Minerals of the Montr

SinceJanuary2016, every issue dthe Mineral Newslettdnas featured a Min-
eral of the Monttdescribinga particular mineral, along witht least onatriking
phota The articles show what each mineral looks bkel giveinformation
about it drawing onsources ranging from Mindat tbe U.S. GeologicalSurvey.
Club member Sue Marcumsas writteralmost every Mineral of the Montand
club member Bob Coolgassuppliedmany of thephotos.Both thankthe news-
lettereditor forthe professional polish that makdbe articlessoaccessible
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Adamite
by Sue Marcus
Source: The Mineral NewsletteMarch 2018.

Our March mineral, adamite, can be green like a
shamrockalthough italsocomes in many other colors.
Many of us are lucky enough to have an adamite or
two in our collections.

The first specimens efdamite came from the Atacama
region of Chilewhich has produced many unique min-
erak. The French mineralogy professdCharles
Friedel(1832 1899)described the original material in
1866, naming the mineral aft&ilbertJoseph Adam
Adam, a financial official in the French government,
was an avidnineralogist and collectovho provided
the original samples to Friedel. Adam discovered the
first specimens of several other mineragswell

Since the original material was described, better
sources have been found in Mexico. Many of us have
pieces from the famous Ojuelaié in Mapimi, Du-
rango, Mexicoin our collections. These specimens are
known for lustrous crystals in various shades of green
onarusty, crumbly limonitic matrix, displaying a con-
trast of colors and textures.

Interestingly, this locality is also the soukfemost of

the beautiful purpkued cobaltianadamite crystals. |
dondt know of any speci mens
ple crystals on the same specimen.

nd pur -

Most adamite specimens from Durango fluoresce
green in longand shorwave ultraviolet light. White,
yellow, and yellowgreen fluorescence have also been
reported. Phosphoresus when present, is brief.
Adamite from Durango for ms
ties and radiating crystals, similar to Indian stilbite.

Fine adamite specimens have also been extracted from
the mines in Tsumeb, Namibia. These are generally
deeper, darker green than the Mexican material.

Top/center: Adamitefrom the Ojuela Mine, rango, Mexico
Photcs: Bob CookeBottom: Adamite from Attiki, Greece.
Source: Wikipedia; photo: Rob Lavinsky.

Older classic localities include Lavrion, Gregaed
Garonne, France. The Lavrion adamite is usually e
ther clear or more agua than the green to yetiosen
Durango adamite. Also, the Lavrion matrix is different
and lighter colored than the Durango matrix, and the
Lavrion crystals are more likely to be tiny (micros)
though exquisitely formed. Larger sp@ens of Lav- More recently, excedint crystals have come from
rion adamite seem to usually have botryoidal forms. D a nie@orsk, Russjand Nanda, China. Some of the
The Garonne adamite assumes a broad range of colors, Chinese specimens look like the ones from Durango,

although specimens rarely excekdentimeter in di-
ameter
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Added copper may become significant enough to form

the variety called cupanadamite or cuproadamite
((Zn,Cup(AsOg)(OH)), but | atwhatéxact k n o
point the splitomes Add cobalt (cobaltianadamée
(Zn,Col(AsOs)(OH))d and the crystals are lovely
purple, particularly at their tips or terminations.

I wono6t gewmthdr splitsoexcapt tb note that
Mindat mentions manganoan adamite, nickeloan ad-
amite, alumino adamite, and the adaraiigenite se-
ries. Zinc substitutions in the lattice can change the
mineral to a zinc arsen&edarbuttité®d rather than ad-
amite (again, tard identify the point of change).

Adamite is not a practical gemstone due to its relative
softnessCrystals arealso seldomlarge enough to be
faceted. If there is a chance, someone will try, so ad-
amite has been faceted. The largest cut stoneld cou
find mentioned is 4.6taratsfrom Durango. All the
photos of cut adamite that | could find showed translu-
cent, not transparent, cut stones. Adamite cleaves eas-
ily, which would add to the challenges of faceting or
creating cabochons.

Note:When reseahing this article, | learned thatl-
amite has two meanings: one concerns the mineral and
is used here; the other is for a religious sect. Not here!

Top:Adamitefrom the Ojuela Mine, Durango, Mexico.

Bottom: Adamite from Gold Hill, UPhots. Bob Cooke. Technical Details

Chemical formula.....Zn,AsOsOH

both in coloring andn limonite matrk; the Nandan Crystal form............. Orthorhombic
specimens also fluoresce like those from the Ojuela  Hardness................ 3.5

Mine. Photographs of adamite from the Brenner Mine Density......cccceeenneee. 4.32 4.48 g/cm (meas-
in Daltnegorsk, Russjarenmind me of Kelly Mine ured)

smithsonite. The Mindat images show gorgeous botry-

. . ; ; (670] (o] PR Usually shades of green
oidal agua masses flowing over their matrix. y gree

from yellowishgreen though pure green to
The Lhited States s ndt known for st el |uegreen asnyetlow, white, ealorless, pur-

imens. The best U.S. crystals come from Gold Hill in ple, dull orange to brown, rdyered

Toole County, U, west of Salt bke City, near the Streak......coooeveveeennn. Usually white; less fre-
Nevada border. quently ||ght green

Adamite is a minor zinc ore. It forms in the secondary, Cleavage.................} One good cleavage
oxidized cap of primary mineral deposits that are rich Fracture.................. Uneven to subconchoidal

in zinc and arsenic. Iron and manganese oxides, along
with quartz are the hosts for adamite, which is usually
associated with some combination of smithsonite, SOUICes

olivenite, hemimorphite, and calcite. Barmarin, G. 201(Database of luminescent minerals

| have mentionedsplitter® andfjoinerin other ar- Gemdat. 2018Adamite
ticlesabout theMineral of theMonth. Splitters pop up Mindat 2018 Adamite
in broad discussions of adamite, too. Iron in the usual Mineral News. N.dAdamitemineral data

adamite crystal lattice (structure) colors adamite green. Minerals.net. 2018The mineral adamite
Wikipedia. 2016 Adamite

Luster....c.ccovvvveenn. Vitreous 2.
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Anglesite
by Sue Marcus
Source: The Mineral NewsletteFebruary 2019.

Mo st people donét think
tive and definitely noaistransparent. Our Mineral of
the Month for Februaryanglesite, is a lead sulfate
mineral that is often found in trapmaent crystals. Per-
haps more importantly, it can usually be purchased
pricesallowing for it to be included in most collec-
tions.

