Properties: C - gray to black: S - black; L 
metallic; D - opaque; DE - 6,1; H - 2,5; CL 
perfect; M - tabular and prismatic crystals and their 
rosettc-li ke aggregates. 
Origin and occurrence: Hydrothermal in medium
temperature veins, associated with jamcsonitc, 
bournonite, zinkenite, sphalerite and other minerals. 
Fine roscnc-like aggregates of crystals over 10 mm 
('!. in) across come from Ba.ia Sprie, Herja and 
Rodna, Romania. It was also found in the San Jose 
mine, Oruro, Bolivia; Wolfsberg, Germany and 
Huancavelica. Peru. 

Boulangerite 
PbsSb4s 11 

MONOCLINIC •••• 
Properties: C - lead-gray; S - brownish; L - metallic 
to silky: D - opaque; DE - 6,2; H - 2.5-3; CL -

Semseyire. 40 mm, Cavnic, Romania 

good; M - acicular striated crystals, fibrous and felt
like aggregates. 
Origin al!d occurrence: Hydrothermal in low- and 
medium-temperature ore \'eins, together with other 
Pb sulfosalts, galena, sphalerite and other minerals. 
Fine needles over 100 mm (4 in) long come from 
cavities in quartz in Pfibram. Czech Republic. It is 
common in the Coeur d'Alene district, Idaho, USA. 
Acicular crystals up to 30 em ( 12 in) long were 
found in Trepea, Serbia and Leadvi lle, Colorado, 
USA. It is also known fTOm Wolfsberg, Germany and 
Bolivia (Colquechaca, Huanw1i, lsca-Isca). 

Cosalite 
Pb2Bi2S5 

ORTHORHOMBIC ••• 
Properties: C - lead- to steel-gray, silver-white; S -
black; L - metallic; 0 - opaque; DE - 7, I; H - 2,5-
3: CL - none; F - uneven; M - prismatic to acic.ular 
crystals, radial and fibrous aggregates. 
Origin and occurrence: Magmatic in pegmatites, 
hydrothermal in medium-temperature deposits; also 
metamorphic, associated with sphalerite, chalco-

Boulangerire, 40 mm, Zacatecas. Mexioo 



Cosalile. 3 mm xx. Ocna deFier, Romania 

pyrite, pyrite, cobaltite and other minerals. Elonga
ted crystals are known from Crodo, Italy. Fine 
needles up to 40 mm ( 1'/,. 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 (Baita Bihorului, 
Romania). 

Kobellite 
Pb22cu4(Bi,Sb))oS69 

ORTHORHOMBIC ••• 
Propenies: 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 occurrence: Hydrolhennal in high-tempe
rature veins and pcgmatites, together wirh eobaltite, ar
senopyrite, chalcopyrite and other minerals. It is known 
from a sulfide rich pegmatite in the Superior Stone 
quarry, Nonh Carolina, USA. Massive aggregates arc 
common in Jcdl'ovec, Slovakia. It was originally des
cribed from the Hvena mine near Askersund, Sweden. 

Kol>ellite, 20 mm xx. Rozhava, Slovakia 
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Realgar. 64 mm, Shimen, China 

Realgar 
AsS 

M ONOC LINIC •••• 
Properties: C - red to orange-yellow; S - orange-red 
to red; L - resinous to greasy: D - transparent to 
translucent; DE 3,6; H - 1.5-2; CL - good; F -
conchoidal; M - prismatic striated crystals, granular. 
massive. 

+ 
+ 

Origin and occurrence: llydrothermal in low
temperature veins, associated with other As-Sb 
minerals; also as a sublimation product of volcanic 
gasses, in hot springs and sed iments. The most 
beautiful crystals over 100 mrn (4 in) long come 
from Shimcn, Hunan, China. Crystals up to 70 mrn 
(2:Y. in) long occurred in the Getchell mine, Nevada, 
USA. Crystals up to 80 mm (3'/• in) long were found 
in Lengenbaeh, Binntal, Switzerland. Crystals are 
also known from Baia Sprie. Romania. Massive 
aggregates are common in Allchar. Macedonia. 

MONOCLINIC •••• 
Properties: C - lemon-yellow to bronze-yellow; S -
light lemon-yellow; L - resinous to pearly; D - transpa
rent to translucent; DE - 3,5; H - 1,5-2; CL - perfect; 
M - prismatic crystals, foliated and fibrous aggregates. 
Origin and occurrence: Hydrothermal in low-tempera
ture veins, together with realgar, stibnite. calcite etc., 
also !'rom hot springs and fumaroles. It is also a com
mon product of realgar oxidation. The best crystals up 



to 100 mm (4 in) long come from Shimen, Hunan, 
China. Fine cleavable 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 (3'1• in) long described from the Getchell 
mine, Nevada, USA .. Fine specimens are also known 
from Allchar, Macedonia and K.haidarkao, Kyrgyzstan. 
Application: As ore, pigment. 

Getchellite 
AsSbS3 

MONOCLINIC e e 

Properties: C-dark red, tarnishing green and irides
cent; S - orange-red; L- pearly to glassy, resinous; D 
- transparent; DE - 4,0; H - 1,5-2; CL - perfect; F 
splintery: M - imperfect curved crystals, massive. 
Origin and occurrence: Hydrothermal in low-tempe
rature ore deposits, associated with orpiment, 

realgar, sribnite, cinnabar and other minerals. It was 
described from the Getchell mine, Nevada, USA. 
Beautiful specimens with grains up to several em 
across come from Khaidarkan, Kyrgyzstan. It is also 
known from Zarehshuran, Kurdistan, Iran. 
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3. Halides 
Flue/lite 
Al2 (P04)F2(0H) . 7 H20 

ORTHORHOMBI C e e 

Properties: C - colorless, white, yellow; S - white; L 
- vitreous; D - transparent; DE - 2.2; H - 3; CL -
imperfect; M - dipyramidal crystals. 
Origin and occurrence: Hydrothermal in greisens, 
also secondary as a result of triplite 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, Cornwall, UK. Also found in pegmatites in 
Kynzvart, Czech Republic and in Hagendorf, 
Germany as a product of trip lite alteration. 

MONOCLINIC • • • 
Propenies: 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. 
~ 

Fluorite. 67 mm, Berbes. Spain 
Cryolite. 35 mm, fviglllt, Greenland 

-~ 

Origin and occurrence: Characteristic mineral of the 
cryolite pegmatites. Crystals up to 30 mm (!'/,. in) in 
size were found in lvigtut, Greenland, where it was 
mined as the Al ore for more than l 00 years. It was 
associated with other alwninofluorides, sphalerite, 
cassiterite, ferrocolumbite and other minerals. It is 
also known from the Francon quarry in Montreal, 
Quebec, Canada in crystals up to 10 mm ('I• in) 
across. Massive cryolite occurs in Miass, Ural 
Mountains, Russia and in St. Peter's Dome, Pikes 
Peak batholith, Colorado, USA. 
Application: it was an important AI ore. 
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Creedire. 70 mm. Santa Eulalia. Me;cico 

Creedite 
Ca3At2(S04)(F,OH) to . 6 H 20 

ORTHORHOMBIC ••• 
Properties: C - colorless. white, purple; S - white; L 
- vitreous; D - transparent; DE - 2.7; H - 4; CL 
perfect; F - conchoidal; M - short prismatic to 
acicular crystals, granular, massive. 
Origin and occurrence: Hydrothermal, associated 
with fluorite and barite. Purple crystals, several em 
long, come from Wagon Wheel Gap near Creede, 
Colorado, USA. Nice druses were found in Santa 
Eulalia, Chihuahua. Mexico. The best creeditc 
specimens with purple crystals up to 30 rnm (I'/,. in) 
long were recently found in Akcha-tau, Kazakhstan. 

Carnallite 
KMgCI3 . 6 H20 

ORTHORHOMBIC •••• 
Properties: C-colorless, white, yellowish, red, blue; 
S - white; L- vitreous to greasy; DE - 1.6; H - I -2; 
CL - none; F - conchoidal; M - pseudo-hexagonal 

pyramidal and tabular crystals, granular; LU -
strong; R - decomposes under wet conditions. 
Origin and occurrence: 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 (l •t,. in) across are known from the vicinity of 
Carlsbad, New Mexico, USA. Nice crystals come 
also from Stassfun and Alexanderhall, Germany. 
Massive aggregates are common in many salt 
deposits, like in Saskatchewan, Canada; in Kalusb. 
Ukraine and elsewhere. 
Application: : the most important potassium salt, 
used as fertilizer and for production of metal Mg. 

Atacamite 
Cu2CI(OHh 

ORTHORHOMBIC ••• 
Properties: 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. 
Origin and occurrence: Secondary in the oxidation 
zone of Cu deposits in the arid climate, associated 
with other Cu minerals. Crystals up to 10 mm ('I• in) 
long were described !Tom Burra district, Southern 
Australia, Australia. Crystals up to 10 mm ('Is in) 
across come from Tsumeb, Namibia; also from 
Bisbee, Arizona, USA. Rich aggregates of acicular 
crystals occur in many localities in Atacama 
province, Chile (Copiap6. Remolinos). 



Atacamite, 78 mm. Atacama. C!Ji/e 

Boleite 
Pb26Ag9Cu24CI62(0H)48 

CUBIC e 

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

Baleite, 65 mm, Santa Rosalia. Mexico 

Origin and occurrence: Secondary, originated in 
the Ollidation zone of Cu deposits in the arid cli
mate. By far the best specimens were found in 
BoU:o, Baja California, Mexico, where cubes up to 
25 mm {I in} in size were found. It is also known 
from Phillipsburg, Montana, USA and Challacollo, 
Chile. 
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Cumengite 
Pbl l Cu20ci42(0H)4o 

T E TRAGONAL e 

Properties: C- indigo-blue; S blue; L - vitreous; D 
translucent; DE - 4. 7; 1-1 - 2.5; CL - good; M - te1rago
nal pyramidal crystals, also epi1axially overgrown on 

boleite cubes. Origin and occurrence: Secondary in 
the oxidation zone of Cu deposits in the arid climate, 
associated wi1h boleite. The largest crystals up 10 35 
mm (I'/• in) are known from Boleo, Baja California. 
Mexico. It is also reported from Newport Beach ncar 
Falmouth, Cornwall, UK. 

lodargyrite 
j3-Agl 

HEXAGONAL ••• 
Properties: C - colorless, tarnishes to yellow; S -
yel low; L - adamantine; D - transparent to 
translucent; DE - 5.7; H - 1-1.5; CL - perfect; F 
conchoidal; M - prismatic to tabular crystals, 
granular, massive. 
Origin and occurrence: Secondary, product by 
oxidation of Ag orcs, with other Ag minerals. Common 
greenish crystals over I 0 nun f!/• in) in size occur in 
Broken Hill, New South Wales, Australia. Also found 
in Yrancice, Czech Republic; Tonopah, Nevada, USA; 
Chafiarcillo and Copiap6, Chile. 

Vi/liaumite 
NaF 

CUBIC • • • 
Properties: C - dark red; S - white; L - vitreous; 
D - transparent to translucent; DE - 2.8; II - 2-2.5; 
CL - perfec1; M - small crystals, granular, massive; 
R - soluble in water. 
Origin and ()Ccurrence: Late mineral in cavities in 
alkaline igneous rocks (nepheline syenites). 
Crystals, several em long. are known from the 
Rasvumchorr Mountain, Khibiny massif. Kola 
Peninsula, Russia; only slightly smaller crystals 
come from Mont St.-Hilaire, Quebec, Canada and 
lllimaussaq, Greenland. 

Yilliaumite. /0 mm xx. Klribiny Massif. Kala, Ru<•'ia 



Halite, 55 mm. Trona, U.S.A. 

Halite 
NaCI 

CUBIC •••• 
Properties: C - colorless, 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 high-temperature 
fwnaroles (Etna. Mt. Vesuvius; Italy); mainly sedi-

Halite, 18 mm .u , Sonora, Mexico 

mentary, as a result of evaporation of sea water, 
associated with sylvite, carnallite and other minerals. 
Very fine cubes over I 0 mrn ('/o in) are knovm from 
Weliczka and Bochnia, Poland. Blue cleavable aggre
gates are found in Bemburg, Germany. Salt deposits 
in Austria (Hallstatt, Hallein) are also imponant. 
Huge halite deposits, associated with potassiwn salts 
are mined in the vicinity ofStassfurt, Germany. Fine 
skeletal crystals are known from many localities in 
California, USA. 
Application: food and chemical industries. 
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Sylvite. 77 mm, California. U.S.A. 

Sylvite 
KCI 

CUBIC • • • 
Properties: C - white, gray, blue. red; S - white; L 
vitreous; D - transparent; DE - 2; H - 2; CL - per
feel; F - uneven; M - cubic crystals and their com
binations; granular, massive; R - soluble in water. 
Origin and occurrence: Sedimentary as a resu lt of 
evaporation of sea water. together with halite, 
carnallite and other minerals. Nice cubes up to 50 
mm (2 in) come fTom Stassfurt; it fonns stalactites in 
Wathlingen, Gennany. Crystals are also known from 
Kalush, Ukraine and from Salton Sea, California, 
USA, where it occurs as octahedra on halite crystals. 
Application: chemical industry. 

Calomel, 30 mm, Terling1m, U.S.A. 

Sal ammoniac, 10 mm x, 86ronyterenye. Hungary 

Sal ammoniac 
NH4CI 

CUBIC ••• 
Properties: C- colorless, white, gray, yellow, brown; S 
- white; L - vitreOus; D - transparent; DE - 1.5; H -
1-2; CL - imperfect; F - conchoidal; M -
combinations of cubic crystals, dendritic and skeletal 
aggregates; earthy. 
Origin and occurrence: Typical mineral for 
fumaroles and burning coat dumps, associated with 
sulfur and other minerals. Complicated crystals are 
known from Mt. Vesuvius, Etna and Vulcano, Italy. 
Crystals over 10 mm f!l• in) in size occurred on 
burning coal dumps near Kladno, Czech Republic; 
similar from localities in Eastern Pennsylvania, USA 
and near Ste-Etienne, France. 

Calomel 
HgCI 

TETRAGONAL e e 

Properties: C - colorless, white, gray, brown, it dar
kens on air; S - white; L - adamantine; D - transpa
rent to translucent; DE - 7.2; H - 1.5; CL- good; F
conchoidal; M - tabular to pyramidal crystals, 
coatings, earthy; LU - dark red. 
Origin and occurrence: Secondary as a result of 
alteration of Hg minerals, associated with cinnabar, 
mercury and other minerals. Crystals were found 
in Moschellandsberg, Germany; Avala, Serbia; 



Khaidarkan, Kyrgyzstan and Terlingua, New 
Mexico, USA. 

Fluorite 
CaF2 

CU BIC ••••• 
Properties: C - colorless. white, yellow, red, green, 
blue, purple, brown, black; S - colorless; L - \~
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 occ11rrence: Rare magmatic, mainly 
hydrothermal and metasomatic. Associations are 
very diverse, depending on a type of the deposit, in 
wb.ich it occurs. Beautiful crystals are known from 
many localities all over the world. Pink octahedra, 
several em in size, are known from pegmatites in 
Nagar, Pakistan. Nice crystals were also found in 
greisens in Cornwall, UK (\\'heal Mary mine) and 
from Horni Slavkov, Czech Republic. Beautiful 
green cubes up to 20 em across and colorless cubes 
up to 10 mm ('Is in) across from Dalnegorsk, Russia 
are of hydrothermal origin. Famous green and 
purple crystals come from Alston Moor and 
Weardale, England, UK. Nice pink octahedra up to 
30 mm (! '/•• in) occurred in Huanzala. Peru. Beauti-

Fluorite, 23 mm x, Chamonix. France 

ful yellow cubes up to 50 mm (2 in) associated with 
barite, are known from Halsbriicke and Annaberg. 
Germany. Purple complex combinations of crystals 
come from La Collada, Spain. Mainly purple cubes 
up to I 0 mm ('II in) occurred in Rosiclare, lllinois; 
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 octal1edra up to 150 mm (6 in) from 
Goschenen, Switzerland; Mont Blanc massif, 
France and other Alpine localities. 
Application: metallurh'Y, chemical industry, special 
optics.optika. 
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4. Oxides 

CUBIC ••• 
Varieties: chalcotrichite (acicular to hair-l ike crystals) 
Properties: 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. 
Origi11 a11d occurrence: Secondary, as a result of the 
oxidation ofCu sulfides. Crystals up to ISO mm (6 in) 
in size, covered with malachite, occur in Onganja, 1'\a
mibia. Shiny octahedra, up to 40 mm ( l'lo. in) in size, 
come from the Mashamba We-st mine, Zaire. Acicular 
and fibrous crystals of the cbalcotrichite variety were 
found in Bisbee, Arizona, USA. Combinations of 
cubic crystals, covered with malachite, arc known 
from Chcssy ncar Lyon, France. Crystals up to 30 mm 
(I ''" in) across are reported from Tsumeb, Namibia. 
Applicarion: important Cu ore. 

Zincite 
ZnO 

HEXAGONAL e e 

Properties: C - yellow, orange, red; S - orange
+ yellow: L adamantine; D - transparent to trans-

<:: A;;;;hysr. 121 mm. Guerrero. Mexico 
Cuprire, 18 111111 x, Mashamba West, Zair 

Zincite. If nznr x. Franklin. US.A. 

lucent; DE - 5.7: H - 4.5-5; CL - perfect; F -
conchoidal: M - pyramidal crystals, granular, 
massive. 
Origin and occurrence: Metamorphic, associated 
with willemite and franklinite. It forms very rare 
crystals up to 40 mm ( 1'1• in) in size in the metamor
phosed Zn deposits in Franklin and Sterling Hill 
1\ew Jersey, USA, it is mostly granular and massive. 
Zincite crystals and aggregates of vitreous luster 
from Poland which arc offered at the mineral shows, 
are not of a natural origin, there arc smelter products. 
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Tenorite 
CuO 

MONOCLINIC ••• 
Prope1ties: 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, canby, massive. 
Origin and occurrence: 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. lt was mined 
as Cu ore in Bisbee, Globe and Morenci, Arizona, 
USA. Thin tabular crystals are known from Tsumeb, 
Namibia. 

CUBIC ••• 
Varieties: pleonast (black) 
Properties: 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 occurrence: Magmatic, metamorphic, also 
in placers, associated with corundum, sillimanite and 
other minerals. Large pleonast crystals reaching up to 
150 mm (6 in) were found in the Aldan massif. Yakutia, 

Spinel, 10 mm x. Mogok. Burma 

Russia. Fine crystals weighing up to 14 kg (30 lb 12 oz) 
come from Amity, New York. Crystals up to 120 mm 
(4'/,. 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) reponed near Ratnapura, Sri Lanka and in Mogok, 
Burma. Fine pink crystals up to SO mm (2 in) in size 
occur in Kukh-i-lal, Tajikistan. 
Application: gemstone. 

Gahnite 
ZnAI204 

CUBIC ••• 
Properties: C - black-green, black; S - gray; L -
vilrcous to greasy; D - trdnslucem to opaque; DE -



Pleonast, 15 mm .1'.<. Viemam 

4.4-4.6; H - 7 .5-8; CL - imperfect; F - conchoidal to 
uneven; M - octahedral crystals, granular. 
Origin and occurrence: 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 ( 1'/,, in). Blue-green crystals 
were found in Rowe. Massachusetts, USA. Cuttable 
blue crystals occur ncar Gidan Wayo, Nigeria. 

CUBIC ••• 
Properties: C - black: S - black; L - metallic; D -
opaque: DE - 5.2; H - 5.5-6.5: CL- none; F - un-

Galmite, 90 mm, Broken Hill. Austmlia 
I' ... 
..;. < ( 

even to conchoidal; M - octahedral crystals. gra
nular, massive. 
Origin and occurrence: Magmatic, hydrothermal 
and metamorphic. rare sedimentary. Parageneses dif
fer according to the origin. Fine crystals up to 170 
mm (6"1" in) in size, come from Traversella, Italy. A 
crystal 25 em (9"/,, in) in size was found in Vastan
fors, Sweden. Fine crystals up to 40 mm (1'/•• in) 
occur in Dashkcsan, 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, Swit'L.Crland. Rare cubes 
up to 20 mm ("!" in) on edge come from the ZCA 
No.4 mine, Balmat, New York, USA.. Magnetite 
crystals reaching up to 10 em were found in pegma
tites in Jaguara~u, Minas Gerais, Brazil. Crystals up 
to 20 em (7'1• in} in size reported from the Gardiner 
complex, Greenland. Crystals up to 50 rnm (2 in) 
were lately found in Kovdor, Kola Peninsula, Russia. 
Application: Fe ore. 
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Franklinite. 30 mm, Sterling Hill, USA. 

Franklinite 
(Zn,Mn2•,fe2+)(fel+,Mn2+)204 

CUBIC e e 

Properties: C - black; S - dark brown; L- metallic; 
0 - opaque; DE - 5.1-5.5; H - 6; CL - none; F 
uneven to conchoidal; M - octahedral crystals, 
granular, massive. 
Origin and occurrence: 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"/,. in) 

Chromitc, 87 mm, Finn/and 

7R 

across are known from there. lt is rare io Langban, 
Sweden and Ocna de Fier, Romania. 
Application: Zn ore. 

Chromite 
FeCr204 

CUBIC ••• 
Properties: C - black; S - brown; L - metallic; D
opaque; DE - 4.5-4.8; H- 5; CL - none; F - uneven; 
M - octahedral crystals. granular, massive. 
Origin and occurrence: Magmatic, together with 
magnetite, uvarovite and other minerals. Rare crys
tals reaching up to I 0 mm (!I• in) are known from 
Uzuo Damar, Turkey. lt occurs mostly massive, like 
in deposits in Bushveld, South Africa; in Sarany, 
Ural Mountains, Russia and in Guleman, Turkey. 
Application: Cr ore. 

Hausmannite 
Mnl•Mnl+ 204 

TETRAGONAL ••• 
Properties: C - black; S - brown; L - submetallic; D 
-opaque; DE - 4.8; H- 5.5; CL- perfect; F - uneven; 
M - pseudo-octahedral crystals, granular, massive. 
Origin and occurrence: Hydrothermal in. bigh-tem
perarure Mn deposits, also as a product of the contact 
metamorphism. The best specimens with crystals 
up to 30 mrn ( !'/.. in) in size come from the 
N'Chwaning mine, Kuruman, South Africa. Smaller 
crystals were found in ilfeld and Umen.au, Germany. 
It also occurred as fine crystals in Langban and 
Jakobsberg, Sweden. 

Minium, 60 mm, Broken Hill, Australia 



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

Hausmannile, 42 mm, Kuruman, S<mth Africa 

M - earthy and pulverulent aggregates, massive. 
Origin and occurrence: Secondary mineral, as a 
result of the galena oxidation. It occurs in 
Laogbao, Sweden; in Anarak, lran; in Leadhills, 
Scotland, and in Broken Hill, New South Wales, 
Australia. 
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Chryzoberyl 
BeAI204 

ORT HORHOMBIC 

Varieties: alexandrite 

• • • 

Propenies: C - yeUow-green, yellow, blue-green, 
alexandrire is green in daylight, purple in artificial 

light; S - white; L - vitreous; D - transparent to 
rranslucent; DE - 3.8; H - 8.5; CL - good; F -
conchoidal to uneven; M - thin to thick tabular 
crystals common cyclic twins. 
Origin and occurrence: Magmatic in pcgmatires, 
prevailing as metamorphic, in association with 
schorl, phenakite and other minerals. Twins up to 22 
em (8"/,. in) occutrcd near Pancas, Espirito Santo, 
Brazil. Complicated twins up to 100 mm (4 in) in 



size come from Ambatondrazaka and other localities 
in Madagascar. Tabular crystals several em in size, 
embedded in the sillimanitic rock, were found in 
Mar_ikov, Czech Republic. Fin.e alexandrite crystals 
up to 80 mrn (3'/o in) are known from Malyshevo, 
Ural mountains, Russia, together with emerald and 
phenakite. Alexandrite crystals reach up to 30 mm 
(!'/,. in) in Nyanda, Zimbabwe. Gemmy chryso
beryls, commonly with a eat's eye effect, come from 
the vicinity of Ratnapura, Sri Lanka. 
Application: gemstone. 

Vale11tinite 
Sb203 

ORTHORHOMBIC ••• 
Properties: 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. 
Origin and occurrence: Secondary mineral, origina
ted in the oxidation of stibnite. The best specimens 
with crystals up to 30 mm (I '/•6 in) were found in 
Pl'ibrarn, Czech Republic. Fine crystals come also 
from Briiunsdorf, Germany. Crystals up to 20 mm 
('1/n in) long occur in Oruro, Bolivia. Beautiful radial 
aggregates up to 40 mm ( 1'1/o• in) in diameter, 
associated with kermesite, are known from .Pezinok 
and Pemek, Slovakia. Pseudo-morphs after stibnite 
crystals up to 35 em (13% in)long, are reported from 
the Xikuangshan Mine, Lengshuijiang, China. 

CUBIC e e 

Properties: : C - white: S - white; L- vitreous; D -
transparent to translucent; DE - 3.9; H - 1.5; CL -
good; F - conchoidal; M - octahedral crystals, 
crusts, coatings; R - soluble in water. 

Arsenolite. 3 mm xx. Recsk, Hungary 

Valeminite. 40 mm. Nicolet. Canada 

Origin and occurrence: Secondary mineral, resulting 
from the oxidation of As ores. Poorly developed crystals 
several nun long, occur in Jachymov, Czech Republic; 
in Johanngeorgenstadt and St. Andreasberg, Germany. 
Crystals up to 20 mm (u/, in) long originated during a 
mine fire in the White Caps mine, Nevada, USA. 

Senarmontite 
Sb203 

CUBIC ••• 
Properties: 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 - octahedial crystals, granular, massive. 
Origin and occurrence: Secondary, produced by 
stibnite oxidation, with valentinite and cerussite. 
The finest crystals up to 30 nun ( J'f,. in) in size 
come from Djebel Hammimate, Algeria. Also 
occurred in Cetine, Italy and in Dubrava, Slovakia. 
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CUBIC e e 

Properties: 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 t\vins. 
Origin and occurrence: Hydrothermal in rhyolite 
cavities and metamorphic. Cubes up ro 12 mm ("In 
in) are found together with topaz in Thomas Range, 
Utah, USA. Crystals up to 25 mm (1 in} occurred in 

Corundum, 10 mm xx. Miass, Russia 

O'l 

Leucosapphire, 30 mm, Sri L<Jnka 

the Postmasburg mine, South Afiica. Crystals up to 
80 mm (3'/, in) come from Ultevis, Sweden. 

~I 

TRIGONAL •••• 
Varieties: ruby, sapphire, leucosapphire, emery 

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



Corundum, 4 mm. Montana. U.S.A. 

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 occurrence: 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 lb) near Bancroft, Ontario, Canada. A 
crystal, weighing 151 kg (333 lb 3 oz) was also found 
in the Letaba districr, Sourh Africa. Sapphire crystals 
weighing up ro 20 kg (44 lb), come from the vicinity 
of Ramapura and Rakwana, Sri Lanka. Fine sapphire 
crystals are also known from Kashmir, India. Rough 
gem sapphire is mined from the Yogo Gulch sedi
ments in Montana, USA and from Anikia, Queens
land, Australia. Fine blue crystals up to 50 mm (2 in) 
long, occur near Miass. Ural mountains, Russia. Ru
by is even much rarer variety of corundum. Its beauti
ful crystals up to 50 mm (2 in) long come from Jeg
dalek, Afghanistan; Mogok, Burma and from Luc 
Yen, Vietnam. Prismatic crystals of opaque ruby, up 
to 40 mm (1'/,. in) in size were found in the Khit Is
land near Kola Peninsula, Russia. Ruby crystals up to 
30 em (12 in) in size embedded in green zoisite from 
the vicinity of Arusha, Tanzania are very decorative. 
Application: emery as abrasive material, sapphire 
and ruby as gemstones. 

Ruby. 16 mm x, Jegdalek, Ajghanisum 

Sapphire. 41 mm. Kashmi1; India 
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Hematite, 50 mm. La Fibbia. Switzerland 

TRIGONAL ••••• 
Properties: C - red, gray, black; S - red; L - metallic, 
dull; D - opaque; DE- 5.3; H - 6-6.5. earthy to I; 
CL - none; F - uneven to conchoidal; M - thick to 
thin tabular crystals, massive, earthy. 
Origin and occurrence: Magmatic, hydrothermal. 

sedimentary, also metamorphic, parageneses vary 
according to the origin. Beautiful crystals up to I 00 
mm (4 in) in size come from Bnunado, BahRa, 
Brazil. Crystals up to 30 em (12 in), were found in 
the Wessels mine, Kuru man, South Africa. So called 
iron roses reached up to 100 mm (4 in) near St. 
Gotthard, Switzerland. Fine crystals several em in 
size, occurred in Rio Marina, Elba, Italy. Very fine 
tabular crystals reached up to 70 mm (2% in) in 
Nador, Morocco. New finds of fine crystals up to 40 
nun (1 '/•• in) in size were made in the Korshunovs
koye deposit, Russia. Fine botryoidal aggregates 
come from Hradiste and Horni Blatna, Czech 
Republic and from Botallack, Cornwall, UK. Sedi
mentary banded iron ores form huge deposits near 
Krivoy Rog, Ukraine or in the '~cinity of Lake Supe
rior (Mesabi Range, Minnesota; Marquette, Michi
gan, USA). 
Application: important Fe ore. 

nmenite 
FeTi03 

TRIGONAL •••• 
Properties: C- black; S- black; L- metallic to dull; 
D - opaque; DE - 4.5-5; H - 5-6; CL - none; F -
conchoidal to uneven; M - thick tabular crystals, 
granular, massive. 
Origin and occurrence: Magmatic, metamorphic 
and in placers, associated with pyrrhotite, rutile, 
magnetite and other minerals. Crystals weighing up 



Ilmenite, 1 1 mm x, Binmal, Switzerland 

to 30 kg (66 lb) were described from the Faraday 
mine near Bancroft, Ontario, Canada. Crystals up to 
150 mm (6 in) in size occurred near Girardville, 
Quebec, Canada. Crystals also reached up to I 00 
mm (4 in) near Miass, Ural mountains, Russia. Crys
tals up co 120 mm 120 mm (4'/,. in), were found in 
Arendal and Kragero, Norway. Crystal rosettes up to 
10 mm ('Is in) in size come from Maderanertal, 
Switzerland. It is also common in placers (Kamituga, 
Kivu, Zaire; Sri Lanka; Travancore, india; Madagas
car etc.). 

Perovskite 
CaTi03 

ORTHORHOMBIC ••• 
Properties: 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 occurrence: Magmatic in basic and ultra
basic rocks, metamorphic, together with magnetite, zir
con and other minerals. Fine pseudo-cubic crystals up 
to 40 rrun ( l'/" in) in size come from Zlatoust and Ak
hmatovsk, Ural mountains, Russia. It occurs as crystals 
up to 80 mm (3'/a in), associated with magnetite crys
tals in the Gardiner complex, Greenland. Crystals up to 
40 mm (I'/,. in) were found in Jacupiranga, Sao Paulo. 
Brazil. Crystals from Val Malenco, Italy, reached up to 
20 rrun ("/, in). Crystals up to 20 rrun ("/,: in) were 
lately fow1d in Afrikanda, Kola Peninsula, Russia. 

Loparite-(Ce) 
(Ce,Na,Ca)Ti03 

ORTHORHOMBIC e 

Pmperlies: C - black, S - dark red-brown, L -
metallic; D - opaque; DE - 4.6-4.9; H - 5.5-6; M -
pseudo-cubic crystals, granular; R - metamict. 
Origin and occurrence: Magmatic in alkaline rocks, 
with lorenzcnite, eudialyte and aegirine. Fine inter
penetration twins up to 20 mm ("/, in) in size come 
from Mount Nyorkpakhk, Kola Peninsula, Russia. 

PerovsJ..ite, 60 mm, Zlatoust, Russia 
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Stibiconite, 230 mm, Catorce. Mexico 

Stibic01rite 
Sb3+sb5+ 2o 6(0H) 

CUBIC ••• 
Properties: C- white, creamy, light yellow, brown; 
S - white; L - virreous, greasy to dull; D - opaque; 
DE - 4.1-5.8; H - 3-6; M - pseudo-morphs after 
stibnite crystals, earthy, massive. 
Origin and occurrence: Secondary, as a result o f the 
stibnite oxidation, associated with valentinite and 
other minerals. Fine pseudo-morphs after stibnite 
crystals up to 30 em ( 12 in) long come from Catorce, 

San Luis Potosi, Mexico. Similar pseudo-morphs 
were also found in Kosrainik, Serbia; in the Tchino
kawa mine, Japan and in Perera, Italy. Pseudo
morphs after stibnite up to 20 em (7'/• in) long occur 
also in Cukuroren, Turkey. 

Bindheimite 
Pb2Sb20 6(0,0H) 

CUBIC ••• 
Properties: C - yellow, brown, gray; S - yellow, L 
resinous, dull to earthy; D - translucent to opaque; 
DE - 4.6-5.6: H - 4-4.5; F - conchoidal to earthy; 
M - botryoidal, nodular and earthy crusts. 
Origin and occurrence: Secondary in the oxidation 
zone ofPb-Sb deposits. Needles up to l 0 rom {!lo 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 em in 
size are known from Tsumeb, Namibia. 

Pyrochlore 
(Na,Ca) 2Nb2o 6(0H,F) 

CUBIC ••• 
Pmperties: C - yellow-brown, brown, black; S -
brown; L - vitreous to greasy; D - translucent to 
opaque, DE - 4.5: H - 5-5.5; CL - locally good; F 
conchoidal to uneven; M - octahedral crystals, gra
nular; R - radioactive (admixtures of U, Th). 
Origin and occurrence: Magmatic in alkaline rocks, 
together with zircon, astrophyllite and other minerals. 
Fine brown shiny crystals up to 20 mm ("/,in) in size 
come from the vicinity ofVishnevogorsk, Ural moun
rains, Russia. Crystals reaching 10 mm (1/s in) occur 
in the Panda H ill deposit, Tanzania. Crystals are also 
known from Oka, Quebec, Canada. Single octahedra 
measuring 5 mm ('/" in) were found in Luesha, Kivu, 
Zaire. Application: Nb,U and Th ore. 

Microlite. 7 mm x. Gillette Quany. US.A. ----,.....,.......,.,. 



Betafite 
(Ca,Na,Uh(Ti,Nb,Tah06(0H) 

CUBIC e e 

Prope11ies: 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. 
Origin and occurrence: Magmatic in granitic peg
matites, rich in U, Th and rare earth elements, asso
ciated with beryl, euxenitc-(Y) and other minerals. 

The world's best specimens come from many locali
ties in Madagascar (Betafo, Ambatofotsikely etc.), 
where crystals up to 6 kg (13 lb 3 oz) were found. 
Beautiful specimens with crystals up to 100 mm (4 
in) in size occur in the Silver Crater mine near Ban
croft, Ontario, Canada. lt is also known from Evje, 
Norway. 

Mikrolite 
(Na,Cah Ta206(0,0H,F) 

CUBIC ••• 
Properties: 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 occurrence: Magmatic, typical for granitic 
pegmatites, together with manganocolurnbite, manga
notantalite and other minerals. Octahedra up to 65 mm 
(2~/,. in) in size occur in Ankola, Uganda. Crystals up 
to 30 mm ( I 'I" in) in size come from Virgem da Lapa, 
Minas Gerais, Brazil. Crystals up to 75 rom (3 in) are 
reported from the Harding pegmatite, New Mexico, 
USA. It occurs in important accumulations near 
Wodgina, Western Australia. 
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Quarez, 60 mm, Herkime1; U.S.A. 

Quartz 
Si02 

TRIGONAL ••••• 
Varieties: rock crystal, citrine, smoky c1trme, 
morion, amethyst, rose quartz, chrysoprase, jasper, 
chalcedony, agate, onyx, sardonyx, aventurine, helio
trope, tiger's eye, falcon's eye. 

QQ 

Properties: C - colorless (rock crystal), white, yellow 
(cit:rine), brown (smoky cit:rine), black (morion), 
purple (amethyst), pink (rose quartz), green {chryso
prase); D - the.se varieties are mostly transparent, 
often translucent; C - other varieties are mainly multi
colored, separate colors have different hues and the 
color is commonly caused by microscopic admixtures 
of other minerals; varieties: red, green, brown, yellow 
Uasper), banded with different colors (agate); white 



Rock cry.\·tal. 95 111111, La Gardelte, France 

and black bands (onyx), white and red-brov.'TI bands 
(sardonyx), green to red-bro\\'TI with mica or hematite 
inclusions (avcnturine), dark green with red spots 
(heliotrope), yellow-brown to black-brown, fibrous 

Smo~y quart:, 70 mm. Middle Moat Mt., US.A. 

Citrine, 32 111m, Charcas. Mexico 

with silky luster (tiger's eye), blue-gray to yellow
brown, fibrous with silky luster (falcon's eye); S -
white; L - virreous, silky, dull; D - transparent to 
translucent, opaque; DE - 2.6; H - 7; CL - none; F-

Smoky quarrz. 8/ mm. Switzerland 
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Rose quart;, 145 mm. Minas Gerais. Bro..-il 

Amethyst. 100 mm, Bocltol•ice, Czech Republic 

conchoidal; M - long to short prismatic, acicular, 
dipyramidal to tabular crystals, fibrous, botryoidal 
and stalactitic aggregates and coatings, concretions, 
geodes, granular, massive. 
Origin and occurrence: Magmatic in different types 
of rocks, mainly in granites, granitic pegmatites and 
volcanic rocks: metamorphic in different types of 
rocks, mainly in quar~ites and mica schists; 
hydrothermal in different types of ore and Alpine-



Amethyst, 200 mm, Guerrero, Mexico 

type veins; secondary in the oxidation zone of ore 
deposits; also in different types of sedimentary 
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 pcgmatites in the Betafo region in 
Madagascar and from the Alpine-type veins, like 

Uri. Grimsel 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 Netfn, Czech Republic; from Murzinka, 
Ural mountains, Russia. Smoky quartz originates 
mostly in granitic pegmatites, it also occurs in the. 
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Chalcedony, 68 111111, High Atlas, Morocco 

Came/ian. 40 mm. Nova Pako, Czech Republic 

Chrysoprase. 60 mm. Szklary, Poland 

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, lJk:raine; in the 
Pikes Peak batholith, Colorado, USA; in the Alpine
type veins in Maderanertal and in Grimsel, 
Switzerland. Morion crystals, commonly associated 
with smok-y 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 Sui and Minas Gerais, 
Brazil, doubly terminated crystal, weighing 5.5 
tons, come from Diamantina. In Serra do Mar, Rio 
Grande do Sui, a cavity covered with amethyst 



Ja~per, 60 mm. Oregon, US.A. 

crystals measuring 10 x 2 x I m (33 x 6 x 3 ft Jin) 
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 
gr:anitic pegmatites in the Rose Quartz pit, Quade-

!ron stained quarrz, 95 mm. Hol'ovice. Czech Republic 

Petrified wood. 70 mm. Podkrkonosi, Czecl> Republic 

ville, Ontario, Canada; in Ambositra, Madagascar; 
crystals up to 10 mm ('/s 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 serpeotinites in Szklary, 
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Agate, 50 mm. ieteznice. Czech Republic 

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 aggregates 
occur in Tdar-Oberstein, Germany; in Podkrkonoili 
region and in KruS'ne 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 Hiittenberg, Austria. Agates 
are known from cavities in volcanic rocks, rare in 
hydrothermal veins and in sediments. The most 
important localities are located in the southern part 
of Brazil in the state of Rio Grande do Sui; in 
Uruguay; also in Yemen; India; Mongolia; in several 

Agate, 140 mm, Homi Halie, Czech Republic 

1 

'r Onyx, 65 mm, Brazil 

Moss agate. 40 mm. Krdjoli. Bulgaria 



Agate, 60 mm, Brazil 

localities in the USA; in ldar-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; Kozikov, Czech Republic and in Brazil. 

Avenrurine. 50 mm. India 

Applicaiion: important raw material in glass indus
try, many colored varieties, like amethyst, smoky 
citrine, citrine, onyx, sardonyx, and heliotrope are 
cut as gemstones. 
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Tridymite 
Si02 

ORTHORHOMBIC ••• 
Properties: C - colorless to white; S white; L -
vitreous: D transparent; DE - 2.3; H 6.5-7; CL 
none; F - conchoidal: M - pseudo-hexagonal tabular 
crystals. 

Origin and occurrence: Magmatic in cavities of young 
felsic volcanic rocks in association with cristobalite, 
chalcedony and other minerals. Pseudo-hexagonal 
tabular crystals up to I 0 rnm (1/o in) in size, come from 
Vechec, Slovakia. Similar crystals found in Jehigayama, 
Japan. Crystals up to I 0 mm ('I• in) occur with topaz 
and other minerals in the Thomas Range, Utah, USA. 

Cristobalite 
Si02 

TETRAGONAL ••• 
Varieties: lussatite (fibrous) 

Properties: C - colorless to white; S - white; L -
vitreous; D - translucent; DE - 2.3; H - 6.5; CL -
none; M - pseudo-octahedral crystals, spherical and 
botryoidal aggregates. 
Origin and occurrence: Magmatic in cavities of 
young felsic volcanic rocks, associated with rridy
mite. Crystals up to 4 mrn ('In in) are known from 
Cerro San Cristobal, Hidalgo, Mexico. Crystals up 
tO 2 mm ('! •• in) long occur in Vechec, Slovakia. Gray 
spherical aggregates come from Coso Hot Springs, 
California, USA. 



Common opol, 60 mm, Krenrfe, Czech Republic 

AMORPHOUS ••••• 
Varieties: hyalite, milky opal, fire opal, precious 
opal, wooden opal, geysirite. 

Properties: C - colorless (hyalite), white (milky 
opal), red (fire opal), iridescence (precious opal), 

Hyalite, 45 mm, Valec. Czech Republic 

Opal, 50 mnr, Herlany, Slovakia 

brown, red-brown, yellow, green, gray, blue; S -
white; L - vitreous, dull, earthy, waxy; D -
transparent to translucent, opaque; DE - 2.1; H -
5.5-6.5; CL - none; F - conchoidal; M - botryoidal 
and stalactitic aggregates. coatings, concretions, 
geodes, massive; LU - white, yellow-green, green. 
Origin and occurrence: Hydrothermal 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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Opal, 47 mm, Opal Butte. U.S.A. 

1-r 

hydrothermal veins; secondary in the weathering 
zone of different types of rocks. It is often associated 
with chalcedony. Coatings and stalactitic aggregates 
of hyalitc up to 50 mm (2 in) thick known from 
Cerritos, Mexico; Valcc, Czech Republic; Klamath 
Falls, Oregon, USA. Milky opal occurs in Dubnik, 
Slovakia; Smrcek, Czech Republic and many other 
localities. The most famous locality of fire opal is 
Zimapan, I lidalgo, Mexico. Precious opal comes 
from many localities in Australia, e.g. Baracoo 
River, Queensland; Coober Pedy, Southern Australia 
and White Cliffs, New South Wales, where it forms 
rich aggregates and veinlets in sandstones; classic 
locality is Dubnik, Slovakia. where it occurs in 



Dendritic opal, 56 mm, Ki·emze. Czech Republic 

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

Precious opal. 55 mm, Opal Butte, U.S.A. 

Fire opal. 20 mm. Mexico 

Slovakia. White geysirite is known mainly ftom the 
hot springs in Iceland; Yellowstone National Park, 
Wyoming, USA; New Zealand. 
Application: colored opal varieties, primari ly 
precious opal and fire opal are cut as gemStones, 
diatomite in chemical industry. 
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Melonophlogite, 80 mm. Fortulli11o, Italy 

Mela11ophlogite 
Si02 

CUBIC • 

Properties: C - colorless, white; S colorless; L - vi
treous; D - transparent; DE - 2; H 6.5; CL none; 
M - pseudo-eubic crystals. spherical aggregates. 
Origin and occurrence: Hydrothermal, associated 
with sulfur and other minerals. It was originally 
described from the sulfur deposit in Racalmuto, 
Sicily, Italy as crystals up to 4 mm ('/, in) in size. It 

Rwile. 21 mm, lbitiara, Brazil 

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

Rutile 
Ti02 

TETRAGONAL •••• 
Properties: C - red-brown, red, brown, yellowish, 
black; S - light brown; L - metallic ro adamantine; 
D - transparent to translucent; DE - 4.2; H - 6-6.5; 
CL - good: F- conchoidal to uneven; M - short pris
matic, striated crystals, common twins, acicular 
crystals, granular, massive. 
Origin and occurrence: Magmatic and metamorphic, 
also in placers, together with monazite-(Ce), topaz. 
beryl, quartz and other minerals. The largest crystals 
up to 150 mm (6 in) in size come from the Mount 
Graves, Georgia, USA. Beautiful epitaxial inter
growths with hematite occur in Ca\'J'adisehJucht, St. 
Gotthard, Switzerland and in lbitiara. Bahia, Brazil. It 
is common as inclusions in smoky citrinc (quartz) 
crystals from fbitiara, Bahia and ltabira, Minas 
Gerais. Brazil. Knee-like crystal twins up to 70 (2~ 
in) em in size were found in the vicinity of Golcuv 
Jenikov and Sobeslav, Czech Republic. 
Application: Ti ore. 

Rutile. 48 mm. Balrfa, Brazil 



Cassiterite, I 10 mm, Yunnan, China 

Cassiterite 
Sno2 

TETRAGONAL •••• 
Properties: C - colorless, brown, black; S - white, 
grayish, brown; L - metallic to adamantine, dull; 
D - transparent to opaque; DE 6.3-7.2; H - 6-7: CL 
- imperfect; F - conchoidal to uneven; M -
dipyramidal and short prismatic crystals, multiple 
twins, granular, massive. 
Origin and occurrence: 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 Horni SJavkov, Czech 
Republic. Crystals of similar size were also found in 
Panasqueira. Portugal. Fine twins up to 80 mm (3'/, 
in) were found in Rossardcn, Tasmania. Australia. 
Crystals up to 70 mm (2¥. in) in size were found in 
Llallagua, colorless and transparent crystals up to SO 
mm (2 in) in size in Viloco, Bolivia. Crystals up to 
110 mm (4'/" in) occurred lately in Tenkergin, 
Chukotka, Russia. Crystals up to 130 mm (5'11• in) in 
size arc known from pegmatites in Minas Gerais, 
Brazil (Fazenda do Funil). New finds of shiny 
crystals up to 100 mm (4 in) long were made in 
Hunan and Yunnan provinces, China. 
Application: Snore. 

Plattnerite 
Pb02 

TETRAGONAL • • 
Properties: 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 occurrence: Secondary, as a result of the 
oxidation of other Pb minerals, together with pyro
morphite, bemimorphite and other minerals. Fine 
crystals come from Mina Ojuela, Mapimi, Durango, 
Mexico and from the Blanchard mine, New Mexico, 
USA. Botryoidal aggregates, weighing up to 100 kg 
(220 lb), were found in the Morning mine, Mullan, 
Idaho. USA. 

Plattnerite. I 50 mm, Mopiml, Mexico 
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Pyrolusite, 88 mm, Baraga, U.S.A. 

Pyrolusite 
Mn02 

TETRAGONAL •••• 
Properties: 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 occurrence: Secondary, as a result of alte
ration of manganite and other primary Mn minerals, 
also hydrothermal. Crystals up to 20 mm (!'In in) long 
come from Homi Blatn{l, Czech Republic. Radial 
shiny aggregates were found in Ohrenstock, Germany. 
It occurred in Il feld, Germany. too. Large sedimentary 
Mn deposits, where pyrolusite is the main constituent, 
are known near Chiaturi, Georgia or near Nikopol, 
Ukraine. Crystals are reported also from Tsurneb, 
Namibia and Horazel, South Africa. 
Application: important Mn ore. 

Hollandite 
Ba(Mn4+,Mn2+)8o 16 

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

lfVl 

Origin and occurrence: Metamorphic in ~In depo
sits with braunite, scbeelile and other minerals, also 
secondary. Crystals up to 5 mm ('/ •• 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. 

Coronadite 
Pb(Mn4+,Mn2+)8o 16 

TETRAGONAL ••• 
Properties: C - black, black-gray; S - brown-black; 
L - submetallic to dull; D - opaque; DE - 5.4; H -
4.5-5.5; M - botryoidal crusts with fibrous structure, 
massive. 
Origin and occurrence: Sec.ondary in tbe oxidation 
zone of Mn deposits. Spherical aggregates up to I 00 
mm (4 in) in diameter come from the Bou Tazoult 
mine, !mini, Morocco. Small crystals were found in 
the Beltana mine, Southern Australia, Australia and 
in the Silver Bill mine, Arizona, USA. 

Todorokite 
(Mn2+,c a,Mg)Mn4+3o 7 . H20 

MONOCLINIC ••• 
Properties: C - gray, brown-black, black; S -brown; 



L - metallic to dull; D - opaque; DE - 3.5-3.8; H - I; 
CL - perfect; M - platy crystals, stalactitic and 
nodular aggregates. 
Origin and occunrmce: Secondary mineral, as a result 
of the oxidation of Mn minerals. Crystals arc reported 
from several mines in the Kalahari region, South 
Africa (Hot.ucl, Smart}. It was originally described 
from the Todoroki mine. Hokkaido, Japan. It is an 
important c<>nstituent of oceanic Mn concretions. 

Ferrotapiolite 
FeTa206 

TETRAGONAL ••• 
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 - dipyramidal and short prismatic crystals, massive. 
Origin and occurrence: Magmatic in pcgmatites. 
together with manganotantalite, micro lite, cassiterite 
and other minerals. C rystals up to 40 mm ( l'l•• in) in 
size arc known from the vicinity of Govcrnador 
Valadares. Minas Gerais, Brazil. A crystal 120 mm 
(4'/,. in) long has been described from Angarf, 
Morocco. Short prismatic crystals come from 
pegmatites ncar Topsham and Paris, Maine, USA. 

llme11orutile 
{Ti,Nb,Fe)02 

TETRAGONAL ••• 
Properties: 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 occurrence: Magmatic in pcgmatites. 
together with schorl, zircon, fluorapatite and other 
minerals. Prisms several em long come from Udraz 
near Pisek, Czech Republic. It is also known from the 
vicinity of Miass, Ur.U mountains, Russia and Evje, 
Norway. 

1/menorutile. /Omm x. Pisek. Czech Republic 
~ 
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Anatase 
Ti02 

TETRAGONAL ••• 
Properties: 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 m1d occurrence: Hydrothermal in the Alpine
type veins, associated with brookite and quartz, also 
sedimentary and metamorphic. Beautiful crystals up 
to 50 nun (2 in) long were found in Alpa Lercheltini, 
Binntal, Switzerland. Famous black-blue crysrals 
reaching up to 30 mm ( l 3/,. in) come from Mats
korhae, Hardangervidda, Norway. Crystals up to 15 
mm (19

/, in) were recently found in Dodo, Polar Ural, 
Russia. Crystals up to 30 nun (l '/,. in) in size occurred 
in the Old Lot and Vulcan mines, Colorado, USA. 

Tellurite 
Te02 

ORTHORHOMBIC e e 

Properties: C - yellow, yel low-orange; S -
yellowish; L - adamantine: D - transparent; DE -

5.8; H - 2; CL - perfect; M - acicular and thin 
tabular crystals, radial aggregates, pulverulent. 
Origin and occurrence: Secondary, resulting from 
the oxidation of AuBTe ores. Crystals up to I 0 mm 
f!l• in) long occurred in the Kawazu and Susak.i 
mines, Japan. Beautiful specimens were found in 
Moctezuma, Sonora, Mexico; it also comes from 
Cripple Creek, Colorado, USA. 

Brookite 
Ti02 

ORTHORHOMBIC ••• 
Properties: 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 - in1perfect; F - conchoidal to 
uneven; M - tabular, dipyramidal, long and short 
prismatic crysrals. 
Origin and occurrence: Hydrothermal along the 
fissures of the Alpine-type veins and in granit1c 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 eli Viza, Italy. New fmds of crystals up to 
50 mm in size made in Dodo, Polar Ural, Russia. 

Brookite, 50 mm. Puiva. Polar Urals, Russia 



Ferberite 
FeW04 

MONOCLINIC ••• 
Properties: C - black; S - brown-black to black; L 
submerallic; D - opaque; DE- 7.5; H- 4-4.5; CL 
perfect; F - uneven; M - short prismatic to tabular 
crystals, granular, massive. 
Origin and occurrence: Hydrothermal in high- to 
medium-temperature ore veins, in greisens and 
skarns; rare magmatic in granitic pcgmatites and 
granites; it also occurs in placers. It is usually 
associated with cassiterite, scheclite, sulfides and 

Ferberite, 68 mm, Mundo Nuovo, Peru 

quartz. Perfect tabular crystals up ro 120 mm (4'/,, 
in) in size found in the Quartz Creek mine, Colora
do, USA; also in Clnovec, Czech Republic; 
Panasqueira, Portugal; Ehrenfriedcrsdorf, Ger
many and Potosi, Bolivia. 
Application: Wore. 

Hiibnerite 
MnW04 

MONOCLINIC ••• 
Properties: 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. 
Origin and occurrence: Hydrothermal in high- to 
medium-temperature ore veins, in greiscns; rarely 
magmatic in granitic pegmatites; also in placers. 
Perfect tabular to short prismatic crystals up ro 25 
em (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. 
Application: W ore. 

Hiibnerite, 39 111111, Silverton. U.S.A. 
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Titanowodginite, 20 mm, Tanco, Canada 

Titanowodginite 
MnTiTa20s 

ORTHORHOMBIC • 
Properties: C - dark brown, black; S - dark brown; 
L - submetallic; D - translucent to opaque; DE - 6.9; 
H - 5.5; CL - imperfect; F - uneven; M -
dipyramidal crystals, granular. 
Origin and occurrence: Magmatic in granitic 
pegmatites. Dipyramidal crystals up to I 0 mm f!l• in) 
long occur in the Tanco mine, Bemic Lake, 
Manitoba, Canada. 
Application: Ta ore. 

Ferrocolumbite, 90 mm. Middletown, U.SA. 
----~--

,"~ 

Ferrocolumbite 
FeNb2o6 

ORTHORHOMBIC ••• 
Properties: C - black, red-brown; S - red-brown to 
black; L - submetallic; D - translucent to opaque; 
DE - 5.2; H - 6; CL - good; F - uneven to 
conchoidal; M - long to short prismatic and tabular 
crystals, granular, massive. 
Origin and occurrence: Magmatic in granitic peg
marites and granites; rare hydrothermal in high
temperature ore veins and in greisens; also in 
placers. Tabular crystals up to 1 m (39'/• in) in size 
occur in granitic pegmatites near Custer and Key
stone, South Dakota, USA; in Malakial ina, Mada
gascar; Ichikawa. Japan; masses, weighing up to 270 
kg (594 lb) come from the Meyers quarry, Colorado, 
USA. 
Application: Nb ore. 

Manganotantalite 
MnTa206 

ORTHORHOMBIC ••• 
Properties: C - red, red-brov.'TI, black-brown, black; S 
- dark red to black; L- submetal lic; D - translucent to 
opaque; DE - 8.0; H - 6-6.5; CL - good; F - uneven 

Mtwganotanta/ite. /9 mm. Nurista11, Afghanistan 



£uxenite-(Y). 40 mm. Ambmofotsy. Madagascar 

to conchoidal; M - prismatic to tabular crystals, 
granular, mas$ive. 
Origin and occurrence: Magmatic in granitic peg
matitcs and granites; also in placers. Crystals up to 
100 mm (4 in) in size come from Li-bearing peg
matites in the Tanco Mine, Bernie Lake, Manitoba, 
Canada; also from Sao Jose da Safira, Minas Gerais, 
Brazil. 
Application: Ta ore. 

Euxenite-(Y) 
{Y,Ce,U,Th) (Nb,Ta, Tih06 

ORTHORHOMBIC e e 

Properties: C - black with brownish and green hues; 
S - gray, yellowish, brownish: L - submerall ic, 
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. 
Origin and occurrence: Magmatic in granitic and 
alkaline pegmatites; also in placers. Typically 
associated with monazite-(Ce), zircon, ilmenite and 
other ox ides of rare earth elements. Crystals up to 
150 mm (6 in) in size are known from Krager6 and 
Hitter6, Norway; from Ankazobe, Madagascar. 

A eschynite-(Ce) 
(Ce,Ca) (Ti,Nbh06 

ORTHORHOMBIC •• 

Properties: 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 - local ly weakly radioactive, 
commonly metamict. 
Origin and occurrence: Magmatic in alkaline and 
granitic pegmatites and carbonatites. ft is associated 

Aeschynite-(Ce), 45 mm, Hiuero, Norway 

with zircon and oxides of rare earth elements. 
Crystals up to 190 mm (7'/" in) long occur in 
Quadeville, Ontario, Canada; other localities are 
Kragero, Norway; Trout Creek Pass, Colorado, USA. 

Stibiotan talite 
SbTa04 

ORTHORHOMBIC • • 

Properties: 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 
conchoidal; M - prismatic, tabular and dipyramidal 
crystals, granular, massive. 
Origin and occurrence: Magmatic in granitic 
pegmatites; also in placers. Crystals up to 120 mm 
(4'/,. in) in s ize 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. 
Application: Ta ore. 
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Uraninite 
uo2 

CUBIC •••• 
Properties: 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. 
Origin and occ11rrence: Mainly hydrothermal in ore 
veins, skams; magmatic in granitic pegmatites; in 
sedimentary rocks; also in placers. 

Uraninire, 8 mm x . Portland. U.S.A. 

>no 

~:--t 
Usually associated with other U minerals, e.g. 
coffinite and secondary alteration products, mainly 
U micas. Perfect crystals up to I 00 mm ( 4 in) in size 
and weighing up to 2.5 kg (5 lb 8 oz) 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 
Shinkolobwe, Zair. Rich botryoidal aggregates were 
found in Jachymov and Slavkovice, Czech Republic; 
in Bois-Noirs and Margnac, France. 
Application: U ore. 



Gibbsite, 80 mm, Gamba. Brazil 

Gibbsite 
AI(OH)J 

MONOCLINIC ••• 
Properties: 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 occurrence: Hydrothermal as a product 
of al teration Al-rich rocks; secondary in the 
oxidation associated with goethite; metamorphic in 
weakly metamorphosed AI-rich rocks, typically with 
diaspore; a constituent of bauxites. Tabular crystals 
up to JOO mm (4 in) in size were found in Zlatoust, 
Ural mountains, Russia; also in Villa Rica, Minas 
Gerais, Brazil. 

Brucite 
Mg(OH)2 

TRIGONAL ••• 
Properties: C - colorless, gray, white, bluish, blue, 
yellow, brown; S - white; L - vitreous, pearly; D -
transparent to rranslucenr; DE - 2.4; H - 2.5; CL 
perfect; F - uneven: M - tabular crystals. foliated, 
acicular and earthy aggregates, granular, massive. 
Origin and occurrence: Hydrothermal in veins in 
serpentinites or dolomitic marbles, a product of 
periclase alteration; rare metamorphic in skarns and 
marbles. Perfect crystals up to 18 em in size, come 
from the Low's mine, Peru1sylvaniaand the Tilly Foster 
mine, New York, USA; also known from Asbestos, 
Quebec, Canada; Predazzo. the Alps, Italy; blue 
crystals up to 50 mm (2 in) in size were found in the 
Bazhenovskoye deposit, Azbest, Ural mountains, 
Russia. 

Bmcite, 30 mm. Azbest. Russia 

Diaspore 
AIO(OH) 

ORTHORHOMBIC • •• 
Properties: C - colorless, gray, white, greenish, 
yellowish, pink, purplish; S - white; L - vitreous, 
pearly; D - transparent to translucent; DE-3.4; H -
6.5-7; CL - perfect; F - conchoidal; M - tabular 
crystals, foliated aggregates, stalactitic films, 
granular, massive. 
Origin and occurrence: Hydrothermal as a product 
of alteration Al-rich minerals, e.g. andalusite, 
typically with pyrophyllite and corundum; meta
morphic in Al-rich rocks; a coostirueot of bauxites. 
Tabular crystals up to 120 mm (4'/,. in) in size come 
from Menderess, Turkey: also from Naxos, Greece; 
Chester, Massachusetts, USA. 

Diaspore. 35 mm. Milos. Turkey 
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Goethite, 77 mm, Santa Eulalia, Mexico 

Goethite, 60 mm, Pfibram, Czech Republic 

Goethite 
Fe3+0(0H) 

ORTHORHOMBIC 

Varieties: velvet ore 

••••• 

Properties: 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, botryoidal aggregates, 
commonly with radial structure. coatings and 

stalactitic films, earthy, granular, massive. 
Origin and occurrence: Secondary as one of the 
most common minerals of the oxidation zone of ore 
deposits, it forms a significant part of limonite; 
hydrothermal in ore veins, in cavities in pegrnatites 
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 ~ribram, Czech Republic; acicular crystals up 
to 50 mm (2 in) long are known from Bottalack and 
Redruth, Cornwall, UK; it also occurs in Siegen and 
Horhausen, Germany; in florissant, Colorado, USA. 
Application: Fe ore. 

Manganite 
Mnl+o(OH) 

MONOCLINIC •••• 
Properties: 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 and occurrence: 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 (I 'I" in) long 
come from the classic locality Ilfeld, Germany; it 
also occurs in Ohrenstock and llmenau, Germany; in 
Nikopol, Ukraine; in Sterling Hill, New Jersey, 
USA; in Lhe N'Chwaning No. 2 mine, Kuruman, 
South Africa. 
Application: Mn ore. 

Leoidocrocite 
Fe1+o(OH) 

ORTHORHOMBIC • • • 
Properties: 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, acicular, bladed and earthy 
aggregates, concretions, granular, massive. 
Origin and occurrence: Secondary in the oxidation 
zone of ore deposits, overgrown on botryoidal 
goethite. It occurs together with goethite as a 
constituent of limonite, its tabular crystals and their 
aggregates are known from Herdorf, Germany and 
Rancie, France. 



Manganite, 85 mm. Ilfeld, Germany 

Lithiophorite 
(AI,Li)Mn4+o2(0Hh 

MONOCLINIC • • • 
Properties: 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. 
Origin and occurrence: Secondary in the oxidation 
zone of ore deposits and along the cracks in 
sedimentary rocks. Botryoidal aggregates occur in 
Schnecbcrg, Germany; Jivina and Zajecov. Czech 
Republic; Miyazaki, Japan. 

Uthiphorite. 60 111111. Rangersdoif. Germany 

Curite 
PbzUsO l7 . 4 HzO 

ORTHORHOMBIC •• 
Properties: C - dark orange to red-orange: S - Hght 
orange; L - adamantine to earthy; D - transparent to 
translucent; DE - 7.4; H - 4-5; CL good; F- uneven; 
M - acicular crystals, canby aggregates, coatings, 
massive; R- strong radioactive. 
Origin and occurrence: Secondary i11 the oxidation 
zone ofU deposits, associated with other secondary U 
minerals, e.g. torbernite, kasolitc and uranophane. 
Rich aggregates were found in Shinkolobwe, Zaire; 
also known from La Crouzille, France; South 
Alligator, Northern Territory, Australia. 

Curite, 30 mm, Shinkolobwe, Z01r 
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5. Carbonates 
Magnesite 
MgC03 

TRIGONAL •••• 
Properties: 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 - rhombohedral and prismatic crystals, 
massive cleavable aggregates, earthy; LU - occasio
nally blue or green. 
Origin and occurrence: Rarely magmatic, mainly 
hydrothermal metasomatic and metamorphic. The 
largest crystals are known from Brumado, Bahia, 
Brazil, reaching up to I m (39'/, in) in size, embedded 
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 I 0 mm (!I• in) across 
come also from Val Malcnco, Italy. It prevails as 
massive aggregates, forming huge deposits, like 
Vci tsch, Austria; Liao-Tung, China. Many deposits 
are located in Slovakia (Jelsavska Dubrava, Hmista). 
Application: heat-resistant material. 

-<-- + 
Calcite, 40 mm, Houghton Co .. U.S.A. 
Magnestte. 148 mm, Brumudo. Brazil 

Smirhsonite, 32 mm, Tsumeb, Namibia 

Smithsonite 
ZnC03 

TRIGONAL ••• 
Properties: 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 -
conchoidal to uneven: M - rhombohedral crystals, 
botryoidal and stalactitic aggregates, massive; LU -
sometimes green or blue. 
Origin and occ11rrence: Supergene, as a result of oxi
dation of the primary Zn orcs, associated with other su
pergene Pb minerals. The largest yellow scalcnohcdra 
crystals up to 40 mm ( 1•1,. in) in size come from Bro
ken Hill. ew South Wales, Australia. Pink crystals, up 
to 30 mm ( 1'/:o in) long occurred in Tsumeb, 1\amibia. 
World famous blue-green botryoidal crusts up to I 00 
mm (4 in) thick found in the Kelly Mine, Magdalena, 
New Mexico, USA. Nice aggregates and banded 
stalactites described from Monte Poni, Sardinia, Italy. 

Smitlrsonite, 40 mm, New Me.rico. U.S.A. 
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Siderite. 26 mm, Govem ador Va/adares. Brazil 

Siderite 
FeC03 

TRIGONAL •••• 
Properties: C - yellow, brown, black; S - yellowish
while; L - vitreous; D - translucent; DE - 4; H-4; CL 

Sphaerocobaltire, 16 mm, Bou Azzet; Morocco 

- perfect; F- uneven to conchoidal; M- rhombohedral 
crystals, granular, massive. 
Origin and occurrence: Hydrothermal in medium
and low-temperature deposits, sedimentary. Crystals 
up to 40 em long found in Mont St.-Hilaire, Quebec, 
Canada. Crystals up to 100 mm (4 in) in size come 
from Panasqueira, Portugal. Crystals up to 30 mm 
(!'/., in) in size occurred in Neudorf, Germany. 
Rhombs up to 20 mm (!'/, in) a lso found in Piibram, 
Czech Republic. Pseudo-morphs of goethite after 
s iderite up to 70 mm (2:V.. in) across described from 
Pikes Peak, Colorado, USA. Deposits of massive 
siderite in Erzberg and Hiittenberg, Austria yielded 
crystals up to 50 mm (2 in) long. Fine crystals 
reported from Tavistock, Devon and Redruth, 
Cornwall, UK. 
Application: important Fe ore. 

Sfaerocobaltite 
CoC03 

TRIGONAL ••• 
Properties: C - pink, gray, brown; S - red; L -
vitreous; D - transparent to translucent; DE - 4. 1; H 
- 4; CL - perfect; M - scalenohedral and 
rhombohedral crystals, radial aggregates, massive. 
Origin and occurrence: Secondary, as a product of 
the oxidation of primary Co minerals. The best 
specimens, with crystals up to 30 mm (!'/" in) long, 
come from Zaire (Musonoi; Kakanda). Crystals up 
to 10 mm (4 in) long known from Bou Azzer, 
Morocco. 



Rhodochrosite, 117 mm. Sweet Home Mine, U.S.A. 

Rhodochrosite 
MnC03 

TRIGONAL •••• 
Properties: C - white. pink. red brov.11. 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 scalenohcdral crystals. hemispherical and 
botryoidal aggregates, granular. massive. 
Origin and occurrence: Only rare in pegmatitcs. 
hydrothennal in medium- and low-tempcrarnre veins, 
sedimentary and metamorphic. The most beautiful 
crystals come from the Sweet Home mine, Alma, 
Colorado. USA, where rhombs up to 150 mm (6 in) 
in size occur, associated with purple fluorite, hiiboe
ritc. tcrrahcdrite and other minerals. Beautiful dark 
red scalchohedra, up to 100 mm (4 in) found in the 
N'Chwaning No.I and 2 mines, Kuruman, South 
Africa. Pink rhombs up to 80 mm (3'/• in) come from 
Silverton. Colorado, USA. Nice pink hemispheres 
and botryoidal aggregates arc known from Cavoic 
and Baia Sprie. Romania. Similar specimens occur
red in Huaron, Peru. Pink banded crusts and stalac
tites V.'Crc found in the Mina Capillitas, Catamarca, 
Argentina. Pink rhombs, associated with bertrandite, 
were lately fow1d in Kounrad, Kazakhstan. 

Rhodochrosite, 70111111, Mina Capillitas, Argemina 
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Calcite, /50 mm, Elm-...wd Mine, U.S.A. 

Calcite 
CaC0 3 

TRIGONAL ••••• 
Propenies: 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. 

Calci1e. 30 mm, Tunguzka, Russia 

Origin and occurrence: One of the most common 
minerals, resulting from a wide range of conditions, 
it is magmatic. hydrothermal, sedimentary, meta
morphic and secondary, 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, 
Missouri and from the Elmwood mine, Tennessee, 
USA. Beautiful calcite crystals, crystallographically 
of very complex habits, found in Dalnegorsk., 
Russia. Nice calcite specimens occurred also in 
Mexico (Naica, Chihuahua; Chareas, San Luis 
Potosi). European localities, like Prfbram, Czech 
Republic; St. Andrcasberg, Germany: Kongsberg, 
Norway are famous by their calcites, too. Wine 
yellow. complicated crystals are known from the 
Sarbayskoye deposit in Rudnyi, Kazakhstan. Clear 
cleavable aggregates of the birefringent calcite (so 
called Iceland spar) were found in basalt cavities in 
Helgustadir, Iceland. The largest of them reached up 
to 6 x 2 m (20 x 6 ft 6 in) in size. Very nice 
scalenohedra up to 80 mm (3'/, in) long witll copper 
inclusions occur in Keweenaw Peninsula, Michigan, 
USA. Perfect scalenohedra and their twins up to 100 
mm (4 in) long arc known from Egremont and 
Frizington. UK. Beautiful bunerfly twins up to 80 
mm (3'/o in) recently reported from Guiyang, Hunan, 
China. Crystals of calcite with sand inclusions up to 
100 rom (4 in) in size come from the vicinity of 
Fontainebleau, France. 
Application: building industry. optical industry. 



Dolomite, 33 mm x, Nawm-o. Spain 

Dolomite 
CaMg(C03h 

TRIGONAL ••••• 
Properties: C - gray-white, pink, red. green, brown, 
black; S white; L - vitreous to pearly; D -
transparent to translucent, DE - 2.9: H - 3.5; CL 
perfect; F - conchoidal; M - rhombohedral crystals, 
massive. 
Origin and occurrence: Magmatic in pegmatitcs, 
hydrothermal. metasomatic, sedimentary and meta
morphic, together with siderite. magnesite, calcite 
and other minerals. Crystals up to 100 mm (4 in) 

long found in Brumado, Bahia, Brazil. Fine crystals 
also occurred in Bansk:i Stiavnica. Slovakia and in 
Cavnic, Romania. Crystals up to 200 mm (7'/o in) in 
size come from Eugui. Spain. Crystals up to 150 mm 
(6 in) long found in cavities in dolomitic rocks io 
Lengenbach, Binntal, Switzerland. Crystals several 
em long known from J:ichymov, Czech Republic. 
Large accumulations of massive dolomite are 
common in magnesite deposits. 
Applicalion: metallurgy, heat-resistant material. 

Ankerite 
CaFe(C03h 

TRIGONAL •••• 
Properties: C- white. yellowish. brown-yellow; S -
white; L- vitreous to pearly: D - translucent; DE -
3; H - 3.5-4; CL - perfect; F - conchoidal; M -
rhombohedral crystals, granular. 
Origin and occurrence: Hydrothermal in medium
and low-temperature veins, also sedimentary and 
metamorphic, together with siderite and other 
minerals. Crystals up to 50 mm (2 in) occurred in the 
Tui mine, New Zealand. Brown rhombs up to 40 mm 
( 1'!.• in) in size known from Gilman, Colorado, 
USA. Yellowish crystals up to I 0 mm ('!. in) come 
from concretions near Kladno, Czech Republic. 
Massive aggregates arc common in metasomatic 
deposits of siderite (e.g. Ni7mi Slana, Slovakia). 
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Kutnohorite 
CaMn(C03h 

TRIGONAL ••• 
Properties: 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, granular, massive. 
Origin and occ11rrence: Hydrothermal and metamor
phic, associated with ankerite. quartz and other mine
rals. Poorly developed crystals are known from Kut
na Hora. Czech Republic. Small crystals several mm 
in size are described from Mont St.-Hilaire, Quebec. 
Canada. Large crystals occurred in Moncure, North 

Amgo11ite, 49 mm, Tazowa, MorQCCO 

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

Huntite 
CaMg(C03h 

TRIGONAL • • 

Properties: C wltitc; S - white: L - earthy; D -
opaque: DE - 2.7; H - 1.5; CL - none: F -
conchoidal: M fibrous aggregates. earthy. 
Origin and occurrence: Secondary mineral resulting 
from the oxidation of dolomite, associated with 
magnesite and dolomite. Floe fibrous aggregates come 



Flos Jerri, I I 0 mm, Er.berg. Ar;slrio 

from KokSin, Czech Republic. It also occurs in !he Ala
Mar deposit. 'cvada, USA. Massive aggregates are 
known from the Boquira mine, Bahia, Brazil. 

Aragonite 
Caco3 

ORTHORHOMBIC •••• 
Varieties: flos fcrri, hot-spring tufa, peastone. tarno
witzite. 
Properties: C - colorless. white, yellow, reddish, 
greenish. purplish, bluish, gray; S - white: L 

vitreous: D - transparent to opaque; DE - 3; 1-1 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 occurrence: Primary as a late hydro
thermal minera l of high-temperature deposits more 
commonly secondary as a product of the oxidation 
of siderite and pyrite. It also results from 
prcctpitation of thermal springs, it is sedimentary 
and metamorphic. Fine white prismatic crystals up 
to 70 mm (2J.t.. in) long found together with blue 
celestite crystals in _pania Dolina. Slovakia. 
Similar crystals come from sul fur deposits in 
Cianciano. Italy and Tarnobrzeg. Poland. Maybe 
the best aragonite crystals in the world arc known 
from the gossan of the magnesite deposit in 
Podrecany, Slovakia, where druses of crystals up to 
200 mm (7'/, in) long were found. Wine yellow 
crystals up to 100 mm ('/, in) long occurred in 
cavities of volcanic rocks in Horenec near Bilina. 
Czech Republic. Those crystals were the only gem 
rough. suitable for facctting, in the world. Very 
interesting copper pseudo-morphs after aragonite 
come from Corocoro, Bolivia. Banded and oolitic 
aggregates found in Karlovy Vary, Czech Republic. 
Dendritic aggregates from Erzbcrg, Austria and 
elsewhere are known as nos ferri. 
Application: decorative stone. 
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Strontianite. 34 mm. Hardin Co .. U.S.A. 

Strontianite 
SrC03 

ORTHORHOMBIC ••• 
Propel'lies: 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 occurrence: Hydrothermal in low-tem
perature veins, in cavities of volcanic rocks, mainly 
sedimentary, together with calcite and zeolites. 
Crystals up to 80 mm (3'/• in) long occur near 

Witherite. 10 mm x. Alston Moor. UK 

Bleiberg. Austria. Smaller crystals known from 
Strontian, Scotland. Crystals up to 50 mm long found 
in marls in Ahlcn ncar Munster. Germany. 

Witherite 
BaC03 

O RTHORHOMBI C e e 

Properties: 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 and occurrence: Hydrothermal in low
temperature deposits with fluorite, barite, calcite and 
other minerals. Beautiful yellowish crystals up to 
120 mm (4"/,.in) long come from the Minerva No.I 
mine, Cave-in-Rock. Illinois. 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 
Pi'ibram, Czech Republic. 

Cerussite 
PbC03 

ORTHORHOMBI C ••• 
Properties: 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, conm10n trillings 
and twins, granular, massive; LU - sometimes 
yellowish. 
Origin and occurrence: Secondary nUncral, result
ing from the oxidation of galena and other Pb 
minerals, together with pyromorphite, vanadinite. 
barite and other minerals. The best specimens come 
from Tsumeb, Namibia, where trillings up to 200 
mm (7'/, 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) long found in Sti'ibro, Czech 
Republic. Typical white acicular crystals, up to 60 
IJlll1 (2'/• in) long come from the Flux mine, Arizona, 
USA. 

Barytocalcite 
BaCa(C03h 

MONOCLINI C e e 

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. 
Origin and occurrence: Hydrothermal in low-tempe
rature veins, together with calcite, barite and other 
minerals. Crystals several em in size and cleavable 
masses are known from Alston Moor, Cumbria, UK. 
Tmperfect crystals about 10 mm ('/• in) in size occur
red in Sti'ibro, Czech Republic. It is also described 
from Freiberg, Germany and from Langban, Sweden. 
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Azurite, 48 mm. Touissit, Morocco 

Azurite 
Cu3(C03h(OHh 

MONOCLINIC •••• 
Properties: 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 occurrence: Secondary, resulting from the 
oxidation of Cu sulfides. mainly associated with 
malachite. Crystals up to 200 mm (7'!. in) long come 
from Tsumeb. Namibia. Crystals from Touissit, Mo
rocco reach up to 70 mm (2.Y., in). Tabular crystals up 
to 50 mm (2 in) in si.~:c found in Chessy near Lyon, 
France. Famous crystals up to 50 mm (2 in) across oc
curred in the Copper Queen mine in Bisbee. Arizona. 
LJSA. Fine azurite concretions with crystals on the 
surface come from La Sal, Utah, USA. Crystal roset
tes, reaching up to 130 mm (5'1,. in) in size were 
found in the Yang Chweng Mine, Guang Dong, China. 
Application: Cu ore. 

Malachite 
Cu2(C0 3)(0Hh 

MONOCLINIC •••• 
Propenies: C - green; S light green; L - vitreous, 
dull, earthy; D - opaque; DE 4.1 ; H - 3.5-4; CL 

,,..,.., 

Malachite. 63 mm. Mashaml>a ll~t. lair 

perfect; F -conchoidal to uneven: M - acicular and 
prismatic crystals, botryoidal aggregates. stalactites. 
massive. 
Origin and occurrence: The most common super
gene mineral of Cu, associated with azurite, cuprite 
and other minerals. Crystals up to 30 mm ( I ''•• in) in 
size occur in Kambovc, Zaire. Crystals up to 20 mm 
("h, in) also found in Rudab<nya, Hungary. Pseudo
morphs after azurite crystals up to 100 mm (4 in) in 
size known from Tsumcb; pseudo-morphs after 
cuprite crystals up to SO mm in size come from 
Onganja, Namibia. The blocks of banded malachite 
weighing up to 250 tons , occurred in Mcdnorudn
jansk, Ural mountains, Russia. Similar material in 
huge quantities come from many deposits in Shaba 



Rosasite, 270111111, Gleeson, U.S.A. 

province, Zaire, where stalactites up to 500 mm (20 
in) long were also found. 
Application: Cu ore, production of decorative objects 
and jewelry. 

Rosasite 
(Cu,Zn)l(C03)(0H)2 

MONOCLINIC • • 

Properties: C - green, blue; S - greenish; D -
opaque; DE - 4.0-4.2; H - 4.5; CL - good; M - small 
acicular crystals, fibrous and botryoidal crusts. 
Origin and occurrence: Secondary, forming in the 

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

Hydrozillcite 
Zns(C03h(OH)6 

MONOCLINIC ••• 
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; 
LV - locally blue. 
Origin ond occurrence: Secondary, resulting from 
the oxidation of sphalerite, together with cerussite, 
smithsonite and hemimorphite. Small crystals are 
known from Mapimi, Durango, Mexico. Spherical 
aggregates, several nun in diameter. were found in 
Sterling Hill, New Jersey, USA. Stalactites and thick 
crusts occurred in Long-Kicng, Burma. Crusts and 
stalactites were also described from Bleiberg, Aus
tria: from Mezica, Slovenia and from Raibl, Italy. 

Aurichalcite 
(Zn,Cu}s(C03)2(0H}6 

ORTHORHOMBIC ••• 
PropeYties: C - light green, blue-green. blue; S -
blue-green; L - silky to pearly; D - translucent; DE -
4; H- 1-2; CL - perfect; M - acicular crystals, crusts. 
Origin and occurrence: Secondary io the oxidation 
zone of Cu and Zn deposits in the arid climate, 
associated with linarite and other minerals. Large 
prismatic crystals come from Mina Ojucla, Mapimi, 
Durango, Mexic{). Nice rosettes of acicular crystals are 
known from Bisbee and from the 79 mine, Banner 
district, Arizona, USA. ft also occurred in Montcponi, 
Sardinia. [taly. 

Auricholcile, 80 mm, Arizona, U.S.A. 
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Pat'isite-(Ce). 71 mm. Boyaca, Colombia 

I"> A 

Dawsonite 
NaAI(COJ)(OHh 

ORTHORHOMBIC ••• 
Properties: 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. 
Origin and occurrence: Hydrothermal in low-tempe
rature deposits, associated with calcite, dolomite and 
other minerals. Fine acicular crystals up to 35 mm 
(I'J. in) long come from Mont St.-Hilaire, Quebec, 
Canada. Radial aggregates along the rock cracks 
were found in Dubnik and Zlata Bana, Slovakia. 

Bastniisite-(Ce) 
(Ce,La)(C03)F 

HEXAGONAL ••• 
Properties: C- yellow to brown; S - yellow-brown; 
L- vitreous to greasy; D- translucent; DE - 4.8-5.2; 



H - 4-4.5: CL - good; F - uneven; M - tabular 
crystals, granular, massive. 
Origin and occurrence: Magmatic in pegmatites, 
also metamorphic, together with allanite-(Ce) and 
other rare earth elements minerals. Crystals up to 
200 x 150 mm (7'/• x 6 in) in size occur in Andeka
tany, Madagascar. Crystals up to tOO mm (4 in) long 
are known from Karonge, Bunmdi. Transparent 
crystals up to 25 mm (I in) long were found recently 
in the Trimouns quarry, France. It forms important 
local deposits, as those of Mountain Pass, California, 
USA.Application: ore of rare earth elements. 

Parisite-(Ce) 
CaCe2(C03)JF2 

TRIGONAL ••• 
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 - conchoidal to splintery: M - dipyramidal 
striated crystals. 
Origin and occurrence: Magmatic in pegmatites, also 

hydrothenual and rarely metamorphic, together with 
bastniisite-(Ce) and other minerals of rare earth 
elements. Crystals several em long come from Quincy, 
Massachusetts, USA. Crystals up to 80 mm (3'/• in) 
long occurred in pegmatites near Hundholmen, 
Norway. Crystals up to 23 em (9'ho in) long found in 
the Snowbird mine, Montana, USA. Transparent 
crystals up to 15 mm (J'!J, in) were lately reported in 
the Trimouns quarry, France. Very unusual association 
have been described from Muzo, Columbia, where 
crystals up to 50 mm occur together with emeralds. 

Phosgenite 
Pb2(C03)CI2 

TETRAGONAL e e 

Properties: 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 tb.e 
oxidation of galena, associated with cerussite and other 
secondary Pb minerals. Crystals up to 150 x 100 mm 
(6 x 4 in) across known from Monteponi, Sardinia, 
Italy. Crystals from Tsumeb, Namibia reached up to 
100 mm. Crystals up to 30 rnm ( I 'I" in) in size found 
in Matlock, Derby,. UK. Crystals up to 35 mm (Ph in) 
long occurred in the Mammoth mine, Tiger, Arizona, 
USA. 

Phosgenile. 28 mm. Monteponi. Italy 
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Bismutite 
Biz0z(C03) 

TETRAGONAL ••• 
Properties: 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 occurrence: Secondary, originated rrom 

'"" 

Gay/ussire. 30 mm, Nan·on Lake, Tanzania 

the oxidation of Bi minerals, associated with 
bismuthinite 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 
Na2Ca(C03h . S HzO 

MONOCLINIC ••• 
Properlies: 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. 
Origin and occurrence: Sedimentary, typical a con
stituent of salt sediments. Crystals up to 80 mm (3'/, 
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. 

Weloganite 
NazSr3Zr(C03)6. 3 H 20 

TRICLINIC e 

Properties: C - white, yellow; S - white; L -
vitreous; D - transparent to opaque; DE - 3.2; H -
3.5; CL - perfect; F - conchoidal; M - pseudo
hexagonal striated crystals. 
Origin and occurrence: Hydrothem1al in the alkaline 
rocks, together with zircon, drcsserite and other 
minerals. Crystals up to 50 mm (2 in) come from 
cavities in the Francon quarry, Montreal; crystals up 
to 30 mm (Jl/,. in) are known from St. Michel, 
Quebec. Canada. 



Anini/e. 10 mm, Fethiya. Turkey 

Artinite 
Mg2(C03)(0Hh . 3 H20 

MONOCLINIC ••• 
Properties: C - white; S - white; L - silky; D -
transparent; DE - 2; H - 2.5; CL - perfect; M 
spherical, radial aggregates, veinlets, crusts. 
Origin and occurrence: Hydrothermal, originating at 
low temperatures in serpentinites, associated with 

Zmmite. 70 mm, Lawcaster Co., U S. A. 

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 (.;/, in) long come from Val 
Malenco, ltaly. Clusters of acicular crystals were 
found on Staten Island, New York, USA. 

Zaratite 
Ni3(COJ)(OH)4 . 4 H20 

CUBIC ••• 
Ptoperties: C - emerald-green; S - light green; L -
vitreous ro greasy; D - transparent to translucent; DE 
- 2.6-2.7; H - 3.5; CL - none; F - conchoidal; M 
crystalline crusts, stalactites, coatings. 
Origin and occurrence: Secondary, originating from 
the oxidation of Ni minerals, associated with 
millerite. brucite and other minerals. It occurs as a 
product of the oxidation ofNi minerals in ultrabasic 
rocks in Kraubat and Stubachtal, Austria. Large 
green coatings found in Hcazlewood, Tasmania, 
Australia. It covers millerite needles in the vicinity 
of K ladno, Czech Republic. 

Hydrotalcite 
M~AI2(C03)(0H) 16 . 4 H20 

TRIGONAL e e 

Pmperties: C - while; S - white; L - pearly to waxy; 
D - transparent; DE - 2.1 ; H - 2; CL - perfect; M -
fibrous and layered aggregates, massive. 
Origin and occurrence: : Hydrothermal 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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Stichtite, 35 111111. Rouchovany, Czech Republic 

Stichtite 
Mg6Cr2(C03)(0H)16 . 4 H 20 

TRIGONAL e e 

Properties: C - pink to purple; S - white to light 
purple; L - pearly, waxy to greasy: D - translucent; 
DE- 2.2; H - 1.5-2; CL - perfect; M - lamellar and 
fibrous aggregates. massive. 
Origin and occurrence: It occurs in serpenrioites as 
scaly aggregates and veinlets in Bou Azzer, 
Morocco; in Dundas, Tasmania, Australia and in 
Barberton, South Africa. 

Alumohydroca/cite. 70 mm. L.adomirovo, Slovakia 

1'>0 

Alumohydrocalcite 
CaAI2(C03h(OH)4 . 3 H20 

TRICLINIC e e 

Properties: 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 occurrence: 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 !Jadomirovo, Slovakia. 

A ncylite-(Ce) 
SrJ(Ce,La>4(C03)7(0H) 4 . 3 H20 

ORTHORHOMBIC e e 

Properties: C - colorless. yellow, yellow- brown, 
light purple, brown; S - white; L- vitreous to grea
sy; D - transparent to opaque; DE- 4; H- 4-4.5: CL 
- none; F - spl.intery; M - short to long prismatic 
and pseudo-octahedral crystals. 
Origin and occurrence: Hydrothermal in alkaline 
rocks, associated with nepheline and other minerals. 
Crystals up to 6 mm (Y• in) long are known from 



6. Borates 

ORTHORHOMBIC ••• 
Properties: C - dark green, black-green, black; S -
blue-green; L B silky to dull; D - opaque; DE- 3.9; 
H - 5; CL - perfect; F B uneven; M - prismatic 
crystals, fibrous aggregates, granular. massive. 
Origin and occurrence: 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 
Hoi Kol mine, Suan, North Korea. 
ApplicMion: chemical industry, B ore. 