Anglesite wasdiscovered bythe English naturalist
William Withering (for whom the mineral itherite

was named). Withering rit described anglesite in
1783 on the island ofnglesey in the Irish Sea off
Wales, but the mineral was actually hamedthy
French mineralogidt.S. Beudant in 1832.

TheParys Mountain Mias(Mona Mine)on Angelsey
arethe type locality for anglesit&he areavas a major
copper producer in the 18th centuglthough it has
produced copper at least since the 16th century ¢
possibly since thBronze Age. According to Miraid

an amazing resouréethe mine aredas been a film-
ing location forthe science fiction television series.
Whd

Anglesite is usually a secondary mindi@medfrom
the breakdown or degradatioh galena or other lead
ores. Sometimeshis chemical reaction is incomplete,
leaving galena inclusions in anglesited makinghe
anglesite appear g or translucent. In other cases, an-
glesite and galena may be banded.

g O Ml £
Anglesite from Touissit, Morocco.
Photo: Bob Cooke.

att

Anglesite from Touissit, Ouijeengad Prefecture, Morocco.
Photo: Bob Cooke.

Since it is a secondary mineral, anglesite can also form
pseudomorphs after galena or, less frequently, cerus-
site. Anglesite crystals, notabthe onesfrom Mo-
rocco and Namibiaseend at least to me& to form
wedges or spear shapes.

The heavy weightf anglesite, caused by its lead con-

tent, help distinguish anglesite from most other miner-
als. Though similar to cer.
the reticulated intersecting crystals of cerus¢@em-

pare photos of the two minerals on Mindlair see the

article on cerussite beloyOther lead ores are more
abundantalthough anglesite has been mined for lead
when found in sufficient quantities. Theanited States

imports and exports lead, primarily for use in batteries.

The specimens | 6ve mthen (i
Welsh type locality are relatively small and either
white or colored brown by limonite. At the other end

of the collectable spectrum are the sharp, lustrous crys-
tals from Touissit, Morocco. Many of these stand out

from the matrix and are so large amansparent that

you could read through them.
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Anglesite from Tsumeb, Namibia.
Photo: Bob Cooke.

My favorites are the medium yellow ones. Tsumeb,
Namibig is known for a long list of superb crystalized
minerals, anglesite among them. The Tsureptei-
mens are usually more compact, lacking the clear
Aspear tipo of
tralia, is another major mine that has produced nice an-
glesite specimens. Thdontaponi Mine in ltaly pro-
duced some lovely specimens, thougith smaller
crystals than the previously nachgources. Mexican
depositshave produced some specimenaithough
Mexico has not been a major specimen producer.

Unfortunately for collectors ithe United States our
country is not known for
Bunker Hill Mine produced colleitile specimens,
though notof the same caliber aspecimens from
Touissit or Tsumeb. For a free show, Mindat offers
1,647 photos of anglesite!

Since anglesite is soft
as a cut stonajlthough it is attractive. Some gem cut-
ters like a challenge or a rare stone tq satanglesite

is occasionally cut into faceted stones. If you try this,
rememberit is a lead mieral sotake suitable precau-
tions! A lovely lemonyellow faceted stone from Tsu-
meb, weighing 51.38arats,is the largest one shown
on theGemdat website.

Collector alert:Minerals.net informs us that deep am-
bercolored anglesite from Morocco has beerifiart
cially treated by bleaching lighyellow specimens.

Technical Details

Chemical formula................ PbSQ
Crystal form........................Qrthorhombic

t tken HiM Aus-o c ¢

Anglesite from the San Felipe Mine, Sonora, Mexicc
Photo: Bob Cooke.

Hardness............... 253

Specific gavity ....... 6.3 6.4

Color.......cooeeei Colorless though white gray,
andyellow; more rarely green, bluer violet

Streak........ e White )

€ élgaga%et....'...(.)...r.]..?doodazp crl’egvgg% ble{ngs'

Fracture................ Conchoidal

Luster......cccvveeeeee. Adamantine (earthy when
forming crusts)

a nl:c]uorﬁqsge ST .d..fOfteIn ¥eIaI10\é\|/ ’shor]swfalve)i sn
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Arsenopyrite
by Sue Marcus

Source: The Mineral NewsletteNovember 2018.

The name ar senopyrite gi
chemistry. Yes, it is an arsenitneral, the most com-
mon arsenidearing mineral in the world. Chemically
pyrite is Fe%. Arsenopyrite is FeAsS, so arsenic sub-
stitutes for some of theulfur. This also lends this
mont hés miner al a nickna

The German mineralogigErnst Friedrich Glocker
gave this mineral its official name in 1847, based on
the contraction of arsenical pyrite. The derivation of
arsenic originates in the Persiaarnikh and Syriac
zarniqa which became the Greaksenikon(meaning
masculine or potent), which then evolved to Latin
senicumthen old Frenchrsenic from which we have
modern Englistarsenic.Mispickel is another term for
arsenopyrite, still used Bermany and France.

Pyrite is in the isometric system, forming cubes, py-
ritohedronsand so fortharsenopyrite is monoclinic,
occurring as twinned crystals in dipyramids, cox-
combs, and other forms.

Arsenopyrite is described as silvery whitéhough
many lovely specimens are more bronze due to tarnish.
Think of the color of fresh, gleaming metallic pyrite;
now add some silver

(nottheshape or morphology) of lustrous arsenopyrite
is like. When tarnished, it may still be lustrolbst
darker and more bronze. In photographs, the color may
also be in the art of the photographer!

Arsenopyrite from Santa Eulalia, Chihuahua,
Mexico. Photo: Bob Cooke.

tones

Photo: Bob Cooke.

Although arsenopyrite can be found in all three major
rock types (sedimentary, igneous, and metamorphic),
it is most commonly found in metamorphic contact
zones, like the ones that host major metallic mineral
deposits in Chineor in hightemperature igneous sys-
tems like those in Panasqueira, Portugal. Arsenopyrite
in organicallyderived sedimentary deposits is seldom
interesting tp collegtatsy ¢ s what t he
Butte, MT, was a domestic source of arsenopyrite. Tar-
nished euhedral crystals came from the old Carmel,
NY, locality. Places known for cobdltke Cobalt, On-
tario) host arsmopyrite too. For the past decade or so,
the sufide deposits of Peru and Bolivia have been
sources of excellent arsenopyrite specimansll
prices, along with the other $ide minerals they have
produced or are producing. More recently, the famous
Huarggang and Yaogangxian mines in China have
produced the best specimens on the market.

In Europe, the classic localities ofdbrerg, Germany,
and the Cornish mines in England are among the
mostly past sources of arsenopyrite. The mines of
Panasqueira, Pargal are still active and, in conduct-
ing web research for this article, | saw new, veejis-
tallized arsenopyrite specimens from this locality.

Circling back to this hemispher&jexico also pro-
duced arsenopyrite, most notably from the Santa Eu-
lalia (Chihuahua) and Zacatecas regions.
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Arsenopyrite, Canchaque Mine, Ancash, Peru.
Photo: Bob Cooke.

From Geology.com, | learned that arsenopyrite oxi-
dizes toscoroditg(Fe**AsO;, - 2H,0). Since arsenopy-

rite is relatively abundant, | wonder why scorodite is
relatively rare.
invite your research and information on this.

Other Mineral of the Month articles have mentioned
solid solution series, that i)e chemistry of minerals

in which elements substitute for one anotteeform
relatedoutdifferent mineralswith the amounts of sub-
stitution varying between the endpoints of the series.
Arsenopyrite (FeAsS) forms a solid solution series
with glaucodot((Co,Fe)AsS) with a bit of cobalt
added to the basic arsenopyrite formula. Unlike arse-
nopyrite, glaucodot is raydoundin specimenghat
most collectors would cherish.

Gudmudite (FeSbS) and danaite (§€00.19ASS T
(Fen.ssCn.35)ASS) are relatedot arsenopyrite. Mindat
lists danaite as a variety of arsenopyrite rather than a
separate species, along with a couple of rare, related,
rutheniumbearing species.

Arsenopyrite can include minor amounts of gold. Even
those minor amounts may be worétovering. Aurif-
erous pyrite and arsenopyrite are autoclaved in large
rotating kilns which oxidize the pyrites and drive off
the arsenic as a gas. The arsenic anflisare con-
densed into solids and sent out for disposal. The gold
iron residue is furtheprocessethroughcyanide leach
andcarbon removal.

Thahufls a

When arsenopyrite dissolves in nitric acid, the chemi-
cal reaction releases arsenic and sulfuric acid, both
toxic materials. Both are usefolitabundantly availa-
ble. Despite its affinity for gold, arsepyrite is not a
favorite mineral for miners and mining companies be-
cause it presents disposal problemsfi8wan be sold

to chemical plantshut the market for arsenic is lim-
ited.

Best known as a poison, arsenic has many uses, includ-
ing as a pesticidand herbicide (check labels and use
carefully) and in weapo@sa real killer! Arseniccan

be used as a colorant in fireworks and pigmentsast
beenused in hardening munitionsusethathas been
largely phased out. Similarlythe use of arsenic in
medcinesis less frequent nowalthoughit still finds

use in some cancer treatments.

The aarlic odor distinctive of arserdgsearing minerals
helps collectors and geologists alike identify aoggy-
rite. However, the smell is evident when the rock or
specimen is struck bye-a
fore making a purchase.

Do_ | nee entjon rsenopyrite is not a gems-
SHIFSE TR b UERIIREI Ty
dling any specimens.
Technical Details

Chemical formula....... FeAsS

Crystal form................ Monoclinic

Hardness................... 5i 6.5 (sources vary)

Density.....ccccvvvvvvnnnnns 5.9 6.2 (sources vary)

(070] [o] TR Slivery gold (fresh);
Bronze, brown (tarnished)

Streak........oooeeeeeee. Black, gray

Cleavage.................... Poor to good (sources

vary!)
Fracture.........ccccoee. Irregular
VLS (] S Metallic
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Barite
by Bob Cooke

Source: The Mineral Newslettedanuary 2019.

Janua rinei@lsof thremonth isbarite. According

to thelnternational Mineralogical Association, the ac-
cepted spel;loi nbguti si nfi Btalrey t
we continue taspell it arited The ponunciation is

the same.

Chemically barite isbariumsulfated BaSQ. Bariteis
an analogue dfoth elestine an@nglesitereplacehe
barium with strontiumand youget celestine replace
it with lead anglesite.

All three minerals are in the orthorhombic crystal
class with three axes aight angles to each other but
each of a different length. Hence, a rectangular prism.
Different crystallization conditions, however, can fa- Barite from the Sidi Lachen Quarry, Nador, Morocco.
vor the development of a particular prism or termina- Photo: Bob Cooke.

tion face to produce variations such as:

Baritewas named in 1800 ltfie German mineralogist
Dietrich Ludwig Gusta Karsten from the Greek word

bY } g beavon) . It is indeed wunu
nonmetallic mineral, with apecific gravity of 4.5.

Barite often occurs as concretions and ilchg
crystals in sediments and sedimentary rocks. It is espe-
cially common in limestone and dolostone fations.
Where these carbonate rock units have been heavily
weathered, large accumulations of barite are some-
times found at the soibedrock contact. Many com-
mercial barite mines produce frosachresidual de-

Color is one of the least accurate ways to identify a
mineral.Barite proves thpointd it can be ircolorless,

white, yellow, brown, gay, andblue crystals. Its luster posits.
is vitreous (like glass)ts hardness on thHdohs scale Barite is also found as concretions and and sand-
s 3. stone. The concretions grow as barite crystallizes

« @ 4 » I ¢ b VY . g
Barite comes in multiple colors, including orange (left, from the Red Hill Pit, Emerson, GA) and yellow (right, frot
Meikle Mine, Elko County, NV). Photos: Bob Cooke.
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Barite from Paraiba, Brazil. Photo: Bob Cooke.

within the intersttesbetween sand grains. Sometimes
crystals of barite grow into interesting shapes within
the sand. These structures are known as barite roses
(see photat righ). They ca be up to several inches

in length and incorporate large numbers of sand grains.
Occasionallybarite is so abundant in a sandstone that
it serves as thicemend for the rock.

Barite is also a common mineral in hydrothermal veins
and is a gangue miner@hatrix material)associated
with sulfide ore veins. It is found in association with
ores of antimony, cobalt, copper, lead, manganese, and
silver. In a few locationdarite is deposited as a sinter
(hard sulfide deposigt hot springs.

So what is barite used f
ciated for its crystal beauty)? Ninetyne percent of
the barite consumed in the United States is used as a
weighting agent in drilling muds. These hidansiy
muds are pumped down a drill stemdthrough the
cutting bit (cooling the bit in the procesdhe rock
cuttingsfloaton t he heavy mud,
back to the surface.