Gaudep·oyite 
Ca4Mn3 J(BOJ)JCOJ(O,OH)J 

HE X AGONAL e 

Properties: C - black; S - black; L - adamantine to 
dull; D - opaque; DE - 3.4; H - 6; CL - good; F 
uneven; M - prismatic crystals, fibrous and acicular 
aggregates. 
Origin and occurrence: Hydrothermal in calcite 
veins. Prismatic crystals up to 50 mm (2 in) long 

Goudefroyile, 40 mm, Kumman. Soulh .'ifri, ·a 
l.udwigire. 120 mm, Ocna de Fier. Romania 

lnderite, 230 mm, Boron, U.S.A. 

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

l nderite 
MgB30 3(0H)s . 5 H 2o 

MONOCLINIC • • • 
Properties: 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. 
Orig in and occurrence: Sedimentary in boron 
deposits, commonly associated with coleman.ite and 
other boratcs. Prismatic crystals up to I 00 mm (4 in) 
long occur in Boron, California, USA. Tt is also 
known from lnder, Kazakhstan. 
Application: chemical industry, B ore. 
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l11yoite, 90 mm, Turkey 

Inyoite 
CaB3o 3(0H)s . 4 H 20 

MONOCLINIC ••• 
Properties: C - colorless, white; S - white: L -
vitreous; D - transparent to translucent; DE B 1.9; H 
- 2: CL - good; F - uneven; M - short prismatic to 

~t 
Borax, 60 mm x, Searles Lake, U.S.A. 

tabular crystals, columnar aggregates, massive. 
Origin and occurrence: Sedimentary in boron 
deposits, conunonly associated with colemanite and 
other borates. Clear tabular crystals up to I 00 mm ( 4 
in) long found in Kirka and Emet. Turkey. It also 
comes from lnder, Kazakhstan and the Corkscrew 
mine, California, USA. 
Application: chemical industry, B ore. 



Borax 
Na2B40 5(0H)4 . 8 H 20 

MONOCLINIC ••• 
Properties: C - white, colorless, yellowish, gray, 
greenish; S - white; L B vitreous to dull; D -
transparent, translucent to opaque: DE- I. 7; H - 2-
2.5; CL - perfect; F - conchoidal; M - short 
prismatic to tabular crystals, columnar to earthy 
aggregates, crusts, coatings, granular, massive; R -
soluble in water. 
Origin and occurrence: Sedimentary in boron 
deposits, associated with other borates and halite. 
Prismatic crystals up to 150 mm long are knovm from 
Borax Lake, also Searles Lake and Boron, California, 
USA. It also occurs in Kirka, Tmkey. 
Application: chemical industry, B ore. 

Ulexite 
NaCaB50 6(0H)6 . 5 H20 

TRICLINIC ••• 
Properties: C - white, colorless, light gray; S -
white; L B vitreous to si lky; D - transparent to 
translucent: DE - 2.0: H - 2.5; CL - perfect; F B 
w1even; M - elongated prismatic to acicular crystals, 

fibrous aggregates, crusts, nodules, granular, 
massive. 
Origin and occurrence: Sedimentary in boron 
deposits, associated with other borates. Slabs up to 
100 mm (4 in) thick consisting of fibrous aggregates 
occur in Boron, California; also found in Esmeralda, 
Nevada, USA; Emet, Turkey and lnder, Kazakhstan. 
Application: chemical industry, B ore. 

Colemanite 
Ca286011 .5 H20 

MONOCLINIC ••• 
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 occurrence: Sedimentary in boron 
deposits, associated with other borates. Perfect 
crystals up to 200 mm (7'1• in), come from Emet and 
Kirka, Turkey. Crystals up to 70 mm (2¥.: in) long 
occur in Gower Gulch, Inyo, California; also known 
from Esmeralda, Nevada, USA and lnder, 
Kazakhstan. 
Application: chemical industry, B ore. 
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Kermte. 100 mm, Boron, U.S.A. 

Kemite 
Na2B406(0Hh . 3 H20 

MONOCLINIC • • • 
Properties: C - colorless. white. light gray: S -
white: L - vitreous to dull, silky; D - transparent, 
translucent to opaque; DE 1.9; H - 2.5-3; CL 
perfect: F - uneven; M - isometric crystals, fibrous 
aggregates, granular, massive; R - soluble in water. 

Rhodizite, 23 mm, Amsirabt!. Madagascar 

Jiambergite. 64 mm. Pamir. Tadzhikistan 

Origin and occurrence: Sedimentary in boron 
deposits. associated with borax and other borates. 
Platy ag,aregatcs and crystals up to 2.5 x I m (8 fi x 
39'/s in) found in Boron, California, USA; also known 
from the Tincalayu mine, Salta province. Argentina . 

Hambergite 
Be2B03(0H ,F) 

ORTHORHOMBIC •• 
Properties: C colorless, white, light gray; S -
white; L - vitreous; D transparent to translucent; 
DE - 2.4: H - 7.5: CL B perfect: F B uneven: M -
tabular to prismatic crystals, granular. 
Origin and occurrence: Magmatic in granitic and 
rarely also in alkaline pegmatitcs: hydrothermal in 
cavities within the pcgmatites, associated with 
toum13.line, danburite and beryl. Tabular crystals up 
to 200 mm (7'/, in) from the Little Three mine. 
Ramona, California, USA. Crystals up to 110 mm 
(4 '11, in) also known from several localities in 
Madagascar, e.g. !malo and Anjanabonoina; also 
found in Hyakulc, Nepal and CtidrLIZice, Czech 
Republic. 

Rlwdizite 
(K,Cs)AJ4Be4(B,Be) 12028 

CUBIC e e 

Properties: 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. 
granular. 
Origin and occurrence: Magmatic in granitic 
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 fi:om the Animikie Red Ace pegmatite, 
Florence, Wisconsin, USA. 

Boracite 
Mg3B7o 13CI 

ORTHORHOMBIC ••• 
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 

8oracite. 12 nun x, Afro Chapare. Bolivia 

- none; F - conchoidal to uneven; M - isometric 
crystals, fibrous aggregates, granuJar, massive. 
Origin and occurrence: Sedimentary in evaporitic 
deposits, together with halite, gypsum and anhydrite; 
metamorphic in metamorphosed evaporates. Crys
tals up to 15 mm ("In in) come from Alto Chapare, 
Cochabamba, Bolivia; crystals about 5 mm ('/,. in) in 
size, occur in Stassfurt, Hanover and Kahlberg, 
Gem1any. Crystals are also known from Choctaw, 
Louisiana, USA and the Boulby mine, North 
Yorkshire, England, UK. 
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7. Sulfates 
Anglesite 
PbS04 

ORTHORHOMBIC ••• 
Properties: 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 - th.ick tabular crystals. 
massive, LU - sometimes yellowish. 
Origin and occurrence: 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 are also reported from Phoenix
ville, Pennsylvania, USA. Crystals up to 20 mm (!'In 
in) occur in cavities in weathered galena in Sardinia, 
Italy. Crystals, reaching up to 40 mm ( 1'/,. in) also 
found in Me:Zica , Slovenia. Prismatic crystals up to 
75 mm (3 in) long known trom the Bunker Hill mine, 
Idaho, USA. 

Bari/1:/7 mm xx. Pohla. Germany 
Anhydrite, 55 mm, Simp/on 7iumel, Switzerland 

Anglesite, 81 mm, Touissit, Morocco 

A11hy drite 
CaS04 

ORTHORHOMBIC •••• 
Properties: C - colorless, white, bluish, purplish, red, 
brown; S - white; L - pearly to vitreous; PS -
transparent to rranslucent; DE - 2.8-3; H - 3-3.5; CL 
good; F - splintery to uneven; M - isometric and 
prismatic crystals, granular, massive. 
Origin and occurrence: Mostly sedimentary, as a 
result of the evaporation of sea water, associated 
with gypsum, calcite and other minerals: rare in 
pegmatires and hydrothermal. It is very common in 
form of massive aggregates in salt deposits in 
Srassfurt and Wathlingen, Germany, where small 
crystals also occur. Folded layers in clays known 
from Wieliczka, Poland. Purplish crystals up to 20 
mm (!'/" in) found in cracks in metamorphic rocks 
near Simplon and St. Gotthard, Switzerland. Fine 
druses of bluish crystals up to 200 mm (7'/, in) long 
found in Naica, Chihuahua, Mexico. 
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Celestine. 270 111111. Madaga.\cor 

Celestite 
SrS04 

ORTHORHOMBIC ••• 
Properties: C - colorless, white, yellowish, blue; S
white; L - vitreous; D - transparcm 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 em long occur 
in cavities of concretions in the Sakoany mine, 
Madagascar. Prismatic crystals up to I 00 mm ( 4 in) 
long in sulfur deposits in Poland (Tarnobrzcg) and 
Italy (Caltanissctta). Fine blue tabular crystals 
associated with aragonite crystals found in _pania 
Dolina. Slovakia. Fine crystals arc known from marls 
in Tunisia and Libya. 

Barite 
BaS04 

ORTHORHOMBIC •••• 
Properties: C - white, yellow, blue, red, brown, 
black; S - white; L - vitreous; D - rransparent 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. 
Origin and occurrence: Hydrothermal, it originates 
under medium and low temperatures, also sedi
mentary, together with fluorite, calcite, cinnabar and 
other minerals. Beautiful barite crystals up to 50 mm 
(2 in) found in hydrothermal veins in Pi'ibram, Czech 
Republic. Blue tabular crystals up to I 00 mm (4 in) 
from Di:dova bora, Czech Republic. Beautiful tabular 
crystals up to 100 mrn (4 in) known from Banska 
Stiavnica, Slovakia; Cavnic and Baia Spric, 
Romania. Very fine crystals of up to 200 mm (TI• in) 
occurred in Alston Moor, Frizington and Mowbray, 
Cumbria. UK. Beautiful druscs of honey-brown 
crystals up to 70 mm (2¥. in) long found in Pohla, 
Germany. Fine druscs of prismatic crystals known 
from Elk Creek, South Dakota, USA; so called 

Amlerite. 60 mm. Chuquicamata, Chile 



Barite. 100 mm xx. Sto11eham Co .. U.S.A. 

desert roses (crystals with inclusion of sand grains) 
originating in deserr climate occur in the vicinity of 
Norman, Oklahoma, USA. Shiny crystals come from 
Freiberg and Halsbrftcke, Germany. 
Application: an ingredient of drilling fluids. chemical, 
glass. paper and rubber industries. 

Antlerite 
Cu5(S04h(OH)6 . 3 H 20 

ORTHORHOMBIC • •• 
Properties: C - green: S - light green; L - vitreous: 
D - translucent; DE - 3.9; H - 3.5; CL - perfect; F 
- conchoida.l to uneven; M - short" prismatic and 

Brochmuite. 14 mm aggregate, Bi11gham. U.S.A. 

acicular crystals, crusts and eart"hy aggregates. 
Origin and occurrence: Secondary, resulting from 
weathering ofCu ores, associated with other secondary 
Cu minerals. Jt is a principal mineral of the oxidation 
zone in Chuquicamata, Chile. where it forms crystals 
up to 5 mm ('h• in). Acicular crystals, up to 20 mm f.!' I, 
in) long, occurred in Bisbee. Arizona, USA. 
Crystalline crusts are known from Spania Dol ina and 
Picsky, Slovakia. 

Brochantite 
Cu4(S04)(0H)6 

MONOCLINIC ••• 
Properties: C - green; S - light green; L - vitreous, 
in cleavage planes pearly; D - translucent to 
transparent; DE - 4; H - 3.5-4; CL - good; F -
conchoidal to uneven; M - long prismatic to acicular 
crystals. granular. 
Origin and occurrence: 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 (23,4 in) long found in Bisbee, together 
with pseudo-morphs of malach.ite 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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Linarite, 23 mm xx. Graham Co .. US.A. 

Linarite 
PbCu(S04)(0Hh 

MONOCLINIC • • 
Properties: C - azure-blue; S - light blue; L -
vitreous to adamantine; 0 - translucent: DE - 5.3-
5.5; H - 2.5; CL - good; F- conchoidal; M - tabular 
and prismatic crystals. coatings. 
Origin and occurrence: Secondary, as a result of the 
oxidation ofCu aod Pb sulfides at low pH. The largest 
crystals, reaching up to 80 mm (3'/• in), come from the 
Mammoth mine, Tiger, Arizona, USA. Crystals from 
the Grand Reef mine in Arizona up to 50 mm (2 in) 
long. Very fine crystals, up to 30 mm (1'/" in) were 
found in Keswick, Cumbria, England, UK. Large 
crystals were also described from Tsumeb, Namibia 
and from Broken Hill, New South Wales, Australia. 

Alunite 
KA13(S04h(OH)6 

TRIGONAL ••• 
Properties: C - white, yellowish, gray; S - white; 
L - vitreous to pearly; D - transparent to opaque; 
DE - 2.8; H - 3.5-4; CL - perfect; F - conchoidal; 
M - rhombohedra l crystals, porous aggregates, 
granular. 
Origin and occurrence: Secondary, as a result of 
reactions of sulfuric acid withAl-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 AI. 
Application: AI ore. 



Natrojarosite 
NaFe3 3(S04)2(0H)6 

TRIGONAL e e 

Properries: 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 occurrence: Secondary, as a result of 
weathering Fe sui fides, associated with fibroferrite, 
a lunite and other minerals. It occurs in Modum. 
Norway; Soda Springs Valley, Nevada, USA; 
Chuquicamata, Chile and elsewhere. 

Jarosite 
KFe3+ J(S04h(OH)6 

TRIGONAL ••• 
Properties: 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 w1even; M 
rhombohedral to tabular crystals, granular, massive. 
Origin and occurrence: : Secondary, as a result of 
weathering Fe sulfides, usually associated with 

Jmvsite. 2 mm .oc, Gyongyiisoroszi. Hungary 

Natrojarosire, 50 mm, Laurion, Greece 

natrojarosite and other sulfates. The world's best 
specimens come from Peiia Blanca Uranium mine. 
near Aldama, Chihuahua, Mexico, where crystals, up 
to 20 mrn ("/" in) were found. Crystals, up to I 0 mm 
et• in), were found in Tombstone, Arizona, USA. 
Crystals, together with pseudo-morphs of jarosite 
after alunite, occurred in Chuquicamata, Chile. 
Tabular crystals also were described from Horni 
Slavkov, Czech Republic. 

Beudantite 
PbFe3+ 3(As04)(S04)(0H)6 

TRIGONAL • e 

Properries: C - dark green, brown. red-brown; S -
greenish, gray-yellow; l - vitreous ro resinous; D -
transparent to translucent; DE - 4; H - 3.5-4.5; CL
good; M - rhombohedral crystals, crusts. 
Origin and occurrence: Secondary, occurring in the 
oxidation zone of Pb deposits, together with scorodite 
and other minerals. Crystals, several nun in size, 
found in Tsumeb, Namibia, are the best in the world. 
Small crystals are knowo from Bisbee, Arizona, USA; 
Ashburton Downs, Western Australia, Australia and 
Kamareza near Laurion, Greece. 
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Hanksite 
Na22K(S04)9(C03hCI 

HEXAGONAL e e 

Propenies: : 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 occurrence: 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. 

Caledon.ite 
Cu2Pbs(S04)J(C03)(0H)6 

ORTHORHOMBIC e e 

Properties: C - green to blue-green; S-light green; 
L - resinous; D - transparent to translucent; DE -
5.6; H - 2.5-3; CL - perfect; F - uneven; M -
prismatic crystals. radial aggregates. 

Origin and occurrence: Secondary, occurring in the 
oxidation zone of Cu and Pb deposits, associated 
with linarite and other minerals. Crystals up to 20 
rom ("In in) come from Leadhills, Scotland, UK. 
Crystals, up to 15 mm (,./, in), were found in the 
Mammoth mine, Tiger, Arizona, USA. Rich druses 
are known from Anarak, Iran. Crystals reaching up 

Hanksite. 50 mm. Searles Lake, US.A. 

to 20 mm (u;, in) occurred in the Blue Bell mine, 
California, USA. 

Lead hi/lite 
Pb4(S04)(C03)2(0Hh 

MONOCLINIC e e 

Properties: 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-hexagonal tabular crystals. 
Origin and occurrence: Secondary mineral from the 
oxidation zone of Pb deposits, associated with 
cerussite, anglesitc, linarite and other minerals. The 
largest crystals, measuring up to 15 em, come from 
Tsumeb, Namibia. Crystals up to 25 mm (I in) found 
in the Mammoth mine, Tiger, Arizona, USA. 
Crystals in Leadhills, Scotland, UK were of similar 
size. 

Chalcantite 
CuS04 .5 H20 

TRICLINIC ••• 
Properties: C - deep blue; S - white; L - vitreous to 
resinous; D - transparent to transluccm; DE - 2.3; H 
- 2.5; CL - imperfect; F - conchoidal; M - short 
prismatic to tabular crystals, stalactites, films; R -
soluble in water. 

Caledonite. 5 mm x. Graham Co., US.A. 



Origin and occurrence: Secondary, as a product of 
the oxidation of Cu sulfides, stable only in arid 
climate. Crystals up to 40 mm (t•f,. in) in size. and 

Melamerite. 80 mm. 1/ar.: Mts .• Germany 

I...IHHI..I.HIHIUt::, JV IIUH, I lfll(l ""'V•p V,o),,/1, 

stalactites, up to I m (39'/• in) long are known from 
Bisbee. Arizona. USA. Crystals were also found in 
the oxidation zone in Chuquieamata, Chile. 
Beautiful stalactites come from Rio Tinto, Spain. 
Application: rarely mined as Cu ore. 

Melanterite 
FeS04. 7 H20 

MONOCLINIC •••• 
Varieties: pisanite (with Cu contents). kirovitc 
(with Mg contents) 

Properties: C - light green; S colorless; L - vi
treous; D - translucent; DE 1.9; H - 2: CL - per
fect: F - conchoidal: M - granular crusts, botryoidal 
and stalactitic aggregates, films; R - soluble in 
water. 
Origin and occurrence: Secondary, as a result of 
the oxidation of Fe sulfides, together with other 
sulfates. It is unstable under atmospheric con
di tions. Crystals up to 20 mm (11/u in) long are 
known from Bisbee. Arizona and from the Boyd 
mine, Tennessee. USA. Stalactites, up to 50 em (20 
in) long, occurred in Chvalc ticc, Czech Republic. 
It is also common in Rio Tinto. Spain and Banska 
Stiavnica. Slovakia. 
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Epsomite 
MgS04. 7 H20 

ORTHORHOMBIC • • • • 
Properties: C - colorless to white; S - colorless; L 
vitreous to silky; D - transparent to translucent; DE -
1.7; H - 2; CL - perfect; F - conchoidal: M - small 
crystals, granular, stalactitic aggregates; R - soluble in 
water, decomposing under atmospheric conditions. 
Origin and occurrence: Secondary, a~ a result of the 
oxidation of Fe sulfides, also from crystallization of 
the salt lake water. associated with halite and other 
minerals. Crystals up to I m (39-'/, in) long were found 
on Mount Kruger, Washington; prismatic crystals up 
to 50 mm (2 in) long also occur in Bisbee, AJizona and 
needles of a similar size come from the White Caps 
mine, Nevada, USA. 1t is also k:now11 as a product of 
the activity of fumaroles in Mount Vesuvius, Italy. 

Morenosite 
NiS04 . 7H20 

ORTHORHOMBIC ••• 
Properties: C - green, green-white; S - g reenish; 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 occurrence: Secondary, as a product of the 
oxidation of Ni minerals, stable mainly in the arid 
regions. It is very common in SudbLtry, Ontario, 
Canada; also in Richelsdorf. Germany and Potucky, 
Czech Republic. 

E:psomile. /0 mm .tx. Stassfurt, Germany 

Co9uimbite 
Fel 2(S04}) . 9 H20 

TRIGONAL ••• 
Properties: C - purple, yellow, green, colorless; S -
colorless: L - vitreous; D - transparent; DE - 2. 1; H 
- 2; CL - imperfect; F - conchoidal to uneven; M -
prismatic to tabular crystals. granular, massive; R 
soluble in water. 
Origin and occurrence: Secondary, associated with 
other sulfates. Crystals, several em long, were found 
in the Dexter No.7 mine, Calf Mesa, Utah, USA. 
Small prismatic crystals are known from Zeleznik , 
tabular crystals occurred in Banska Stiavnica, 
Slovakia. It is very common in Chilean deposits, l ike 
Chuquicamata and Tierra Amarilla. 

Alunogen 
AI2(S04}). 17 H20 

TRIC LINIC ••• 
Properties: C - colorless, white, gray-yellow; S -
colorless; L - silky; PS - transparent; DE - 1.8; H -
1.5; CL - perfect; M - pseudo-hexagonal crystals, 
granular; R - soluble in water. 
Origin and occurrence: Secondary, as a result of the 
pyrite oxidation, also a product of sublimation on 
volcanoes and bunting dumps, associated with other 
sulfates. Large crystals are known from the Dexter 
No.7 mine, Calf Mesa, Utah, crusts, over I m (393/o 
in) thick were found on Mount AJum, New Mexico, 

Morenosite. 60 mm, Pouicky. Czech Republic 



Coqui111bite, 110111111, Cerritos Bajos, Chile 

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

Halotriclzite 
FeAI2(S04)4 . 22 H20 

MONOCLINIC ••• 
Ptvperties: C - white, greenish; S - colorless: L -
vitreous; PS - transparent to translucent; DE - 1.9-
2. 1; H - l.5-2; CL - imperfect; F -conchoidal; M 
acicular crystals, f ibrous aggregates, efflorescences; 
R -soluble in water. 
Origin and occurrence: 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 
C huqu.i camata, Chile. It is known from solfataras in 
Pozzuoli, Italy. It is a product of hot springs activity 
in the Lassen Peak National Park, California, USA. 

Apjohnite 
MnAI2(S04)4. 22 H20 

MONOCLINIC ••• 
PTVperties: C - colorless, white, pink, greenish, 
yellow; S- colorless: L - silky; D - transparent; DE 
- 1.9; H - 1.5; M - fibrous aggregates, coatings, 
massive; R- soluble in water. 
Origin and occurrence: Secondary, occurring toge
ther with other sulfates. Large accumulations are 
known from Little Pigeon Creek, Alum Cave, Ten
nessee, USA. It also occurs in Delagona Bay, 
Mozambique. 

Alunogen, 80 mm, Dubnik, Slovakia 

Halotriclrite, 90 111111, Recsk, l-lu11gary 

Apjolmite, 60 111111, S1110i11ik, Slovakia 
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Bili11ite 
Fe 2+Fe 3+ 2(S04)4. 22 H20 

MONOCLINIC e e 

Properties: C - white to wellowish; S white: L -
silky; D opaque: DE - 1.9; H 2: M fibrous 
aggregates; R - soluble in water. 
Origin and occurrence: Secondary, as a result of the 
pyrite oxidation, associated with other sulfates. 
Fibrous aggregates are known from Svitcc ncar 
Bilina, Czech Republic. Also described from Bisbee, 
Arizona, USA. 

Tschermigite 
( NH4)Al(S04h. 12 H20 

CUBI C ••• 
Properties: : C - colorless; S - colorless; L -
vitreous; D - transparent; DE - 1.6; H 1.5; F -
conchoidal; M - octahedral crystals, fibrous and 
columnar aggregates; R - soluble in water. 

Tscltermigire. 50 mm, Mogyororoslxlnya. Hungary 

lA" 

Origin and occurrence: Secondary in the brown coal, 
also on burning dumps and as a product of solfataras. 
Skeletal crystals up to I 0 mm ('/. in) in size are known 
from the brown coal basin ncar Most and Bilina, Czech 
Republic. Original locality Eermniky, Czech Republic 
yielded fibrous crusts, up to 50 mm (2 in) thick. Fine 
octahedra, up to 10 nun ('/o in) come from burning 
dumps near Zast~ivka ncar Bmo, Czech Republic. Oc
tahedra occur also in Geysers, California. USA. Small 
crystals on Etna, Sicily. Italy arc of volcanic origin. 

Polyhalite 
KCa2Mg(S04)4 . 2 H20 

TRICLINIC ••• 
Properties: 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 occurrence: Sedimentary, as a consti
tuent of sail deposits, also as a product of volcanic 
activity. Tabular and prismatic crystals arc found 
rarely together with massive polyhalite aggregates in 
Stassfurt, Germany. Fibrous aggregates come from 
Halstatt, Austria. Large deposits of polyhalite arc 
located near Carlsbad, l\cw Mexico, USA. Coatings 
occur on Mount Vesuvius. Italy. 

Gorgeyite 
K2ca5(S04)6 • H20 

MONOCLINIC e e 

Properzies: C - colorless. yellowish; S - colorless; L 
- vitreous; D translucent: DE - 3; H - 3.5; 

Po/ylwlite. 54 mm. Carlsbad. U.S.A. 



Gypsum, 62 mm, Cameo•ille. Utah, USA. 

CL - good; F - conchoidal; M - tabular crystals. 
Origin and occurrence: Sedimentary in salt deposits, 
associated \>~th halite and other minerals. Fine crystals 
up to 80 mm (3'!. in) long found near lnder Lake. 
Kazakhstan; also known fi"om Bad lschl, Austria. 

Gypsum 
CaS04 . 2 H 20 

MONOCLINIC •••• • 
Varieties: Maria-glass, alabaster, satin spar, selenite. 
Properties: C - colorless, white, gray, yellowish; S
colorless; L - vitreous to pearly; D - transparent to 
translucent; DE - 2.3; H - 1.5-2; CL - perfect; F 
conchoidal; M - typical monoclinic crystals, often 
twins, fibrous and platy aggregates, granular, 
massive; LU - crystals with inclusions sometimes 
bluish to yellowish. 

Gorgeyile. 80 mm. lnder Lake, Kazakhstan 

Origin and occurrence: 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 1.5 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 
'ran1's horns' from their shape. Crystals up to 4 m 
(13 ft) long occurred in Tamobrzeg, Poland. Com
mon crystals are also known from Gorguel, Spain. 
The 'desert roses' or crystal druses, from Sahara 
desert in Tunisia and Algeria, with sand grain inclu
sions are mineralogically interesting. Large slabs of 
the transparent variety, called Maria-glass, found in 
Friedrichsrode, Germany. Fine-grained variety a la
baster occurs e.g. in Italy. Fibrous variety selenite 
(sometimes also called satin spar) comes from the 
Sylva river basin, Perm, Russia. 
Application: building, chemical and medical 
induslries. 

Langite 
Cu4(S04)(0H)6 . 2 H20 

ORTHORHOMB I C • • • 

Properties: 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 .. 
Origin and occurrence: 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 Dol ina 
and L'ubietova, Slovakia and from Borovec, Czech 
Republic. It is also common in Ely. Nevada, USA 
and in El Cobre, Chile. 

Longile. 49 mm. Allihies. Cork. Irelan(/ 
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Fibroferrite. 70 mm, Dubnik. Slovakia 

Fibroferrite 
Fel+ (S04)(0H) . 5 H20 

ORTHORHOMBIC ••• 
Properties: 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. 
Origin and occurrence: 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 (I 0 ft) thick come from the Santa 
Elena mine. La Alcaparrosa, Argentina. Fine fibrous 
aggregates occur in Dubnik, Slovakia. lt is common 
in many localities io Chile (Tierra Amarilla, 
Chuquicamata). 

Aluminite 
AI2(S04)(0H)4. 7 H20 

MONOCLINIC ••• 
Propel'lies: C - white; S - white: L - dull; D -
opaque; DE - 1.7-1.8; H - 1-2; CL - none; M -
earthy nodules, consisting of microscopic needles. 
Origin and occurrence: Secondary, resulting from 
the reaction of sulfuric acid with AI in Al-rich rocks. 
Large nodule, 30 em (12 in) in diameter, known from 
Newhavcn, Sussex. UK. Fine white nodules 
described from Mala Chuchle, Prague, Czech 
Republic. It also occurs near Halle. Germany and 
covers limestone in the vicinity of Joplin. Missouri, 
USA. 

IA2 

Aluminite. 60 mm, Bicske-Csordalnit, 1-/ungary 

MONOCLINIC ••• 
Properties: 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. 
Origin and occurrence: Secondary, as a result of the 
pyrite oxidation in arid regions, together with other 
sulfates. Crystals up to 35 mm (I '/,. in) long fTom the 
Libiola mine near Genoa. Italy. It is common in 
Chuquicamata and Quctena in Chile; also known 
from Rammelsberg, Germany. 

Botryogen. 3 mm .\'X, Knoxville, U.S.A. 



TRICLINIC ••• 
Properties: C - yellow, green-yellow, orange; S -
yellow; L - pearly; D - transparent to translucent; 
DE- 2. 1-2.2; H - 2.5; CL - perfect; M - thin tabular 
crystals, sca.ly and pulverulent aggregates, earthy. 
Origin and occurrence: Secondary, originated 
from the pyrite oxidation, together with other 
sulfates. 
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 Amarilla, Chu-

Copiapire, 96 mm. Copiapo, Chile 

Serpierite, 80 mm, Pl'ibram, Czech Republic 

quicamata). Jt also occurs in Rammelsberg, Ger
many. 

Devilline 
CaCu4(S04h(OH)6. 3 H20 

MONOCLINIC •• 

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-hexagonal crystals and coatings. 
Origin and occurrence: 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 (!/, in) in diameter were found in 
the past century; also known from Botallack, 
Cornwall, UK and Tsumeb, Namibia. 

Serpierite 
Ca(Cu,Zn)4(S04h(OH)6 . 3 H 20 

MONOCLINIC • • 

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. Recently 
confirmed at Pfibram, Czech Republic. 
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Enringite, 45 mm, Kuruman, South Africa 

Ettringite 
Ca6At2(S04)J(OH) 12 . 26 H20 

HEXAGONAL •• 
Properries: C - colorless, yellow; S - white; L -
vitreous to silky; D - transparent; DE - 1.8; H - 2.5; 
CL - perfect; M - prismatic crystals, fibrous 
aggregates. 
Origin and occurrence: Metamorphic, associated 
with sturmanite. The world's best crystals reaching 
up to 100 mm (4 in) come from the N'Chwaning 
mine, Kuruman, South Africa. Crystals up to 4 n1m 
('/, in) occurred in Franklin, New Jersey, USA. Also 
known from the contact metamorphic conditions in 
Crcstmore, California, USA. 

Sturmanite 
Ca6Fe3+ 2(S04h[B(OH)4], (OH)t2 . 25 H20 

TRIGONAL e 

Properties: C - yellow, yellow-green; S - white; L
vitreous; D - transparent to translucent; DE - 1.9; H 
- 2.5; CL - perfect; M - Oat dipyramidal crystals. 
Origin and occurrence: : Probably metamorphic, 
associated with barite, hematite and ettringite. 
Crystals up to 140 mm (51-'l in) long come from the 
N'Chwaning mine, Kuruman, South Africa. 

Sturman ire, 35 mm xx, Kumman, SOuth Africa 

Johannite 
Cu(U02h(S04h(OHh . 8 H20 

TRICLINIC • • 
Properties: 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 occurrence: Secondary. as a result of the 
uraninite oxidation, together with other secondary U 
minerals. Crystals are known from Jachymov, Czech 
Republic and Jobanngeorgenstadt, Germany. It was 
common with zippeite in Central City, Colorado, 
USA and also reported from Mounana, Gabon. 

Zippeite 
K4(U02)6(S04)J(OH) 10 .4 H 20 

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



.lohannire. 70 mm, .lachymov. Czech Republic 

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

Scheelite 
CaW04 

TETRAGONAL •••• 
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 occurrence: Magmatic in pcgmatitcs. 

Scheelire, 77 mm, Sichuan. Cltil10 

ZliJpeire. 40 mm. Lodeve. France 

hydrothermal in grciscns and metamorphic; para
geneses vary significantly according to the origin. 
Beautiful brownish crystals up to 100 mm (4 in} in 
siLe come from Tacwha and Tongwha in Korea. Si
milar crystals were recently found in China. Orange 
crystals up to 40 mm (J •r. in) in size arc associated 
wilh cassiterite crystals on quartz crystals from lultin 
and Tenkergin, Russia. Clear crystals, weighing up to 
50 kg (II 0 lb ), occurred in pcgmatites near Natas. 
Namibia. Crystals up to 70 mm (2:Y. in) reported 
from several mines ncar Travcrsella. Italy. Beautiful 
red crystals up to 20 mm ("/., in) were very rare in 
P0ibram, Czech Republic. Yellow crystals up to 40 
mm (1 '/,. in) arc known from quartz veins with 
pumpellyite in Oboi DSI, C1cch Republic. 
Application: W ore. 
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Stol::.ite, 20 mm, Ari:ona. U.S.A. 

Stolzite 
PbW04 

TETRAGONAL • • 
Properties: C - gray-brown. orange-yellow, red, 
green: S - colorless; L - adamantine to resinous; D -
transparent to translucent; DE - 7.9-8.3; II 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 to 60 mm 
(2'/• in) from St Lcger-dc-Peyre, France. Prisms and 
needles up to 25 mm ( l in) long found in Broken I Jill, 
New South Wales, Australia. Crystals up to 25 mm (I 
in) also known from Tsurneb, 1\arnibia. Crystals up to 
20 mm ("/" in) reported from Cinovec, Czech Republic 
and from the Black Pine mine, Montana. USA. 

F('l7'imolybdite. 60 mm, Hur/.cy. Czech Republi~ 

Crocoite, 44 mm, Dundas. Australia 

Crocoite 
PbCr04 

MONOCLINIC •• 
Propenies: 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 occurrence: Secondary, as a result of the 
galena oxidation in basic rocks. The world' best 
specimens come from the Dundas district, Tasmania, 
Australia where crystals up to 100 mm (4 in) long 
were found in several mines. Fine crystals up to 40 
mm (1•1" in) long are known from Berezovsk, Ural 
mountains. Russia. Crystals up to 20 mrn ("In in) 
were recently found in Callenbcrg, Germany. 



Ferrimolybdite 
Fe 2(Mo04)J . 8 H20 

ORTHORHOMBIC •• 
Properries: C - yellow, whitish; S - light yellow; L 
adamantine, silky, eanhy; D - opaque; DE - 4.4; H -
1-2; M - small acicular crystals, fibrous and radial 
aggregates, earthy. 
Origin and occurrence: Secondary, as a product of 
the molybdenite oxidation. Microscopic crystals were 
found in Glen Innes, New South Wales, Australia. lt 
occurred as yellow coatings in Climax and Telluride. 
Colorado. in the Getchell mine, Nevada, USA; also in 
Hsrky ncar Eisul, Czech Republic. 

Betp_akdalite 
Caf el+H8(Mo0 4)5(As04h . 8 H20 

MONO C LINIC e 

Properties: C lemon-yellow; S - yellow; L 
vitreous. waxy, dull; D - opaque; DE - 3; H 3; CL 
- good; M short prismatic microscopic crystals, 
pulverulent. 
Origin and occurrence: Secondary mineral. Origi
nally described from Kara-Oba, Kazakhstan. [t also 
occurred in Tsumcb, Namibia and in Krupka. Czech 
Republic. 

Wulfenite, 38 111111, Los Lamentos, Mexico 

Wulfenite 
PbMo04 

TETRAGONAL • •• 
Properties: 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. 
Origin and occurrence: 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 Yuma. 
Arizona, where red tabular crystals found up to 50 
mm (2 in) diameter. Yellow-brown crystals up to 
100 mm (4 in) come from the Glove mine, Arizona, 
USA. Thick tabular orange crystals up to 20 mm 
("/, in) in diameter found in the Erupcion mine, 
Villa Ahumada, Los Lamcntos, Chihuahua. Beau
tiful yellow plates up to 60 mm (2'/, in) with 
orange mimetite spheres occurred in the San 
Francisco mine, Magdalena, Sonora, Mexico. Rare 
tabular crystals up to 70 mm (2"/.o in) across come 
from Tsumcb, Namibia. Fine orange-yellow 
tabular crystals up to 20 mm (21/u in) across, and 
pyramidal crystals arc known from Bleiberg, 
Austria and Mciica, Slovenia. Crystals up to 100 
mm (4 in) were found recently in Touissit, 
Morocco. 
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8. Phosphates 
Lithiophosplrate 
Li3P04 

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 occurrence: Hydrothermal in granitic 
pegmatites, where it forms by replacement of spodu
mene and montebrasite. Cleavable aggregates up to 
100 mm (4in) across occur in the Tanco Mine. Ber
nie Lake, Manitoba, Canada; crystals up to 25 mm ( I 
in) across in the Foote mine, Kings Mountain, North 
Carolina, USA. 

Beryllonit 
NaBeP04 

MONOCLINIC • • 

hoperties: 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. granu Jar. 
Origin and occurrence: 1-iydrothemJal in cavities in 
granitic pegmatites where it is associated with herde
rite, albite and tourmaline. Crystals and their twins, up 
to 150 mm (6 in) across come from Stoneham and 
Newry, Maine. USA; also from Vi itaniemi, Finland and 
Paprok, Afghanistan. 

Adamite. 52 mm, Mapimi, Mexico 
Lithiophosphare, 30 111111, Tanco, Canada 

Beryllonile, 31 mm, Paprok, Afghanistan 

Triphyllite 
LiFeP04 

ORTHORHOMBIC ••• 
Properries: 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. 
Origin and occurrence: Magmatic in granitic 
pegmatites, associated with graftonite, sarcopside 
and many secondary phosphates. Large triphyllite 
crystals up to J .5 m (5 ft) across are known from 
Hagendorf, Germany; from the Tip Top mine, Custer, 
South Dakota and Palermo No. 1 mine, North 
Groton, New Hampshire, USA; also from Hiihner
kobel, Germany. 

Triphylite, 70 mm. Hagenc/()lf. Germany 
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Lithiophilite. 120 mm. Viitaniemi. Finn/and 

Lithiofilit 
LiMnP04 

ORTHORHOMBIC •• 
Properties: 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 occurrence: Magmatic in granitic peg
matites. 1t is sometimes associated with triplite and 
triphyllite, typically replaced by many secondary 
phosphates. Large masses of lithiophillire, reaching 
up to I m (39'/• in), occur in Karibib, Namibia; 
Kitumbe, Rwanda. Other localities are Mangualde, 
Portugal; Tanco mine, Bernie Lake, Manitoba, 
Canada; Stewart Lithia Mine, Pala, California, USA. 

Pwpurire. 40 mm, Usakos, Namibia 

Berze/iiie, 120 mm, Langban. S>veden 

Pure.urite 
Mnl P04 

ORTHORHOMBIC • • 
Properties: C - pink, purple, dark brown; S B red
purple; L - dull ro velvet; D - translucent to opaque; 
DE - 3.7; H - 4-4.5; CL - good; F - uneven; M B 
granu Jar, mass ive. 
Origin and occurrence: Hydrothermal, as a product of 
lithiophillite replacement in granitic pegmatites. It is 
usually associated with many secondary phosphates. lt 
is known from Kirumbe, Rwanda; Usakos and 
Sandamab, Nan1ibia; the Tip Top and Bull Moose 
mines, Custer, South Dakota and Branchville, 
Connecticut, USA. 

Berzeliite 
(Ca,Na)J (Mg,Mnh (As04)3 

CUBIC e e 

Properties: C - yellow, orange; S - red-purple; L -
resinous; D - transparent to translucent; DE - 4. I; H 
- 4-4.5; CL - none; F - conchoidal to uneven; M -
isometric crystals, granular, massive. 
Origin and occurrence: Metamorphic, together with 
haussmanite, rhodonite and tephroite. lt occurs as 
massive in Langban and Nordmark, Sweden. 

Whitlockite 
Ca9(Mg,Fe)H(P04)7 

TRIGONAL e e 

Properties: C - colorless, white, yellowish, pinkish; S 
- white; L- vitreous to dull; D- transparent to trans
lucent; DE - 3.1; H - 5; CL - nonc; F - conchoidal to 
uneven; M - rhombohedral crystals, granular, massive. 



Origin Mrd occurrence: 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 I 0 mm ('I• in) across. occur in the 
Palermo o. I mine. North Groton. New Hampshire; 
also in the Tip Top mine, Custer, South Dakota, 
USA. 

Xe11otime-(Y) 
YP04 

TETRAGONAL ••• 
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: \II - long prismatic to 
tabular crystals. granular: R - sometimes weakly 
radioactive and metam.ict. 
Origin and occurrence: Magmatic in granitic and 
alkaline pcgmatites, granites and syenites; hydro
thermal in the Alpine-type veins; metamorphic in 
gneisses; common in placers. It is associated with 
monazitc-(Ce) and zircon. Perfect prismatic crystals 
up to 100 mm (4in) across occur mainly in pcgma-

Whitlockite, 10 mm x.x, New Hampshire, U.S.A. 
1 -

titcs in Kragero and llittcro, Norway; Ytterby, 
Sweden; in several places in Madagascar; in 
Ichikawa, Japan. Crystals about 20 mm (('/, in) arc 
known from the Alpine-type veins in Binntal, 
Switzerland. 
Application: ore of rare earth clements. 
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Monazite-(Ce) 
CeP04 

MONOCLINIC ••• 
Properties: 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 radioacrive and metamict. 
Origin and occurrence: Magmatic in granitic and 
alkaline pegmatites, granites, syenites, carbona
rites; hydrothermal in the Alpine-type veins and 
greisens; metamorphic in gneisses; common in pla
cers. 
It is associated with apatite, xcnotime-(Y) and 
zircon. Perfect prismatic crystals up to 200 mm (7'/• 
in) come from Mars HilJ. 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 (7'!. in) across found 
in Minas Gerais. Jaguarao;u, Brazil. 
Application: ore of rare earth clements. 

Monazire-(Ce), 31 mm. Felicia. Brazil 

Hydroxylherderite 
CaBe(P04)(0H,F) 

MONOCLINIC • • 
Propenies: C - colorless, white, yellowish, greenish; 
S - white; L - vitreous to dull; 0 - transparent to 
nanshtcent; DE - 3.0; H - 5-5.5; CL - good; F -
conchoidal to uneven; M - prismatic to tabular 
crystals, radial aggregates, granular. 
Origin and occurrence: Hydrothermal in cavities in 
granitic pegmatites and in greisens. Perfect crystals, 
up to 120 mm (4"/,. in) long come from Marilaca and 
together with colored tourmalines from Virgem da 
Lapa, Minas Gerais, Brazil; also known from 
Topsham and Stoneham, Maine, USA. 

Amblygonite 
liAI(P04)(F,OH) 

TRICLINIC • • • 
Properties: C - colorless, white. yellowish, bluish, 
gTay; S - white; L - vitreous to dull; D - lranspareut 
to translucent; DE - 3.1; H - 5.5-6; CL - good; F -
conchoidal to w1cven; M - short prismatic crystals, 
g ranular, massive. 

flydroxylherderire. 22 mm. At1U/, Califo,.,io, U.S.A. 



Monlebrasite. 80 mm, White Picacho, Arizona, U.S.A. 

Origin and occurrence: Magmatic in gram11c 
pegmatites and some granites; rare hydrothermal in 
greisens and in ore veins. Large amblygonite masses, 
several meier.) across. come from pegmatites. like 
the Beecher, Custer and Hugo mines, Keystone. 
South Dakota, USA, where its blocks weighed up to 
200 tons; also known from Viitaniemi, Finland; Uto. 
Sweden. Typical representative of the quartz
amblygonite veins is Vcrncrov, Czech Republic. 
Application: Li ore and raw material for ceramics. 