(0]

Barite can be used as a pigment in paints. Due its heavy
weight, it is abo used as a weighted filler for paper,
cloth, and rubber.Some playing cards have barite
packed between the paper fibers to give the paper a
higher density allowing the cards to benore easily
shuffled anddealt.

Barite is the primary ore of barium, vehi is used to

make a wide variety of barium compounds. Because of
bariumds high atomic
against gamma rays andrays. When incorporated

mas s

into concrete construction in hospitals, power plants,
or laboratoriesbariteis a safety featuréor blocking
X-ray emissions.

Barite compounds are also used in diagnostic medical
tests. An xray image of a patient who has just intro-
duced a barium compound into los her digestive
track will reveal the location of the barium witiigh
resolution and provide information about the condition
of the digestive tract. Without the barium, there would
be no contrast between the digestive track and sur-
rounding tissues.

In 2015, worldwide prduction of barite was approxi-
mately 7400 metric tons. China produce@®@0 tons
and India and Morocco 900 tons each. The United
States was consideralfgr down the lisiof producers,

at only 500 tons 2.

Sources

King, H.M. N.d.Barite Geology.com
Mindat.org 2018 Baryte

j a
a [ '
Barite rose fom Cleveland County, OK. Photo: Bob Coo
, it makes a good shiel
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Bornite
by Sue Marcus
Source: The Mineral NewsletteiSeptember 2018.

M ost of us have heard of born({ier fipeacocloreo ,)
although fewer have crystals of this mineral in our col-
lections. Oxidized bits of bornite are commonbut
nicely crystas are rare. And glittering, iridescent
hunks of i b o r ni t aacuallynbhegchalcopyrite
treated with acidor the attractive, dable tarnish.

In 1845,Wilhelm Karl von Haidinger nameithe min-

eral after Ignaz von Bornwhoseoriginal Hungarian
namewasBorn Ignac). Previoushpornitehad several
multiwvord German namessuch asthe 1791 name

. ] > ) ' - B .
- . e S ‘
- TN 4o
Lo - i
Pt A o & Lo ®, 4 "

Bornite onquartzfrom the Dzhezkazgan Mine, Khazakhstan.
Photo: Bob Cooke.

Buntkupfererz( Amul t i col or eMindat ¢ o . « . o

provides the type (original) localitin Bohemiaas
Jachymov (8nk Joachimsthal), JAchymov District,
Kr ugn® HEragebirgd] Keslovy Vary Region,
Czech Republic. The area wasgely Germarspeak-
ing at the time hence the German place names

Bornite is usually emplaced when igneous or meta-
morphic eventsntroduce ascending hot fluidsnto
newly forming rocks Bornite occurs much less fre-
guenty in sedimentary rocks typically in shaleslso-
metric crystals form at high temperaturtast retro-
grade to orthorhombic forms.

Bornite is a primary copper ore containing up to 63
percentcopper, so most of it is ground up and fed into
the crusher for processing. It is relatively common,
massive, and uncommaas crystals. It weathers to
chalcocite and other secondary minerals. Butté, M
was a noted source of massive bornite and rareatryst
ized specimens when the mine there was active. Ari-

zona copper mines produced massive specimens.

PENEE S -~

Bornite on silver from Zacatecas, Mexico. Photo: Bob Co

cuvy o
Well-formed crystals are noted from Dzhezkazgan,
Kazakhstan, as well as Congo, Zaaad Zimbabwe.
Older crystalized specimens were extracted from the
minesin Cornwall, England.

Because bornite is a heavy, brittle metal, it is not a
gemstone. Wide wrapping or putimnworked pieces
of t arpeacoskio®d ijd@welrgis possibleput
the copper content cd@ave green stains on garments
and the people veging them. 2.

Technical Details
Chemicalformula......CusFeS

Crystal form............. Orthorhombic

Hardness................ 3i3.5

Density.......cccuvee. 4.9 5.3(avg. 5.09? @urces
vary)

Color......ccccvvvnnnd Fresh surfaceseddish (copper)

brown;exposed surface#ridescentdegrading
to black with length of exposure

Streak.................. Dark gray-black
Cleavage............. None
Fracture............... Conchoidal; nonespurces vary)
Luster.................. Metallic

Sources

Geology.com. 2018ornite.

Handbook of Mineralogy. 20005. Bornite
Mindat. N.d.Bornite.

Minerals.net. 2018The mineral bornite
Webmineral. N.dBornite mineral data
Wikipedia. 2018Bornite.
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Cassiterite
by Sue Marcus
Source: The Mineral NewsletteApril 2019.

Cassiterite is a o simpmp e
and oxygen, Sng | usually learn something while re-
searching these articles. | hope that we can learn abou
this Mineral of the Month together.

Name Origin

The first rocky problem comdsom the derivation of

the name. Various sources offassiterogGreekfor

tin) or Cassiterid(Phoenician for the British Isles, a
likely early source of tin). There are ancient tin mines
in Cornwall, England, but some references indicate
that islands off Spain gave cassiterite its name. (What
islands? Anyway, none have tin!) Another source sug-
gess that the mineral was named for the people and
region ofKassites in Iran.

Cassiterite from Elsmore, New South Wales, Australia.

Copper and tin are required to make bronze, one of 1 Photo: Bob Cooke.

earliest multipleuse metals, so | tend to believe the

Cornish reference. Germany and the Czech Republic. Through trade, cas-
. . siterite deposits in these locations were exploited by

Mining History the Phoenicians and Greeks, followed by the Romans

Tin, probably in the form of cassiterite, has been mined ~ (through conquest in addition to trade). Other ancient
since about 2500 BCE. The earliest known mines were ~sources of cassiterite were mined inttany, the Ibe-
in southwestern England, roughly contemporaneous fian Peninsula, and the Balkans

with mines in the Germatirzgebirge( | i t er al | y, asidl fW &ssiterite deposits were known to early
Mountainso), which meen stpigddhk@vatodt DegbhCdlirif the erf Bronze
Age at a large surface and underground mine in Kestel,
Turkey. The deposit was relatively low gradet bu
worth mining since the commodity was relatively rare

. R and very useful. Small cassiterite deposits were also
a% mined along the Yellow River during the Chinese
‘ ’ Bronze Age.
‘i So you see, cassiterite is
‘4 not in terms of its histgr

Cassiterite, as the primary early tin ore, drove early
world trade. Copper was useful but soft; adding tin
made it harder. Arsenic could also be used as an alloy
| to harden copper, but arseil
user$ or to their surviving collegues and heirs.
Extremely early bronze objects are reported from
Pl ol nik, Serbi a, dating fr
copper tin alloy, was the hardest metal known to the

ancients. Tin, as a principle ingredient, was therefore a
Cassiterite and siderite aquartz, from thePanasqueira Mines, prized commodity.
Covilhd, Castelo Branco District, Portugal. Photo: Bob Cook
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Casserite from Minas Gerais, Brazil. Photo: Bob Cooke.

Tin was pobably shipped from small deposits in cen-
tral Asia over the Silk Road or sent from the European
or Asian mines to foreign processing facilities. Tin ore
could remain closer to its source when copper was im
ported for bronze manufacturing. Ancient Medi-
terranean shipwrecks have been found carrying copper
ingots, probably on their way to becoming bronze ob-
jects, indicating that copper may have been transported
to tin-bearing sites.

Tin mining is part of the history of Cornwall. Many
rare minerals were founin the Cornish tin mines, and
the region was recognized in 2006 as a UNESCO
World Heritage Site for its mining history. The last
mines closed in 1998, following a price crash a decade
earlier. None of the mines could survive the struggle
to remain econoioally viable.

Specimens and Sources

Cassiterite carform in s ever al ways.
forms in lowtemperature surficial hydrothermal sys-
tems, with matrixased, radiating crystathat have
alternating bands of color, roughly resembling wood.
Cornwall, Ehgland, and the Malyi Khingan Range,
Russia, are among the sources of wood tin. Placer cas-
siterite deposits are currently mineding hydraulic
methods in Malaysia, Thailand, Indonesia, Somalia,
and Russia. Hydraulic mining is environmentally de-
structive,using large quantities of water and adding
sediment to the waterways.

Cassiterite is hosted in stanniferous-{igaring) gran-
ites, some of which may have hydrothermal veins
richer in cassiterite. The Cornish mines extracted tin

from these enriched veiyand Bolivia continues min-
ing similar tinrbearing geologic systems.

Bolivia is also known foits lustrous, classic cassiterite
mineral specimens, usually from the Departments of
Oruro or Potoks Crystals are deep brown, often on ma-
trix. The Brazilian pegmatitedsavealso been a minor
source of cassiterite crystals.

China has been exporting an abundance of cidilect
minerals, and cassiterite is part of this cornucopia. Mt.
Xuebaoding in Sichuan Province and the Yaogangxian
in Hunan Province are tungsigim minesthat have
produced nice cassiterite specimeaisng with other

mi ner al species. The
seen until | looked for them for this articlare the
transparent to translucespecimensfrom Ximeng,
Yunnan Province, China. They cae bugé and still

be transparent! | could not find any images for the
white cassiterite, reportedly from China, nor any im-
ages of what | would consider white cassiterite at all,
other than bands in massive, weadtype material.

Khabarovsk Kray Russia has produced attractive
wood tin and cassiterite crystal specimens reminiscent
of the Bolivian ones. Moving to Europe, Bohemia
(Czech Republic) and Saxony (Germany) were some
of the original specimen producers. Nice, classic spec-
imens though never plentil, have also come from
France and Spain.

Cassiterite twin from the Erongo Mountains, Erongo Regi
Namibia. Photo: Bob Cooke.
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Australiads EIl smore Mine
tive in the late 18 century, when lustrous, fine cassit-
erite specimens were extracted. Apparently, an Aus-
tralian mineral club hatbutlost) a lease on the prop-
erty in the late 2h century. Perhaps lesgll known,

the Aberfoyle Mine in Tasmania was worked until the
1970s, with cassiterite crystals foundnd possibly
laterfound on the dumps. If you are going to Tasma-
nia, collecting on thosdumps may still be possible.

The Morefeld Mine in Amelia County, W, haspro-
duced cassiterite, though not of the spectacular qual-
ityd or quantitied found elsewhereOther US. de-
posits are similarly limited, with rare specimens found
in Maine and New Mexico.

Commercial Production

Cassiterite from the Inverell District, New South Wales
Australia. Photo: Bob Cooke.

Chlna IS the Worldés IargCOL vt 1 11 lJIUuUL;CI, vvw 1 L 11 Ind'

sia not far behind. Indonesia is the primary source of
tin for the United States. THe.S. Geological Survey
notes that LS. tin resources, mostly in Alaska, are in-
significant.

Tin is used in this country for tinplaiesteel oated
with a thin layer of tin for corrosion resistance, ease of
welding, and lusteras infi t i n a Tirciaatss Ysed

in chemicals, solder, alloys, and other manufastur

Lapidary Use

Wood tin may be cut into lovely, unusual cabochons.

Most cassiterite is opaque and would not make an at-
tractive faceted gem. When it is faceted, it is mostly as
a novelty It is quite britt]l

name for faceted Bolivian cassiterite!

Technical Details
Chemical formula....SnG
Crystal form............. Tetragonal
Hardness................. 617
Specificgravity......... 6.8 7.1

(0] (o] S Brown to black; extremely
rarely red, yellow, or colorless
Streak.........ooevvvveee. Light brown to white
Cleavage.......c......... Imperfect indistinct, poor
Fracture.................. Uneven to subconchoidal
Luster..........ceeeeenn. Adamantine in best crystals,

dull in wood tin
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Cerussite
by Mike Kaas

Source: The Mineral NewsletteNovember 2017.

Cerussite is a secondary lead carbomateeral a
member of the Aragonite Group. Itis found in oxidized
zones of lead and polymetallic ore deposits, usually as
a weathering product of galena and/or other lead ore
minerals. It was named in 1845 by Wilhelm Karl von
Haidinger from the Latin wordcerussa meaning

Awhite | ead. o0 The type | i nc
Veneto, Italy.

Uses and Sources

Although the toxic properties of lead frequently make

the headlines or figo vVvireé ad |

many safendessential usesotleastin the manufac-
ture of automobile batteries (which are recycled at the
end oftheir useful life) and in the lead coverings used
for radiation protectiod remember the last time you

had an xray? Virginia Occurrence

The Tsumeb Mine in Namibjroduced a large quan- | eonard Watsoyin hisLead and Zinc Deposits of Vir-
tity of fine cerussite specimens from its ox.ldlze;d ore  ginia (see the excerpielow), describe the cerussite
zones. The upper levels of the Broken Hill Mine in  foynd in the 1800s at the Wythe Lead and Zinc Mines
Australia also produced excellent specimens. In the gt Aystinvillein southwestern Virginia (Watson 1905)

Cerussite from the Tsumeb Mine in Namibia.
SourceWikipedig photo: Rob Lavinsky.