Montebrasite 
LiAI(P04)(0H,F) 

TRICLINIC ••• 
Propel'lies: 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 - shon prismatic 
to tabular crystals. granular. massive. 
Origin and occurrence: Magmatic in granitic 
pegmatites and gr.1nites; hydrothermal in granitic 
pegmatites. It occUr.) very frequently with ambly
gonite, which it replaces. Large masses are known 
from Montcbras, France; a lso from the Tin Mountain 
mine. Custer. South Dakota. USA .. Perfect tabular 
crystals up to 150 mm (6 in) across found in 
Taquaral, Minas Gerais. Bra7il. 

Wagnerite 
Mg2(P04)(F,OH) 

MONOCLINIC ••• 
Properties: C - light yellow. yellow-green. yellow
bro\\11, green; S - white: L vitreous to greasy; D -
transparent, translucent to opaque; DE - 3.2; H - 5-
5.5; CL- imperfect: F - conchoidal to uneven; M 
short prismatic crystals. granular, massive. 

Wagnerite, 18 mm x. Werfen. Austria 

Origin and occurrence: Magmatic in granitiC 
pcgmatites; metamorphic in gneisses and eclogites; 
hydrolhermal in quan/ veins and in salt deposits. 
The most famous finds come from lhe quartz veins 
in llollgraben and Radelgraben, lhe Alps. Austria, 
where wagnerite occur together will! lazulite and 
forms crystals up to 30 mm (!'/,. in) across; also 
known from Mangualdc, Portugal and Bodenmais, 
Germany. 

Amblygonite, 55 mm. Mma• Gerais, Bra=il 
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Zwieselite. 30 111111 grain. Dolni Bory. C:ech Republic 

Zwieselite 
Fe2(P04)(F,OH) 

MONOCLINIC ••• 
Properties: 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 -shore prismatic crystals, 
granular. massive. 
Origin and occurrence: Magmatic in granitic pcg
matitcs: rare hydrothermal in greiscns. It is associated 
with apatite, rriplitc and secondary phosphates. 
lmperfcct crystals and granular aggregates are known 
from pcgmatitcs near Zwiescl. Germany; Dolni Bory, 
Czech Republic. 

Triplite. 70 111111, Viitafliemi. Fi11nland 

Triplite 
Mn2(P04)(F,OH) 

MONOCLINIC ••• 
Properties: 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. 
Origin and occurrence: Magmatic in granitic 
pcgmatites and granites; hydrothermal in grciscns 
and in quartz veins. It is usually hydrothermally 
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. 

Libethenit 
Cu2(P04)(0H) 

ORTHORHOMBIC ••• 
Properties: C - black-green to light green; S - olive
green; L- greasy; D translucent; DE - 3.9; H- 4; 
CL - imperfect; F - conchoidal to uneven; M - short 
prismatic and dipyramidal crystals, botryoidal 
aggregates, granular, massive. 
Origin and occurrence: Secondary in Cu deposits, 
where it occurs together with malachite, pseudo
malachite and brochantite. Perfect crystals. up to 30 
mm (!'/ •• in) across, come from the Rokana mine, 
Zambia; crystals, up to I 0 mm ('1. in). are known 
from Kambove. Zaire: J.:ubictova , Slovakia; 'izhniy 
Tagil. Ural Mts., Russia. 



0/ivenite, 80 mm. l'sumeb, Namibia 

0/ivenite 
Cu2(As04)(0H) 

ORT HORHOMBIC ••• 
Properties: C - olive-green, green-brown, gray
green to gray; S - light green; L - greasy: D -
translucent to opaque; DE - 4.4; J-l - 3; CL -
imperfect; F - conchoidal to uneven; M - long to 
short prismatic and dipyramidal crystals, acicular 
and radial aggregates. massive. 
Origin and occurrence: Secondary in Cu deposits. lt 
is associated with other secondary Cu minerals, 
malachite, azurite and scorodite. Perfect crystals up 
to 10 mm ('i• in) across occurred in Wheal Gorland, 
Cornwall. and Tavistock, Devon UK; also in 
Tsumeb, Namibia and Ashburton Downs, Western 
Australia, Austral ia. 

Adamille 
Zn2(As04)(0H) 

ORTHORHOMBIC ••• 
Properlies: 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 dipyramidal crystals, acicular and radial aggre
gates. massive; LU - yellow-green. 

Origin and occurrence: Secondary in Zn deposits, 
associated with hcmimorphitc, goethitce and 
smithsonite. Rich druscs of green and rare purple 
crystals up to 70 mm (23/. in) across come from Mina 
Ojuela, Mapimi, Durango. Mexico; also known from 
Tsumeb, Namibia; Laurion, Greece and Cap 
Garonne, France. 

Adamite, 34 mm, Mapimi, Mexico 
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Lazulite, II mm x. l.incoln Co .. U.S.A. 

pe 

Lazulite 
MgAI2(P04)2(0H)2 

MONOCLINIC • • • 
Properries: C - dark lo light blue, blue-green; S -
white; L - vitreous; D - transparent to translucent; 
DE - 3.1; 1-1 - 5.5-6; CL- imperfect; F - conchoidal 
to uneven; M - short prismatic and dipyramidal 
crystals, granular, massive. 
Origin and occurrence: Hydrothermal in quartz 
veins and granitic pegmatites. where il is formed by 
decomposition of primary phosphates; metamorphic 
in quanzites. 
Imperfect crystals up to 100 mm (4 in) across come 
from Horrsjoberg, Sweden; perfect crystals about 50 
mm found in Ashudi. Pakistan; also known from 

Big Fish River, Yukon, Canada and near Werfen, 
Austria. 

Scorza lite 
FeAI2(P04)2(0H)2 

MONOCLINIC ••• 
Properties: C - dark blue. blue-green: S - white; L 
vitreous; D - transparent to translucent; DE - 3.3; 1-1 -
6; CL - imperfect; F - conchoidal to uneven; M -
prismatic crystals. granular, massive. 
Origin and occurrence: Hydrothem1al in granitic peg
matites, as a replacement product of primary phospha
tes, rare in quartz veins. Dark blue, granular aggre
gates up to 100 mm (4in) across occur in the Palermo 
No. I a11d No.2 mines, North Groton, New Hampshire 
and the Victory mine, Custer, South Dakota, USA. 

Rockbridgeite 
Fe2+Fe3+ 4(P04)J(OH)s 

ORTHORHOMBIC ••• 
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 gf'.rnitic pegma
tites and in Fe deposits. It moslly originates rrom the 
hydrothermal alteration of primary phosphates, mainly 
triphyllitc. and il is associated with other secondary 
phosphates. Rich radial aggregates up to 50 mm (2 in) 
across come from Hagendorf, Germany; the Tip Top 
mine, Custer, South Dakota and the Fletcher mine, 
Groton, New Hampshire, liSA. 



Frondelite 
MnFe3+ 4(P04)J(OH)s 

ORTHORHOMBIC • • • 
Properties: C - light olive-green, brown, black
green; S - green; L - dull; D - translucent to opaque; 
DE - 3.5; H - 4.5; CL - good; F - uneven; M -
acicular crystals, radial aggregates and crusts, 
granular, massive. 
Origin and o~;currence: Secondary in granitic peg
matites, where it forms as a result of the hydrother
mal alterat ion of primary phosphates, mainly 
lithiophillite. Radial aggregates occur in the Fletcher 
mine, Groton, New Hampshire, USA; also in 
Sapucaia, Minas Gerais, Brazil. 

MONOCLINIC ••• 
Properties: C - dark green. black-green. black; S -
green; L - vitreous to dull; D - translucent to 
opaque; DE - 3.4; H - 3.5-4.5; CL - good; F -
uneven: M - radial aggregates and crusts, granular. 
massive. 
Origin and occurrence: Secondary in granitic 
pegmarites and in the oxidation zone of Fe deposits; 
it fom1s in pegmatites as a resu lt of the hydrothermal 
alteration of primary phosphates. Radial aggregates 
occur in pegmatites in Hagendorf and Hiihnerkobel, 
Germany; also in gossan in the Wheal Phoenix mine. 
Cornwall. UK. 

Dujrenite. 9 mm, Lancaster. US. A. 

Pseudomalachite 
Cus(P04h(OH)4 

MONOCLINIC • • • 
Properties: C - green, black-green; S - green; L 
vitreous to dull ; D - translucent to opaque; DE - 4.3; 
H - 4.5-5; CL - good; F - uneven; M - short 
prismatic crystals. botryoidal aggregates with radial 
stn1cture. massive. 
Origin and occurrence: Secondary in Cu deposits, 
associated with malachite, chrysocolla, libethenite 
and goethite. Beautiful botryoidal aggregates and 
large masses come from Nizhniy Tagil, Ural 
mountains, Russia; also from Ehl and Virneberg, 
Germany; !Tom I..;ubietova , Slovakia; and also from 
many localities in Shaba province, Zaire. 

Pseudomalachite, 80 mm. L'u/Jietovci, Slovakia 
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Conzubite 
Cu5(As04h{OH)4 

TRICLINIC • 
Propenies: C - light ro dark green; S - light green; 
L - vitreous to dull; D - translucent; DE - 4.8; H -
nor determined: CL- not determined; F - uneven; M 
- botryoidal aggregates. massive. 
Origin and occurrence: Secondary in Cu deposits. It 
was found together with olivenitc and clinoclase in 
the Bedford United quarry, Comwall, UK; also in 
Ashburton Downs. Western Austra lia. Australia and 
Farbiste, Slovakia. 

Come lite. 10 mm aggregate, Lllmumbashi, Ztlir 

Augelite. 34 mm, Yukon Territmy, Canada 

Augelite 
At2(P04)(0H}J 

MONOCLINIC ••• 
Properties: C - colorless, white, yellowish, 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 occurrence: Hydrothermal in granit.ic 
pegmatites as a product of primary phosphates 
replacement; rare metamorphic in quartzites. 
Massive aggregates several decimeters across occur 
in pcgmatites in Burango, Rwanda; also in the Hugo 
mine. Custer, South Dakota and Mount White, 
Cali fornia, USA. Crystals up to 20 mm ("/" in) 
across come from Rapid Creek, Yukon. Canada and 
from the Champion mine, California; rare small 
crystals found in the Palermo No. l mine, North 
Groton, New Hampshire, USA. 

Cometite 
Cu3(P04)(0H)J 

ORTHORHOMBIC • 

Properties: 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 w1even; 
M - short prismatic crystals, coatings. 
Origin and occurrence: Secondary in Cu deposits. It 
is rare in the Etoile mine near Lumtunbashi and in 
Kalagi, Shaba province, Zaire; also occurs in 
Yerington. Nevada and in Saginaw Hill, Arizona. 
USA. 



Clinoclase. 40 111111, Cornwall. UK 

Clinoclase 
Cu3(As04)(0H)J 

MONOCLINIC •• 
Properties: 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 occurrence: Secondary in Cu deposits. 
often associated with malachite, azurite and other 
secondary Cu minerals. Spherical aggregates up to 
10 mm ('I• in) known from the Majuba Hill mine, 
Nevada, USA; occurs rarely near Tavistock. Devon, 
UK; also in Novoveska Huta. Slovakia. 

Conichalcite 
CuCa(As04)(0H) 

ORTHORHOMBIC ••• 
Properties: 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 occurrence: 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. 

Conichalcite, 70 111111, 7intic. U.S.A. 

Duftite 
PbCu(As04)(0H) 

ORTHORHOMBIC • • 
Properties: C - yellow-green, olive-green to gray
green; S - light green: L - vitreous to greasy; 0 -
translucent; DE - 6.5; II - 3; CL - not determined; F 
- uneven: M - small crystals, botryoidal aggregates 
and coatings. 
Origin and occurrence: Secondary in base metals 
deposits. lt is associated with malachite and azurite 
in Tsumeb, Namibia; in Mina Ojuela, Mapimi, 
Durango, Mexico; in Moldava, Czech Republic. 

Dujiire. 90 mm, Tsumeb, Namibia 

165 



Descloizite, 38 mm. Grootfomein, Nomibia 

Arsende.!cloi:ite, 95 mm, Mapimi, Mexico 
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Descloizite 
PbZn(V04)(0H) 

ORTHORHOMBIC ••• 
Properties: C red-orange, red-brown to brown
black, gray-green; S - light yellow-brown: L -
greasy; D - transparent. translucent to opaque; DE -
6.1; H - 3-3.5; CL none; F - conchoidal to uneven; 
M - crystals of di !Terent habits. mostly pyramidal or 
prismatic, botryoidal and skeletal aggregates, 
massive. 
Origin and occurrence: Secondary in base metals 
deposits. h is mainly associated with pyromorphite, 
mimctite, vanadini tc and other secondary Pb 
minerals. Occurs as crystals up to 30 mm ( ! '/•• in) 
long in Tsumcb and Berg Aukas, Namibia; also 
Broken Hill, Zambia; and the Mammoth mine, Tiger, 
Arizona. USA. 

Arsendescloizite 
PbZn(As04)(0H) 

ORTHORHOMBIC • 

Ptvperlies: C light yellow; S - white: L adamantine 
to gre-.JSy; D - transparent to translucent; DE 6.1; II 
- 4: CL - none: F- conchoidal to une\'cn; M tabular 
crystals, rosette-like aggregates. 



Origin and occurrence: Secondary in base metals 
deposits, associated with mimetite and goethite. 
Found rarely as crystals of I mm ('/, in) in size in 
Tsumeb, Namibia: also Mina Oj uela. Mapimi, 
Durango, Mexico. 

Mottramite 
PbCu(As04)(0H) 

ORTHORHOMBIC • e 

Properties: C - grass-green to black-green: S - light 
green; L - vitreous to dull; D - transparent to 
opaque; DE 5.9; 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 occurrence: Secondary in base metals 
deposits, associated with mimelite. descloizite and 
vanadinire. It occurs in Mottram, Cheshire, UK; in 
Tswneb, Namibia; Man1molh mine, Tiger. Arizona, 
USA. 

Brazilianite 
NaAl3(PO 4h(OH)4 

MONOCLINIC ••• 
Pmpenies: C - colorless, white. yellowish, yellow
green; S - white; L - vitreous: D - transparent to 
translucent; DF.: - 3.0; H - 5.5; CL - good; F -
uneven: M short prismatic to isometric crystals, 
radial aggregates. granular. 
Origin and occurrence: Hydrothermal in cavities in 
granitic pegmatites, where it is associated with 
nuorapatite. albite and tourmaline. It occasionally 
originates as a product of arnblygonite replacement. 
Perfect yellow-green crystals up to 150 mm (6 in) 
across found in cavities in pcgmatitcs in Consclheira 
Pcna and C6rrcgo Frio, Linopolis, Minas Gerais and 
from Pietras Lavradas, Paraiba, Brazil. 

Cafarsite. 9 mm x, Binnral. Switzerland 

Cafarsite 
Caa(Ti,Fe2+ ,Fe3• ,Mn)(Asl+ol>l 2 . 4 H20 

CUBIC e 

Properties: C dark brown: S yellow-brown: L -
subrnctal!ic: D ll"dllslucent; DE - 3.9; H - 5.5-6; CL
none: F-conchoidal: M - isomctTic crystals. 
Origin and occurrence: Hydrothermal along cracks 
in Alpine-type veins. Cubic crystals up to 30 mm 
(I 'f,. in) across come from Binntal, Switzerland and 
Pizzo Cervandone, Italy. 

Bra:i/iw1ite. 47 mm, Cot~.selheira Pena, Bra;i/ 
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Carminite 
PbFel+ 2(As04h(OHh 

ORTHORHOMB IC •• 
Properties: C - crimson-red. red-brown; S - red
yellow; L - adamantine to pearly; D translucent; 
DE - 5.5: 1-1 - 3.5: CL - good: P - conchoidal to 
uneven; M - prismatic crystals, acicular, radial, felt
like to porous aggregates. coatings and crusts. 
Origin and occurrence: Secondary in base metals 
deposits, associated with mimctite a11d scorodite. 
Crystals up to I 0 mm (!Is in) across occur in Tsumeb, 

amibia; in Mina Ojucla, Mapimi, Durango, 
Mexico; in Calstock, Cornwall, UK. 
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Bayldonile. )4 mm. Tsumeb. Namibia 

Bayldonite 
PbCu3(As04h(OHh. H20 

MONOCLINIC e e 

Properties: C - yellow-green, olive-green; S - light 
green: L resinous; D trans lucent; DE 5.5: H -
4.5; CL - not determined; F - uneven; M - earthy 
aggregates, coatings, massive. 
Origin and occurrence: Secondary in the oxidation 
zone in hydrothermal Cu deposits and in grcisens. It 
occurs as common yellow-green coatings and 
crystals up to I 0 mm ('/a in) across. associated with 
large azurite and mimetite crystals in Tsumeb, 
Namibia; also as coatings in St. Day, Cornwall, UK; 
in Moldava, Czech Republic. 

Vesignieite 
BaCu3(V04h(OHh 

MONOCLINIC e e 

Properties: C - yellow-green, olive-green; S - light 
yellow-green; L - vitreous to dull; D - translucent; 

• 



Vesigni!ite, 80 mm. Yrtmtice. Czech Republic 

DE - 4.1; H - 3-4; CL - good; F - uneven; M 
earthy and pulverulent aggregates and coatings, 
massive. 
Origin and occurrence: Secondary in base metals 
deposits and in sed.iments, 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 
psilornelanc in Friedrichsroda, Gennaoy. 

A rselltsumebite 
Pb2Cu(As04)(SO 4)(0H) 

MONOCLINIC • 

Properties: 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 occurrence: Secondary iu the oxidation 
zone. where it forms as a result of mimetite replace
ment. Found rarely in Moldava, Czech Republic; in 
Tsumeb, Namibia, where it torms pseudo-morphs 
after azurite crystals. 

Arsentsumebite, 40 mm, Moldova. Czech Republic 
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Fluorapatite. 50 mm, Dusso. Pakistan 

Fluorapatite 
Ca5(P04)JF 

HEXAGONAL ••••• 
Properties: C-colorless, white, yeUowish. 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. 
Origin and occurrence: Magmatic in granites. 
syenites. diorites. gabbros and 'arious types of peg
matites. also in volcanic rocks; hydrothermal in 
quartz veins, ore veins, grcisens and Alpine-type 
veins; metamorphic in different types of gneisses, 
migmatites, mica schists, skarns and amphibolitcs; 
in d ifferent rypcs of sedimentary rocks. Perfect. 
short prismatic, purple transparent crystals up to 40 
x 40 mm (J•/,. x J•t,. in) are renowned from 
pegmatite in the Pulsifer quarry, Ylount Apatite. 
Auburn, Maine, USA; pink crystals from Dusso. 
Pakistan. Perfect crystals about 100 mm (4in) across 
also from Alpine-type veins, e.g. in Fiesch, Switzer
land; a lso known from the quartz veins in greisens, 

t7n 

associated with wolframite. in Panasqueira. Portu
gal; in Horni Slavkov, Czech Republic; Ehrenfrie
dersdorf, Germany. Also found in skarns at Cerro de 
Mercado. Durango. Mexico. Large deposits of mas-

Chloropallle. 10 mm x. Bob's Lake, Ontario, Canada 

• 



sive aparitc located in Kola Peninsula, Russia; 
crystals weighing up to 300 kg (660 lb) from the 
vicinity of Clear Lake, Ontario, Canada. 
Application: main source of ?, chemical industry, 
fertilizer. 

Chlorapatite 
C a5(P04))Ct 

HEXAGONAL ••• 
Properties: C- white, 'arious hues of yellow: S -
white: L - vitreous to dull; D transparent to trans
luccnr: DE - 3.2: H 5: CL imperfect: F -
conchoidal to uneven; M long prismatic to tabular 
crystals, granular. 
Origin and occurrence: Magmatic in nepheline 
syenites and their pegmatites, some gabbros and 
volcanic rocks. also in meteorites: metamorphic in 
skarns. It is usually associated with scapolite, 
amphibole, titanite and magnetite. Perfect prismatic 
crystals up to 35 em (13"/,. in) long. come from 
pegmatites in Bamle, Norway: also from Kurokura, 
Japan. 

Hydroxylapatite 
Cas(P04)J(OH) 

HEXAGONAL • • • 
Properties: C - white, ye llow, various hues of gray; 
S - white: L - vitreous to dull; D transparent to 
translucent; DE 3.2: H - 5; CL - imperfect; F -
conchoidal to uneven; M - short prismatic to tabular 
crystals, acicular aggregates, granular. 
Origin and occurrence: Metamorphic in talc schists 
and serpentinites: hydrothermal in granitic pegma
tites; sedimentary in organic remnants. Crystals up 
to 30 mm (!'/ ,. in) across known from Snarum. 
'orway: Hospcntal. Switzerland: Eagle. Colorado. 

USA. 

Carbonate-fluorapatite 
Cas(P04, C03))F 

HEXAGONAL ••• 
Properries: C - white, gray; S - white; L - vitreous 
to dull; D - transparent to translucent; DE - 3.2; H 
- 5; CL - imperfect; I" conchoidal to uneven: M 
B spherical and botryoidal aggregates, massive. 
Origin and occurrence: Hydrothermal 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 Wheal Franco mine. 
Tavistock, Devon, UK. 

Car/xJnarefluoropatile, 80 mm, SIUjJel, Germany 
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Pyromorfite 
Pbs(P04)]CI 

HEXAGONAL •••• 
Properties: C - green, brown, yellow, orange, white, 
gray; S -white; L - adamantine to greasy; D -
transparent to translucent; DE - 7. I; H - 3.5-4; CL
imperfect; F - conchoidal to uneven; M - long 
prismatic to tabular and pyramidal crystals, 
botryoidal aggregates with radial structure, acicular 
and earthy aggregates, massive. 
Origin and occurrence: Secondary in the oxidation 
zone of Pb deposit, associated with cerussite, 
goethitee and other secondary minerals. Perfect 
crystals up to 40 mm (I 'I•• 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 ye llow ones 
from Mina Ojuela, Mapimi, Durango, Mexico. 
Green, orange and brown crystals, up to 60 mm (2'/a 
in) long, are known from the Bunker Hill mine, 
Idaho. USA. 



Mimerire. 14 mm x. Johanngeorgenstadt. Germany 

Mimetite 
Pbs(As04)JCI 

HEXAGONAL 

Varieties: campyli tc 

••• 

Propenies: C - yellow. orange, brown. yellow
brown, white, gray; S - white; L - adamantine to 
greasy: D - transparent to translucent; DE - 7.3; H 
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 occurrence: Secondary in Pb deposits. 
associated with pyromorphite and goethite. Perfect 
crystals up ro 20 mm ("h: in) long come from 
Joham1georgenstadt, Gcm1any: campylite occurs in 
Drygill , UK; crystals up to 50 mm (2 in) across 
found in Tsumcb, Namibia: Sama Eulalia and San 
Pedro, Chihuahua. Mexico. Beautiful yellow crystals 
up to 30 fllln (I •;,. in) found recently in Hat Yai 
province. Thailand. 

Vanadinite 
Pb5(V04)JCI 

HEXAGONAL ••• 
Properties: 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 - conchoidal to uneven; M - long to short 
prismatic and pyramidal crystals, botryoidal 

aggregates with radial structttre, acicular and earthy 
aggregates, granular. 
Origin and occurrence: Secondary in Pb deposits, 
associate w ith pyromorphite, \.VUifenite and goethite. 
Perfect crystals up ro 130 mm (5'/" ln) long come 
from Djebcl 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. 

Vanadinite, 64 mm. Mibladen, Morocco 
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Atelestite 
Bi2(As04)0(0H) 

MONOCLINIC e 

Propenies: C - yellow, yellow-green; S - white: L -
adamantine to greasy; D - transparent to oanslucent; 
DE- 7.0; H - 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. 

Hureaulite 
Mns(P04h[P03(0H)h . 4 H 20 

MONOCLINIC ••• 
Pmpenies: C - orange-red, pink, purplish, white, 
gray; S - white: L - vitreous: 0 - transparent to 
translucent; DE - 3.2; H - 3.5; CL - good; F -
w1even; M - prismatic to tabular crystals, coatings, 
granular, massive. 

Origin and occurrence: Secondary in granitic peg
matites, as a result of alteration of the primary phos
phates, mostly lithiophillitc, triphyllite and grafto
nite. 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. 

Variscite 
AI(P04) . 2 H20 

ORTHORHOMBIC ••• 
Properties: 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. 
Origin and occurrence: : Hydrothermal in cracks in 
sedimentary rocks, rich in AI and P. a lso in phos
phates deposits. It is associated with apatite, 
wavellite and other phosphates. Renowned greenish 
nodules up to 30 em (12 in) in dianleter come from 
Clay Canyon, Fairfield, Utah, USA; also known 
from Ronneburg, Germany and Jivina near Bcroun. 
Czech Republic. 

Strengite 
Fel+(P04) . 2 H20 

ORTHORHOMBIC ••• 
ProperJies: 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 slrl•crwe, coatings. 
Origin and occurrence: Secondary in granitic 



Strengite, 34 111111, Sl'llppcwaara. Sweden 

Scoroditc, JO 111111 x, Zacatecas. Mexico pcgmatites where it forms as a result of hydro
thermal replacement of primary phosphates; in the 
oxidation zone of Fe deposit together with 
goethite. Purple crystals up to 5 mm ('/,. in) across, 
come from the Bull Moose mine. Custer. South 
Dakota. USA: also known from Plcystein, Ger
many and from Tclkov, Czech Republic. 

Scorodite 
Fel+(As04) . 2 H20 

ORTHORHOMBIC ••• 
Properties: B - light green. gray-green, olive-green. 
colorless, blue, yellow-brown: S light green; L -
vitreous to resinous: D tran~parcnt to translucent 
DE 3.3: H-3.5-4; CL imperfect: F conchoidal: 
M dipyramidal to short prismatic crystals, 
botryoidal and earthy aggregates. comings. granular. 
massive. 
Origin and occurrence: Secondary in the oxidation 
zone of ore deposits, associated with arsenopyrite, 
lollingite and other arsenides: in granitic pegmatitcs; 
hydrothermal in the hot springs. 
Perfect crystals up to 50 rmn (2 in) across come from 
Tsumeb, :-.lamibia: the Kiura mine, Oita. Japan; 
Mina Ojuela, Mapimt, Durango. Mexico: green 
crusts. several em thick. were found in Djebel Debar, 
Algeria. 
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Pltosphophyllite. 18 mm x. Potosi. Bo/i .. ia 

Phosphoplzyllite 
Zn2Fe(P04)z. 4 H20 

MONOCLINIC • • 
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 th ick tabular crystals, 
granular. 
Origi11 a11d occurre11ce: Secondary in the oxidation 
zone of ore deposits: in granitic pcgmatites, where it 
replaces primary phosphate:.. Perfect crystals. up to 
140 mm (5'h in) across come from sulfide cavities in 
the Unificada mine, Potosi. Bolivia. Also occurs at 
l lagcndorf. Germany. 

Ludlamite 
Fe3(P04)z . 4 H20 

MONOCLINIC e e 

Properties: C - light green. green; S - white: L 
vitreous; D - transparent to translucent: DE 3.2; II 
- 3.5; CL - perfect; F uneven; M- thin to thick 
tabular crystals. granular, massive. 
Origin and occurrence: Secondary in the oxidation 
zone of ore deposits; in granitic pegmatites, where it 
replaces primary phosphates. Perfect crystals up to 
90 mm (J•!,. in) across known from the San Antonio 
mine, Sama Eulalia, Chihuahua. Mexico: also from 
Morococala. Bolivia and the Blackbird district, 
Idaho. USA. 

Ludlamite. 36 mm, .lforococala. Bolivia 

A napaite 
Ca 2Fe(P04)z . 4 H20 

TRICLIN!C •• 
Properties: 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, rosette-like aggregates, 
granular. 
Origin and occurrence: 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 (I '/,. in) across, come from 
the cracks within oolitic ores near A napa and Kerch. 
Crimea, Ukraine; also known from Bellaver de 
Cerdena, Spain. 

Vivia11ite 
Fe3(P04)z . 8 H20 

MONOCLINIC •••• 
Properties: 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; II - 1.5-2: CL - perfect; F -
uneven: M long prismatic to acicular crystals, 
fibrous, eanhy to pulverulent aggregates. coatings, 
granular. massive. 
Origin and occurrence: 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 



1-
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Anapaile. 18 mm aggrf!8ares. A napa. Ukraine 

material; hydrothennal in the ore deposits. Crystals 
up to 1.5 m (5 ft) long found in clay sediments in 
Anloua, Cameroon: crystals up to 200 mm (711• in) 
across known from Morococala. Bolivia. Smaller 
crystals come from Trcpca. Serbia; Leadville, 
Colorado, Bingham Canyon, Utah, USA; also fTom 
Kerch and Anapa. Crimea, Ukraine. 

Etythrine 
Co3(As0 4h. 8 H 20 

MONOCLINIC ••• 
Propenies: C - dark purple, pink, colorless: S- light 
pink to white: L - vitreous; D - transparent to trans-

Erythrite. 29 mm, Mexico 

lucent; DE - 3.2; II - 1.5-2.5; CL - perfect; F -
uneven; M - long prismatic, acicular to tabular 
crystals. earthy aggregates, coatings, granular, 
massive. 
Origin and occurrence: Secondary in the oxidation 
zone of Co, Ni and U deposits. Tabular crystals up to 
60 mm (2'/• in) long come from Bou Azzer, 
Morocco. Other important localities arc Schneeberg, 
Germany; Talmcssi. Iran; Cobalt. Ontario, Canada; 
Mount Cobalt. Queensland, Australia. 

VMa11i1e, 48 mm. Moro<:ocala, Bolivia 
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Phosphophyllite, 18 mm x, Porosf. Bolivia 

Phosphoplzyllite 
Zn2Fe(P04h . 4 H20 

MONOCLINIC • • 
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 occurrence: Secondary in the oxidation 
zone of ore deposits; in granitic pegmatites, where it 
replaces primary phosphates. Perfect crystals, up to 
140 mm (SY2 in) across come from sulfide cavities in 
the Unificada mine. Potosi, Bolivia. Also occurs at 
Hagcndorf. Germany. 

Ludlamite 
Fe3(P04h . 4 H20 

MONOCLINIC • • 
Properties: C - light green, green; S - white; L -
vitreous; D - transparent to translucent; DE - 3.2; H 
- 3.5; CL - perfect; F - uneven; M - thin tO thick 
tabular crystals. granular, massive. 
Origin and occurrence: Secondary in the oxidation 
zone of ore deposits; in granitic pegmatitcs, where it 
replaces primary phosphates. Perfect crystals up to 
90 mm (3•; ... in) across known from the San Antonio 
mine, Santa Eulalia, Chihuahua. Mexico; also from 
Morococala, Bolivia and the Blackbird district, 
Idaho. USA. 

Lad/amite, 36 mm. Morococala, Bolivia 

Anapaite 
Ca2Fe(P04h .4 H20 

TRICLINIC •• 
Properties: C - light to dark green, colorless; S -
white; L - vitreous; D - transparent to translucent; 
DE - 2.8; I! - 3.5; CL - perfect; F - uneven; M -
thin to thick tabular crystals, rosette-like aggregates, 
granular. 
Origin and ocCllrrence: 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 (PJ,. in) across, come from 
the cracks within oolitic ores neru· Anapa and Kerch, 
Crimea. Ukraine; also known from Bellavcr de 
Cerdena, Spain. 

Vivianite 
Fe3(P04h. 8 H20 

MONOCLINIC •••• 
Properties: 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 occwTence: 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 



Anapaile. 18 mm aggrega1es. A napa. Ukraine 

material; hydrothermal in the ore deposits. Crystals 
up to l.S m (S ft) long found in clay sediments in 
Anloua. Cameroon; crystals up to 200 mm (7'/• in) 
across known from Morococala, Bolivia. Smaller 
crystals come from Trepca, Serbia; Leadville, 
Colorado, Bingham Canyon, Utah, USA; also from 
Kerch and Anapa, Crimea, Ukraine. 

Erythrine 
Co3(As04h . 8 H20 

MONOCLINIC ••• 
Properties: C-dark purple, pink, colorless; S - light 
pink to white; L - vitreous; D - transparent to trans-

Erythrite, 29 mm. Mexico 

lucent; DE - 3.2; H - 1.5-2.5; CL - perfect; F -
uneven; M - long prismatic, acicu.lar LO tabular 
crystals, earthy aggregates, coatings, granular, 
massive. 
Origin and occurrence: Secondary in tbe oxidation 
zone of Co, Ni and U deposits. Tabular crystals up to 
60 mm (2'/• in) long come from Bou Azzer. 
Morocco. Other important localities are Schnecbcrg, 
Germany; Talmessi, Iran; Cobalt, Ontario, Canada; 
Mount Cobalt, Queensland, Australia. 

Yivianite. 48 mm. tvforococala, Bolivia 
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An11abergite, 55 mm, Laurion, Grt!ece 

Symplesite. 11 mm .u, Bola Sprie. Romwtia 

Amrabergite 
Ni3(As04h. 8 H20 

MONOCLINIC ••• 
Varieties: cabrcritc (Mg contents) 

Properries: C - light to dark green, white; S white; 
L - vitreous; D - transparent to translucent: DE -
3.2: H - 1.5-2.:5; CL perfect; F - uneven; M - long 
prismatic to acicular and tabular crystals, acicular 
and earthy aggregates, coatings, granular, massive. 
Origin and occurrence: Secondary in the oxidation 
zone ofNi deposits, a~sociated with erythritc. Crys
tals up to :S mm ('/,. in) across occur in Gukurorcn, 
Turkey; Sierra Cabrera, Spain; Laurion, Greece. 
Nodules up to 20 mm (!'/u in) come from the 
Snowbird mine. Montana, USA. 

Symplesite 
Fe 3(As04h . 8 H20 

TRICLINIC e e 

Properties: 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, canhy aggregates 
and coatings, granular. massive. 
Origin and occurnmce: Secondary in the oxidation 
zone of ore deposits and in granitic pegmatitcs with 

Picropharmacolite, I 28 mm. Fra11ce 



As minerals, mainly arsenopyrite and lollingite. lt 
occurs in Schneeberg, Germany; Baia Sprie, Roma
nia and Trebsko, Czech Republic. 

Picropharmacolite 
Ca4MgH2(As04)4 . 12 H 20 

TRICLINIC e e 

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 occurrence: Secondary in the oxidation 
zone of ore deposits with As minerals, mostly 
arsenopyrite and lollingite. It is also known from 
Ste-Marie-aux.-Mines and Salsigoe, France; 
Freiberg, Germany and Jachymov, Czech Republic. 

Brushite 
CaH(P04) . 2 H20 

MONOCLINIC e e 

Properties: C - colorless, white; S - white; L -
vitreous, pearly on cleavage planes: D - transparent 
to translucent; DE - 2.3; 1-1 - 2.5; CL - perfect; F
uneven: M - prismatic, acicular to tabular crystals, 
earthy aggregates and coatings, massive. 
Origin and occurrence: Secondary on bat and bird 

Bmshite, 4 mm :rx. Domica, Slovakia 

Legmndite. 25 mm xx, Mapimi, Mexico 

excrements and bones, it impregnates bones, along 
the cracks of phosphorites. Tabular crystals up to 20 
mm ("/" in) across come from Quercy. France also 
occurs near Oran, Algeria and Pig Hole, Vir<Jinia. 
USA. 

Legrandite 
Zn2(As04)(0H). H20 

MONOCLINIC e e 

Properties: C - colorless, yellow, purple; S - white; 
L - vitreous; D - transparent to translucent; DE - 4.0 
H - 4.5; CL - imperfect; F - uneven; M - long 
prismatic crystals and their inter-growths, radial 
aggregates. 
Origin and occurrence: Secondary in the oxidation 
zone of Zn deposits and in pegmatitcs. Prismatic 
crystals up to 250 mm (9"1•• in) long found in Mina 
Ojuela, Mapimi, Durango, Mexico. lt is also known 
from Galileia, Minas Gerais, Brazil and Tswncb, 
Namibia. 
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Euchroite, 10 mm u. L'ubietoviz. Slovolria 

Euchroite 
Cu2(As04)(0H) . 3 H20 

ORTHORHOMBIC e e 

Properties: C - emerald-green; S - white; L -
vitreous; D transparent to translucent; DE 3.5; H 
- 3.5-4; CL - imperfect; F - conchoidal to uneven; 
M - short prismatic to thick tabular crystals, 
massive. 
Origin and ocwrrence: Secondary in the oxidation 
zone of Cu deposits, associated with olivenite and 
malachite. Thick tabular crystals up to 30 mm (I '"• 
in) come from t;ubietova, Slovakia. It also occurs in 
Zapacica, Bulgaria and Chessy, France. 

Vnuxite. 20 111111 xx. L/allagua, Bolivia 

Stnmzite. 10 mm xx. Hagendorj. Germa11y 

Vauxite 
FeA12(P04h(OH)l . 6 H20 

TRICLINIC e e 

Properties: 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. 
Origin and occurrence: Secondary in the oxidation 
zone of Sn deposits, associated with wavellite. 
Crystals occur in the Siglo XX Mine, Llallagua, 
Bolivia. 

Stnmzite 
MnFel+ 2(P04)l(OH)l . 6 H20 

MONOCLINIC ••• 
Properties: C - light yellow, yellow-brown; S -
yellowish; L - vitreous; D - transparent to 
translucent; DE - 2.5; II - not determined; CL - nor 
determined; F - uneven: M - acicular crystals, 
acicular and fibrous aggregates. 
Origin and occurrence: 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 ("h: in) across known from llagendorf, Germany; 
the Palermo No.I and No. 2 mines. North Groton and 
the Fletcher mine, Groton, New Hampshire, USA. 



Cacoxenite 
(Fel+,Aihs(P04) 17o 6(0H) 12 . 75 H20 

HEXAGONAL ••• 
PIYJpenies: C light yellow, yellow-brown, orange; S 
yellow; L silky: D transparent to translucent; DE 
2.3; II - 3-4; CL not determined; F - uneven; M 
acicular and fibrous aggregates, often with radial 
structure. botryOidal crusts and coatings. 
Origin and occun-ence: Hydrothermal on the cracks 
of sedimentary Fe orcs. associated with wavellite; 
rare as secondary in granitic pegmatites, as a product 
of weathering of primary phosphates. Crystals up to 
10 mm ('/• in) across come from the Horcajo mine, 
Ciudad Real, Spain; golden-yellow acicular aggre
gates occur in Hrbck near Svata Dobrotiv{t and 
Trenice, Czech Republic and in Amberg, Germany. 

Beraunite 
Fe2+Fel+ s(P04)4(0H)s . 4 H20 

MONOCLINIC e e 

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 rad ial 
structure. botryoidal crusts and coatings. 
Origin (/Jld ocwrrence: HydroUtermal on the cracks 
of sedimentary Fe orcs, typically together with 
wavellitc; secondary in granitic pegmatitcs, as a 
product of weathering of primary phosphates. 
Acicular aggregates up to I 0 mm (!Ia in) across occur 
in Mount Indian, Alabama, USA; also known from 
Hrbek ncar SvaHi Dobrotivli, Czech Republic and 
Amberg. Gennany. 

Diadocltite 
Fel+ 2(P04)(S04)(0H) . S H20 

TRICLINIC • •• 
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 - nol determined; F - uneven, conchoidal, 
earthy: M - nodules. coatings and crusts, massive. 
Origin and occurrence: Secondary in the oxidation 
zone of Fe deposits. Diadochitc caves in abandoned 
mines arc known from Saalfcld, Germany; nodules 
found in New ldria, California and Eureka, Nevada. 
USA. 

Diadoclu'Je. 40 mm, Rec.vk. Hungary 
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mwellite, 40 mm. Thmice. C:.ech Republic 

Eosphorite. 4 mm .u. Lam1 da //Ita. Brozil 

10'> 

Wave/lite 
AI3(P04h(OH,F)) . S H20 

ORTHORHOMBIC ••• 
Prvperties: C colorless, white, greenish, light blue
green, green. yellowish: S - white; L vitreous to 
pearly; D - transparent to tran.~lucent; DE - 2.4; 1-1 -
3.5-4; CL - perfect; F - uneven: M - isometric 
crystals, hemispherical aggregates with radial 
structure, botryoidal aggregates. nodules. coatings, 
massive. 
Origin and occurrence: Hydrothermal in the cracks 
of AI and P-rich sediments, also in phosphate 
deposits, ore veins and pcgmatites. Beautiful hemi
spherical aggregates up to 40 mm ( 1'/., in) in dia
meter occur in Pencil. Garland and Magnet Cove, 
Arkansas, USA; also known from Trcnice and 
Milina, Czech Republic and Ronncburg, Germany. 

Eosplwrite 
MnAI(P04)(0H)2 . H20 

ORTHORHOMBIC e e 

Propenies: C - pinkish, colorless. white, brownish, 
red-brown: S - white; L - vitreous to pearly; D -
transparent to tr,msluccnt: DE - 3.1 ; 1-1 5; CL -
imperfect; F uneven to conchoidal; M long to 
short prismatic crystals, mdial aggregates, granular. 
Origin and occurrence: Secondary in granitic 
pcgmatites, as a product of hydrothermal replace
ment of primary phosphates. Crystals up to I 00 nun 
(4in) long found in the Joao Modesto dos Santos 
mine. Minas Gerais, Brazil. It occurs in Rapid Creek. 
Yukon, Canada, too. 

Turquoise 
CuAI6(P04)4(0H)s . 4 H 2o 

TRICLINIC ••• 
Properties: C blue, blue-green, green; S white; L 
- waxy; D - transparent, translucent to opaque: DE 
2.9: H - 5-6; CL good: F - conchoidal to uneven: M 

short prismatic crystals, botryoidal aggregates, 
coatings, massive. 
Origin and occurrence: Secondary in the ~urfacc 
parts of rocks wirh elevated contents o f P and Cu. 
e.g. in the oxidation ;_one of some Cu deposits. Small 
crystals occurred ncar Lynch Station. Virginia, USA. 
Massive blue and blue-green concretions come from 
Mount Ali Mirsai ncar Maden, lran. Other localities 
are Cortez, Nevada. Los Cerillos and Eureka. cw 
Mexico and Bisbee, Arizona, USA. 
ApplicaLion: popular gemstone. 



Turquoise. 3 mm aggregmes. Humboldt Co .. U.S.A. 

Clzalcosiderite 
Cufel+ 6(P04)4(0H)s. 4 H20 

TRICLINIC e e 

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. 

1iu·quoise. 50 mm. Kazakhstan 

Origin and occurrence: Secondary in the oxidation 
zone of some Cu deposits, together with goethite, 
dufrenite and pharmacosideritc. It occurs in 
Bisbee, Arizona, USA; in the Wheal Phoenix mine, 
Cornwall, UK: Sehneckenstcin, Germany; Horni 
SJavkov. Czech Republic. 
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Chenevixite 
Cu2Fe l+ 2(AsO 4h(OH)4 . H20 

MONOCLINIC • 
ProperTies: C - dark green, olive-green to yellow
green: S - yellow-green; L - greasy: D - translucent: 
DE - 3.9; 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. 
tyrolitc, azurite and other minerals. Massive aggre
gates occur in the Mammoth mine, Tintie, Utah, 
USA: also in Klein Spitzkopje, Namibia. 

Tyrolite 
CaCus(As04h(C03)(0H)4 . 6 H20 

ORTHORHOMBIC • • • 
Properlies: 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 fan-shaped 
aggregates, coatings and crusts. 
Origin and occurrence: Secondary in the oxidation 
zone of Cu deposits, frequently associated with 
chalcophyllite. Rich aggregate-s occur in the Majuba 
Hill mine, Nevada. also in Tintic, Utah, USA. It is 
also known from BrixJegg, Austria; Saalfcld and 
Schneel)erg. Germany: Novoveslci Huta, Slovakia. 

Delvauxite 
Cafel+ 4(P04,S04)(0H)s. 4-6 H20 

AMORPHOUS ••• 
Properties: 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 em (20 in) across in Czech 
Republic. Also known in Ocrncau and Richelle, 
Belgium; Zeleznik, Slovakia; Kerch, Crimea, Ukraine. 



Bukovs~yile, 40 mm. Kank, Czech Republic 

Bukovskyite 
Fel+ 2(As04)(S04)(0H). 7 H20 

TRICLINIC e 

Properties: C - yellow-green, gray-green; S - yellow
ish white; L- dull to earthy; D - translucent to opaque; 
DE - 2.3; H - not detem1ined; CL - not detcm1ined; F 
- earthy; M B botryoidal aggregates and nodules_ 
Origin and occurrence: Secondary on the old mine 
dumps where it forms as a product of arsenopyrite 
weathering_ Nodules up to 60 em (24 in), occur on me
dieval dumps in Kank near Kutna Hora. Czech 
Republic. 

Veszelyite 
(Cu,Zn)J(P04)(0H)J . 2 H20 

MONOCLINIC e e 

Properties: C - green, blue-green, dark blue; S -
green; L - vitreous; D - translucent; DE - 3A; H -
3.5-4; CL - good; F - uneven; M - short prismatic to 
tabular crystals, granular. 
Origin and occurrence: Secondary in the oxidation 
zone ofCu-Zn deposits. Crystals up to 50 mm (2 in) 
across found in the Black Pine mine, Philipsburg, 
Montana, USA; a lso from Moravita, Romania; 
Arakawa, Japan; Wanlock.head, Scotland, UK. 

Chalcophylite 
Cu 18AI2(AsO 4)J(SO 4)J(OH)27 . 36 H20 

TRIGONAL ••• 
Properties.- C - emerald-green. blue-green; S - light 
green; L - vitreous, pearly: D - transparent to 
translucent; DE - 2.6; H - 2; CL - perfect; F -
uneven; M - tabular crystals, scaly, fan-shaped 
aggregates, coatings, massive. 
Origin and occurrence: Secondary in the oxidation 
zone ofCu deposits, usually associated with tyrolite. 
Rich aggregates occur in the Majuba Hill, Nevada 
and in the Tin tic disu-ict, Utah, USA. Nice specimens 
also come from Novoveska Huta and Piesky, 
Slovakia; Nizhniy Tagil, Ural mountains, Russia: 
Cap Garrone, France. 
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Liroconite. 86 mm, Comwo/1. UK 

Lirokonit 
Cu2AI(As04)(0H)4 . 4 H20 

MONOCLINIC e e 

Properties: C - blue, green; S - light blue; L -
vitreous to resinous; D - transparent to translucent; 
DE - 3.0; H - 2-2.5; CL - imperfect; F - conchoidal 
to uneven; M - lenticular, dipyramidal crystals, 
massive. 
Origin and occurrence: Secondary in the oxidation 
zone of Cu deposiLs, togethe r with olivcnite, 
malachite and azurite. Perfect crystals up to 30 mm 
(l 'h• in) across come from Rcdruth and St. Day, 
Cornwall, UK. It is also known from Cerro Gordo, 
California, USA. 
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Evansite 
AIJ(P04)(0H)6. 6 H20 

AMORPHOUS 3 

Properries: C - colorless, white, greenish, light blue
g reen, 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. 
Orig in and occurrence: Secondary in the oxidation 
zone of Fe deposits, r ich in P, associated with 
alophane and goethite. Rich stalactitic aggregates 
come from Zeleznik, Slovakia and from Bpernay, 
France. 

Whiteite-(CaFeMg) 
CaFeMg2AI2(P04)4(0Hh . 8 H20 

MONOCLINIC e e 

Properties: C - brown:. S - white; L - vitreous; D -
tr'dl!Sparent to translucent; DE - 2.6; H - 4; CL -
good: F - uneven: M - short prismatic crystals. 
Origin and occurrence: Hydrothermal in tl1e cracks 
of P-rich sediments. Perfect crystals up to 20 mm 
(
15hz in) across come from Big Fish River, Yukon, 

Canada. Crystals up to 5 mm ('f,, in), arc known 
from Lavra da llha de Taquawl, Minas Gerais, 
Brazil. 



Jahnsite-(Ct1MnMg), 60 111111, Custer. U.SA. 

Jalmsite-~CaM11Mg) 
CaMnMg2Fe + 2(P04)4(0H)4 . 8 H20 

MONOCLINIC •• 
Properties: C yellow, light to dark brown~ S light 
yellow~ L - vitreous; D - transparent to translucent~ 
DE 2.6: II - not determined; CL good: F 
uneven; M short to long prismatic crystals, 
granular. 
Origin and occurrence: Secondary 111 granitic 
pegmatitcs, where it forms as a result of replace
ment of primary phosphates. Perfect crystals up to 
10 mm ('/• in) across occur in the Tip Top mine, 
Custer, South Dakota. USA. It is also known from 
Hagcndorf, Germany. 

Wardite 
NaAJ3(P04)2(0H)4 . 2 H20 

TETRAGONAL ••• 
Properties: 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. 
Origin and occurrence: Secondary in granitic 
pegmatitcs. where it forms as a product or prirnnry 
phosphate replacement; hydrothermal in the cracks 
in P-rich sediments. Perfect crystals up to 30 mm 
(!'/., in) across come from Rapid Creek, Yukon. 
Canada. It is also known from Piedras Lavradas. 
Paraiba, Bra1il. 

Wardite, 48 111111, Yukon Tt.•rrlmry. Canada 

Cyrilovite 
Nafel+ J(P04h(OH)4 . 2 H20 

TETRAGONAL • • 
Properties: 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 dipyran1idal crystab. coatings and crusts. 
Origin and occurrence: Secondary in granitic 
pcgmatites. where it forms as a result of replacemem 
of primary phosphates. Small crystals occur in 
Cyrilov. Czech Republic; llagcndorf, Germany and 
Sapucaia, Minas Gerais, Bra1il. 

Cyrilo•ile, 60 111111. Iron Monarch, Au.,tralia 
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Liroconite. 86 mm, Corn-..YJ/1. UK 

Liroko11it 
Cu2AI(As04)(0H)4 . 4 H20 

MONOCLINIC e e 

Propenies: C - blue, green; S - light blue: L -
vitreous to resinous: D transparent to translucent; 
DE - 3.0; II 2-2.5; CL imperfect; F conchoidal 
to uneven; M - lenticular. dipyramidal crystals, 
massive. 
Origin and occurrence: Secondary in the oxidation 
70ne of Cu deposits, together with olivenite, 
malachite and azurite. Perfect crystals up to 30 mm 
( 1'/" in) across come from Redruth and St. Day, 
Cornwall, UK. It is also known from Cerro Gordo, 
California. USA. 

1Qt: 

Eva11site 
Al3(P04)(0H)6 . 6 H20 

AMORPHOUS 3 

Properties: C - colorless, white, greenish, light blue
green, yellowish: S - white; L - virreous, resinous, 
waxy: D - transparent to translucent; DE 1.8-2.2; 
II 3-4; CL none; F- conchoidal; M - botryoidal, 
stalactitic and hemispherical aggregates and 
coatings. 
Origin and occurrence: Secondary in the oxidation 
.::one of Fe deposits, rich in P, associated with 
a lophanc and goeth ite. Rich stalactitic aggregates 
come from Zeleznik, Slovakia and from Epernay, 
France. 

Wlziteite-(CaFeMg) 
CaFeMg2At2(PO 4)4(0Hh . 8 H20 

MONOCLINIC e e 

Properties: C brown; S white; L - vitreous; D 
transparent to translucent; DE 2.6; H 4: C L -
good; F - uneven; :Vl - short prismatic crystals. 
Origin and occurrence: Hydrothermal in the cracks 
of P-rich sediments. Perfect crystals up to 20 mm 
("/,, in) across come from Big Fish River. Yukon. 
Canada. Crystals up to 5 111111 ('/ ,. in), arc known 
from Lavra da llha de Taquaral. Mina~ Gerais, 
Brazil. 



Jalull·ite-(CaMnMg). 60 111111. Custet: U.S.tl. 

Jahnsite-~CaMnMg) 
CaMnMg2Fe + 2(P04)4(0H)4 . 8 H20 

MONOCLINIC •• 
Properties: C yellow, light to dark brown: S light 
yellow; L vitreous; D - transparent to lransluccnt; 
DE - 2.6; II - not determined; CL good: P 
uneven; M - short to long prismatic crystals. 
granular. 
Origin am/ occurrence: Secondary in granitic 
pegmatites, where it forms as a result of replace
ment of primary phosphates. Perfect crystals up to 
10 mm ('/, in) across occur in the Tip Top mine. 
Custer. South Dakota. USA. It is also known from 
Hagendorf. Germany. 

Wardite 
NaAI3(P04)2(0H)4 . 2 H20 

TETRAGONAL ••• 
Properties: C colorless, white. greenish. light blue
green; S -white: L - \'itreous: D - transparent to 
translucent; DE 2.8; H - 5; CL - perfect: F 
uneven; M - dipyramidal crystals, radial and 
hemispherical aggregates, coatings, crust~. granular. 
Origin and occurrence: Secondary in granitic 
pegmatites. where it forms as a product of primary 
phosphate replacement; hydrothermal in the cracks 
in P-rich scdimcms. Perfect crystals up to 30 mm 
(1'/ .. in) across come from Rapid Creek, Yukon, 
Canada. It is also known from Piedras Lavradas, 
Paraiba. Bruil. 

Wardite, 48 mm, Yukon Thrritory, Canada 

Cyrilovite 
N aFel+ 3(P04h(OH)4 . 2 H 20 

TETRAGONAL • • 
Properties: C - yellow, omnge, brown-yellow; S -
yellow: L - vitreous; D transparent to translucent: 
DE - 3.1: H - 4; CL good: F - conchoidal; M -
tabular and dipyramidal crystals. coatings and crusts. 
Origin and occurrence: Secondary in granitic 
pcgmatites. where it forms as a result of replacemenL 
of primary phosphates. Small crystals occur in 
Cyrilov, Czech Republic; llagcndorf, Germany and 
Sapucaia, Minas Gerais, Brazil. 

Cyrilovire. 60 mm. Iron Mona,.ch. Au.\tmlia 
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Pharmacosiderite, 35 mm, Camwa/1, UK 

IAvendulan, 36 mm, San Juan, Chile 

,\4Ltile, 70 mm, Cinovec. Czech Republic 

J QQ 

Pharmacosiderite 
KFe3+ 4(As04)J(OH)4. 6 H20 

CUBIC ••• 
Propenies: C - green, yellow-brown, brown; S -
white; [. - adamantine to greasy; D - transparent to 
translucent; DE - 2.8; H - 2.5; CL - imperfect; F
uneven: M - cubic crystals, coatings, crusts, 
granular, massive. 
Origin and occurrence: 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 I 0 mm 
f!l• in) across occur in St. Day, Liskeard and Redrulh, 
Cornwall, UK. It also comes from the Majuba Hill 
mine, Nevada, USA; Horhausen, Germany and Cap 
Gimone, France. 

A rseniosiderite 
CaFe3+ 3(As04)J02 . 3 H20 

MONOCLINIC e e 

Properties: C - yellow. light to dark brown; S -
yellow; L - submetallic to silky; D - opaque; DE -
3.6; H - l .5; CL- good; F- uneven; M- fibrous and 
earthy aggregates. coatings, crusrs, massive. 
Origin and occurrence: 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 rrom the Eureka mine, 
Tintic, Utah, USA and Wittichen, Germany. 

Lavelldulane 
NaCaCu5(As04)4CI. 5 H20 

ORTHORHOMBIC e e 

Properlies: C- light blue-purple, blue; S-white; L 
- vitreous to waxy: 0 - translucent; DE - 3.5; H -
2.5; CL - good; F - uneven; M - acicular crystals, 
acicular and earthy aggregates, coatings. 
Origin and occurrence: Secondary in the oxidation 
zone of Co, Cu and Ni deposits, as a result of 
arsenide weathering, associated with erythrite. Rich 
acicular aggregates come from Talmessi and Anarak, 
Iran. Small crystals found in the Blanca mine, San 
Juan, Chile and in Annaberg, Germany. Crystals up 
to 4 mm ('In in) across occur in the Gold Hill mine, 
U{ah, USA. 



t 
~ 

Kovdorskite. 15 mm x. Kovdo1; Kola. Rus;·ia 

Mixite 
BiCu6(As04)J(OH)6 . 3 H20 

HEXAGONAL e e 

Properties: C - emerald-green, blue-green, light 
blue, light green, whitish; S - light green. light blue; 
£.. - adamantine to dull; D - tmnslucent: DE - 3.8; H 
- 3-4; CL- not determined; F- uneven: M - acicular 
crystals, acicular and earthy aggregates, coatings, 
massive. 
Origin and occurrence: Secondary in the oxidation 
zone of Bi and Cu deposits, together with bismuthinite. 
It occurred in Jachymov, Czech Republic; in Tintic. 
Utah, USA; Schneeberg and Witticben, Gem1any. 

Torbemite, 120 mm. Katonga, Zoir 

Kovdorskite 
Mgs(P04)2(C03)(0H)2. 4,5 H 20 

MONOCLINIC e 

Propenies: 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 occurrence: Hydrothermal, associated 
with magnesite, magnetite and other minerals. Blue 
and pink-brown crystals up to 25 mm ( I in) across 
come from the Zheleznyi mine, Kovdor, Kola 
Peninsula, Russia. 

Torbernite 
Cu(U02h(P04)2. 8-12 H20 

TETRAGONAL ••• 
Properties: C - emerald-green to grass-green; S - light 
green; L -vitreous to dul l, pearly on the cleavage planes; 
D- transparent to translucem; DE- 3.3; H -2-2.5; CL
perfect; F - uneven; M - tabular to pyramidal crystals, 
earthy aggregates, coatings, granular, massive; R -
strongly radioactive. 
Origin and occurrence: Secondary in the oxidation 
zone ofU deposits, also in pegmatites and sedimentary 
rocks, resulting from the hydrothermal alteration of 
uraninite and other U minerals. Emerald-green tabular 
crystals, several em 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 mm (!'hz in) across, 
found in the Margabal mine, Aveyron, France. 
Application: U ore. 
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Autunite, 15 mm xx. Troncasa, Portugal 

Autunite 
Ca(U02h(P04h. 10-12 H 20 

TETRAGONAL ••• 
Properties: C - light to dark yellow, yellow-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, foliated, 
scaly, earthy and pulverulent aggregates, coatings, 
massive: LU - yellow-green; R - strongly radio
active. 
Origin and occurrence: Secondary in the oxidation 
zone of U deposits, in pegmatitcs and in some U
rich sedimentary rocks, as a resu lt of hydrothermal 
alteration of urartinite and other U minerals. It is 
frequently associated with torbcrnitc and other U 

Uranocircite, 78 mm, Minas Gerais, Brazil 

Novacekite, 70 mm, Brumado. Brazil 

secondary minerals. Tabular crystals up to 30 mm 
(1 '1., in) across come !Tom Schneeberg and Johann
georgenstadt, Germany and Autun, France. It is also 
known !Tom Rum Jungle, Northern Territory, Aust-ra
lia; St. Austel, Cornwall, UK; Mou.m Spokane, 
Washington. USA and Jachymov, Czech Republic. 
Application: U ore. 

Uranocircite 
Ba(U02h(P04h . I 0 H20 

TETRAGONAL e e 

Properties: C - light to dark yellow, light yellow
green; S - light yellow; L- vitreous to dull , pearly 
on the cleavage planes; D - transparent to translu-

Zetmerile. 5 rm11 xx, Cfnovec. Czech Republic 



cent; DE 3.5; II - 2-2.5; CL - perfect: F - uneven; 
M - tabular crystals, foliated and earthy aggregates, 
pulverulent coatings. massive; LU - green; R 
strongly radioactive. 
Origin and occurrence: Secondary in the oxidation 
zone of U deposit~. Yellow tabular crystals up to I 0 
mm ('/. in) across occurred io Dametice. Czech 
Republic; Bergen and Wi:ilsendorf, Germany and in 
the Sao Pedro mine. Sua(fui, Minas Gerais, Br'.tzil. 

Novacekite 
Mg(U02,h(As0 4h. 10 H 20 

TETRAGONAL e e 

Properties: C straw-yellow, light yellow; S light 
yellow; L - vitreous to duiJ; D - transparent to 
translucent: DE 3.7; II - 2.5; CL - perfect; F 
uneven; M tabular crystals, lamellar. earthy and 
pulverulent aggregates. massive: LU - dark green; R 
- strongly radioactive. 
Origin and occurrence: 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; Wittiehen, Germany. 

Zetmerite 
Cu(U02h(As04h . 10- 16 H20 

TETRAGONAL e e 

Properries: C emerald-green, yellow-green; S 
light green; L vitreous to dull; D - transparent to 
translucent; DE 3.4; II - 2.5: CL - perfect; F 
uneven; M tabular crystals, foliated aggregates, 
massive; R - strongly radioactive. 
Origin and occurrence: Secondary in the oxidation 
zone of U deposits. Tabular crystals up to 30 mm 
(1'/,. in) across. come from the Pedra Prcta Mine, 
Brumado. BahRa. Brazil. It is also known from 
lalesi. C/cch Republic and Schneeberg. Germany. 

Carnotite 
K2(U02)2(V04h. 3 H20 

MONOCLINIC ••• 
Properties: C light to dark yellow, yellow-green; S 
- light yellow; L - dull; D - rransparcnt to trans
lucent, opaque: DE - 4.9: H - not determined; CL 
perfect; F uneven; M - eartby aggregates. massive: 
R - strongly radioactive. 
Origin and occurrence: Secondary in the oxidation 
zone of sedimentary U deposits. typically associated 

Camotite, 55 mm, Utah, U.S.A. 

with tyuyamunite. Platy crystals. up to 2 mm ('/•• in) 
across found in the Mashamba West mine, Zaire. 
Eanby 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. 
Application: U and V ore .. 

Tyuyamtmite 
Ca(U02h(V04h. 5-8 H20 

ORTHORHOMBIC ••• 
Properties: C - yellow-green, canary yellow; S -
light yellow: L - silk')' to adamantine: D - translucent 
to opaque: DE - 3.6; H - 2: CL perfect: F -
uneven; M - earthy aggregates, massive; LU - weak 
yellow-green: R - strongly radioactive. 
Origin and occurrence: Secondary in the oxidation 
zone of sedimentary U deposits, together with carno
tite. Common earthy and plllvcrulcnt aggregates oc
cur in many local ities in tnc Colorado Plateau, e.g. 
Paradox Valley, Colorado and Red Creek, Utah, USA. 
Jt was described !Tom Tyuya Muyun, Uzbekistan. 
Application: U and V ore. 

Tyuyamunite, 80 mm, Fergana, U;b<!k•stall 
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9. Silicates 
Phenakite 
Be2s;o4 

TRIGONAL ••• 
Properties: C - colorless, white, yellowish; S -
white; L - strong vitreous; D - rransparent to trans
lucent: DE - 3.0: H - 8; CL - imperfect; F -
conchoidal; M - long prismatic to tabular crystals, 
radial aggregates, granular. 
Origin and occurrence: Magmatic in granitic pegma
tites; hydrothem1al in greisens; metamorphic in mica 
schists, associated with beryl, chrysoberyl, apatite 
and quartz. Prismatic crystals up to 250 mm (9"/,. in) 
long occurred in Kragero, Norway. lt is also known 
from Sao Miguel de Piracicaba, Minas Gerais, Brazil 
in crystals, up to 100 mm (4 in) long. The other 
localities are Habachtal, Austria: Malyshevo, Russia: 
Anjanabonoina, Madagascar. 
Application: sporadically cut as a gemstone. 

Willemite 
Zn2Si04 

TRIGONAL ••• 
Properties: C - white, yellowish, gray, green; S - white; 
L - vitreous: D- translucent: DE- 4.0; H - 5.5; CL 
good; F B conchoidal to uneven: M - prismatic to 
tabular crystals, radial aggregates, granular; LU -
distinct light green. 

+ Origin and occurrence: Metamorphic in marbles; 
secondary in the oxidation zone of ore deposits, 
~ 

Topaz. 60 mm, Thomas Range, US. A. 
Willemite, 76 mm. Tsumeb. Namibia 

Phenakize, 200 mmx, Kragero, Norway 

associated with zincite, franklinite, hemimorphite 
and smithsonite. Crystals up to 100 mm (4 in) across 
come from Franklin, New Jersey, USA. Mont St.
Hilaire, Quebec, Canada. 
Application: as Zn ore. 
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Forsterite 
OLIVINE GROUP 
Mg2SiO. 

ORTHORHOMBIC •••• 
Properties: 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. 
Origin and occurrence: Metamorphic in regionally 
and contact metamorphosed dolomites. Typical rock
fonning mineral, associated with enstatite, spinel, 
phlogopitc and chlorite. Green gemmy crystals up to 
80 mm (3'/, in) long come from Suppat, Pakjstan. It 
also occurred in Crestmore, California, USA, Mount 
Timobly, British Columbia, Canada and Monte 
Somma. Italy. 

Olivine 
OLIVINE GROUP 
(Mg,fehSi04 

ORTHORHOMBIC 

Varieties: chrysolite 

• •••• 

Properties: C - green, yellow-green (chrysolite), 
brown-green to black-green; S - white; L - vitreous; 
D - translucent to opaque; DE - 3.3-3.6; H - 6.5-7; 
CL- good: F B conchoidal to uneven; M- imperfect 
crystals, granular. 
Origin and occurrence: Magmatic in some ultra
basic rocks, e.g. dunites, 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 



Olivine. 60 mm, Smrd. Czech Republic 

up to 100 mm (4 in) across occurred. li 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. 
Application: chrysolite is cut as a gemstone. 

Fayalite 
OLIVINE GROUP 
Fe2s;o4 

ORTHORHOMBIC ••• 
Properties: C - black-green to black; S - gray; L -
dull to vitreous; 0 - opaque; DE - 4.2; H - 6.5-7; CL 
- good: F B conchoidal to uneven; M - imperfect 
prismatic crystals, granular. 
Origin and occurrence: Magmatic in granit ic 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. 

Faya/ite, 80 mm. Rockport. U.S.A. 

It is also known from Stn:cgom, Poland and the 
Sawtooth Batholith, Idaho, USA. 

Tephroite 
OLIVINE GROUP 
Mn2s;o4 

ORTHORHOMBIC •• 
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. 
Origin and occurrence: Metamorphic in skarns 
and Mn-rich metamorphosed sediments, together 
with rhodonite, franklinite and spessartine. Granu
lar aggregates 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 (3'/o in) across. 
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Pyrope 
GARNET GROUP 
Mg3AI2Si3012 

CUBIC •••• 
Propern'es: C- red to purple-red, light purple, black
brown; S - white; L - vitreous; D - transparent to 

Almandine, 38 mm x, Otztal, Austria 

translucent; DE - 3.5; H - 7-7.5; CL - none; F B 
conchoidal to uneven; M - isometric crystals, 
granular. 
Origin and occurrence: Magmatic io 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 
manv localities in ultrabasic rocks, like Hebenice 
and ·Mirunice. Czech Republic; Zoblitz, Germany; 
Madras, India; Kimberley, South Africa. Crystals up 
to 250 mm (9"/o• in) across were found in Dora 
Maria, the Alps, Italy. 
Application: cut as a gemstone. 

Almandine 
GARNET GROUP 
Fe3At2Si30 12 

CUBIC •••• 
Properties: C - red to purple-red, black-brown: S -
white; L - vitreous; D - transparent to translucent; 
DE - 4.3; H - 7; CL - none; F B conchoidal to 
uneven; M B well-formed crystals, granular. 
Origin and occurrence: Metamorphic in regionally 
metamorphosed rocks, as chlorite schists, gneisses. 

Spessartine, 96 mm. Gilgit. Pakistan 



Grossular, 17 mm x, Asbestos, 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; Otztal, Austria; 
Bodo, Norway. It occurs in placers near Ratnapura, 
Sri Lanka. 
Application: cut as a gemstone, abrasive material. 

Spessartine 
GARNET GROUP 
Mn3AI2Si30 12 

CUBIC •••• 
Properties: C - red, orange, light brown to 
yellowish; S - white; L - vitreous; D - rransparent to 
rranslucent; DE - 4.3; H - 7-7.5; CL- none; F B 
conchoidal to uneven; M - perfect crystals, granular. 
Origin and occurrence: Magmatic in granitic 
pegmatites and some granites; hydrothermal in 
cavities in rhyolites; metamorphic in some skams and 
Mn-rich metamorphic rocks. Perfect crystals up to 30 
mm (l'h. in) across were found in granitic pegmatites 
in the Hercules mine, Ramona, California, USA; near 
Marien.fluss river, Namibia and in rhyolite cavities in 
Nathrop, Colorado, USA. 
Gemmy crystal fragments up to 50 mm (2 in) across 
were recently found in an undisclosed locality in 
Minas Gerais, Brazil. 
Application: cut as a gemstone. 

Grossular 
G A RNET GROUP 
Ca3AI2Si30 12 

CUBIC •••• 
Varieties: hessonite, tsavorite 

Properties: C - red, green (tsavorite), orange, red
brown (hessonite) to colorless; S - white; L -
vitreous; D - transparent to tranlucenr; DE - 3.4; H 
- 6.5-7; CL - none; F B conchoidal to uneven; M 
perfect crystals, granular. 
Origin and occurrence: Metamorphic in Ca-rich, 
conract metamorphic rocks, skarns, rodingites; 
hydrothermal along the cracks in these rocks, 
associated with diopside, vesuvianite, wollastonite, 
scapolite and epidote. Perfect crystals about 30 rom 
( I'/" in) across occur io 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 lOO mm (4 in) in size in 
Vapenmi, Czech Republic; Xalostoc, Mexico and 
Sandare, Mali. 
Application: cut as a gemstone. 
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Andradite, 30 mm xx. Graham Co., US.A. 

Demamoid, 3 mm xx, Bobrovka, R11ssia 

J -r 
Andradite 
GARNET GROUP 
Ca3~3+ 2Si30 12 

CUBIC •••• 
11trieries: 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 rranslucent; DE- 3.9; H - 6.5-7; CL - none; F B 
conchoidal to uneven: M B well-developed crystals, 
granular. 
Origin and occurrence: Metamorphic in Ca and Fe 
rich contact metamorphosed rocks, skarns, 
rodingites; hydrothermal along the cracks of these 
rocks; magmatic in some alkaline igneous rocks, 
usually in the same localities as grossular. Crystals 
up to 40 mm ( l 9h• in) across come from Sinerechens
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 (1'/t< in) across known from Val Malenco, Italy 
and in the Bobrovka river basin, Ural mountains, 
Russia. 
App/icution: demantoid is cut as a gemstone. 



Ul'arOVite. 2 mm xx. Sartmy. Russia 

Uvarovite 
GARNET GROUP 
Ca3Cr2Si30 12 

CUBIC • • 

Properties: C - dark emerald-green; S - white; L 
vitreous; D - transparent to translucent; DE - 3.9; H 
- 6.5-7; CL- none; F B conchoidal to uneven: M 
perfect crystals, granular. 
Origin and occurrence: Metamorphic and also 
hydrothermal are almost only limited to rocks with 
increased Cr content, ultrabasic rocks with chromite, 
serpentini tes and skarns. lt occurs as crystals up to 8 
mm ('/•• in) across along cracks in chromite in 
Sarany, Ural mountains, Russia. Crystals up to 20 
rnm (!'/, in) across, come from Outokumpu. Finland. 
It is also known from Orford, Quebec, Canada. 

Zircon 
ZrSi04 

TETRAGONAL ••• 
Varieties: jargon, hyacinth. 

Properties: 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 8 conchoidal to uneven; M - perfect 
long and short prismatic crystals, granular; LU -
yellow; R B sometimes radioactive and usually 
metamict. 
Origin and occurrence: Magmatic and metamorphic 
as an accessory mineral in different rock types; rarely 
hydrothermal in the Alpine-type and quartz veins; also 

in sediments and placers. Prismatic crystals up to 30 
em ( 12 in) across. occur in syenite pegmatites in Ren
frew and Bancroft, Ontario, Canada. It is also known 
from Miass, Ural mountains and from MOtU!! Vavnbed, 
Lovozero massif, Kola Peninsula, Russia. Classic 
occurrences in granitic pegmatites are Alto Ligonha, 
Mozambique: Arendal, Norway; Ytterby, Sweden and 
Jaguara,.u, Minas Gerais, Brazil. Gemmy zircons of 
different colors up to 80 mm (3'/s in) in size come from 
placers near Ratnapura, Sri Lanka and elsewhere. 
Application: hyacinth and jargon are cut as gem
stones, Zr ore. 

Zircon, 20 mm x, Visl111evogorsk. Ural Mts., Russia 
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Eulyti11e 
Bi4Si3012 

CUBIC • • 
Properties: C - brown, yellow. gray, colorless; S 
white; L - greasy; D - translucent; DE - 6.6: H -
4.5; CL - good; F B conchoidal to uneven; M- small 
dipyramidal crystals. radial aggregates, granular. 
Origin and occurrence: Secondary in Bi deposits, 
typically associated with bismuth. 
Its small crystals come from Homi Slavkov, Czech 

Euclase. 41 mm. Minas Novas. Brazil 

200 

Sillimanite, 10 mm grains, Havlitla1v Brod. Czech Republic 
• I 

Republic; Schnccberg and Johanngeorgenstadt, 
Germany. 

Euc/ase 
BeAISi04(0H) 

MONOCLINIC e e 

Properties: 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. 
Origin and occurrence: Hydrothermal occurs in 
pegmatites, greisens and in quartz and Alpine-type 
veins; rare in placers. Well-formed crystals up to 80 
mm (3'1• in) in size known from Santa do Encobeno, 
Minas Gerais, BraziL Blue crystals up to SO 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 I SO mm (6 in) across were found 
recently in the Chivor Mine, Colombia. 
Application: locally cut as a gemstone. 

Sillimanite 
AJ2Si0s 

ORTHORHOMBIC ••••• 
Properties: 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. 
Origin ond occurrence: 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. Germany and Mar_ikov, Czech Repub
lic. Gemmy crystals up to 20 mm ("I>• in) long are 
known from Rakwana-Dcniyaya, Sri Lanka. 

Andalusite 
Al2s;o5 

ORTHORHOMBIC •••• 
Varieties: chiastolite, viridine 

Properties: 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. 
Origin and occurrence: Metamorphic in regionally 
and contact metamorphosed rocks; magmatic in 
pcgmatires and granites, hydrothem1al in quartzites. 
Typical rock-forming mineral, commonly associated 
with si llimanite, corundum and cordicritc. Re
nowned localities arc Lisens, the Alps, Austria; 
Bimbowrie, South Australia, Australia. Green 
gemmy crystals come from Morro do Chapell, 
Bahia, Brazil. Viridinc is known from Darmstadt, 
Germany. 

Andalusire, 28 mm x, Aracuay. Minas Gerais, Brazil 

Chiastolith, 20 mm, Bimbowrie. Australia 

201 



Kyanite 
At1s;o5 

+ f Topaz. 18 mm xx, Ghundao Hill, Pakistan 

TRICLINIC •••• 
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 occurrence: Almost only metamorphic in 
regionally metamorphosed rocks. mica schists, 
gneisses, granulites and eclogites; less frequently 
magmatic in pegmatites and granites; rarely 
hydrothermal in quartz veins. T)'pical 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 Pizzo Forno, 
Switzerland; Prilep, Macedonia; Keivy, Kola 
Peninsula, Russia. 

Kyanite. 87 mm, Minas Gerois. Brazil 

Topaz 
AI2Si04( F,OH) 

ORTHORHOMBIC 

Varieties: pycnite 

••• 

Properties: 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 occurrence: Magmatic in pegmatites 
and granites; hydrothermal in greisens, in rhyolite 
cavities, in quartz veins, also in placers. Topaz 
crystals in pegmatites are occasionally very large, 
like the crystal measuring 80 x 60 x 60 em (31 1h x 
24 x 24 in) across from Fazenda do Funil; crystals 



Topaz, 49 mm. Ramona. U.S.A. 

up to 30 ern ( 12 in) from Virgcm da Lapa, both 
Minas Gerais, Brazil. Blue, brownish and bicolored 
crystals up to 40 em ( 15314 in) loog come from 
Volodarsk Volynskii, Ukraine. Other topaz 
localities are Iveland, Norway; Murzinka, Ural 
mountains, Russia; Little Three mine, Ramona, 
California; Pikes Peak, Colorado, USA; Gilgit, 
Pakistan; Spitzkopje, Nal'llil1J.a· Orange to red topaz 
(imperial topaz) comes from quartz veins near otiTo 
Preto, Minas Gerais, Brazil. Pink topaz crystals up 
to 70 mm (2314 in) found at Mount Gbundao, 
Mardan, Pakistan. lmportant topaz specimens were 
also found in Schneckenstein, Germany; Thomas 
Range, Utah, USA; Nerchinsk, Siberia, Russia. 
Columnar aggregates of pycnite come from 
Cinovec, Czech Republic and Altenberg, Germany. 
Application: cut as a gemstone. 

... 

Pycniie, 60 mm, Cinovec. Czech Republic 
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Staurolite, 80 mm. Keivy, Kola, Russia 

Staurolite 
Fe2AJ9s;4o22(0H)2 

ORTHORHOMBIC •••• 
Properties: 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; 

Sapphirine, 26 mm. Vohimena, Madagascar 

M - prismatic to tabular crystals and their combi
nations, granular. 
Origin and occurrence: 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 SO mm (2 in) across come from Pizzo 
Forno, Switzerland. It is also known from Rio 
Arriba, New Mexico, USA. Its cross-like twins, up 
to 200 mm (7'/• in) across, occur in Keivy, Kola 
Peninsula. Russia and Morbihan, France. 

Sapphirine 
Mg2AI4SiO 10 

MONOCLINIC e e 

Properties: C - dark to light blue, green; S - white; 
L - vitreous to dull ; D - transparent to translucent; 
DE - 3.5: H - 7.5: CL - imperfect; F- uneven; M 
tabular crystals, granular. 
Origin and occurrence: Metan1orphic in regionally 
metamorphosed rocks, rich in AI and Mg and poor in 
Si, associated with spinel and corundum. Crystals up 
to 40 mm ( l'lt• in) across come from Fiskenaesset, 
Greenland; Betroka and Androy, Madagascar. Other 
localities include Val Codera, Italy and Enderby 
Land, Antarctica. 



Clro11drodite. I 5 mm x, Brewster, USA. 

Chondrodite 
Mg5Si20 8(0H,Fh 

MONOCLINIC • • • 
Properties: 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 occurrence: Metamoiphic 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 me Tilly Foster mine, 
Brewster. New York, USA. Orner localities arc 
Pargas, Finland; Monte Somma, Italy; Riverside, 
California, USA. 

Clinolrumite 
Mg9Si40 J6(0H,Fh 

MONOCLINIC ••• 
Properties: C - yellow, red. brown, white; S - white; 
L - vitreous to dull; D - transparent to translucent; 
DE - 3.3; II - 6: CL - imperfect; F- uneven: M 
crystals of ditrcrcm habits, granular. 
Origin and occurrence: Metamorphic in contact and 
regionally metamorphosed carbonate rocks, 
serpentinitcs and talc schists, associated with spinel, 
chlorite, forstcritc, serpentine and phlogopitc. 
Gemmy yellow crystals up to 30 mm ( !'/,. in) across 
come from Kukh-i-Lal, Pamir, Tajikistan. Orner 
localities are Pargas, Finland: Monte Somma, Italy; 
Jensen quarry, California, USA. 

Clinolwmite. 19 mm. Kukh-i-lal, Tadzlrikista11 

Cha{'..manite 
SbFe + 2si20 8(0H) 

MONOCLINIC •• 
Properties.- C - olive-green to dark yellow; S -
yellowish to yellow; L -dull; 0 - translucent; DE -
3.7; H - 2.5: CL - imperfect: F - uneven: M -
elongated crystals. massive. 
Origin and occurrence: Hydrothermal and 
secondary in the cracks of rocks, sometimes with 
stibnite. Its massive aggregates occur in Smilkov 
ncar Votice, Czech Republic: in the Keely mine, 
Cobalt, Ontario. Canada. 
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Braunite, 60 mm. Langban. Sweden 

Braunite 
Mn2+Mn3+ 6Si0 12 

TETRAGONAL ••• 
Properties: C - black, black-gray, black-bro\\·11; S -
gray; L - submetallic to metallic; 0 - opaque; DE - 4.7; 
H- 6-6.5: CL - perfect: F - uneven to conchoidal; M 
dipyramidal crystals, granular. 
Origin and occurrence: Metamorphic in regionally 
and contact metamorphosed rocks; hydrothermal in 

sedimentary rocks rich in Mn and in hydrothermal 
veins, associated with hausmanite, pyrolusite and 
other Mn minerals. Its perfect crystals up to 70 mrn 
(2% in) long, come from Kacharhavee and Tirodi, 
India. It is also known from Langban, Sweden; rlfeld 
and Jlmenau, Germany; St. Marcel, Italy; Tizi 
Bashkun, Morocco. 
Application: Mn ore. 

Thaumasite 
Ca6Si2(C03)2(S04)2(0H) 12 . 24 H 20 

HEXAGONAL e e 

Properties: C - white to colorless; S - white: L -
vitreous to dull; D - transparent to translucent; DE -
1.9; H - 3.5; CL - imperfect; F - uneven; M B 
acicular aggregates, granular, massive; LU - white. 
Origin and occurrence: Hydrothemlal or meta
morphic in contact metamorphosed carbonate rocks, 
usually associated with other Ca silicates and 
carbonates, like ettringitc and prehnite. Typical loca
lities are Crestmore, California; West Paterson, New 
Jersey, USA; Langban, Sweden; N'Chwaning mine 
No. 2. Kuru man, South Africa. 

Titanite 
CaTiOSi04 

MONOCLINIC • • • • 
Properties: C-colorless, yellow, brown, green, gray 
to black; S - white; L - vitreous to dull; D - trans
parent, transluccm to opaque; DE - 3.5; H - 5-5.5: 
CL - good; F - uneven to conchoidal; M - tabular 
crystals and their combinations, granular, massive. 
Origin and occurrence: Metamorphic and magmatic 
as a common accessory mineral in many igneous and 



metamorphic rocks and pegmatites; hydrothermal in 
the Alpine-type veins; also in placers. 
The most beautiful crystals up to 180 mm (7'/,. in) 
long occur in Alpine-type veins in Tavctsch and 
Binntal, Switzerland; Zi llertal and Felbertal, AustTia; 
Dodo. Polar Ural. Russia. Large. poorly developed 
crystals weighing up to 40 kg (88 lb), come from 
Eganville. Ontario. Canada and Rossie, New York. 
USA 

Chloritoid. 30 mm, !1/e de Croix, France 

w 

Fersmallite 
(Na,Ca)4(Ti,NbhSi20 II (OH,Fh 

TRICLINIC e e 

Properties: C - light to dark brown; S -white; L -
vitreous to dull; D- translucent; DE- 3.5; H- 5-5.5; 
CL - none; F - uneven to conchoidal; M - tabular 
crystals. 
Origin and occummce: Magmatic to hydrothermal in 
alkaline pegmatites together with pcctolite, apatite and 
sulfides. Crystals up to 30 mm (1'/" in) across known 
from Mount Evcslogchorr, Khibiny massif, Kola 
Peninsula, Russia. 

Chloritoid 
Fe2AI4Si20 I o(OHh 

MONOCLINIC, TRICLINIC • • • 
Properties: C - dark gray, gray-green to black-green; 
S - gray; L - vitreous to dull; D - translucent; DE -
3.6; H- 6.5; CL- per fect; F - uneven to conchoidal; 
M - tabular crystals, foliated and scaly aggregates, 
granular. 
Origin and occurrence: Metamorphic in some mica 
schists and phyllites; hydrothermal alteration 
product in lavas. Typical localities are Zermatt, 
Switzerland; Ortrez, Belgium; Pregraten, Austria. 
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Datolite 
CaBSi04(0H) 

MONOCLINIC • •• 
Properlies: 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 occurrence: Metamorphic and 
hydrothermal in contact metamorphosed rocks, in 
cavities in volcanic rocks, in ore veins and pcgma
tites. It is commonly associated with zeol ites, 
prchnitc, calcite and also with tourmaline. Prismatic 

Gadolinite-(Y). 60 mm. Hiuero, Norway 

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) 
Y 2FeBe2Si20 10 

MONOCLINIC e e 

Properties: C- black, dark red, brown. greenish; S -
gray-green; L - vitreous to greasy, D- transparent to 
translucent; DE - 4.4; H - 6.5-7; CL - none; F-



Dumortierite. 60 mm, Dehesa. USA. 

conchoidal; M - prismatic crystals, granular; R -
locally metamict 
Origin and occurrence: Magmatic in granites and 
pegmatites, locally associated with fluorite and 
allanite; rare hydrothermal in the Alpine-type veins. 
Aggregates, up to 40 em (15V.. in) across come from 
Hitter6, Norway. Barringer Hill and Clear Creek, 
Texas, USA yielded aggregates. weighing up to 90 
kg (198 lb). Other famous localities are Blatchford 
Lake, Northwest Territories, Canada; Baveno, the 
Alps, Italy: lveland, Evje, Norway. 

Kornerupine 
Mg4At6(Si,At,B)5o 21 (OH) 

ORTHORHOMBIC e e 

Properties: C - colorless, white, greenish, gray, 
brown; S - white; L - vitreous to dull; D - trans
parent to translucent: DE - 3.3; H - 6.5-7; CL -
none; F- conchoidal; M - prismatic crystals, radial 
aggregates, granular. 
Origin and occurrence: 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. 

Dumortierite 
(AI,Ti,Mg)AI6BSi30 J6(0,0H)2 

ORTHORHOMBIC • • • 
Properties: C - purple, pink, blue, brown; S - white; 
L - vitreous to dull; D - transparent to trans lucent; 
DE - 3.4; H - 8.5; CL - good; F - uneven; M -
prismatic crystals, radial and acicular aggregates, 
massive. 
Origin and occurrence: Metamorphic in some Al
rich metamorphic rocks, e.g. in migmatites and 
gneisses; magmatic in granites and pegmatites; 
hydrothermal in altered rocks. It comes from 
Dehesa, California; Rochester, Nevada, USA; Beau
nan, France; crystals are known from the vicinity of 
Kutmi !-lora, Czech Republic; Soavina, Madagascar. 

How lite 
Ca2B5Si09(0H) s 

MONOCLINIC e e 

Properties: 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, nodules, 
massive. 
Origin and occurrence: Hydrothermal in borate 
deposits, associated with ulexite and colemanite. 
Crystals, several em across, come from the vicinity 
of Bras d'Or Lake, Nova Scotia. Canada. It occurs 
also in Lang and Daggett, California, USA. 

Korrrerupine. 90 mm, Lac Ste.-Marie. Canada 
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C11prosklodowskite. 82 mm, Musonoi. Za&· 

Cuprosklodowskite 
Cu(U02)2Si207 . 6 H20 

MONOCLINIC e e 

Properties: C - various hues of green; S - greenish; 
L - vitreous to dull; D - transparent to translucent; 

Uranoplwne, 125 mm, Brewster, Texas, U.S.A . 

.. , " 

DE - 3.8; H - 4; CL - good; F - uneven; M - radial, 
acicular aggregates, thin coatings, granular, massive; 
R - strong radioactive. 
Origin and occurrence: Secondary in the oxidation 
zone of U deposits, associated with autunite, 
torbernite, uranophane and other U secondary mi
nerals. Crystals, up to several em long, come from 

Kasolite, 30 mm. Musonoi, Zair 



the Mashamba West mine, Musonoi, Zaire. It also 
occurred in Jachymov, Czech Republ ic. 