United Statesmany speimens have come frorthe Although galena was the primary lead mineral at Aus-
Bunker Hill Mine (Kellogg, D); the Mammoth Mine tinville, the density of theserussite would have at-
(Tiger, AZ);the Campbell ShafBisbee, A’); andthe tractedtheinner s attenti on.

Wheatley MingPhoenixville,PA).
Y o ) Unfortunately, few specimens have survived. Follow-

ing the Civil War, zinc became the primary product of
the mines at Austinville 2.

Clerussite.—This is lead carbonate and it is also known as white
lead ore. It is a secondary mineral derived from the alteration of
galenite in the zone of oxidation. When chemically pure cerussite
¢ontains 83.5 per cent. of metallic lead. Tt has been notéd in more
than a trace only at one locality in the State, namely, the old Wythe
Tead and Zinc Mines at Austinville, in Wythe county, where it is
not an altogether uncommon ore among the altered forms.

It occurs distributed through the remdual clays of the limestone
as stringers and small irregular masses. The earthy form greatly
predominates. As such the clayey admixture is readily identified by
its weight, specific gravity. Crystals grouped in clusters and aggre-
gates of white and light grayish color, distributed through the
clay, are not uncommon. It further occurs as a white powder-lzke
coating on the crystals and masses of granular galenite.

Cerussite from the Tsumeb Mine in Namibia. Malachite tin
the clear cerussite green; the gold is mimetite.
SourceWikipedig photo:Rob Lavinsky, iRocks.com.
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Technical Details
Chemical érmula........ PbCQ

Crystal brm................ Orthorhombic

Mo h éadginess........... 3i3.5

Density........cccvveeeenn 6.56.6

Color...ovvieiiiiiiiiiie, Clear, white, gay, blue, light
yellow, or green

Streak...ooooceeeevieiinnnns White

Cleavage.................... Good

Fracture.........c............ Conchoidal

(TS (] S Adamantine, vitreous,

resinous, pearly, dull, earthy
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John Betts Fine Mineralbitp://www.johnbettdine-
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als 2nd edBoston: Houghton Mifflin Company.
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Watson, T.L. 1905_ead andzinc deposits of Vir-
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Chalcedony
by Hutch Brown

Source: The Mineral Newslettedanuary 2016.

With my interest in geology, | like common rocks that
show up in interesting ways and places. So | like quartz
in all its variations.

One of them is chalcedony, which got its hame from
the ancient Greek town of Chalcedon in what is now
Turkey. The Roman natur a
AD) mentioned chalcedony in hidaturalis Historia

In the general sense of the term, chalcedonyyista-

crystalline quartz, meaning that it has microscopic
crystals. By contrast, macrocrystalline quartz forms
visible quartz crystals as well as massive quartz veins
and lenses.

Most chalcedony is actually an intergrowth of tiny
crystals of quartz and magite, a polymorph of quartz

that gradually degrades into quartz. Chalcedony con
tains 1 20 percent mogan

Chalcedony has many varieties, including agate, chert
jasper, onyx, safil even petrified woodAmong other

occurrencesit appears as fossilizing material; as ce-
ment in sandstones; as layers and nodules in lime
stones and marls; and as veins and nodules in volcani
rock. For example, when siligich brines fill gaps in
volcanic rock, the silica precipitates out, fillinget
gaps with chalcedonies (such as agate) containing
trace amounts of water.

Chalcedony has a waxy luster and appears vitreou
when polished. Like quartz, it belongs to the trigona _ Chalcedony cameo _
crystal system. With a hardness of 6.5 to 7, chalcedon Source: SmithsonigBemGallery photo: Chip Clark.
comes in many colors, depending on the impurities it

contains. Under shewrave ultraviolet light, chalced- Sources

ony often turns green.
Gemdat N.d. (no date)Chalcedony

In the narrow sense of the term, chalcedony does not Mindat 2019.Chalcedony
include banded alorful varieties such as agate. In-  \jkipedia 2019.Chalcedony
stead, it is limited to botryoidal forms, meaning

rounded masses, usually white to blue or gray. The

specimen on the righ$ an outstanding example, blu-

ish gray in color. The engraver used the waxy, rounded

form typical of this mineral to depict a side view of the

human head in stunningly beautiful detail (on translu-

cent onyx). 2
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Chrysocolla

by Sue Marcus
Source: TheMineral NewsletterMay 2019.

Ma y 6 s mi ner alchrysdcolld. lhiea slip-o njg
pery mineral, though not in the literal sense. Chryso-
colla varies in color, usually from aqua to green, often
in the same specimeh.h e mi maelmesshndasy
too, depending on how much the rock has been silici-
fied (permeated with silica).

Chrysocollais rarely expensive, with pieces readily
available for $20 or les¥Vhile browsing theinternet,

| found a couple of large piecgsiced atmore than
$200, but that is very unusual. | was amusieglone
source nohg thatt hei r of feri ng w. s x
priced specimensanhave a layer of chrysocolla cov  Chrysocolla from the 79 Mine, Gila County, NM. Photo: Bob Coa
ered by a clear, sparling blanketdstisy quartz.

ch lai q inetiadt f The French mineralogishndréJeanFrangoisMarie
fysocoiia IS a secondary minet ormsas cop- Brochant de Villiersin usetheterm chrysocollaspe-
per leaches from richer coppleearing rocks and ores A

and is redeposited in a new form. It may form a thin cifically fgr the mlner_al n 180.8(' o6m glad | '
: . L havetosignMr.deViler si nés name on

coating or a layer several inches thick.

All reported crystals of chrysocolla are actually pseu-

domorphs and not actual chrysocolla crystals. This

probably holds true for repts of fibrous chrysocolla

too. Webmineral.com notes that the chemical formula

canvary and that the minerahnbe amorphouslhe

water content, hardness, and colmn vary even

Within the same specimea,varidility thatadds cre-

dence to the study blyarges and other2@0§ that

chrysocolla is really a mixture of spertiniite and amor-

We nowthink of chrysocolla as a semigieus gem-
stone butits name comes from a former very different
use. In Greekchrysosmears gold andkoller mears

glue or solder; chrysocollvas solder for gold. The
solders were a mixture of copper and other meaald

fichr ysocol | ao predatof arétipe. The | d
term is still used in this sense in goldsmithing and for
certain gold alloys. Theophrastus first usedtémmin

315 BCE, relating it to goldsmithing.

phous silica (opal). The a
ocolla might not a compositionally homogeneous min-
er al as is generally assun

tiniite in our colections! | could not find any further
studies on this topic or confirmation of this one.

Chrysocolla typically forms botryoidal csts, stalac-
tites/stalagmites, or thick massive rocks. It is commaon,
occurring with other copper minerals in prospects and
major depositslt is thereforeno surprise that chryso-
colla is found as nice specimens from Peru, Congo,
andArizona. Some of the spignens fromArizona and
Peru display that lovely drusy quartz over chrysocolla.
Cruise through the Mindat photo gallery of chrysocolla
from Arizonads Ray Mine if
(seethe Ray MineMindat gallery inthe sources be-
low). The Whim Crek copper mine in Western Aus-
tralia has produced nice chrysocolla pseudomorphs af-
ter azurite.

Chrysocolla from Orogrande, Otero County, NM, showing tl
variability in color from aquas to greens. Photo: Bob Cook
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Chrysocolla pseudomorph after azurite from Ray Mine, Dr
ping Spring Mountains, Pinal County, AZ.
Photo: Bob Cooke.

I 6ve nevaeeat empokboyer beware) on
Mindat, butwhen | looked up Eilat stone from Israel,
| found that warning. Eiladtone is the Nationabtone

of Israel, and it contains chrysocolla along with other
copper mineralshowever green and blue rocks and
stones sold in Israeli tourist shops amparentlyim-
ported from other countries.

The attractive blues and greénand bluegreeng
characteristic of lerysocolla are due to coppehl-
thoughcopperis the first mineral in the chemical for-
mula, chrysocolla is not a primary copper ore because
the silica in chrysocolla makes the copper difficult to
extract. Chrysocolla is primarily used for cabochons in
jewelry. Some sources mention that the bluer chryso-
colla tends to be softer and therefore less useful for
jewelry. The harder, silicified material is preferred, of-
ten as a cheap substitute for turquoise.

Chrysocolla is also used to give a name to otherwise
unnamed or hartb-determine rocks or minerals that
are green, blue, or mixes of those colors, particularly
if the color is a mere coating. | hope that you, along
with me, have learned that chrysocolla is harder to de-
fine and not as simple as we thought.

Chrysocolla, botryoidal form, Planet Mine, La Paz County, A
Photo: Bob Cooke.

So, hereds a final
chrysocoll a? | hadnot
article. Have a look d@he correspondinijlindat photo
listed in the Sourceg\ccording toMielke (2016),the
color is likely due to iron

Technical Details

Chemical formula....Cux-xAl x(H2-xSi>0s)(OH), -
nHQO; Cl.h.xAl X(Hz.xSizos)(OH)4 - nHO (X < 1)

Crystal form............. Orthorhombic

Hardness................ 2.5 3.5; 7 if heavily silicified

Density......ccccvvvnnnns 19324

Color..cccceiiiiiiiiee, Blue-green (aqua), green,
blue, less commonly bldelack or brown, rarely
yellow

Streak.......oooeeeeeennn. White to pale gren or pale
blue

Cleavage.................. Irregular

Fracture........c......... Subconchoidal

Luster.....ccoovvvvneennne. Vitreous, earthy, waxy

Sources

FargesF.; BenzeraraK.; Brown, G.E. 2006Chryso-
colla redefined aspertiniite 13th International
Conference On »Ray Absorption Fine Structure
(XAFS13) July 9 14, 2006 Stanford, @.

Gemdat. N.dChrysocolla
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http://www.slac.stanford.edu/cgi-wrap/getdoc/slac-pub-12232.pdf
http://www.slac.stanford.edu/cgi-wrap/getdoc/slac-pub-12232.pdf
https://www.gemdat.org/gem-1040.html

Mielke, R. 2016Mindatforum, 12 January. Mineral
collecting in the Ural Mountains

Mindat. N.d.Chrysocolla

Mindat. N.d.Chrysocolla, gallery image Ray Mine

Mindat. N.d.Yellow chrysocolla, gallery image

Mindat. N.d.Photos of Eilastone

Minerals.net. N.dThe mineral chrysocolla

Webmineral.com. N.dChrysocolla mineral data

Wikipedia. N.d.Chrysocolla

Wikipedia. N.d.Chrysocolla (golesolder)

Fibrous chrysocolla, Eagle Eye Mine, La Paz County
Photo: Bob Cooke
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Cinnabar

by Sue Marcus
Source: The Mineral NewsletteilOctober 2018.

Bright red cinnabatooks nothing like the metait
containg mercury (Hg). The two minerals, cinnabar
and native mercurysometimes occur together. Mer-
cury is an odd metallic element in thats liquid at
atmospheric temperatures and pressures. Cinnabar i
beautiful, chemically simple (HgS), andvery toxic
mineral. Wash your hands after handling it.

Cinnabar isa mineral and material known to the an-
cients, and its name is shrouded in thigtory. Most
sources believe the name is derived from the ancie
Gr e e k o skinrmbaf), dluding to the red color.
Mindat suggests that the origin is from the Persia
fizinjifrah, meani ng dragonodeer-bl ood. The <col or

million is associated with civabar. The oldest known producer of colleciguality cinna-

bar is southern Spain. The Almadén District has been
producing mercury forwo millennia, although the
mines are now closediuch more recently, stunning

Cinnabar on dolomiteSource: Wikipedia; photo: J.J. Harrison

Cinnabar is often used as an indicator for certain types
of gold deposits. It forms in warm though riwit (in
geologic termsenvironments. Hydrothermakttings

(hot springs or hot water) or epithernsaftings(shal- Chinese specimens have comaooh he col | ecH
) . market.

low, just belowthe surfacég are most commonai cin-

nabar formationThe mineramay form as vein fillings Start with an ogle at the photos shown here, then move

when thermal waters deposit metals as they push on to the Mindat photo gallery or do a web search and

through cracks in the host rocks and cool. S e e Wdr sate.6Tke newer cinnabar crystals from

China can be gemmy and very lustrous. So can some
of the older pieces from the Almadén District in south-
ern Spain. The contsaof the red cinnabar and white
matrix in the best of these specimens is superb.

Although cinnabar is not rare, most occurrences are
massive or disseminated, so perfect crystals are unu-
sual Theyoften form an attractive contrast of red and
white ¢he matrix color) and are thereforeprized by

collectors However, inabardarkenswith exposure Adding to the beautyand rarityas well asvalue), a
to light. If you have a specimen, protect litgght red few specimens show multiple twinning. One from
color by covering it okeeping it fromdirect light. China and one from Ukraine show what is called

Adr i | | bi:théy twinvaiound in & drcle, with

the tips f.or mMihemg Rehdi Abi tMi
vada poduced attractive specimens, though not of the
same caliber or quantity as the foreign sources.