Uranophane 
Ca(UO:z)2Si:z07 . 6 H:zO 

MONOCLINIC ••• 
Properties: C - various hues of yellow to brown; S 
yel.lowish; L - vitreous to dull; D - transparent to 
translucent; DE - 3.9; H - 2.5: CL - good; F -
uneven: M - radial, acicular aggregates, thin 
coatings, granular, massive: LU - yellow-green; R 
strong radioactive. 
Origin and occurrence: Secondary in the oxidation 
zone of U deposits as a product of uraninite 
alteration, associated with autunite, torbernite and 
other secondary U minerals. Needles up to I 0 mm 
('/* io) long, come from Musonoi. Shinkolobwe, 
Zaire. 
It is also known from the Faraday mine, Bancroft, 
Omario, Canada. 1t occurs in Wolsendorf, Germany, 
as well as in Jachymov, Czech Republic. 

Kasolite 
Pb(UO:z)Si04 . H:zO 

MONOCLINIC • • 

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 occurrence: Secondary mineral. in tl1e 
oxidation zone of U deposits. It is a product of 
uraninite alteration and is associated with 
uranophane, torbernite and U hydroxides. Crystals 
up to I 0 mm ('I• in) long occur in Shinkolobwe, 
Kasolo, Zaire and Mounana. Gabon. 

Akermanite 
Ca:zMgSi:z07 

TETRAGONAL ••• 
Properties: C- white, gray, green, brown; S -white; 
L - vitreous to dull; D - transparent to translucent; 
DE - 2.9; H - 5.5; CL - good: F - uneven to 
conchoidal; M- short prismatic crystals, granular. 
Origin and occurrence: 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. 

Gehlenite 
Ca:zAI:zSi07 

TETRAGONAL ••• 
Properties: 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 conchoidal: 
M - short prismatic crystals, granular. 
Origin and occurrence: Magmatic in volcanic basic 
rocks; metamorphic in contact metamorphic 
marbles. 
It occurs in Crestmore, California, USA; Monzoni. 
Italy; Oraviza, Romania and elsewhere. 

Gehlenite. 80 mm, Vata de Sus, Romania 
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flvaite. 20 mm xx, Dalnegorsk. RriSsio 

Berlrondite, 36 mm, Mt.Antero. US.A. 

?I? 

llvaite 
CaFe2+ 2Fel+s;2o8(0H) 

ORTHORHOMBIC • • • 
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 occurrence: Metamorphic and hydro
thermal in contact metamorphosed Fe, Zn and Cu 
deposits. Prismatic crystals up to I 00 mm ( 4 in) long 
come from Rio Marina, Elba, Italy. Crystals up to 30 
em (12 in) long are known from Serifos Island, 
Greece. Crystals, several em long occur also in 
Dalnegorsk, Russia and in the Laxey mine, Idaho, 
USA. 

Bertrandite 
Be4Si207(0H)2 

ORTHORHOMBIC ••• 
Properties: 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 occurrence: 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 
oc<:ur in Conselheira Pena, Minas Gerais, Brazil. It is 
known from Kouurad and Kara-Oba, Kazakhstan in 
crystals up to 30 mm (J'J,, in) across. It also comes 
from Stoneham, Maine, USA; Pisek, Czech Repub
lic and lveland, Norway. 
Application: the most important Be ore. 

Hemimorphite 
Zn4Si207(0H)2 . H20 

ORTHORHOMBIC ••• 
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, 
botryoidal and radial aggregates, granular, massive. 
Origin and occurrence: Secondary in the oxidation 
zone of Zn deposits, associated with sphalerite, 
smithsonite and cerussite. Crystals up to 100 mm (4 
in) long come from Bisbee, Arizona, USA .. It is also 
from the El Potosi Mine, Santa Eulalia, Chihuahua, 
Mexico; Bleiberg, Austria; Cho-Dien, Vietnam. 
Application: Zn ore. 



Hemimorphite, 30 mm .a, Mapimi, Mexico 

Lamprophylite 
Na2Sr2 Ti3Si40 J6(0H,Fh 

MONOCLINIC e e 

Propet1ies: C - brown to dark brown; S - white; L 
vitreous to submetallic; D - translucent; DE - 3.5; H -
2-3; CL - perfect; F - uneven; M - tabular crystals, 

Hemimorphite. 26 mm, Arizo11a, USA. 

radial aggregates. 
Origin and occurrence: Magmatic in alkaline syenites 
and their pegmatites, associated with nepheline, 
aegirine and eudialyte. The best crystals up to !50 mm 
(6 in) long come from Mount Flora, Lovozero massif, 
Kola Peninsula, Russia. It is also known from 
Langesundsfjord, Norway and Mont St.-Hilaire, 
Quebec, Canada. 

Lamprophyllite, 50 mm .a, L<Jvozero Massif Kola. Russia 
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Clinozoisite. 36 mm, Eden Mtlls. U.S.A. 

Clinozoisite 
Ca2At3Si3 0 12(0H) 

M ONOCLINIC •••• 
Properties: C - colorless, yellowish. green, pink; S 
white; L - vitreous to dull: PS - transparent to 
translucent; DE - 3.4; II 6.5: CL - good; F -
uneven; M - prismatic crystals, columnar, radial 
aggregates. granular, massive. 
Origin and occurrence: Metamorphic and hydro
thermal in contacts of marbles and in the Alpine-type 
veins. Prismatic crystals up tO 60 mm (2'/o in) long 
come from Radoy Island, 1\orway. It comes also 
from Eden Mills, Vermont; Aliens Park, Colorado, 
USA: Pinos Altos, Baja California, Mexjco. 

Epidote 
Ca2(AI,Fel+)JSi30 12(0H ) 

MONOCLINI C ••••• 
Properties: C - green, brown, greenish, yellow
green; S - white; L - vitreous to dull; D- transparent 
to u·anslucent, locally opaque; DE - 3.4; H- 6-7; CL 

- good: F - uneven; M - prismatic crystals, 
columnar and radial aggregates, granular. massive. 
Origin and occurrence: Metamorphic in marble/ 
granite contacts; hydrothermal in the Alpine-type 
veins and in hydrothermally altered rocks, typically 
associated with albite, prehnite and amphibole. Its 
green crystals up to 140 mm (511. in) long. were 
found in Sobotin, Czech Republic. Perfect crystals 
up to 100 mm (4 in) across come from Knappcn
wand, Austria. Thick tabular crystals occur in Prince 
of Wales Island, Alaska. USA. Fine crystals, 
resembling Austrian crystals, were found recently in 
Alchuri, Shigar, Pakistan. Fine coltunnar aggregates 
of crystals arc known from Pampa Blanca. Peru and 
also reported from Arendal, Norway. 

Piemontite 
Ca2(AI,Mn3+))Si30 12(0H) 

MONOCLINIC e e 

Properties: C red-brown to black, crimson, red
yellow; S - white; L vitreous to dull; D translucent, 
locally opaque; DE - 3.5; H - 6; CL good; F -
uneven; M prismatic crystals, radial aggregates, 
granular. 
Origin and occurrence: Metamorphic in shales and 
Mn-rich metamorphic rocks; rare magmatic in 
rhyolites and pcgmatitcs. Needles up to 30 mm (I 't,. 

Epidote, Dasllke.ton. A=erbaidzlrmr 



Epidote, 50 mm, !Vrappem.-and. Austria 

in) long come from St. Marcel, Piedmont, Italy and 
Otakiyama, Japan. 

Allanit-(Ce) 
(Ca,Ce,Y)2(At,Fe l+)JSi30 12(0H) 

MONOCLINIC ••• 
Properties: C - black to dark brown; S- light gray; 
L - greasy to submetallic; D - translucent to opaque; 
DE - 3.9; H - 5.5-6; CL - none: F - conchoidal to 

Piemomile. 45 mm. Tody,yact. Morocco 

uneven; M - tabular crystals, granular; R - usually 
mctamict. 
Orig in and occurrence: Magmatic in pegmatites and 
gmnites; metamorphic in various types of meta
morphic rocks, e.g. migmatites, amphibolitcs and 
gneisses. Grains, up ro 70 em (27'1•• in) across found 
in pegmatites near Bancroft, Ontario, Canada. Also 
occurs in Barringer Hill, Colorado: Amelia district, 
Virginia, USA; Arcndal ru1d Hittero, Norway; Ytter
by and Ri<.ldarhytran, Sweden; Yates mine. Quebec, 
Canada. 

Allanite-(Ce), 40 mm, Vizcaya. Spain 
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Tanzam"Je, 37 """· Arusha, Tanzania 

Zoisite, 60 mm, Weisenstein, Germany 

Zoisite 
Ca2At3s;3o 12(0H) 

ORTHORHOMBIC 

1-0rieties: thulite, tanzanite 

••• 

Properties: C - colorless, yellowish, green, pink, red 
(thulite), blue (tanzani'te); S- white; L - vitreous to 
dull; D - transparent to translucent; DE - 3.4; H -
6.5; CL -good; F - uneven; M- prismatic crystals, 
radial aggregates, granular. 
Origin and occurrence: Metamorphic in regionally 
metamorphosed Ca-rich rocks, mainly in pyroxenic 
gneisses, amphibolites and in marble contacts. lt is 
known from many localities like Saualpe, Austria; 
Zennatt, Switzerland; Lexviken, Nonvay (thulitc); 
Traversella, Italy; Alchuri, Pakistan; Merelani Hills, 
Arusha, Tanzania (tanzanite), where crystals up to 70 
mm (23/.s in) long were found. 
Application: tanzanite and thulite are cut as gem
stones. 



Vesuvianite 
Ca 19(AI,Mg,Fe) 13Si 18o68(0H,F,O)J o 

TETRAGONAL ••• 
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, colunmar aggregates with radial 
structure, granular, massive. 
Origin and occurrence: 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 crystals up to 180 mm (7'/" 
in) long and purple crystals up to 70 mm (23/. in) 
long come from the Jeffrey quarry, Asbestos, 
Quebec, Canada. It is also known from Hazlov. 
Czech Republic; Crcstmorc, California. Franklin, 
New Jersey, USA; Monzoni, Italy. 

Villtite 
Ca19(AI,Mg) 13a5Si 18o 68(0,0H)J o 

TETRAGONAL e 

Properties: C - dark green. gray-brown; S - white; L 
- vitreous to dull; D- transparent to translucent; DE 
- 3.4; H - 6: CL - imperfect; F - uneven to con-
choidal; M - prismatic crystals. 

Vilwte. 30 mm .u. Vilui Ri1•er, Russia 

Vesuvianite. /10 mm, Asbestos. Canada f 
1 

Origin and occurrence: Metamorphic in serpemi
nized skarn. associated with grossular. Its perfect 
prismatic crystals up to 50 mm (2 in) long are only 
known from the Vi lui River basin, Yakutia, Russia. 
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Benitoite 
BaTiSi309 

TRIGONAL •• 
Properries: C - blue, pink, white. colorless: S white; 
L - vitreous to dull: D - transparent to translucent; 
DE - 3.6; H - 6-6.5: CL- imperfect: F - uneven to 
conchoidal; M - prismatic to mbular crysmls, mainly 
with trigonal cross-section; LU - bluish. 
Origin and occurrence: Hydrothermal in veins, 
cross-cutting serpentinites, always associated with 
neprunitc and natrolite. Its classic locality is the 
Benitoite Gem mine, San Benito Co., California, 
USA, where it forms tabular crystals up to 40 rom 
( 1 y, in) across. 

Catapleiite 
Na2ZrSi3o9 . 2 H20 

HEXAGONAL e e 

Propenies: C - light yellow, yellow-brown, pink. 
brown, blue; S - white: L - vitreous to dull: D -
transparent to opaque; DE - 2.8: 1-1 - 5-6; CL - good: 
F - uneven; M thin tabular crystals, lamellar 
aggregates. 
Origin and occurrence: Magmatic in nepheline 
syenites and their pegmatites, together with aegirine. 
titanite, nepheline and microcline. It occurs in Mont 
St.-Hilaire. Quebec, Canada, as tabular crystals up to 

Benitoite. 28 mm x, San Benilo Co. U.S.A. 

150 mm (6 in) across. Crysmls up to 30 mm (1'/ .. in) 
across come from Mount Yukspor, Khibiny massif, 
Kola Peninsula. Russia. It is also known from Langc
sundsfjord, orway; Magnet Cove, Arkansas. USA. 

Eudialyte 
Na4(Ca,Fe,Ce,MnhZrSi6 0 18(0H,CI) 

TRIGONAL e e 

Propenies: C red pink to brown; S- white; L- vitrOus 
to dull; D - transparent to translucent: DE - 2.8: H 5-
5.5; CL - imperfect; F uneven; M - prismatic and 
tabular crystals, granular. 
Origin and occurrence: Magmatic in nepheline 
syenites and tbeir pegmatites, associated with 
aegirine, nepheline and microclinc. Crystals up to 80 
mm (3'h in) across come from Mount Kukisvum
ehorr, Khibiny massif, Kola Peninsula, Russia. Crys
tals up to 50 mm (2 in) across arc also known from 
Mont St.-Hilaire. Quebec, Canada. It also occurs in 
Langesundsl]ord Norway and in Los Island, Guinea. 

Ferroaxinite 
Ca1FeAI1BSi40 1 s(OH) 

TRICLINIC ••• 
Properties: C - brown to purple- brown, light 
purple; S white; L - vitreous to du ll; D - trans-

Cawpleiite, 37 111111. Mom St.-Hilaire, Canado 



Eudialyte, 10 mm grain, Khibiny Massif, Kala, Russia 

parent to translucent; DE - 3.3; H - 6. 5-7; CL -
good: F - uneven to concboidal; M- tabular crystals, 
platy aggregates, granular. massive. 
Origin and occurrence: Metamorphic and hydro
thermal in contacts of marbles and granites, 
associated with clinozoisitc, prchnite, calcite and 
actinolite, also in the Alpine-type veins and pegma
tites. Perfect tabular crystals up to 150 mm (6 in) 
across come trorn Puiva, Polar Ural, Russia. Other 
renowned localities are Obira, Japan; Bourg 
d'Oisans, France; Monte Scopi, Switzerland. 

Tinzenite 
Ca(Mn,FehAI2BSi40 ts(OH) 

TRICLJNIC e e 

Properties: C - yellow, orange to red; S - white; L 
vitrous to dull; D - transparent to translucent; DE -
3.3: H- 6.5-7; CL- good; F - uneven to conchoidal; 
M - tabular crystals, platy and fibrous aggregates, 
granular, massive. 
Origin and occurrence: Hydrothcnnal in the Alpine
type veins, cross-cutting a rock, rich in braunite. It 
comes from Tinzen, Val d'Err, Switzerland and in the 
Cassagna mine, Genova, Italy. 

Ferroaxinite, 61 mm, Khapa/u, Pakislan 
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Beryl 
Be3AI2Si60 I8 

HEXAGONAL •••• 
Varieties: emerald, aquamarine, heliodor, morganite, 
goshenite, red beryl (bixbite). 

Properties: C - variable in different vanellcs: 
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; goshenitc - white to colorless: red 
beryl Bred: S - white; L - vitreous to dull; D - trans-

£merold. 30 mm x, Boyaca, Colombia 

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 occ11rrence: Magmatic in pcgmatites 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 177 tons, come from Namivo, Alto Ligonha, Mo
zambique. Other localities are Pici, Brazil; lveland, 
Norway; Antsirabc, Madagascar. Emerald crystals 
occur in mica-schists, marbles and ultrabasic rocks, 
associated with other Be minerals, phcnakite and 



chrysobcryl. Beautiful dark green transparent crys
tals arc known from Malyshevo, Ural Mts .. Russia; 
Muzo and Coscuez, Colombia; Habachtal, Austria, 

Emerald, 90 mm, MUUJ. Colombia 

Aquamarine. 97 mm. Koronel Hurta. Brazil 

where the largest crystals reach up to 120 mm (4"/•• 
in) in size. Aquamarine is mainly known from 
pegmatites and hydrothermal veins, commonly 
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1/eliodor. 87 mm. Volodarsk Vo/ynskii. Ukraine 

Heliodor. 26 mm x. Pamir; Tadzhikistan 

associated with tourmaline, quartz and albite. Intense 
blue crystals are known from many pegmatitcs in 
Minas Gerais, Brazil, where in the Mararnbaia mine, 
crystals. up to 70 em (27'/,. in) long and weighing up 
to 110 kg (242 lb) found. Very beautiful gemmy crys
tals over 30 em ( 12 in) long recently occurred in the 
Medina Mine. It also come from Murzinka, Ural 
mountains and Adun Chilon, Siberia, Russia. It also 
comes from Spitzkopjc, Namibia; Gilgit, Pakistan and 
elsewhere. Morganitc 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 crystals up to 100 nun (4 
in) across found in the White Queen mine, Pala, Cali
fornia, USA. Smaller crystals come from San Piero in 
Campo, Elba, Italy. Crystals up to 50 em (20 in) 
across reported from several localities in Minas 
Gerais, Brazil. Heliodor also occurs in pegmatite ca
vities, hydrothermal veins and in gneisses, commonly 
associated with quartz and albite. Prismatic crystals 
up to 200 mm (7'/, in) long, come from Volodarsk 
Volynskii, Ukraine. It is also known from Nerchinsk, 
Siberia, Russia and several mines in Minas Gerais, 
Brazil. Goshenitc occurs only in pegmatites. Its 
prismatic crystals come from Goshen, Massachusetts, 



Goshenite, 39 mm. Apolygun, Pakistan 

USA; San Piero in Campo, Elba, Italy. Red beryl 
occu.rs in Violet Claims. Wah Wah mountains, Utah, 
USA, where crystals up to 50 mm (2 in) were found. 
Application: Be ore, color varieties are cut as gem
stones. 

Morgan ire. 43 mm x. San Diego Co., U.S.A. 

223 



Ba.--zite. 70 mm. Tordal, Non>'fl)' 

Bazzite 
Be3(Sc,A ih Si60I8 

HEXAGONAL e 

Properties: 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 and occurrence: Hydrothermal in the Alpine
type veins and pegmatites. Crystals up to 20 mrn ("In 
in) long come from T0rdal. Norway. It is also known 
from Lago Maggiore, Italy and St. Gotthard, 
Switzerland. 

Cordierite 
Mg2A I4s;5o 18 

O RTH O RHOMBIC •••• 
Varieties: iolite (gemmy blue) 

Sekaninaite, 40 mm x, Dolni Bory. Czech Republic 

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 occurrence: Metamorphic in migmatites 
and gneisses and in contact cherts; magmatic in 
granites and granitic pegmatites, usually associated 
with andalusite and sillimanite. also known from pla
cers. lt is a typical rock-fonning mineral. Its prismatic 
crystals are very rare. Poorly developed transparent 
crystals up to 200 mrn (7'/, in) long come from >laver
berg, Sweden. It also occurs in Orijiirvi, Finland; Kra
gero, Norway: Bodenmais, Gennany. Gemmy pebbles 
are known from the vicinity of Ratnapura, Sri Lanka. 

Sekaninaite 
Fe2AI4s;5o 18 

ORTHORHOMBIC • •• 
Properties: C - blue, purple, strongly pleochroic; S 



Dravite, 27 mm, Gujarkkot, Nepal 

- white: L - virrcous to dull; D - transparent to 
translucent: DE - 2.8: H - 7-7.5: CL - imperfect; F 
- uneven to conchoidal; M - short prismatic crystals, 
granular. 
Origin and occurrence: Magmatic in granitic peg
matitcs and some granites. associated with andalu
site and tourmaline; metamorphic in gneisses and 
migmatites. Conical, imperfect crystals, up to 70 em 
(27'/,. in) long typically come from Dolnl Bory. 
Czech Republic: also known from San Picro in 
Campo. Elba. Italy. 

Dravite 
TOURMALINE GROUP 
NaMg3At6(B03))Si60 rs(OH)4 

TRIGONAL •••• 
Properties: 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 occun·ence: Metamorphic in migmatites, 
gneisses. mica schists, marbles and in contact meta-

Buergerite, 12 mm x. San LuLl Potosi. Mexico 

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 Gouverneur, New York, 
USA. Crystals up to ISO mm (6 in) across found in 
Yinnietharra, Western Australia, Australia. Crystals 
up to 50 rnm (2 in) long were recent ly found in 
Oujarkot, NepaL 
Applicarion: transparent crystals arc cut as gem
stones. 

Buergerite 
TOURMALINE GROUP 
Nafel+ 3At6(B03))Si6 021 F 

TRIGONAL e 

Properties: C - black. strongly pleochroic; S -
yellow-brown; L - vitreous to dull; D - rransluccnt to 
opaque; DE - 3.3; H - 7; CL none; F - uneven to 
conchoidal: M B prismatic crystals, granular. 
Origin and occurrence: Hydrothermal in rhyolites. 
Irs black crystals. up to 40 mm (19/ 16 in) long, are 
known from Mexquitic, San Luis Potosi, Mexico. 
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Schor/. 40 mm. Gilgit, Pakistan 

S chor/ 
TOURMALINE GROUP 
NafeJAI6(B03)JSi60 I8(0H)4 

TRIGONAL • • • • 
Properties: C black, black-brown, blue-black. 
strongly pleochroic: S - white; L - vitreous to dull: 
D - translucent to opaque: DE - 3.3: II - 7-7.5; CL 
- none; F - uneven to conchoidal; M - long to short 
prismatic crystals, columnar to acicular aggregates, 
granular, massive. 
Origin and occurrence: Magmatic in granites and 
granitic pcgmatites; hydrothermal in grciscns, in 
quartz and ore veins; metamorphic in migmatites, 
gneisses, mica schists and tourmalinitcs; also known 
from placers. IL is usually associated with muscovite, 
quartz and albite. Perfect black crystals come from 
many pegmatite localities. 
Its long prismatic crystals, up to 5 m long, come 
from Arcndal, or.vay. Very good crystals arc also 
known from Kaatiala. Finland; Dolni Bory, Czech 
Republic; Consclhcira Pena and Galileia, Minas 
Gerais. Brazil. 

+ 

Povondraite 
TOURMALINE GROUP 
Nafel+ 3Mg2Fel+ 4(BOJ)JSi60I8(0H)4 

TRIGONAL • 
Properties.· C - black; S gray; L - vitreous to dull; 
D - translucent to opaque: DE - 3.3: H - 7; CL -

PO'<'Ondraire. 60 mm, Alto Chapan:•, Bolivia 



Elbaite, 115 mm. Tourmaline Queen Mine. US.A. 

none; F - uneven to con.choidal; M - short prismatic 
crystals, granular. 
Origin and occurrence: Hydrothermal along the 
cracks in metamorphosed evaporites. Its black 
crystals up to I 0 mm ('Is in) long typically come 
from Alto Chapare, Cochabamba, Bolivia. 

Elbaite 
TOURMALINE GROUP 
Na(U l,sAI 1,s)AI6(B03)JSi60 18(0H)JF 

TRIGONAL ••• 
Varieties: rubellite, verdelite, indiccolite, achroite 

Properries: C - varies in different varieties. rubcllite 
-pink to red; verdelitc- various hues of green; indic
eolite- 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 conchoidal; M - prismatic 
crystals, columnar aggregates, granular, massive. 
Origin and occurrence: Almost only magmatic and 
hydrothermal in granitic pegmatites, typically 
associated with lepidolite and albite; also in placers. 
Jts crystals are mostly known from pegmatite cavi-

Elbaite. !53 mm, Ajgha11istan 

Rube/lite. 23 mm. Pala, US.A. 
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ties in many localities. Rubellite crystal called 'The 
Rocket ' (109 cm/43'/,. in long) was found in the 
Jonas mine, Minas Gerais. Brazil. Rubellitc crystals 
up to 40 em ( 15:Y. in) long come from Alto Ligonha 
district, Mozambique. Rubellite crystals up to 250 
mm (9 •t,. in) long occurred in the Stewart lithia, 
Tourmaline King and Tourmaline Queen mines, 
Pala, California, USA. Verdelite crystal 270 mm 
(10'/• in) long, is known from the Dunton mine, 
Newry, Maine, USA. Other important localities 
include San Piero in Campo, Elba, Italy; Malkhan, 
Transbaikalia, Russia; Rozmi, Czech Republic; Uto, 
Sweden; Gilgit. Pakistan; Paprok, Afghanistan. 
Application: commonly used as a gemstone. 

Uvite 
TOURMALINE GROUP 
CaMg4At5(B03)JSi60 ts(OH,F)4 

TRIGONAL ••• 
Properries: 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 -

U••ite. 4/mm. Brumado. Brazil 

none: F - uneven to conchoidal; M - long to short 
prismatic crystals, columnar aggregates. granular. 
Origin and occurrence: Metamorphic in Ca-rich 
rocks, marbles, skarns; magmatic in some peg
matites; hydrothermal in ore veins. 
Perfect green and red crystals, up to 30 mm (P/,. in) 
across, occur in Brumado, Bahia, Brazil. It is also 
known from Gouverneur and Pierrepont, New York, 
USA. 

Liddicoatite 
TOURMALINE GROUP 
Ca(li2At)At6(B03))Si60 ta(OH))F 

TRIGONAL ••• 
Varieties: rubellitc, verdelitc 

Properties: C - varies in di !Terent varieties. mainly pink, 
green, green-brown to yellow-brown; 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, granular. 
Origin and occurrence: Magmatic in granitic peg-

Liddicoatite. 60 mm. Anjanobonoitra, Madagascar 



matitcs in assoc1at1on with lepidolite, spodumcne 
and albite. Its perfect red and green crystals up to 
250 mm (9"1,. in) long come from pegmatite cavities 
in many localities in Madagascar, e.g. Sahatany and 

Anjanabonoina. It is also known from BliZIIA, Czech 
Republic. 
Application: cut as a gemstone. 
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Foitite 
TOURMALINE GROUP 
0 Fe2AIA16(B03))Si60 1a(OH)4 

TR IGONAL ••• 
Properties: C - black to black-purple; S wllite; L 
vitreous to dull: D - translucent to opaque; DE- 3.3; 
H - 7: CL none; F - uneven to conchoidal; M -
prismatic cryslals, acicular aggregates. 
Origin and occurrence: Magmatic in granitic 
pegmatites and granites; hydrothermal in pegmatite 
cavities. Foitite typically forms black tips of elbaite 
crystals (moors heads) in Dobra Voda, Czech 
Republic; San Piero in Campo, Elba, Italy; White 
Queen mine. Pala, California, USA. It occurs 
together with schorl in some granitic pegmatites, like 
Rozrui, Czech Republic. 

Rossmanite 
TOURMALINE GROUP 
0 LiAt2At6(B03)JSi60 ra(OH)4 

TRIGONAL e 

Properties: 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 occurrence: Magmatic in granitic 
pegmatites. Prismatic crystals. up ro 20 mm ("!" in) 
long, were found in massive lepidolite in Ro:lmi. also 
in Lastovieky, Czech Republic. 

Dioptase 
Cu6s;6o 18 .6 H2o 

TRIGONAL e e 

Properties: C - emerald-green to blue-green: S -
light blue-green; L- vitreous to dttll: D - transparent 
to translucent; DE - 3.3; H 5; CL - good; F -
uneven to conchoidal; M - long to short prismatic 
crystals, granular. 
Origin and occurrence: 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; Rcnneville, Congo. It also comes from 
the Mammoth mine, Tiger, Arizona, USA. 

Mila rite 
KCa2AJBe2Si l203o . H20 

HEXAGONAL •• 
Properties: C colorless, white, gray, light green; S 

white; L vitreous to dull; D - transparent to 
translucent: DE 2.5; II 5-6: CL none; F -
uneven to conchoidal; M - long prismatic to acicular 
crystals, granular. 
Origin and occurrence: Hydrothermal in the Alpine
type veins, in pegmatitcs and hydrothermal veins, 
associated with adularia. Crystals up to 40 mm (I '/•• 
in) long come from Jaguara4(u. Minas Gerais, Brazil. 
It was also found in St. Gotthard, Switzerland; Klein 
Spitzkopje, Namibia; Valencia mine, Guanajuato, 
Mexico. 



Dioprase, 40 mm, Mindouli, Zair 

Sugilite 
KNa2(Fe,Mn,AihLi3Si 12030 

HEXAGONAL e 

Properties: C - purple; S - white; L - vitreous to dull; 
D - rransparenr to translucent; DE - 2. 7; H - 6-6.5; CL 

Milarite, 22 mm, Jaguaracu, Brazil 

- none; f - W1evento conchoidal; M - long prismatic to 
acicular crystals, granular. 
Origin and occurrence. Hydrothermal in alkaline 
syenites, associated with pectolite, albite and aegirine. 
It occurs in lwagi Island. Japan and Hotazcl. South 
Africa. Application: cut and polished as a gemstone 
and decorative stone. 
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Bron:ill!, 15 mm. Minas Gerais. Brazil 

Enstatite 
PYROXENE GROUP 
Mg2Si206 

ORTHORHOMBIC e e e e 

Varie1ies: bronzite 

Properties: C - colorless. gray, yellowish, greenish, 
brown (bronzite); S - white: L - vitreous to dull; 0 
- transparent to opaque; DE - 3.2; H 5-6; CL -
good; F - uneven to conchoidal; M prismatic 
crystals, granular. 
Origin and occurrence: Magmatic in ultrabasic 
rocks, gabbros, peridotites and in meteorites; meta
morphic in marbles, associated mainly with olivine 
and pyropc. Known from Bamle, Norway in crystals 
up to 50 em (20 in) long. It was originally described 
from Ruda nad Moravou, Czech Republic. Gemmy 
crystals up tO 20 rnm ("In in) long occur in Brumado, 
Bahia, Brazil. 

Diopside 
PYROXENE GROUP 
Ca MgSi206 

MONOCLINIC ••••• 
Varieties: chrome diopsidc, fassaitc, jeffersonite 

Properties: C - light green, dark green (chrome 
diopsidc), colorless, white, gray, brown, rare blue; S 
- white; L - vitreous to dull; 0 - transparent to 
translucent; DE - 3.3; H - 5.5-6.5; CL - good: F 
uneven to conchoidal; M - long to short prismatic 
crystals, granular. 

Origin and occurrence: Metamorphic in Ca-rich 
rocks, skams, pyroxene gneisses, marbles; magmatic 
in basic igneous rocks, pegmatites and meteorites; 
hydrothermal in the AJpine-type veins. Fassaite occurs 
in skarns, chrome diopsidc in metamorphic deposits of 
Cu and Cr; jeffersonitc in metamorphic deposits of Mn 
and Zn. Diopside is a typical rock-forming mineral, 

Diopside. ll mm x. Ala, Italy 



associated with plagioclase, grossular and epidote. 
Well fonned crystals are relatively rare. Jeffersonite 
fonns prismatic crystals up to 250 mm (9"1>• in) long 
in Franklin, New Jersey, USA. Crystals in Corrego 
Setuba, Minas Gerais, Brazil reach up to 30 em (12 in). 
Other typical localities are Zillertal, Austria; 
Nordmarken, Sweden; Orford mine, Quebec, Canada. 
Fassaite is known from Val di Fassa, Italy. Chrome 
diopside crystals reach up to I 00 mm ( 4 in) in 
Outokumpu, Finland and gem rough recent!)' found in 
Lnagli, Yakutia, Russia. 

Hedenbergite 
PYROXENE GROUP 
CafeSi2o6 

MONOCLINIC •••• 
Properties: 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 occurrence: Metamorphic in Ca-rich 
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 

Dalncgorsk, Russia and Franklin, New Jersey, USA. 
Also occurs in Nordmarken, Sweden. Large lamellar 
aggregates come from skarns in Rio Marina, Elba, 
Italy. 

A11gite 
PYROXENE GROUP 
(Ca,Mg,Fe,AI)(Si,AI)206 

MONOCLINIC ••••• 
Properties: 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 occurrence: 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 ro 150 mm (6 in) across occur mainly in 
volcanic rocks, such as ncar Lake Clear, Ontario, 
Canada. Also known from Laacher See, Gennany; 
Lukov and Pa_kapole, Czech Republic, in crystals, 
up to 50 mm (2 in) in size. 
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Omphacite. 90 mm, SI.Leonhard. Austria Ompllacite 
PYROXENE GROUP 
(Ca,Na)(Mg,Fe2+,Fel+,AI)(Si,A1)206 

MONOCLINIC •••• 
Properties: C - green to dark green; S - gray-white; L 
- vitreous to dull; D- translucent to opaque; DE - 3.3: 
H - 5-6; CL - good; F - uneven to conchoidal; M -
short prismatic crystals, acicular aggregates, granular. 
Origin and occurrence: Metamorphic in uJtrabasic 
a11d basic rocks, originated under high-temperature, 
usually associated with pyropc. diopsidc and kyanite. 
It occurs in eclogites and granulites in Rubinberg. 
Germany: Hcadsburg. Cal ifornia, USA and elsewhere. 



Jadeite 
PYROXENE GROUP 
NaAtSi206 

MONOCLINIC e e 

Varieties: nephrite 

P1vperties: C white, lavender to gray, in aggregates 
also light green (nephrite): S - white; L vitreous to 
dull; D - transparent to t.ransluccnt: DE 3.2: II - 6: 
CL - good; F uneven to conchoidal; M prismatic 
crystals, acicular aggregates. granular. 
Origin and occurrence: Exclusively metamorphic in 
strongly metamorphosed rocks; also in placers. 
Blocks. weighing several tons, are t.:nown from Ben 
Sur, California. USA. It also come from Tawmaw, 
Burma; New Zealand; Tibet and elsewhere. 
Application: as a material for carvings and decora
tive purposes. 

Aegirine 
PYROXENE GROUP 
NaFe3• si2o6 

MONOCLINIC ••• 
Properties: C dark green to black-green; S light 
yellow-gray: L vitreous to dull; D - translucent to 
opaque: DE 3.6; II - 6: CL - good; F - uneven to 
conchoidal; M long prismatic to acicular crystals, 
acicular aggregates. 
Origin and occurrence: Magmatic, mainly in alkaline 
magmatic rocks (syenites. carbonatites, 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 em (12 in) occur in Langcnsunds
fjord, Norway. Other localities arc Mount Karnasurt. 
LO\<ozero massif, Kola Peninsula. Russia and Mont 
St.-Hilaire. Quebec. Canada. 

235 



Spodumene, 52 mm x, Krmar, Afghanistan 

"'""' 

f-t 
Hidde11i1e. 3.5 mm. Adams Properly. U.S.A. 

Spodumene 
PYROXENE GROUP 
LiAISi206 

MONOCLINIC ••• 
Varieties: kunzite. hiddenite, triphane 

Properties: C - white, gray, yellowish (triphane), 
green (hiddenite), pink to purple (kunzite); S -
white: L - vitreous to dull; D - transparent to trans
lucent; DE - 3.2; II - 6.5-7.5; CL- good; F uneven 
to conchoidal; M - long to short prismatic crystals, 
cleavable aggregates, granular; LU - orange. 
Origin and occurrence: Magmatic in granitic pegma
tites; hydrothermal in pegmatite cavities. It is known 
from many localities. Its poorly developed crystals up 
to 6 m (20 ft) long occur in the Etta mine, Keystone, 
South Dakota and in Kings Mountain, North 
Carolina, USA. Transparent kunzite crystals up to 40 
em (IS% in) long como from Mawi, Laghman, Af· 
ghanistan. Kunzitc crystals up to 280 mm (I I in) 
long found in the Pal a Chief mine, Pala. California, 
USA. Cracked kunzite crystals, up to 1 m (39'/• in) 
long known from Ara~uai, Minas Gerais, Brazil. Hid
denite occurs in crystals up to 250 mm (9"1 .. in) long 
in Resplendor, Minas Gerais, Brazil. It also comes 
from the Adams property, North Carolina, USA. 
Application: raw material for ceramics, kunzitc and 
hiddenite are cut as gemstones. 



Carplw/ite, 70 mm, Harni Slao•ko•~ Czech Republic 

Carpholite 
MnAI2Si206(0H)4 

ORTHORHOMBIC e e 

Properties: C - various hues of yellow: S - white; L 
- vitreous to dull; D - translucent: DE - 3.0; H - 5-
5.5; CL - good: F - uneven to conchoidal: M -
acicular crystals and their aggregates. 
Origin and occurrence: llydrothennal in veins. 

Lorenzenite. 10 mm .rr. F/oJ'(I Mt., Kola. Russia 

cross-cuning grciscns. associated with fluorite, 
quartz and c.assircrite; also in metamorphic rocks. It 
was described from llorni Slavkov, Czech Republic, 
where it forms acicular crystals up to I 0 mm ('/o in) 
long and radial aggregates. It is also known from 
Meuville, Belgium and Wippra, Germany. 

LorellZellite 
Na2 Ti2Si209 

ORTHORHOMBIC e e 

Properties: C - brown to black; S - yellowish: L 
vitreous to dull; D - translucent ro opaque; DE - 3.4: 
H - 6; CL - good; F - uneven to conchoidal; M -
prismatic crystals, columnar aggregates, granular. 
Origin and occurrence: Magmatic in alkaline syenites 
and their pegmatites, associated ''~th astrophyll ite, 
nepheline and aegirine. Crystals up to 80 mm (3'/, in) 
long come from Mount Flora, Lovozero massif, Kola 
Peninsula, Russia. Other localities are 1\arssarssuk. 
Greenland and Mont St.-llilaire, Quebec, Canada. 

Ajoite 
( K,Na)Cu7AtSi9024(0H)6 . 3 H20 

TRICLIN IC e 

Properties: C - blue-green: S - light green; L - vitreous 
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 occurrence: Secondary in Cu deposits, 
associated with shattuckite. It occurs rarely as small 
crystals in the New Cornelia mine. Ajo, Arizona, 
USA. Iris also known as inclusions in quanc crystals 
in the Messina mine, Transvaal, South Africa. 

Ajoite, 60 mm, Ajo. U.S.A. 
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Ho/mquistite, 60 mm. Lac Malarric, Canada 

Antopltyllite 
AMPHIBOLE GROUP 
Mg7s;8o 22(0H,Fh 

ORTHORHOMBIC e e e e 

Properties: C - white. light brown, yellow, light 
green; S - white; L - vitreous to dull ; D - tran.sparcnt 
to translucent; DE - 3.4; H - 5.5-6; CL - good; F 
uneven to conchoidal; M - long prismatic erysrals, 
columnar and radial aggregates, granular. 
Origin and occurrence: Metamorphic in gneisses, 

Anrhophyllite, 60 mm, Nordt Carolina, U.S./I. 

serpentinites and at the contact of serpeotinires and 
pegmatites, usually with actinolite or tremolite and 
cordierite. Crystals up to I 50 mm (6 in) long come 
from the Marbridge No. I mine, Quebec, Canada. It 
is also known from Bodenmais, Germany; Snarum, 
Sweden and Hei'manov, Czech Republic. 

Holmquistite 
AMPHIBOLE GROUP 
Li2 Mg3AI2Si80 22(0H,Fh 

ORTHORHOMBIC ••• 
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. 
Origin and occurrence: Hydrothermal at the 
contacts between complex Li-bearing pcgmatites 
and amphibolites, sometimes associated with biotite. 
It occurs in Greenbusbes, Western Australia, 
Australia where its fibers reach up to 180 nun (7'/,. 
in) in length. It is also known from Uto, Sweden; 
Manono, Zaire and Brandbrlicken, Austria. 

Manganogedrite 
AMPHIBOLE GROUP 
Mn2Fe5s;8o 20(0Hh 

MONOCLINIC e e 

Properties: C-!,>ray, dark green, brown, greenish; S 
white; L - vitreous to dull; D - translucent to opaque: 
DE - 3.5; H - S-6; CL- good; F - uneven to 
conchoidal; M - columnar, acicular and radial 
aggregates, granular. 
Origin and occurrence: Metamorphic in contact and 
regionally metamorphosed Mn rich rocks, associated 
with chlorite and magnetite. Tt comes from 
Dannemora, Sweden and elsewhere. 

Manganogedrire, 70 mm, Franz Joseph Iceberg. New 
Zealand 



Tremolite 
AMPHIBOLE GROUP 
Ca2Mg5s;8o 20(0Hh 

MONOCLINIC ••••• 
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 occurrence: Metamorphic in contact and 
regionally metamorphosed rocks, dolomites and 
ultrabasic rocks: hydrothermal in the Alpine-type 
veins, typically associated with diopside. ta lc, 
dolomite and calcite. It is a typical rock-fonning 
mineral, known from many localities. Prismatic 
crystals up to 40 em ( 15~ in) long come from 
Brumado, Bahia, Brazil. Jt occurs also in Campo
lungo, Switzerland; Zillcrtal, Austria; Gouverneur, 
New York. USA and elsewhere. 

Actinolite 
AMPHIBOLE GROUP 
Ca2(Mg,Fe)5s;8o 20(0H)2 

MONOCLINIC ••••• 
Properties: C - light green to almost black; S -
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 occurrence: 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 
anthophylitc, chlorite. talc. dolomite and ca.lcite. It is 
known from many localities where it forms columnar 
aggregates up to 250 mm (9"/, in) long, as in 
Knappenwand and Zi llertal, Austria; Val Maleneo, 
Italy; Brumado, BahRa, Brazil and Sobotin. Czech 
Republic. 

Actinolite. 30 mm xx. Ausrris 

Edenite 
AMPHIBOLE GROUP 
Naca2(Mg,Fe) 5Si7AI022(0Hh 

MONOCLINIC • ••• 
Pmperries: 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 occw.,-ence: Metamorphic in regionally 
metamorphosed basic rocks and marbles; magmatic 
in diorites and gabbros. Typical rock-forming 
mineral, its crystals up to 40 mm (l 'h• in) long come 
from Edenvi lle, New York, USA and Bancroft, 
Ontario, Canada. 

£drmte. 48 mm. lt-ilberforce, Canada 
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Pargasite 
AMPHIBOLE GROUP 
NaCa2(Mg,Fe)4AISi6AI2022(0Hh 

MONOCLINIC • • • • 
Properties: C - light brown. green-blue, brown to 
black-brown; S - white; L - vitreous to dull; D -
transparent to translucent; DE - 3.1; H - 5-6; CL
good; F - uneven to conchoidal; M - prismatic 
crystals, granular, massive. 
Origin and occurrence: Metamorphic in regionally 
metamorphosed basic rocks, marbles and skarns; 
magmatic in diorites and gabbros; typical rock
forming mineral. Crystals up to 80 mm (3'/• in) 
across come from the Jensen quarry, Riverside, 
California, USA; Pargas, Finland; Hunza, Pakistan. 

Common A mphibole 
AMPHIBOLE GROUP 
(Ca,Nah(Mg,Fe,AI}s(Si,AI)s0 22(0H,Fh 

MONOCLINIC ••••• 
Properties: C-dark green, brown to black; S-gray: 
L- vitreous to du ll; D - translucent to opaque; DE -
3.4; H - 5-6; CL - good; F - uneveJJ to conchoidal; 
M - short prismatic crystals, columnar aggregates, 
granular. 
Origin and occurrence: Metamorphic in basic rocks, 
as amphibol itcs and shales; magmatic in some 
igneous rocks, as syenites. diorites, andesites and 
basalts. Typical rock-forming mineral, known from 
many localities. Large crystals up to 1 m (39'/, in) 
long come from Silver Crater, Onrario, Canada. It is 
also known from Zillertal. Austria; Lukov, Czech 
Republic and elsewhere. 

Pargasite, 70 111111, Limberg, Parainen. Piuuland ,.. 

Common Amphibole. 50 mm x. Lukov, Czech Republic 

Richterite 
AMPHIBOLE GROUP 
Na2C a(Mg,Fe,AI)s(Si,AI)s022(0H,Fh 

MONOCLINIC ••• 
Properties: C - brown, yellow, dark red, dark green; 
S - gray; L - vitreous to dull; D - transparent to 
traJISiucent; DE - 3.1; H - 5-6; CL - good; F -
uneven to conchoidal; M - long prismatic crystals, 
columnar aggregates, granular. 
Origin and occurrence: 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. 

Richlerile. 40 mm, Wilberforce. Ca11ada 



Riebeckite 
AM PHI BOLE GROUP 
Na(Fe2+,Mg)JFe3+ 2Sis022{0Hh 

MONOCLINIC •••• 
Varieties: crocidolitc (tiger's eye) 

Propenies: C - dark blue to black, crocydolite - gray
blue; S - white; L- vitreous to dull; D - translucent to 
opaque; DE - 3.4; H - 5; CL- perfect; F - tmeven to 
conchoidal; M - long prismatic crystals, acicular to 
fibrous aggregates. 
Origin and occurrence: 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. Crocidolite is famous from 
Griqualand, South Africa. 

Wollaslonile, 44 mm. Cres/more. U.S.A. 

Aenigmarite. 40 mm xx. EveJ·Iogchorr. Kola. Russia 

Aenigmatite 
Na2Fe5 TiSi602o 

TRICLINIC e e 

Properties: C - black; S - 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 occurrence: Magmatic in alkal ine 
syenites and volcanic rocks, associated with aegirine 
and arfvedsoni tc. It occurs in J uiianehab, Greenland; 
Lipari Island, Italy and elsewhere. 

Wollastollite 
Ca3s;3o 9 

TRICLINIC •••• 
Properties: 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 occurrence: Metamorphic mainly in 
contact metamorphosed rocks, as marbles, skams, 
less common in pyroxene gneisses and quartzites, 
associated with grossular. diopside and vesuvianite. 
Columnar and acicular aggregates up to 180 mm 
(7 '/,. in) long occur in the Strickland quarry, 
Connecticut, USA. It also come from Crestmore, 
California, USA; Ciclova, Romania and Zulova , 
Czech Republic. Short prismatic crystals up to 30 em 
( 12 in) across are known from the Santa Fe mine, 
Cbiapas, Mexico. 
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Bu.stamire. 20 mm xx, Broken Hill, Ausrrolia 

Bustamite 
(Mn,Ca)JSi3o9 

TRICLINIC • • • 
Propenies: C pink to red-brown; S - white; L -
vitreous to dull ; D - transparent to translucent; DE -
3.4; H 5.5-6.5: CL - good; F - uneven to 
conchoidal; M - tabular crystals, acicular 
aggregates, massive. 
Origin and occurrence: Metamorphic or hydro
thermal in Mn rich metamorphic rocks or skams. It 
is associated with rhodonite and other Mn silicates in 
Franklin, l"ew Jersey. USA: Langban. Sweden; 
Broken II ill. New South Wales, Australia. 

Pecrolite, 70 mm, Zc/echovske ttdoli, Czech Repuhlic 

Pectolite 
Ca2NaSi30g(OH) 

TRICLINIC ••• 
Properties: C - white, pinkish; S - white; L -
vitreous to dull; D - transparent to translucent; DE -
2.9; H - 4.5-5; CL- good; F uneven to conchoidal; 
M B acicular and rndial aggregates; LU - locally 
yellow to orange. 
Origin and occurrence: I lydrothermal in basalt 
cavities, less frequently along the cracks in marbles, 
associated with "eolites. Classic localities are West 
Paterson, New Jersey, USA, where it forms acicular 
spheric.al aggregates up to,l80 mm (7'/,. in) across; 
also Monte Baldo, Italy: Zelcchovske udoli, Czech 
Republic. Prismatic crystals up to 50 mm (2 in) long 
come from Mont St.-Hilaire, Quebec, Canada. 

Serandite 
Mn2NaSi30g(OH) 

TRICLINIC e 

Properties: C - pink, red; S white; L - vitreous to 
dull; D - transparent to translucent; DE - 2.9; H- 4.5-
5; CL- good; F uneven to conchoidal; M - tabular 
and prismatic crystals, granular. 
Origin and occurrence: Hydrothermal in cavities of 
igneous rocks (alkaline syenite, carbonatite) together 
with aegirine and analcime. Perfect pink crystals up 
to 200 mm (Tf, in) long come from Mont St.-

Serandite. 25 mm, Mont St.-1/i/aire. Canada 



Hilaire, Quebec, Canada; crystals up to 60 mm (2'/• 
in) long found in the YubiJeinaya dike, Mount 
Karnasurt, Lovozero massif. Kola Peninsula, Russia. 

Charoite 
(K,Sr,Ba) (Ca,Nah(Si,AI)40 1 o(OH,F) 

TRICLINIC • • 

Properties: C - purple; S - white; L - vitreous to dull; 
D - translucem to opaque; DE - 2.6; H - 5-6; CL 
good; F - uneven; M- fibrous aggregates, massive. 
Origin and occurrence: Hydrothermal in alkaline 
igneous rocks, associated with aegirine and nephe
line. Rich aggregates occur in Sirenevyi Kamen, 
Chara river basin, Murun massif, Yakutia, Russia. 
Applicmion: cut and polished as decorative stone. 

Agrellite 
N aCa2Si40ioF 

TRICLINIC • 

Proper/ies: 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 I 00 mm 
( 4 in) long in the Kipawa river basin, Quebec, Canada. 

Okenite 
CaSi204(0Hh . H20 

TRICLINIC • • 

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 spherical aggregates. 

Agrellite, 120 mm, Kipawa, Canada 

Charoite, 50 mm, Sirenevyi Kamen, Russia 

Origin and occurrence: Hydrothermal in basalt 
cavities together with zeolites. Rich acicular 
spherical aggregates up to 80 rum (3'/, in) in 
diameter come from basalt cavities in the vicinity of 
Poona, India; also known from Faeroe Islands. 

Okenite, 125 mm, Mwnbai, India 
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Xonotlite. 20 mm vein, Srare Ransko. Czech Republic 

Xo11otlite 
C"6Si6011(0Hh 

MONOCLINIC e e 

Properties: 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. 
Origin and occurrence: Hydrothermal in cavities of 

Elpidite, 128 mm. Mont St.-Hilaire, Canada 

basic and ultrabasic rocks and in the Alpine-type 
veins. associated with calcite and zeolites: rare meta
morphic in skams and in contact metamorphosed 
marbles. It comes from Tctela de Xonotla, Puebla, 
Mexico; Crestmore, California, USA; Mihara mine, 
Japan. It is was also found in Stare Ransko, Czech 
Republic. 

Elpidite 
Na2ZrSi60 15 . 3 H20 

ORTHORHOMBIC • e 

Properties: B - colorless, yellowish, red; S - white; 
L - vitreous to dull; D - transparent to translucent; 
DE - 2.6: H - 5.5-6.5; CL - good: F - uneven to 
conchoidal; M - long prismatic crystals, fibrous 
aggregates. 
Origin and occurrence: Hydrothermal in albitizcd 
parts of alkaline pegmatites, associated with albite 
and aegirine. Perfect crystals up to 30 em ( 12 in) 
long come from Tarbagamy. Kazakhstan. Crystals up 
to 200 mm (71/o in) long found at Mont St.-Hilaire, 
Quebec. Canada. Also known from Khan Bogdo, 
Gobi desert, Mongolia; Umbozcro mine on Mount 
Alluaiv. Lovozero massif. Kola Peninsula, Russia. 

Rhodonite. 35 mm x. Broken Hr/1, Austrolia 



Rodonite 
CaMn4Si309 

TRICLINIC ••• 
Properties: 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 occurrence: Metamorphic in Mn-rich 
rocks, hydrothermal in ore veins, associated with 
spcssartine and Mn oxides. Perfect crystals up to 200 
mm (7% in) long come from Franklin, New Jersey, 
USA; also from Broken Hill, New South Wales, 
Australia. 
Granular and massive aggregates occur in Langban, 
Sweden and in Maloye Sidelnikovo, Ural mountains, 
Russia. 
Application: cut and polished as a decorative stone. 

Babiflg_tollite 
c a2Fe2 Fe3+s;5ot 4(0H) 

TRICLINIC • • 

Properties: C - green-black to black-brown; S -
green-gray: L - vitreous to du ll ; D - translucent to 
opaque; DE - 3.3; H- 5. 5-6; CL - good; F - uneven 
10 conchoidal; M - short prismatic crystals, granular. 
Origin and occurrence: Hydrothermal along the 
cracks in rocks, associated with prehnite, adularia and 
epidote. 
Well-formed crystals about 20 mm ('.,$!~: in) across are 

known from Arcndal, Norway. Other localities arc 
Westfield, MassachusettS, USA; Baveno, Italy. 

8abil1gtonire. 5 mm x, Mumboi. Indio 
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Kinoite South Wales, Australia. Its spherical aggregates up to 
ca2cu2s;3o 8(0H)4 30 mm (!'/,. in) in diameter are known from the 

Wessels mine, Kuruman, South Africa. 
MONOCLIN I C • 

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 occurrence: Hydrothermal along cracks 
in rocks, associated with apophyllite and copper. 
Small crystals were found in the Christmas rni.oe, 
Santa Rita mountains, Arizona, also in the Kearsarge 
vein, Keweenaw Peninsula, Michigan, USA. 

l11esite 
Ca2Mn7Si I 0o 28(0Hh . 5 H20 

TRICLINIC • • 

Properties: C - pink, brown: S - white; L - vitreous 
to dull; D - translucent; DE - 3.0; H - 5.5; CL 
good; F - uneven to conchoidal; M - short prismatic 
and tabular crystals. columnar and radial aggregates, 
granular. 
Origin and occurrence: Hydrothermal in ore veins, 
associated with rhodochrosite, rhodonite and calcite. 
Rich aggregates and well-formed crystals about 10 
mm ('i• in) across found in Langban, Sweden; also in 
Hale Creek, California, USA; Broken Hill, New 

Kinoite, 36 mm. Christmas Mine. U.S.Il. 

Neptunite 
KNa2liFe2 T i2Si9022 

MONOCLINIC • • 

Properties: C - dark brown to black; S - red-brown; 
L - vitreous to submetall ic; D - translucent to 
opaque; DE - 3. 2; H - 5-6; CL - good; F - tmeven 
to conchoidal; M - long prismatic crystals, granular. 
Origin and occurrence: Hydrothermal in veins, 
associated with natrol ite, benitoite and eudialyte. 
Well-fom1ed prismatic crystals up to 80 mm (3'/s in) 
long oome from the Benitoite Gem mine, San Benito 
Co., California, USA. h is also known from Mont 
St.-Hilaire, Quebec, Canada and Narssarssuk, 
Greenland. 

Epididymite 
NaBe2Si307(0H) 

ORTHORHOMBIC • • 

Properties: 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; 

lnesite. 50 111111, Kurumtm. South Africa 



Neptwtite, 28 111111, Stm Benito Co .. U.S.A. 

M - tabular crystals, lamellar aggregates, granular. 
Origin and occurrence: Hydrothennal in cavities of 
alkaline pegmatites. associated with zeolites. 
Tabular crystals up to 60 mm (2'/• in) across come 
from Mount Malosa. Malawi. h is also known from 
Langcsundsfjord. Norway; Mont St.-Hilaire. 
Quebec. Canada; Narssarssuk. Greenland. 

Bavenite 
Ca4At2Be2Si9026(0Hh 

ORTHORHOMBIC ••• 
Properties: C - white, yellowish, pinkish: S - white; L 

vitreous to dull: D - transparent to translucent; DE -
2.8; H - 5.5: CL - good; F- uneven to conchoidal; M 
- prismatic to tabular crystals, radial and lamellar 
aggregates. Origin and occurrence: Hydrothermal in 
pegmatic cavities with albite: typically produced by 
beryl replacement in pcgmatitcs or hclvite replacement 
in skams. Found in Bavcno. Italy with crystals up to 20 
mm (!'/, in) across. Also known from Strzegom, 
Poland. Crystals up to 4 mm ('/u in) across found in rhc 
Hewitt quarry, USA. 
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Pre/mire. 28 mm, Brundberg. Namibia 

Prehnite 
Ca2AI2Si30 I o(OHh 

ORTHORHOMBIC •••• 
Properties: C - white, greenish to green, yellow, 
gray; S - white; L - vitreous: PS - rransparent to 
rranslueent; 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 occurrence: Hydrothermal in basal! 
cavities and in the Alpine-type veins, commonly 
associated with calcite, a lbite, epidote and zeolites. 
Rich aggregates are known from West Paterson, New 
Jersey, USA: Val di Fassa, Italy; Poona, India. 

Astrophyllite. 30 mm xx. Khibiny Massif. Kolo. Russia 

Fluorapophyllire. 47 mm, Poona. India 

Crystals up to 45 mrn (P/4 in) across found in 
Copper Valley, Brandbcrg, Namibia, Asbestos, 
Quebec, Canada and Talnakh, Siberia, Russia. 

Astropltyllite 
(K,Na)J(Fe,Mnh Ti2Sis024(0,0Hh 

TRICLINIC e 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, bladed aggregates. 
Origin and occurrence: Magmatic in alkaline pcg
matites. Crystals and their radial aggregates reaching 
up to 100 rom (4 in) come from Mount Eveslogchorr, 
Khibiny massif, Kola Peninsula., Russia. It is also 
known from Mont St.-Hilaire, Quebec. Canada. 

Fluorapoplzyllite 
KCa4s;8o 20(F,OH) . 8 H20 

TETRAGONAL ••• 
Properties: C - white, greenish yellowish, pinkish; S 
- 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 occurrence: Hydrothermal in cavities in 
volcanic rocks, along the cracks in the Alpine-type 
veins. in ore veins and pcgmatites. Well-fonned 
crystals up to 100 mm (4 in) long arc known from 
Jalgaon and Poona. India: Centreville and Fairfax, 



Pyrophyllite, 37 mm. California. USA. 

Virginia, USA. Other localities are St. Andreasberg, 
Germany: Bento Gon<;alves. Rio Grande do Sui. 
Brazil. 

Pyroplryllite 
AJ2s;4o I o(OHh 

MONOCLINIC 

Varieties: 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 occurrence: Metamorphic in Al-rich 
rocks, together with andalusite and kyanite; hydro
thermal in veins with quartz and micas. Rich foliated 
and radial aggregates and poorly-fom1ed crystals up 
to 10 mm ('/a in) across are known from Zcrmau, 
Switzerland; Berezovsk, Ural mountains, Russia and 
the Champion mine. California, USA. 
Application: heat-resistant material, agalmatolite as 
decorative stone. 

Talc 
Mg3Si40 I o(OH)l 

MONOCLINIC ••••• 
Properties: C - white, greenish, yellow, pinkish, 
gray; S - white; L - greasy to pearly: D - transparent 
to translucent; DE - 2.8; H - I; CL - perfect; F -

A.golmatolile, 70 mm, Indio 

uneven; M - tabular crystals, foliated aggregates, 
massive. 
Origin and occurrence: Metamorphic in metamor
phosed basic rocks and dolomites, together with 
actinolite, dolomite and chlorite; hydrothem1al in veins. 
Tabular crystals up to 20 mm ("/, in) across come from 
Brumado, Bahia, Brazil and Chester. Massachusetts, 
USA. Rich foliated aggregates are known from Ziller
tal, Austria. Pseudo-morphs after quartz crystals come 
from St. Gotthard, Switzerland. Large deposits of 
massive talc arc mined in China. 
Application: as a filling material in textile, paper and 
chemical industries, heat-resistant material. 

7a/c, 6/ mm, Rochester. U.S.A. 
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M~uscovite 
MICA GROUP 
KAI3Si30 I o(OH,F)l 

MONOCLINIC 

Varieties: fi.1chsite 

••••• 
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- p<::rfect: F - uneven; M - tabular crystals, 
lamellar and scaly aggregates, massive. 
Origin and occurrence: Metamorphic in various 
rock types, as mica schists, gneisses; magmatic in 
granites and pegmatites; hydrothermal in veins or 
next to ore veins (fuchs ire). Important rock-forming 
mineral, usually associated with quartz, K-fcldspar, 
albite and biotite. Its sheets, reached up to 5 x 3 m in 
si~ and weighed up to 85 tons in the !nikurti mine, 
Ne!lore, India. Large sheets arc also known from 
Custer, Soutl1 Dakota, USA. Well-formed crystals up 
to 100 mm (4 in) across come from Alabashka ncar 
Murzinka, Ural mountains, Russia. Other famous 
localities include Mamsk, Ural mountains, Russia 
and Cruzeiro mine, Minas Gerais, Brazil, where 
gemmy crysta ls were found. 
Application: insulation material in electrical applica
tions and construction. 

Musoovite. 35 mm, Plumos, Ca/ijbmia. U.S.A. 

') ~ (\ 

Celadonite 
MICA GROUP 
KFel+(Mg,Fe2+ ,AI)Si40 1 o(OH)l 

MONOCLINIC • ••• 
Properties: C - light green lO blue-green; S - white; 
L - dull; D - translucent to almost opaque; DE- 3.0: 
H - 2; CL - perfect; F - uneven; M - earthy, 
sometime small scaly aggregates, massive. 
Origin and occurrence: Hydrothermal as a product 
of mafic mineral replacement in volcanic rocks, 
associated with zeolites, prehnite and calcite. 
Famous localities arc Val di Fassa and Monte Balda, 
Italy: also known from Bisbee, Arizona, USA. 

Boromuscovite 
MICA GROUP 
KAI2BSi3o 10(0Hh 

MONOCLINIC e 

Properties: 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. 
Origin and occurrence: Hydrothermal in cavities in 

Fuchsite, 4 mm xx, Pamir, Tadzhikistan 



Cefadonlre. 60 mm. UuhoSr 'any. Czech Republic 

complex pegmatites, associated with albite, elbaitc 
and lepidolite. Fine-grained scaly aggregates were 
described from the Little Three mine, Ramona, 
California, USA; al~o in Rceice, Czech Republic. 

Paragonite 
MICA GROUP 
NaAI3Si30 I o(OH,Fh 

MONOCLIN IC ••• 
Properties: C - white, greenish, yellowish, pinkish: 
S - white; L vitreous to pearly: 0 - transparent to 
translucent; DE 2.8: H - 2.5; CL B perfect; F -
uneven; M tabular crystals. scaly aggregates, 
massive. 
Origin and occurrence: Metamorphic in various 
rock types, as mica schists and gneisses. Fine
grained scaly aggregates are known from Piuo 
Forno. Switzerland and elsewhere. 

Boromuscovire. 40 mm, Ramono. U.SJI. 

Glauconite 
MICA GROUP 
Ko,s(AI,Fe2+ ,Fel+,Mg)(Si,AI)40 I o(OH)2 

MONOC LIN IC ••••• 
Pmperties: 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 occurrence: llydrothern1al in sedimen
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, Czech Republic. Massive aggregates 
are known from the N'Chwaning 1'\o. 2 mine. 
Kuruman. South Africa. 
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Annite, 120 111111, Budee, Czech Republic 

Annite 
MICA GROUP 
KFe3AISi3 0 I o(OH,F)z 

MONOCLINIC • • • 
Properties: 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 occurrence: 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 150 mm (6 in) across come from Mont St.-Hilaire, 
Quebec, Canada. 

Plzlogopite 
MICA GROUP 
KMg3AtSi30 I o(OH,Fh 

MONOCLINIC ••••• 
Properties: 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 - tmeven; M - tabular crystals, platy and 
scaly aggregates, massive. 
Origin and occurrence: Metamorphic in various 
rock types, as marbles and some ultrabasic rocks, at 
the contacts of pcgmatites and serpentiuites, 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) across occurred in the 
Gardiner complex, Greenland. The largest crystals, 
I 0 x 5 m (33 x 16 ft) across, weighing up to 90 tons, 
come from the Lacy mine, Ontario, Canada. 
Application: as insuJation material in electrical 
applications. 

Plrlogopire. 45 mm, Sfudyanka, Russia 

.Biotite 
MICA GROUP 
K(Fe,MghAISi30 1 o(OH,F)z 

MONOCLINIC ••••• 
Properties: C - brov.'n to black, commonJy 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 occurrence: Metamorphic in various 
rock types, as mica schists, gneisses, migmatites and 
different types of metamorphosed shales; magmatic 
in pegmatites, granites, syenites and diorites, rare in 
basalts and ultrabasic rocks. Typical rock-forming 
mineral, usually associated with quartz, feldspars 
and muscovite. Rich scaly aggregates are known 
from a pegmatite in Evje, Norway, where its crystals 
reach up to several meters across. Other famous 
local ities are Bessnes, France; Uluguru mountains, 
Tanzania; Silver Crater mine, Onrario, Canada and 
Laacher See, Germany. 

Polylithionite 
MICA GROUP 
KLi2AtSi4o 10 (F,OHh 

MONOCLINIC ••• 
Properties: 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 occurrence: Magmatic and locally also 
hydrothermal in alkaline pegmatites, granites and 
carbonatites, rare in Li-bearing granitic pegmatitcs. 
Well-formed crystals up to 40 mm ( 1'/,. in) across 
are known from cavities in a.lkaline pegmatites from 
Mont St.-Hilaire, Quebec, Canada. It comes also 
from nlimaussaq, Greenland and from cavities in 
granitic pegrnatites in Reeice, Czech Republic and 



Biotire, 30 mm x, Ontario. C01tada 

elsewhere. Large industrial deposits known in 
Blatchford Lake, Northwest Territo ries, Canada. 
Application: Li and Cs ore. 

Trilithionite 
MICA GROUP 

Kli 1,5Al2,5Si30 10 (F,OHh 

MONOCLINIC •••• 
Properties: C - purple, pink, blue, colorless, green; 
S - colorless; L - vitreous to pearly; D transparent 
to translucent; DE - 2.8; ll - 2.5-3; CL perfect: F 
- uneven; M - tabular crystals. scaly aggregates. 
massive. 
Origin and occurrence: Magmatic in Li-bcaring 
pcgmatites and granites, commonly associated with 
elbaitc, spodumene, petalite, quan7 and albite; 
sometimes hydrothermal in quam veins and peg
matites. Well-formed crystals from pegmatite cavi-

Po~vlirltiiJIIile. 30 mm. IAJvozero Massif Kola. f?ussia 

tics are known from Virgem da Lapa, Minas Gerais, 
Brazil. Massive aggregates come from the Stewan 
Lithia mine, Pala, California and the Brown Derby 
No. I mine, Colorado, USA; Varutriisk, Sweden; 
Roi.na , Czech Republic; Meldon Quarry, Devon. 
UK. 
Application: Li and Cs ore. 

Zinmvaldite 
MICA GROUP 
KLiFeA12s;3o 10 (F,OHh 

MONOCLINIC ••• 
Properties: C - gray, colorless, brown: S - colorless; 
L vitreous to pearly; D- transparent to translucent; 
DE - 3.7; H - 2.5-3; CL - perfect; F- uneven; M 
tabular crystals, scaly aggregates, massive. 
Origin and occurrence: Hydrothermal in quartz 
veins and grcisens: magmatic in pcgmatites and 
granites, associated with fluorite, cassiterite and 
wolframite. Rich aggregates with scales up to 100 
mm (4 in) across arc known from quartz veins in 
Cinovcc, Czech Republic. Crystals up to 150 rnm (6 
in) across come from pegmatite cavities in Vifgem da 
Lapa. Minas Gerais, Brazil. It also occurs in the 
Pikes Peak batholith, Colorado, USA; Bavcno, Italy. 
Application: Li ore. 

"linnwa/dite. }I) mm .u. Cinovec. Czech Republic 
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Margarite, 73 mm. Chester. U.S.Il. 

Margarite 
CaAI4s;2o I o(OHh 

MONOCLINIC ••• 
Properties: 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 
uneven: M - tabular crystals. platy and scaly 
aggregates. massive. 
Origin and occurrence: Metamorphic, associated 
with corundum, diaspore, tourmaline and staurolite 
in various types of metamorphosed shales. Coarse 
platy aggregates come from Chester, MassachusettS 
and Sterling Hill, New Jersey. USA. 

Clintonite, 3 mm .rx. Pom1iz. tftmgmy 

Clilltollite 
Ca(Mg,At))(AI3Si)O 1 o(OH)l 

MONOCLINIC • • 
Propenies: 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 occurrence: Metamorphic in contact 
metamorphosed marbles. associated with vesuvia
nite, grossular, diopside and spinel. Rich aggregates 
with lamellae up to 20 mm ("/, in) across occur in 
Green Monster mountain, Alaska and Crestmore. 
California, USA and Monzoni, Italy. 

Slilpnomelane, 100 mm, Horn; lfdoU. Czech Republic 



Sti~J?."omela11e 
K(Fe +,Mg,Fel+)e(Si,AI) 12(0,0H)27 

MONOCLINIC •••• 
Properties: C black, black-brown, black-green, 
yellow-brown; S colorless; L - vitreous 10 dull; D 
- translucent to opaque; DE - 2.8; H - 3; CL -
perfect: F - uneven; M - tabular crystals, foliated, 
lath-like and acicular aggregates .. 
Origin and occul?"ence: Metamorphic in Fe-rich 
shales, usually associated with chlorite. magnetite 
and albite. Crystals up to 20 mm ("h1 in) across 
come from Jim Pond township, Maine. USA. 
Foliated aggregates are known from Horni Udolf 
ncar Zlate Hory, Czech Republic; Mesabi Range, 
Minnesota, USA. 

Montmorillonite 
(Ca,Na)o,33(AI,MghSi4o 10(0H)}. n H20 

MONOC LINIC •••• 
Propenies: C - white, yellowish, greenish, bluish; S 
- white: L - greasy; D- translucent to opaque: DE -
2.3; II - 1-2; CL perfect, wet massive aggregates 
arc plastic: F uneven; M - earthy aggregates, 
massive. 
Origin and occurrence: Hydrothermal as a product 
of replacement of other minerals in volcanic rocks, 
granitic pegmatitcs and sediments. It is abundant in 
many localiries. Montmorillonite dcposilS arc known 
from Antrim. 1\'onhem ireland, UK; in Hungary: 
Slovakia and many places in the USA. 
Application: ceramics and chemical industry. 

Saponite 
(Ca,Na)o,J(Fe,Mg))(Si,AI)4o 10(0Hh . 4 H20 

MONOCLINIC • • • 
Pmpertie!;: C - white. yellowish. grJ.y-grecn, bluish: 
S - white: L - greasy: D - translucent to opaque: DE 

,.,.folllmorillonile, Klsthaas. Syria 

- 2.1; H - 1-2; CL perfect, massive aggregates arc 
plastic under wet conditions: F uneven; M - earthy. 
nodular, massive. 
Origin and occrm"Cmce: Hydrothermal as a product 
of replacement of other minerals in volcanic rocks 
and scrpcntinites. It occurs together with copper in 
many places in Keweenaw Peninsula, Michigan, 
USA. Scales up to 10 mm Ct. in) across described 
from Mont St.-Hilaire, Quebec. Canada. 

Vermiculite 
(Fe,Mg,AI)J(Si,AI)40 1 o(OHh . 4 H20 

MONOCLINIC ••• 
Properries: C yellow-brown, gray-green, green
brown; S - white; L greasy; D translucent to 
opaque; DE - 2.5; H - 1.5; CL 13 perfect; F - uneven; 
M - scaly aggregates. massive: R it expands when 
heated. 
Origin and occurrence: Hydrothermal as a product 
of replacement of phlogopitc and other mafic micas 
in various rock types. h occurs in Palbora, South 
Africa; Milbury, Massachusetts, USA: Kovdor 
massif, Kola Peninsula, Russia. 
Application: electrical applications and paper 
industry. 

f~rmiculite. 50 mm. Dmhoni11. Czech Republic 
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Cookeite, 60 mm. Dobra Voda. Czech Republic 

Cookeite 
CHLORITE GROUP 
LiAt4s;3o 10(0H)a 

MONOCLINIC e e 

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 aggrcg:ucs, 
massive. 
Origin and occurrence: Hydrothennal in cavities in 
Li-bearing pcgmatites, associated with clbaite, 
lepidolite, fluorapatite and albite, it also replaces 
spodumcnc: metamorphic in Al-rich shales. together 
with diaspore and pyrophyllite. Ylassive aggregates, 
replacing spodumcne. occur in the Tanco mine, 
Bernie Lake, Manitoba. Canada. It also comes from 
cavities in pcgmatitcs in the Little Three mine, 

Clinochlore, 5 mm xx. Sanwy. Russia 

Ramona and the Himalaya mine. Mesa Grande, 
California. It is also known from the Pulsifer quarry, 
Maine, USA and Muiane, Mozambique. 

Clillochlore 
CHLORITE GROUP 
(Mg,Fe)5At2s;3o I o(OH)s 

MONOCLINIC ••••• 
Varieties: kammcrerite 

Properties: C greenish, gray, white, yellowish, 
brown. red-purple (kammererite); S - colorless; L -
vitreous to pearly; D transparent to translucent; DE 
- 2.7; H - 2-2.5; CL perfect; F - uneven: M B 
poorly-developed tabular crystals, foliated and radial 
aggregates, massive. 



Origin and occurrence: Metamorphic in various 
types of shales and marbles; hydrothermal in quarl7 
veins and Alpine-type veins, occasionally replaces 
certain minerals as biotite. Crystals up to 50 mrn (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' Ala, Italy and Zillertal. Austria. 
Scales up tO 40 em ( 15~ in) across come from 
Beramy, Madagascar. Kiimmererite crystals up to 20 
mm ("lu in) across found in Kop Daolari, Erzerum, 
Turkey. 

Chamosite 
CHLORITE GROUP 
(Fe,Mg)5AI2Si30 I o( OH)s 

MONOCLINIC •••• 
Properties: C gray, gray-green, brovm; S - gray
green; L - vitreous to dull; D - translucent to opaque; 
DE - 3.2; H 2-2.5; CL- perfect; F - uneven; M B 
scaly and oolitic aggregates, massive. 
Origin and occurrrmce: Metan1orphic to hydro
thermal in various types Fe-rich sediments, typically 
associated with siderite and magnetite. 
It is common in Chamoson. Switzerland; Nucicc. 
Czech Republic. Spherical aggregates up to 15 mm 
("/n in) in diameter found in Mont St.-Hilaire, 
Quebec, Canada. 

Kao/iiJite 
Al2s;2o5(0H)4 

TRICLINIC ••••• 
Properties: C - white, yellowish, greenish, gray; C 
colorless; L - earthy; D - translucent to opaque; DE 
- 2.6; H I; CL - perfect; F - uneven; M - car1hy 
and exceptionally scaly aggregates, massive. 
Origin and occurrence: Hydrothermal, as a result of 
feldspar replacement in various rock types, as 

Dickite, 100 mm. Noll'o Ruda, Poland 
..... 

granites and arcoses. It forms large deposits in 
China, France, UK and Czech Republic. 
Application: raw material for ceramics. 

Dickite 
Al2s;2o 5(0H)4 

MONOCLINIC ••• 
Properties: 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 occurrence: llydrothcrmal in cavities in 
hydrothermal veins. together with quartz, carbonates 
and sulfides. It occurs in Essen, Germany; Anglesey, 
Wales , UK; Kladno, Czech Republic. Microscopic 
crystals come from Mas d'Alary, France. 

Kaolinite. 50 mm. St.Auste/1. UK 
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Nacrite 
At2s;2o5(0H)4 

MONOCLINIC • • • 
Properties: C - whi te. yellowish, gray-white: S 
colorless; L - earthy to pearly; D - translucent to 
opaque: DE 2.6: H - I; CL - perfect; F - uneven; 
M earthy and scaly aggregates, massive. 
Origin and occurrence: Hydrothermal in cavities of 
hydrothermal veins, associated with quartz, nuoritc 
and topa.t. It occurs in Horni Slavkov, Czech 
Republic; Freiberg, Germany. Pseudo-morphs after 
topaz come from Ouro Preto, Minas Gerais, Bra.til. 

Antigorite 
Mg3Si20s(OH)4 

MONOCLINIC ••••• 
Properries: C white, yellowish, greenish, gray: 
S - colorless to gray; L - vitreous, pearly, silky, 

Anrigome. I 10 mm. Felsiksotar. Hungory 

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 occurrence: Metamorphic in serpenti
niles, marbles and other Mg-rich rocks; hydrother
mal in veins cross-secting these rocks. It is important 
rock-forming mineral. It occurs in Kraubat, Austria; 
HrubSice, Czech Republic; Antigorio, Italy and 
elsewhere. 

Amesite 
Mg2A t(SiAI)Os(OH)4 

TRICLINIC e e 

Properties: C - greenish, gray; S - colorless; L -
\'itreous to pearly; D - translucent: DE - 2.8; H -
2.5-3; CL - perfect; F - uneven; M B foliated to 
radial aggregates, massive. 
Origin and occurrence: Hydrothermal in Mg-rich 
rocks, associated with diaspore, magnetite and 
chromite. It comes from Chester, Massachusetts, 
USA. Crystals up to 40 mm (I'/,. in) across found in 
Sarany, Ural mountains, Russia. 

Cronstedtite 
Fe2+ 2Fe3+ 2SiOs(OH) 4 

MONOCLINIC e e 

Properties: C - black, black-brown, black-green; S
dark olive-green; L - vitreous to submetallic; D -
translucent to opaque; Of.! - 3.6; H - 3.5; CL -
perfect; F - uneven; M prismatic crystals, 
columnar aggregates. 
Origin and occurrence: l lydrothermal in ore veins. 
Fan-shaped aggregates of crystals come from Pi'ibran1 
and Kuma Hora, Czech Republic; Ouro Preto, Minas 
Gerais, Brazil; Salsigue mine, Auge, France. 



CroliSiedtite, 42 mm. Hu11an. Bolivia 

Cllrysocolla 
(Cu,AlhH2Si20 5(0H)4 . n H20 

MONOCLINIC •••• 
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 occurrence: Secondary in Cu deposits, 
associated with malachite and other secondary Cu 
minerals. 
Rich aggregates come from many places in Arizona, 
USA, like Bisbee and Morenci. It is also known 
from Mcdnorudnyansk, Ural mountains, Russia and 
Broken Hill. New South Wales. Australia. 

Allopha11e 
approximately At2s io 5 . n H20 

AMORPHOUS ••• 
Properties: C - white, gray, bluish, greenish, brown; 
S -white; L - vitreous, greasy and earthy; D -
transparent, translucent to opaque; DE - I .9; H - 2-
3; CL - none; F - conchoidal to uneven; M 
botryoidal, staJactitic and earthy aggregates. 
Origin and occurrence: Hydrothermal product of 
alteration along the cracks of sedimentary rocks in 

coal deposits and in the oxidation zone of ore 
deposits, associated with other secondary minerals. 
Rich botryoidal aggregates occur in Dehr, Germany; 
Moldo\'a Nuova, Romania; New Cornelia mine, 
Arizona. USA; El Dragon mine, Potosi, Bolivia. 

Allophone. 90 mm. llate H01y. Czech Republic 
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Palygorskite 
(Mg,Aih Si40 I o(OH) . 4 H 20 

MONOCLINIC •••• 
Properries: C- white, gray; S white; L - dull; D
translucent to almost opaque; DE - 2.2; H - I; CL 
good; F - uneven, aggregates plastic under wet 
conditions: M-acicular crystals, fibrous aggregates, 
massive. 
Origin and occurrence: Hydrothermal as a product of 
alteration of different rock types, such as serpentinites, 
granites, marbles and graywackes, also in ore veins 
3nd the Alpine-type veins. Rich aggregates resembling 
leather occur along the cracks in marbles in Hejna ncar 
Horaid'ovice, Czech Republic; in the Mammoth mine, 
Tiger, Arizona, USA and in Palygorskaya, Russia. 

Sepiolite 
Mg4s;6o 15(0Hh .6 H20 

ORTHORHOMBIC ••• 
Properties: C- white, ye llowish, 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 occurrence: llydrotbermal as a product 
of serpentinite alteration. typically associated with 
magnesite. Classic locality is Eskisehir, Turkey; also 
known from Biskoupky, Czech Republic. 

Z eophylite 
Ca4s;3o 8(0H,F)4 . 2 H20 

TRICLINIC e e 

Properties: C - white; S - white; L - pearly; D -
transparent to rranslucent; DE - 2.6; H - 3; CL -
perfect; F - uneven; M - platy crystals, commonly 
witl1 radial structure. 
Origin and occurrence: Hydrothermal in cavities of 
volcanic rocks, associated with zeolites. ItS most 
important locality is Radejein, Czech Republic, 
where it forms spherical aggregates up to I 0 mm (!I• 
in) in diameter. Also known from Schcllkopf, 
Germany and Monte Somma, Italy. 

Cavansite 
CaVOSi4o 10 . 4 H2o 

ORTHORHOMBI C e e 

Properties: 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 occ!lrrence: Hydrothermal in cavities of 
volcanic rocks, associated witb calcite, apophyUite 
and zeolites. Rich radial aggregates up to 30 mm 

Zeophyllite, 60 mm. Rodepn. Czech Republic 



Cavansite, 120 mm. Poona. India 

( l 'l•• in) in diameter come from the Wagholi Quarry, 
Poona, India. 

Nephefille 
(K,Na)AISi04 

HEXAGONAL •••• 
Properties: C - colorless, white, greenish. yellowish, 
gray, green. brown; S - white; L - vitreous ro greasy; 
D - transparent to translucent; DE - 2.7: H - 5.5-6; 
CL - none; F - uneven to conchoidal; M - prismatic 
crystals, granular, massive. 
Origin and occurrence: Magmatic in many alkaline 
rocks, as alkaline syenites and their pegmatites, also 
in some basalts; rare metamorphic in gneisses. [t is a 
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 em (27•t., in) 
long occur in Davis Hi ll, Bancroft, Ontario. Perfect 
crystals up to 35 mm ( 1 'I• in) long, come from Mont 
St.-Hilaire, Quebec, Canada. 
App/icarion: locally as AI ore and in ceramic 
industry. 

Nepheline, 43 mm. Aouli, Morocco 
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Peralire, 23 mm, Paprok. Ajghanisran 

Petalite 
LiAISi40IO 

MONOC LINIC ••• 
Properties: 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 occurrence: Magmatic in Li-bearing 
pegmatites, associated with lepidolite, elbaite, 
amblygonite and locally replaced by a mixture of 

Chkalovite. 70 mm. Umbozero, Kola, Russia 

quartz and spodurncnc. Gigantic crystals several 
meters long, come from Bikita, Zimbabwe; and 
Varutriisk, Sweden. Clear gemmy crystals up to 230 
mm (9'/" in) across found in pegmatite cavities in 
Paprok, Afghanistanand also in San Piero in Campo, 
Elba, Italy. Crystals up to 100 mm (4 in) across occur 
in AraQuai, Minas Gerais, Brazil. 
Application: ceramic industry. 

Chka/ovite 
N a2BeSi20 6 

O RTHORHOMBIC e e 

Properties: C - colorless, white; S - white; L -
vitreous; D- transparent to translucent; DE - 2.7; H 
- 6; CL - imperfect; F - conchoidal; M - prismatic 
crystals, granular, massive. 
Origin and occurrence: Hydrothermal in alkaline 
pegmatites, usually associated with natrolite, 
sodalite and eudia!yte. Crystals up to 200 mm (7'/, 
in) across come from the Umbozcro mine, Mount 
Alluaiv, Lovozero massif, Kola Peninsula, Russia; 
also at Julianhab, Greenland and Mont St.-Hilaire, 
Quebec, Canada. 

Sanidine, 30 mm x. Drachenfels, Germany 



Sanidine 
FELDSPAR GROUP 
KAISi3o 8 

MONOCLINIC •••• 
Properties: 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 occurrence: Magmatic in acid volcanic 
rocks, as rhyolites and trachytes, a typical rock
forming mineral. Well-formed crystals and their 
combinations up to 100 mm (4 in) in size occur in 
rhyolites and trachytes in Drachcnfels and Laacher 
Sec, Germany. It also comes from Roc de Courlandc, 
France; Beavcrdell, British Columbia, Canada; 
Kyustendil. Bulgaria. 

Orthoclase 
FELD SPA R GROUP 
KAISi3o 8 

MONOCLINIC ••••• 
Varieties: adularia, moonstone (gcmmy variety with 
chatoyancy) 

Orthoclase. 32 mm x. Oro Gra11de. U.S.A. 

r Properties: C - colorless, white, yellowish, pinkish, 
gray. brown, yellow; S - white; L- virreous 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. 
Origin and occurrence: Magmatic in rhyolites, 
trachytes, granites, syenites and pegmatites; 
metamorphic in various rock types, as orthogncisses 
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 1\vins up to 200 mm (7'/• 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 
Strtegom, Poland; San Piero in Campo, Elba, rtaly. 
Yellow gemmy crystals up to 70 mm (23,4 in) across 
found in ltrongay, Madagascar. Gigantic feldspar 
crystals up to tens of meters long known from 
several pegmatite localities in Black Hills, South 
Dakota, USA; also Hagendorf. Germany. Adularia is 
known from Alpine-type veins in St. Gouhard, 
Switzerland; pebbles of moonstone occur in gem
bearing gravels in Ramapura, Sri Lanka. 
Application: ceramic and glass indusrry, moonstone 
as a gemstone. 

Adularia. 60 mm, Alps. Switzerland 
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Mlcrodint', 110 mm, lAke George, Teller Co., U.S.A. 

Microcline 
FELDSPAR GROUP 
KAISi3o 8 

TRICLINIC • • • • • 
Varieties: amazonite 

Properties: C - colorless, white, yellowish, pinkish, 
gray, light to dark green (arnazonite): 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 occurrence: Magmatic in granites, 
syenites and pegmatites; metamorphic in various rock 
types, as orthogneisses and migmatites; hydrothermal 
in the Alpine-type veins and ore veins; a typical rock
fomling mineral. Well-formed amazonite crystals up 
to 40 ern (15:Y. in) across occur in pegmatite cavities 
in Crystal Peak, Colorado, USA; Keivy, Kola 
Peninsula, Russia; Morefield mine. Virginia, USA. 
Gigantic microcline crystals up to 12m (39ft) across 
come from pegrnatites in Black Hills, South Dakota. 
USA; Kaatiala, Finland. 
Application: ceramic industry, amazonitc as a 
decorative stone. 

Hyalophalle 
FELDSPAR GROUP 
(K,Ba)Al(Si,AI)JOs 

MONOCLINIC ••• 
Properries: C - colorless, white, yellowish; S -
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. 

Amazonite. 60 mm. Keivy. Kola, Russia 
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Hyalophane, 50 mm, Buso~aca. Bos11ia 

Origin and occurrence: 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. 

Albite 
FELDSPAR GROUP 
NaAISi30s 

TRtCLINIC ••••• 
Varieries: pcriclinc, clcavelandite 

Properties: C - colorless. white, yellowish. pinkish, 
gray. greenish. bluish; S white: L vitreous; D -
transparent to translucent; DE 2.6; II- 6-6.5: CL-

Albite, 85 mm, Governador Valadares. Bra:.il 

Oligoclase, 40 mm, Ural Mts., R11.ssio 

good; F- uneven to conchoidal; M -tabular crystals 
and their twins, platy aggregates, granular, massive. 
Origin and occurrence: Magmatic in granites, 
syenites and their pegmatites; metamorphic in various 
rock types, as orthogncisses, 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
landitc crystals up to 150 mm (6 in) across occur in 
pegmatite cavities in the Amelia district, Virginia and 
the Pal a district, California, USA. Albite crystals also 
come from Strzegom, Poland; San Piero in Campo, 
Elba, Italy; Murzinka, Ural mountains, Russia; many 
localities in Minas Gerais, Brazil. Periclinc crystals 
are known from the cracks along Alpine-type veins in 
Grossgreincr, Austria; St. Gotlhard, Switzerland; also 
from ore veins in RoZi\ava, Slovakia. 

Oligoclase 
FELDSPAR GROUP 

(Nao, 9-0, 7C3 0,1 -0,3AII, 1- t ,3 Si2, 9-2,708 

TRIC LINIC ••••• 
Varieries: peristerite, sunstone 

Properties: C - white, yellowish, pinkish, greenish, 
iridescent (pedstcrite); 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 OCC11rrence: Magmatic in granites, 
syenites, andesites and pegmatites; metamorphic in 
gneisses and migmatites; bydrothermal in the Alpine
type veins; typical rock-forming mineral. Large 
crystals, several dm long. arc known mainly from 
pegmatitcs. Peristcritc comes from Arcndal, Norway; 
Miass, Ural mountains. Russia; Quadeville, Ontario, 
Canada: Tvedesrrand, Norway. It also occurs in Ve8\a 
, Czech Republic. Sunstone is mined in the Poodcrosa 
mioe ncar Lakeview, Oregon, USA. 
Application: peristerite and sunstone are used as 
gemstones. 



Andesine 
FELDSPAR GROUP 

(Nao,7-o,scao,3-o,sAtt,3-t ,sSi2,7-2,sos 

TRtCLINtC •••• 
Properties: C - yellowish, pinkish, gray, light green; 
S - white; L - virreous; D - transparent to trans
lucent; DE- 2. 7; H - 6-6.5; CL- good; F - uneven 
to conchoidal; M - platy aggregates, granular, 
massive. 

Anorthite, 10 mm xx, Pasmaada, Finn/and 

Origin and occurrence: 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. 

Labradorite 
FELDSPAR GROUP 

Cao,7 -o,sNao,J.o,sAtt ,s-t, 7si2,s-2,3os 

TRtCLINtC •••• 
Properries: Magmatic 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 occw·rence: Magmatic in gabbros, basalts, 
anorthosites; metamorphic in amphibolites. Large 
iridescent aggregates up to l m (39'!. in) across, come 
from Nain, Labrador, Quebec, Canada and also occur 
in Korostenskiy massif, Ukraine and Yliimaa, Finland. 
Application: as a decorative stone. 

Anortite 
FELDSPAR GROUP 

CaAt2Si20s 

TRtCLINtC ••• 
Properties: C - gray, greenish. pinkish; S - white; L 
- vitreous, dull; D - transparent to translucent; DE -
2.8; H - 6-6.5; CL - good; F-w1even to conchoidal; 
M B granular, mass ive. 
Origin and occurrence: 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. 



Danburite 
Ca82Si20s 

ORTHORHOMBIC ••• 
Properties: C - colorless, white. gray, greenish, 
pinkish, yellow, brown, red-brow·n; 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. 
Origin and occurrence: Hydrothermal in pegmatite 
ca,•itics, ore veins and the Alpine-rype veins; meta
morphic in skarns and contact metamorphosed 
rocks. 
Well-formed prismatic crystals up to 250 mm (9u/,. 
in) long come from Russell, New York, USA; 
Toroku, Japan; Dalncgorsk, Russia; and Charcas, 
San Luis Porosi. Mexico. 

Ca~rcrinite 
Na6CaAI6Si6024(C03) . 2 H20 

HEXAGONAL ••• 
Properties: C - colorless, white, yel low, 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. 
Origin and occurrence: Magmatic in alkaline 
syenites; hydrothem1al as a product of replacement 
of volcanic rocks, associated with nepheline and 
sodaJite. 
Crystals up to 20 mm ("/, in) across come from 
Mont St.-Hilaire, QLtebec, Canada. It was also found 
in Litchfield, Maine, USA; Cancrinite Hill, Ban
croft, Ontario. Canada and elsewhere. 

Cancrinite, 70 mm, Ditmu, Ronumia 

Danburite, /09 mm, Charcas, Mexico 

Leifite 
Na2(Si,AI,Beh (O,OH,F)I4 

TRIGONAL e 

Properties: C - colorless; S - white; L - vitreous; D 
- translucent; DE - 2.5: H - 6; CL - good: F -
uneven; M - acicular crystals. 
Origin and oc,·um:mce: Hydrothermal in cavities of 
alkaline pegmatites, associated with microcline and 
zinnwaldite. Crystals up to 20 mm ("/, in) across 
occur in Narssarssuk, Greenland. Fine crystals are 
also known from Mont St.-Hilaire, Quebec, Canada, 
associated with serandite. 

Leiflte, 100 mm, Mom Sr.-Hi/aire. Canada 
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Scdalite, 50 mm, Bancroft, Canada 

Sodalite 
Na8A16s;6o 24c12 

CUBIC ••• 
Varieties: hackmanite 

Properties: C - colorless. 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. 
Origin and occurrence: Magmatic in a lkaline 
syenites and phonolites, associated with nepheline. 

Nosean, 6 mm grains, Laacher See. Germany 

zircon and titanite; hydrothermal in marbles. Gra
nular aggregates are known from the Princess 
Sodalite mine, Bancroft, Ontario, Canada and 
Ditrau, Romania. Crystals up to 100 mm (4 in) 
across come from Kangerdluarssuk, Greenland. 
Application: cut as a gemstone. 

Noseane 
Na8At6s;6 o24(SO 4) 

CUBIC e e 

Properties: 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. 
Origin and occurrence: Magmatic in alkaline basalts 
and similar effusive rocks, associated with nepheline 
and haiiyne. Granular aggregates are known from 
Laacher Sec, Germany and Monte Somma, Italy. 

Lazurite 
(Na,Ca)sAI6s;6o 24(S,S04) 

CUBIC ••• 
Properties: C dark blue; S -light blue; L -
vitreous; D- transparent to translucem; DE - 2.4; 
H - 5-5.5; CL - imperfect; F - uneven to con
choidal; M - isometric crystals, granular, massive. 
Origin and occurrence: Metamorphic in contact 
metamorphosed marbles, associated with pyrite. 
Crystals up to SO 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 
or Monte Somma, Italy. 
Application: decorative stone and gemstone. 

Lazurite. 60 mm. Afghanis/an 



Lazur ire, 2 I mm x. Nurisran. Afghanistan 

Tugtupite 
Na8Be2AI2s;8o24cl2 

TETRAGONAL • • 

Properties: C- white, pink, red, 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. 
Origin and occurrence: Hydrothermal in alkaline 
syenites and their pegmatites, also as a product of 
chkalovite alteration. Aggregates up to 60 rnm (2'/• 
in) across come from the Umbozero mine, Mount 
Alluaiv, Lovozero massif, Kola Peninsula, Russia 

Tugwpite. 90 mm, lllimaussaq, Greenland 
... ~?P 

[Azurite, 60 mm, Chile 

and liRmaussaq, Greenland. Small crystals occur in 
the Poudrette quarry, Quebec, Canada. 

Dana lite 
Fe4Be3Si30 12S 

CUBIC • • 

Properties: 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 occurrence: Magmatic in granitic peg
matites; hydrothermal in greisens, skams and ore 
veins. It occurs in Cape Ann, Massachusetts, USA; 
Hortekollen, Norway and Coolgardie, Western 
Australia, Australia. 

Danalite, 70 mm. Yxjiiberg, Sweden 
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Hehite, Z mm xx, Co•·nic, Romania 

Helvite 
Mn4Be3s;3o 11s 

CUBIC ••• 
Properties: C- brown. gray. yellow, yellow-green; S 
- white: L - vitreous: D - transparent to translucent; 
DE - 3.4; H - 6; CL - good; F - uneven to con
choidal; M - isometric crystals, granular, massive. 
Origin and occurrence: Magmatic in granitic 
pcgmatites and alkaline syenites: hydrothcnnal in 
greisens, skams and ore deposits. Cubic crystals up 
to 25 mm (I in) across known from the Sawtooth 
Batholith. Idaho, USA. Crystals also come from 
Schwarzenberg, Germany: Cavnic. Romania; and 
Oslofjord, Norway. 
Application: Be ore. 

Scopolite. 44 mm x. Leslie Lake, Quebec, Canada 

Marialite 
SCAPOLITE GROUP 
Naa(AISi30 8)6 (Ct1,so4) 

TETRAGONAL ••• 
Properties: : 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. 
Origin and occurrence: Hydrothermal in veins. cross
cutting alkaline metamorphic rocks and in pegmatitcs. 
cross-cutting ultrabasic rocks: metamorphic in mar
bles and metaevaporites. It comes trom AnkazobC, 
Madagascar; Umba, Tan7.ania and Crestmore, Califor
nia. USA. 

Meionite 
SCAPOLITE G ROUP 
Caa(At1s;1o 8)6 (C03,so4) 

TETRAGONAL •••• 
Properties: C - colorless, white. gray, purplish, 
green. blue; S - white: L - vitreous; D - transparent 
to translucent; DE - 2.8; H - 5-6; CL - good; F -
uneven to conchoidal; M - long prismatic crystals, 
columnar aggregates, granular, massive; LU -
yellow to orange. 

Leucite. JO mm, Mt. 11-sm ws, Italy 



Analcime, 45 mm, 1lmg11zka. Rw;sia 

Origin and occurrence: Metamorphic in skams, 
marble.s, granulites and in contacts of volcanic rocks; 
hydrothermal in veins, cross-cut1ing Ca-rich rocks. 
Well formed crystals up to 40 em (153/. in) across 
come from Lake Clear and Eganville, Ontario, 
Canada. Crystals are also known from Monte 
Somma, Italy: Sludyanka, Siberia, Russia and 
Pargas. Finland. 

Leu cite 
ZEOLITE GROUP 

KAISi206 

TETRAGONAL •••• 
Properties: 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. 
Origin and occurrence: Magmatic in effusive K-rich 
basalts. associated with nepheline and sanidine. 
Well-formed crystals, several em in size, come from 
Mount· Ve.suvius, Italy and Laacher Sec, Germany. 
Application: ceramic industry. 

y 

Allalcime 
ZEOLITE GROUP 
NaAISi206 . H20 

CUBIC •••• 
Properries: C- colorless, white, pinkish, yellowish; 
S - white; L - vitreous; D - transparent to trans
lucent; DE - 2.3; H - 5-5.5; CL - imperfect; F - un
even to conchoidal: M - isometric crystals, granular, 
massive. 
Origin and occurrence: 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 em ( 12 in) across come fTom Nidym, 
Siberia, Russia; Lago Maggiore. llaly; Mont St.
Hilaire, Quebec, Canada; West Paterson, New Jersey, 
USA and elsewhere. 

Pollucite 
ZEOLITE GROUP 
(Cs,Na)A1Si206 . H20 

CUBIC ••• 
Properties: C - colorless, white, gray; S-white; L 
vitreous; D - transparent to translucent; DE - 2.9; H 
- 6.5-7; CL - none; F - uneven to conchoidal; M 
isometric crystals, granular, massive. 
Origin and occurrence: Magmatic and rarely also 
hydrothermal in Li-bearing pegmatites, associated 
with lepidolite, albite, quartz and petalite. Almost 
monomineral layer of pollucite several meters thick 
occurs in the Tanco mine, Bernie Lake, Manitoba, 
Canada. White and colorless crystals from pegmatite 
cavities up to 60 em (24 in) across come from 
Paprok, Afghanistan. Also known from San Piero in 
Campo, Elba, Italy and Gilgit. Pakistan. 
Application: ceramic industry, Cs ore. 
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Natrolite, 47 mm. Maricopa Co .. Arizona. U.S.A. 

Scolecite. /65 mm, Nosik, India 

?7? 

Natrolite 
ZEOLITE GROUP 
Na2Ar2s;3o 10 . 2 H2o 

ORTHORHOMB IC •••• 
Properties: 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. 
Origin and occurrence: Hydrothermal in cavities in 
volcanic rocks, alkaline pegmatites, along the 
Alpine-type fissures, also as a product of plagioclase 
replacement, commonly associated with calcite and 
zeolites. Colorless and white acicular crystals up to 
30 em (12 in) long come from cavi ties of alkaline 
pegmatites in Mount Putelichorr, Khibiny massif, 
Kola Peninsula. Russia. Crystals were also found in 
Narssarssuk, Greensland and Mont SL-Hilaire, 
Quebec, Canada. Crystals also occur in cavities of 
basaltic rocks in Teigarhom, Iceland; :lalezly and 
Soutisky, Czech Republic and in Faeroe Islands. 



Skolecite 
ZEOLITE GROUP 
CaAI2Si30 10 . 3 H20 

MONOCLINIC ••• 
Properties: 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. 
Origin and occurrence: Hydrothermal in cavities in 
volcanic rocks and along the Alpine-type fissures, 
associated with calcite and zeolites. Clear prismatic 
crystals up to 200 mm (7'/a in) long come from basalt 
cavities near Nasik. India. Crystals come also from 
Teigarhorn. Iceland and Suderoy, Faeroe Islands. 

Meso/ite 
ZEOLITE GROUP 
Na16ca16AI48s;72o 240 .64 H2o 

ORTHORHOMBIC ••• 
Properties: 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. 
Origin and occurrence: Hydrothermal 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, Iceland. 
Radial aggregates up to 200 mm (7'1• 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. 

Thomsonite 
ZEOLITE GROUP 
Ca2NaAt4(AJ,Si)2Si40 20 . 6 H20 

ORTHORHOMBIC • •• 
Properties: 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 occurrence: Hydrothermal 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 Jersey, USA. Hemispherical 
aggregates up to 30 mrn ( 1'/•• in) across known from 
Vinaicka hora near Kladno, Czech Republic. 
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G01rnarrlite. I 0 mm xx. Zalaha/tip. II angary 

Gonnardite 
ZEOLITE GROUP 
(Na,Ca)6.g(AI,Siho040 . 12 H20 

TETRAGONAL ••• 
Properties: 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 occurrence: l lydrothcrmal 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; Weilbcrg, Germany; Bundoora. 
Victoria. Australia. 

Edingto11ite 
ZEOLITE GROUP 
BaAI2s;3o 10 .3 H20 

TETRAGONAL ••• 
Properties: C - white, gray, pinkish; S - white; L -
vitreous; D - transparent to translucent; DE - 2.8; II 

4; CL - good; F uneven to conchoidal; M -
prismatic crystals, granular. massive. 
Origin 011d occurrence: Hydrothermal in covities 
and along the cracks in volcanic rocks, associated 
with calcite and harmotome. Colorless and white 
prismatic crystals up to 40 mm ( l'l" in) across come 
from Old Kilpatrick, Scotland UK; Stare Ransko. 

£drngtonite. I 00 mm. Stare Ramko, Czech Republic 



Czech Republic and Mont St.-Hilaire, Quebec, 
Canada. 

Dachiardite-Ca 
ZEOLITE GROUP 
(Cao,5.Na,K)sAI5s; 19o 48 . 11 H 2o 

MONOCLINIC e e 

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 interpenetration twins. 
Origin and occurrence: Hydrothermal in cavities in 
granitic pegmatites, associated with albite, petalite 
and elbaite, also as pseudo-morphs after petalite. It 
occurs in San Piero in Campo, Elba, Italy and in the 
Opal Hill quarry, Riverside. California, USA. 

Ferrierite-Ca 
ZEOLITE GROUP 
(Ca,Na,K,Mg)6AI6Si30o 72 . 18 H20 

ORTHORHOMBIC e e 

Properties: C - colorless, white, greenish, pink, 
brownish; S - white; L - vitreous; D - transparent to 
translucent: DE - 2.1: H - 3-3.5; CL - good; F -
uneven to conchoidal; M - tabular crystals, platy and 
col.urnnar aggregates, massive. 
Origin and occurrence: 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 Svojanov, Czech 
Republ.ic; Albero Bosso and Monastir, Sardinia, Italy: 
KampJoops Lake, British Columbia, Canada. 

Laumontite 
ZEOLITE GROUP 
Ca4AI8s; 16o 48 . 18 H2o 

MONOCLINIC •••• 
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 ern (14"/,. in) long come from the 
Pandulena Hill Quarries, India. Crystals up to 150 
111111 (6 in) long known from Pine Creek, Bishop. 
Califomia, USA. It was also found in Di.Lienburg. 
Germany. 

Laumomite. 120 111111, Markovice, Czech Republic 
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Heulandite-Ca 
ZEOLITE GROUP 
(Ca0,5,sr0,5,Na,K)4,5AI9s;27o72 . 24 H2o 

MONOCLINIC •••• 
Properties: 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. 

Origin and occurrence: Hydrothermal 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 I 00 mm ( 4 in) across come 
from Nasik, India; West Paterson, New Jersey, USA; 
Teigarhorn, Iceland. Red heulandite found in Val di 
Fassa, Italy. 



Clinoptifo/ire-Ca. 2 mm xx, Hon ?ova Hurka, Czech 
Republic 

Clinoptilolite-Ca 
ZEOLITE GROUP 
(Cao,5,Na,K)4,5AI9s;27o 72 . 24 H 20 

MONOCLINIC •••• 
Properties: C - colorless, white, yellowish, pinkish, 
red, greenish; S - white; L - vitreous; D - trans· 
parent to trans lucent; DE - 2.2; H - 3.5-4; CL -
perfect: F uneven to conchoidal; M - platy crystals. 
massive. 
Origin and occurrence: Hydrothem1al in volcanic· 
sedimentary rocks. Large industrial deposits occur in 
:-Jew Zealand, Japan and Australia. Crystals come 
from Agate Beach, Oregon, USA. 
Application: construction, chemical industry and 
agriculture. 

Stilbite-Ca 
ZEOLITE GROUP 
(Ca0,5,Na,K)9At9s;27o 72 . 28 H20 

MONOCLINIC •••• 
Properties: 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 interpenetra· 
tioo twins and sheaf-like aggregates. granular, 
massive. 
Origin and occurrence: Hydrothermal in cavities of 
volcanic rocks, along Alpine-type fissures, in ore 
veins, also in sedimentary rocks and hot springs, 
typically associated with calcite and other zeolites. 
Colorless and white tabular crystals and their combi
nations up lo 200 mm (T/o in) across come from the 
Pandulena Hill Quarries, India. Crystals arc also 
known from Tcigarhom, Iceland; Faeroe Islands; 
West Paterson, New Jersey, USA and elsewhere. 

Epistilbite, I j mm x, Nasik. India _,., 

Epistilbite 
ZEOLITE GROUP 
(Ca,Na2)Al2Si40 12 . 4 H20 

MONOCLINIC • •• 
Properties: 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 occurrence: Hydrothermal in cavities in 
volcanic rocks: associated with other zeolites. Clear 
and white tabular crystals and their twins up to 30 
mm (1'/o. in) across come from Jalgaon, India; also 
in Teigarborn, Iceland and Faeroe Islands. 

Stilbite-Ca, 83 mm, Nasik, India 
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Gismondine, 2 111111 .u. Tapolca-Diszel. Hungary 

Gismondine volcanic rocks, in hydrothcnnally altered rocks. It 
ZEOLITE GROUP comes from Capo di Bovc, Italy: Schiffenberg, Ger-
CaAI2Si20s . 4,5 H20 many and DobmA, Czech Republic. 

MONOCLINIC e e 

Properties: C colorless, white, bluish. pinkish: S 
white; L vitreous: D - transparent to translucent; 
DE - 2.3: 11 - 4.5; CL - good; F uneven; M 
complex twins of crystals, platy aggregates. 
Origin and occurrence: Hydrothem1al in cavities in 

Harmorome. 79 mm. Strontian. VK 

Phillipsite-K 
ZEOLITE GROUP 

(K,Na,cao.s>Al5s; 11o 32 . 12 H 2o 

MONOCLINIC ••• 
Pmperties: 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 interpenetration twins, 
granular. massive. 
Origin and occurrence: llydrothennal in cavities in 
volcanic rocks, sedimentary rocks and hot springs; 
associated with calcite and other zeolites. Colorless 
and white interpenetration twins up to 20 mm f.,/, in) 
across come from Capo di 13ove, Italy; Doughboys, 
Tasmania. Australia; Sovincc ncar Litomi0ce, Czech 
Republic and elsewhere. 

Harmotome 
ZEOLITE GROUP 
(Bao,5.cao,5.K,Na)5At5s; 11 o 32 . 12 H2o 

MONOCLINIC ••• 
Properties: 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 lwins, granular massive. 
Origin 011d occurrence: Hydrothcnnal in cavities in 
\'Olcanic rocks, in the A !pine-type veins. ore veins 
and in pegmaritcs. Prismatic crystals and their rwins 
up to 20 mm (,./, in) across are known from 
Strontian, Scotland, UK. Crystals also come from St. 
Andreasberg and Obcrstein. Gennany: Kozakov, 
Czech Republic and Kongsbcrg, Norway. 



Goosecreekite 
ZEOLITE GROUP 
CaAI2Si30 10 . 5 H20 

MONOCLINIC e 

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 occ11rrence: Hydrot:hermal in cavities in 
volcanic rocks. It is known from Goose Creek, 
Virginia, USA. Crystals up to 30 mm (1'/,. in) across 
found in the Pandulena Hill quarries, India. 

Chabasite-Ca 
ZEOLITE GROUP 
(Ca0,5,Na,K)At4s;8o24 . I 2 H20 

TRIGONAL ••• 
Properries: C colorless, white, yellowish. pinkish, 
greenish; S white: L - vitreous to dull; D 
transparelll 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 occurrence: Hydrothermal in cavities in 

Chaba:lle-Ca. Passboro, Nova Scalia, Canada 

Coosecreekite, 25 111111 xx, Malwm.lhtru, India 

volcanic rocks and pcgmatitcs, along Alpine-type 
fissures and in hot springs. usually associated wit:h 
calcite and other zeolites. Colorless and white 
interpenetration twins up tO 60 mm (24 in) across, 
come from Faeroe Is lands. Crystals arc also known 
from Repeice, Czech Republic; Bcrufjord, Iceland; 
Panvil, [ndia: Maglovcc, Slovakia and elsewhere. 
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10. Organic compounds 
Wlrewellite 
CaC204 .H20 

MONOCLINIC ••• 
Properties: C - colorless, white, grayish; S - color
less; l - vitreous; D- transparent to translucent; DE 
- 2.2; H-2,5: CL - good; F- conchoidal: M - pris
matic crystals, commonly twinned. 
Origin and occurrence; Rare hydrothermal, mainly 

Amber. 40 mm, Baltic Sea. Latvia 
Whi!Wellite. 27 mm x. Burgk. Germany 

sedimentary in coal basins, associated with barite, 
ankerite and other minerals. Hydrothermal crystals up 
to 70 mm (2:Y. in) long, come from U-bearing veins in 
PrRbram, Czech Republic. Similar crystals, up to 70 
mm (2:Y. in) long, occurred in Cavnic, Romao.ia. Heart
shaped and butterfly twins, up to 100 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 Most, Czech Republic. 
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Me/lire. 170 mm, Bicske-Csordoi1it. Hungary 

Me/lite 
AI2[C6(C00)6] . 18 H20 

TETRAGONAL • • 
PI'Operties: C - honey-yellow; S - white; L 
resinous to vitreous; D - transparent to translucent; 
DE 1,7; H - 2; CL - imperfect; F - concooidal; 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•/,. in) in size, come from Csorda
k(lt ncarTatabanya, Hungary. Crystals, up to I 0 mm ('I• 
in) across, were found in Ancm, Gl!rmany. Granular 
aggregates arc known from Valchov. Czech Republic. 

Even kite 
C24H so 

MONOCLINIC e 

Properties: C - colorless to light yellow: S- colorless; 
L - waxy; D - translucent; DE 0,9; H - I; CL -
good; M - pseudo-hexagonal tabular crystals; R 
melts at 50EC (122°F). 
Origin and occurrence: Probably secondary. It occurs 
within geodes near Evenki, Siberia, Russia. Also 
known from the cracks in altered andesite in Dubnik, 
Slovakia. 

Fichtelite 
C19H34 

MONOCLINIC ••• 
Properties: C-colorless to yellowish; S - colorless: 
L vitreous; PS - transparent to translucent; DE - I; 
H I: M - thin tabular crystals, scales, crystalline 
crusts. 

Evenkite, 50 mm. Dubnik, Slovakia 



Origin and occ11rrence: Secondary, typical mineral 
of peat-bogs. lts crystals arc known from Borkovice 
near Sobcslav. Czech Republic; a lso known from 
Marktredwitz. Germany. 

Amber 
a mixture of hydrocar bons 

AMORPHOUS • • • 
Properties: C- honey-yellow, yellow-brown. brown, 
red-brown, blue, green, black; S white; L -
resinous. dull: D - rransparent to translucent. rare 
opaque; DE - 1,0-1,1; H 2-2,5: CL - none; F
conchoidal: M - massive irregular or drop-shaped 
aggregates, nodules and fragments; LU - light blue. 
yellow. 
Origin and occurrence: Amber is a petrified resin 
from Tertiary and Mesozoic conifers, occurring rare
ly in sediments. Plant or insect remnants are some
times found trapped in amber. The most famous 
localities are located along the southern coast of the 
Baltic Sea in Poland, Germany, Lithuania, Estonia, 
Latvia and Russia. The largest masses found 
weighed up to 10 kg (22 lb). Blue amber is known 
from the Dominican Republic. Other amber locali
ties arc found in Syria, Lebanon, Thailand, Vietnam, 
Canada and the USA. 
Application: as a gemstone. 

Amber. 95 mm. Madagascar 

Fichtelite, 80 mm, Maiice. Czech Republic 
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11. Rocks, meteorites and tektites 
Rocks consist of minerals and often of fragments of 
other rocks and organic matter. Since rocks are 
mixrures, we cannot determine certain physical I 
chemical data (chemical fonnula, crystal system, 
hardness, etc.). Unlike minerals, some rocks form 
huge bodies which may cover several thousand km'· 
so no single localities are shown in this book. Rocks 
are mainly used for building. in agriculture, and as 
raw materials for chemicals, ceramics and metals. 
Rocks arc generally divided into three principal 
groups according to their origin: 
l. ign eous rocks 
2. sedimem ary rocks 
3. metamorphic rocks. 

1. Igneous rocks 

Properties: 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 about 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 classification: Igneous rocks form at high 
temperature and commonly at high pressure in 
solidification of mainly silicate magma of variable 
composition. The mineral composition rcnccts a 
chemical composition of magma. Typical rock-

Gronite, 65 mm. Norway 

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 (Si02 content): 
felsic -granite, syenite, pegmatite, rhyolite, obsidian 
intermediate - diorite, andesit basic -gabbro, basalt 
utrabasic - peridotite, '>aries from 1.0 up to about 2.8: 
F - uneven, sometimes conchoidal; M - coarse to fine 
grained and massive aggregates, consisting of grains or 
crystals, from microscopic to several dm in size, also 
of rock fragments and organic matter. banded textures 
arc typical and some rocks arc fossiliferous. 

Diabase, 65 mm. Rozany, Czech Republic 
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2. Sedimentary 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 1.0 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 fragments and organic matter, banded textures arc 
typical and some rocks arc fossiliferous. 
Origin and classijicntion: Sedimentary rocks 
originate under surface temperarurcs and pressures, 

Limestone, 65 mm. Italy 

as a resu lt of sedimentation of mineral and rock 
fragments and organic matter of different size 
through the \Yater and wind activity, or by precipi
tation from water solutions. Typical rock-forming 
minerals arc 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, siltstone. 
organic (consisting mainly of organic matter) -
limestone, coal. 
chemical (originating by precipitation from water 
solutions) - evaporites, travertine. 



Serpentini1e, 65 mm, HrubSice. Czech Republic 

3. Metamorphic rocks 

Propenies: C - light gray, gray, brown, green. red
bro,vn, black, green-gray, pinkish, white, sometimes 
variable within one rock, banding is relatively common; 
D - opaque; L - dull, rare vitreous; DE - varies from 
2.5 to 4.8; F- uneven. rare conchoidal; M - coarse to 
!me-grained. platy, acicular ru1d sometimes massive 
aggregates, consisting of grains and crystals, ranging 
from microscopic to several decimeters across. Typical 
are planar textures and foliation of some minerals. 
Origin and classification: Metamorphic rocks origi
nate under higher tempcrantrc and pressure during 
metamorphism of original ly igneous or sedimentary 

Marble. 100 mm, Greece 

Gneiss, 65 mm. Daubravl:alty. Czech Republic 

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 aJJd 
effects large areas, then this type is called regional 
metamorphism. During a process of metamorphism 
new minerals originate. Typical rock-forming meta
morphic minerals are quartz, orthoclase, plagioclases, 
biotite, muscovite, amphiboles, pyroxenes, calcite, 
dolomite, sillimanite, kyanite, a:tmandine, staurolite 
and serpentine. 
Regiona lly metamorphosed rocks: serpentinite, 
mica schist, gneiss, marble. 
Contact metamor phosed rocks: contact cbert 
(porcelanite), skarn. 

Skarn. 65 mm. Us116, Czech Republic 
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Iron meteorite, 50 mm, Sikhote-Aiin. Russia 

Meteorites 

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 em across. 
Origin and classification: Meteorites are igncousrocks 
fom1ed in space. Most originate in the asteroidbelt 
between Mars and Jupiter. They consist of various mine
rals and their chemical composition differs greatly. 
Typical rock-forming minerals in meteorites are 
ol ivine, pyroxenes, plagioclascs, Fe and Ni alloys and 
sulfides, rarely also organic matter. Meteorites fall into 
four main groups, accordingto metallic iron and 
silicate component: 
iron meteorite; 
siderotite; 
chondrite; 
achondrite; 
Occurrence: Meteorite falls ate known throughout the 
world. The largest known iron meteorite, weighing 
approximately 60 tons , is located neat the Hoba fatm, 
Namibia. The largest known chondrite, weighing about 
I ton, fell in 1948 in Norton County, Nebraska, USA. 
Most meteorites that have been found recently come 
from large glaciers such as those of Antarctica and 
from desert in Namibia. 



Moldavite, 35 mm, Scuthem Bohemia, Czech Republic 

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, classification and occurrence: 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 arc classified according to their age and occur-

Moldavites. 40 """· Southern Bohemia, C=ech Republic 

Tectite, 55 mm, Dalat. Viernom 

renee (following sequence from the oldest to the 
youngest): 
Bediasites and georgianitcs - the USA, Mexico, 
Barbados, Cuba: 
Urengoites-Novyi Urengoi, Russia; 
Moldavites- southern Bohemia and western Mora
via, Czech Republic; 
Ivorites- Ivory Coast; 
lrgbisites - Zhamanshin, Russia; 
lndochinites, phillipinites, javanites, bilitonites -
southeastern Asia: 
Australites -Australia. 
Application: some tektites, mainly moldavitcs, as 
gemstones. 
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Rejstfiik 
A Argentite 13 Boromuscovite 150 
Aconthite 13 Argentopyrite 32 Bortl6 
Actinolite 239 Argyrodite 25 Botryogen 148 
Adamite 154, 161 Arsende.scloizite 166 Boulangerite 62 
Adularia 263 Arsenic 14 Bournonire 56 
Aegirine 235 Arseniosiderite 188 Braunite 206 
Aenigmatite 141 Arsenolamprite 15 Brazilianite 167 
Aeschynite-(Ce) 107 Arseno/ite 81 Breithauptite 33 
Agolmotolite 249 Arsenopyrite 48 Brochantite 139 
Agate 88. 94. 95 Arsentsumebite 169 Brookite 104 
Agrellite 243 Artinite 127 Brucite 109 
Aguilorite 24 Astrophyllite 248 Brushite 179 
Achroite 227 Atacamite 68 Buergerite 225 
Aikinite 56 Atefe.stite 174 Bukovskyite 185 
Ajoite 237 Augelite 164 Bustamite 242 
Akermanite 211 Augite 233 
Alabandite 34 Auricho/cite 123 c Alabaster 147 Aurostibite 44 
Albite 265 Autunite 190 cabrerit 178 
Alexondrite 80 A>•enhll'ine 88, 95 cafarsttl67 
Algadonite {9 Azurite 122 calaverit 42 
Alfatlite-(Ce) 215 caledonit 142 
A 1/argemum 19 B camalfit68 
Allophone 259 carnotlt 191 
Almandine 196 Babingtonite 245 carrolit38 
Aftalte 36 Balas /6 cawmsit 260 
Aluminite 148 Barite 136. I 38 ce/esrin /38 
Alumoh)'drocalcite 128 Barytoco/cite 12 I cemsit 110 
Alunite /40 Bastnosite-(Ce) 124 cinabarit 3 7 
Alunogen 144 Baumhauerite 59 citrin 88 
Ama::onite 264 Ba>'enite 247 cliwstlwlit 35 
Amber 280, 283 Bayldonite 168 develandit 165 
Amblygonite 158 Bazzite 224 cfintonit 254 
Amcsile 258 Benitoite 218 colemanit 133 
Ametltyst 74, 88. 91 Beraunite 181 coforadoit 17 
Analcime 271 Berthierite 53 cookeit 156 
Anapaite I 76 Benrondite 1 I 2 copiapit 149 
Anatase /04 Beryl220 coquimbit 144 
Ancylite-(Ce) I 28 Beryl/anile 155 cordieril 124 
Andafusite 201 Berzelianite 21 cornell'/ 164 
Andersonite 129 Berzefiite /56 COI'IIIIbil 164 
Andesine 266 Betafite 87 coronadit 102 
Andorite 57 Betekhtinite 57 cosalit62 
Andradite 198 Betpakdalite 153 covellfn 38 
Anglwte 137 Beudantite 141 cl'l!edit68 
Anhydrite 137 Bilinile I 46 cristobalit 96 
Ankerite 117 Bindheimite 86 cronstedrir 258 
Annobergire 178 Bioiite 252 cubanit 31 
Annite 252 Bismuth 15 cumengit 70 
Anorthite 266 Bismlllhinite 40 cm·it Ill 
Anthophyllite 2 38 Bism1111Jite 126 cylindrit 37 
Antigorite 258 Bixbite 120. 223 cyrtfo•it 187 
Amimony 14 Bixbyite 82 " Amferue 139 Bo/eite69 a 
Apjolmite /45 Boracite 135 iiaroit 243 
Aquamarine 220 Borax 133 iikflfal'lt 262 
Aragonite 119 Bornite Z2 
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D ferrierit·Ca 17 5 hessit 24 
ferrimolybdit 153 hessonir /97 

dachiardir-Ca 275 ferrO<Utllll 218 heu/andit·Ca 276 
danalir 269 ferrocolumbit 106 hiddenit 236 
danburit 267 ferrorapiolit I OJ ltollandir 102 
datolit208 fenmamt 207 holmquislll 238 
dowsonit /U jibroferrit 147 how/it 209 
deiWILIXit /84 fichtelit 282 ltrachol'ec 119 
demamoid 198 jlogopit 252 hiibnerit 105 
descloizit 166 flue/lit 67 hun/it 1/8 
devi//in/49 jluorapatit 170 hurcmdit I 74 
diadochil 181 jluompo.fylit 248 hyacinl 199 
diaforit 58 fluor it 66. 7 3 hyalit 97 
diamam/6 foitit 230 hya/of6n 264 
diaspor 109 forsterit 194 hydrO/a/kit I 2 7 
dickit 257 jQSjofylil 176 hydroxy/opatit I 71 
diopsid 232 fronckett 36 hydroxylherderit /58 
dioptos2JO fronklinit 711 hydrozinkit 123 
djurleu20 freibergit 30 CH do/onm 117 freieslebenil 58 
domeykit/9 frondelit 163 chabasit·Co 279 
droit· opal 9 7. 99 fuchsit250 chalcedon 88, 92, 93 
drovit225 

G 
c/w/kan/11 142 

dresserit 129 cltalkofylil 185 
djicv/1" opr!/97. 9,~ gadolinii·(Y) 208 chalkopyrlt 27 
dufi'enit/63 galmit 76 chalko.•iderit I 83 
dufrl!nnysit 59 galen it 35 c/wlkosin 20 
d•iflit 165 gaudefrayit 131 clwlko.,·fil>it 52 
dumortlerir 209 gaylt<f.>it I 26 chalkotrichil 7 5 
dysbvsit 20 gehlenit211 chamoslt 257 

E geokromt 60 chapma11il 205 
germanit 28 chem!••ixit 184 

edenit 239 geNdorffit 45 cltimtolit 201 
edingtonit 274 gctchellit 65 cltloroJWtlt 171 
egirin 235 geysirit 97 chlorilold 207 
elbait 227 gibbsit 109 chmtdrodit 205 
e/pidit244 gismo11din '}78 chromdinp.!id 232 
emp/ektit 53 glauknnlt 251 cltromil 78 
enargit30 goethit 110 chryzoberyl 80 
enigma/it 241 gonnardit 274 cluyzokol 259 
enstalit 232 gno;·e,·reekit 279 Chi)IZO[ii'OS 88, 92 
eosforit 181 giirgeyit 14 6 I epididymit 246 gosltenil 220. 223 
epidot214 grajit 15 i/menit84 
episrilbit 277 gremockit 30 ilmenororil /OJ 
epsomit/44 gro.wltir 197 ii\'Otl 212 
erythrm 177 gudnumdi/48 inderit/31 
ellringit 150 

H mdigolit 227, 229 
eudialyt 218 inesit246 
euchroit I bO /wlit 71 inynit 132 
euklru 200 halotrichit 145 J eulytin 200 lwmbergit I 34 
eu.xenit·(Y) 107 hrmksil 142 jadeit 235 
evansit 186 lwrmn/Om 278 jalmsit-(CaMnMg) 187 
ewmkit 2,~2 hauer/143 jalpalt 25 

F hausmannit 78 jamesonir 61 
hedenbergit 233 jantar 280. 283 

jarmako1idem 188 heliodor 220. 222 jargon 199 
fossoit232 heliorrop 88 jarosit/41 
foyalit 195 heMn 270 jaspis 88. 92 
je11okit 193 hematit.~4 jefferronit 232 
ferberit 105 henumorjit 212 jodargym 70 
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jolwmrit I 50 liddicoollt 228 N jordanit60 linaril 140 

K linneit 38 nagyagit4/ 

lirokonit 186 nakrit258 
kakoxe1r 181 lithiofllit 156 natrojarosit 141 
kalcu/12. 116 lithioforit Ill nalrolit272 
kalomel 72 lithiofosf6t 155 nefelin261 
kiimmereri1 256 livingSI0/111 55 nefrit235 
kamp)·lil 17 3 lollingit 47 nepllmit 246 
kankrinil 267 loparir-(Ce) 115 nikelin 33 
kaolinir 257 lorandil 55 nikb·Jmuerudil 49 
karbonado 16 lorenzenir 23 7 nosean 268 

karbonlir:f/ltolrrpalil 171 ludlamfr 176 novaiiekil 191 
k01:(olit 237 ludwigit 131 0 karrm'nil/68 lussatil 96 
kasilerir I 0 I lu:zonir28 olrniv" opa/97. 99 
karoli1 211 

M 
okenit 243 

kawpleir 218 oligoklas 265 
kermesit40 magmauckt! hornin) 285 olivenitl61 
kemit134 magne.\11 113 oli•·in 194 
kinoit246 magnNI/ 77 oiOI'O /2 
J..irovil 143 malaclu1 122 omfaci/234 
kleiof6n26 manganit 110 onyx 88. 94 
klinolwmil 205 mongonogcdri/238 opal 97. 98, 99 
klinochlor 156 mongattoUullalit I 06 onoklas 263 
klinoklas 165 margaril 2 54 p klinoptilalit-Ca 277 maria/it 270 
klinozoisil 214 marianske sklo 14 7 palygorskit 260 
kohllllln 44 markaza 6, 46 pamgonil 251 
kobdlit63 marmolil26 pargasit 240 
kanichaldt 165 mosov· opal 97 parisii-(Ce) 125 
kamempin 209 mas1ck 249 pearceil 54 
kantnd 82 mui 9 pel..7olit142 
luMiorsldt 189 mejonil270 pentlondll 16 
krennerrl 42 melanoj/ogu 100 pcriklilr 265 
krokau 152 melanitl98 perislerw 265 
krok•·dolit 241 melonlerit 143 perovsku85 
krukai/44 mellit2112 pewlit262 
kryolir67 m1isitini kizmcn 263 plrillipsit-K 278 
~fiemen 88 mesoli1 273 pltosgenir 12 5 
~fii'Kx>Etit .~8 meiiiiiiOijOI'am! hominy 287 piemontit 214 
kurl::i1 236 meteorily 288 pikrofarmakolit 179 
kupri1 75 miorgyril 36 pisonit/43 
ktrprosklodow<kil 210 miluvklin 264 plarrna 13 
kumoharir 118 mikrolir87 plal/neril 10/ 
J.yanit102 mi/ari/230 pleonasl 76 

L milleril 34 pollucu 2 71 

mimelit/73 polybosil 54 
labrodom 266 mimum 79 paf)·halil 146 
lamprofYiit 2 I 3 miw 189 po/yluhionit 252 
langu 147 mtean· npa/97 pavondrait 226 
/aumonlil 275 molybdenit 411 pre/mit 248 
lawndulan I .~8 monazit-(Ce) /58 prauslit50 
la:ulit 162 montebmsir 159 pseudomalodtil /63 
lazurir 268 11wnrmorlllonil 255 f)lll7)111'il 156 
leadlti/lit /42 morenosit 144 pyknit202 
legrandit 179 morgan!/ 220, 22 3 pyrargyril 5 I 
leifit 267 marion 118. 90 pyril42 
/epidola-okit 110 mo<chellondrllergit 12 pyrofylit 249 
lerrcit271 motrromit 167 pyrochlor86 
leukosafir 82 muskonl 250 pyrolusil 102 
libellreml 160 pyromorji1 172 
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pyrop 196 spessartin 197 uranocircit 190 
pyrostilpnit 51 spinel 76 uranofan 211 
pyrrltotin 32 spodumen 236 11\'0fOVl/ 199 

R stannin 28 uvit228 
staurolit 204 v rammelsbergit 4 7 stefanit54 

rat/tit 59 steinmonnit 35 valentinit 81 
realgar 64 sternbergit 32 vanadinitl73 
rltodizit 134 stibarsen 14 variscit 174 
riebeckit 241 stibiconit 86 vauxitl80 
richterit 240 stibiotnntalit 107 verde/it 227, 228 
rockbridgeit 162 stichtit/28 vermiculit 255 
rodochrozit 115 stilbir-Ca 277 vesignieit 168 
rodonit245 srilpnomelon 255 vesuvian 217 
rosasit/23 sto/zit/52 veszelyit 185 
rossmanit 2 30 strengir IN >·iljujit 217 
rtuE II stromeyerit25 >·illioumit 70 
rube/it 227, 228 stroncianit 120 viridin 201 
rubin 82 stnm:itl80 vivianit 176 
nlli/100 stfiibro 8. 10 vjiidlo>•ec 119 
rOTenin 88. 90 srurmonit 150 w s sugilit231 

syl>•anlt41 wagnerit 159 
sadrovec 147 sylvin 72 wardir 187 
snOiori/47 syrnplesit 178 wave/it 182 
sa.fir 82 T weloganit 126 
saflrin 204 whewelit281 
salmiak 72 ranzanit 216 whiteit-(CoFeMg) 186 
sametka 110 101'/IO\\it:il 119 whitlockit 156 
sam.mnit52 refroitl95 willemit 193 
sanidin 263 tebuy289 withent 120 
soponit255 tellur 17 willichcnit 53 
sardonyx 88 rellurit 104 "'OIIastonit 241 
sarrorit59 tennantit 28 wulfenit 153 
scor::a/it/62 tenorit 76 wurtzit30 
sedimemami hominy 286 tetmdymit 41 

X sekaninail 224 tetmedrit 29 
seladonit 250 thaumasit 206 xantltokon 51 
selen 17 tltomsonit 273 xenotim·(Y) /57 
selenir 147 tlwlit 216 xonotlit244 
semseyit62 timenit 119 z senarmontil 81 tirolir 184 
sepia/it 260 titanit206 z61tmidn 88 
serandit 142 titanowodginit/06 zaratitl27 
serpierit 149 todomlat 102 zeofylit 260 
sfaleril 18. 26 lapaz /92, 102 =euneru/91 
sfirokobaltit I /4 torbernlt 189 zinkenit61 
schee/u/51 tremolit239 :inial 75 
siderit/14 lridymit96 zinn,.'Oidu 253 
silimanit }01 trifylin /55 zippeit 150 
sira 16 /ri/ithion/1 253 zirkon 199 
skolecit 273 trip/it 160 zlato II 
skorodit 175 ISOVOI'it/97 zoisit 2 16 
.!kory/226 tschermiglt 146 :wie~·elit 160 
skullerudit 48 rugmpir 269 " 
s!tmeoni ktimen 265 Eujamunit 191 I 
smaragd 220 tygfii oko 88, 95 Telezn· /Nut 119 
snurek 82 l}rkys 182 Telezo /} 
smithsonit 113 ule:xit 133 
<odalit 168 ul/monit.J6 
sokoli oko 88 umangit21 
sperry/it 44 uranimt 108 
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