Cinnabar has been used since ancient, poseilEn
prehistorig times. It was probably initially used as a
pigment, providing us with the terms vermillion and
Chinese red lacquer. Ritual use of mercury, possibly
from cinnabar, dates to at least 1380. The ancient
Egyptians and Romans usethnabarin cosmetics
while the ancient Greeks used it as an ingredient in
X NG, , i ) ointments. In the New World, mercury was ubgthe
e ‘ § ST & L ' ancient Olmec and Mayan cultures. Cinnabar has been

Cinnabar on dolomite, Tongren Mine, Guizhou Province
China. Photo: Bob Cooke.
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used in Chinese lacquerware and consumed in tradi-
tional Chinese medicines.
Emperor of China, may have succumbed to mercury

poisoning when he was given a potion intehttegive

him eternal life (always read the warnings on the pack-

age just kidding!).

Manufacturing chlorine and caustic soda are the main
consumers of mercury in 2018 in thenitéd States
followed by dental amalgam use, electronics, and flu-
orescent lightig.

The Spanish mines in Almadén produced cinnabar that
was required for the processing of silver from Spasn
New World colonies. Peru and Mexico were also sig-
nificant producers. In thenited States the McDermitt
Mine in northern Nevada was the largest primary mer-
cury producer until it closed in 1992. TheitédStates

X x el
Cinnabar, Actua Mine, Sonoma County, California.
Photo: Bob Cooke.

: Hardness........ccccceeen... 2t025
still produces some mercury as a byprodofcgold .
production in Nevada. Density......ccvvveevvennnnnd 81t08.2

. : . (670] (o] P Shade®f red
Currently, cinnabar remains the primary mercury ore,
mined in China. LS. imports from China far exceed SUeAK....ovv Red
those from Mexico, which is the next largest producer Cleavage...........c.coeunn Oneperfect
of mercury ore Much of the Mexican production Fracture.......ccccceeevunneen. ltregularto subconchoidal
comes from reproceisg) the mnes dating to the Span- (V] (] S Adamantine
ish colonial period.
Sources

Due to its toxicity, cinnabar should not be cut or worn _
as a gemstone. It would be hazardous to the cutter and Geology.com. 2018 innabar

to the wearer. Remember t Migefals.iemZ048lha mineeal cihnghat er 6 r ef e
to the mental condition of hattergexfthey used mer- Rapp, G. 2009. Archaeomineralogy. In: Natural sci-
cury in creating their products. ence in archeology. 2nd ed. Springer: 120.
) _ U.S. Geological Survey. 2018. Mercury. In: Mineral
Technical Details commodity summaries, USGS, Reston, VA: .06
Chemical formula......... HgS 107. _ _
Crystal form................. Trigonal Webmineral.com. N.dCinnabar mineral data

Wikipedia. 2018 Almadén
Wikipedia. 2018Mercury (element)

Chinese carvec
cinnabar

o lacquerware, late

» Qing dynasty. Adilnor
Collection, Sweden

Source: Wikipedia.

Cinnabar, Fenghuang County, Xiangxi Prefecture, Hurr
Province, China. Photo: Bob Cooke.
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https://www.minerals.net/mineral/cinnabar.aspx
http://webmineral.com/data/Cinnabar.shtml#.W7FIUntKjIV
https://en.wikipedia.org/wiki/Almad%C3%A9n
https://en.wikipedia.org/wiki/Mercury_(element)

Dioptase

by Sue Marcus

D ioptase is our mineral of the month for Decendber
and it 0,&noven fobitsdistinttiye green color
| hope every collector has a specimen in her or his col
lectiond or will get one soon.

Dioptase used to be rare, though known from coppe
deposits in several parts of the world. Namibia started
sending specimens to market, initiaby very high
prices The costs decreased as supply increased
demand has always been steady for this pretty minera
Kazakhstan has also produced gorgeous dioptase sp€
imens relatively recently, so there are options.

With more specimens availablgou can obtain
smaller oned evennice oned for relatively reasona-
ble prices.Of course, the crystals that asrde, lus-
trous,andundamagedtill command top prices.

The famous Frencpriest and early mineralogist René ~ sources in Namibia and elsewhereAfrica have pro-

Dioptase withwulfenite from Tsumeb,Namibia.
Photo: Bob Cooke.

Just Hatly Known asAbbé Haily) named the mineral ~ duced beautiful crystalsNa mi bi ads Kaokov
fidioptas® in 1797, from the Greek wordslia trict offers attractive specimens of dioptase with con-
(through) andbptasia(to see) referring tothe visibil- trasting powdeblue shattucke (see the photo on the
ity of cleavage planes within trelncent to transparent right). Other sources includee Katanga (Shaba) re-
crystals. gionof the Democratic Republic of Congo (Zaire) and

. i i o Renéville and Mindoula in the Republic of Congo
The original material describey Abbe Hally came (Brazzaville). Another notable sourcés the Malpaso
from Kazakhs;an, Whlchasa very long history pf pro- Quarry in @rdoba, Argentia.
ducing collectible mineralsThe best known dioptase ) ) _ _
locality is probably Tsumeb, Namibigut other In the United States, dioptase is found in some of the

copper deposits in Arizona. The crystals are small and
dondt c o thpse froeforeign fotalities But
theycan appeal to someone wgecializes ircollect-

ing U.S. specimens or who wants $elf-collec and

is lucky!

Dioptase is a hydrated copper silicateedhbe mined

for its copper contenbutother copper mineraldike
carbonates or native copper) are much less expensive
to process for their copper content, so dioptase is not a
primarty copper ore. Dioptase forms in arid environ-
mentswhere carbonate (such asimestoneand cal-

cite) arepresent or chemically available. Fluidstrin
sulfuric ecid leach the copper in the presence oér-
bonate The copperich fluids candeposit dioptas,
givenenough time for the process to occur. And if we
are really lucky, we get beautiful crystals.

Dioptase with shattuckite from Kaokoveld, Kunene region,
Namibia. Photo: Bob Cooke.
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Dioptase is a cyclosilicateso when itcrystal-
lizes, its molecules are arranged in a ring struc-
ture Of course, the structure & the micro-
scopic leel and not visible to the eye.

At the macroscopic level, dioptase forms crys-

tals in the trigonal systena common example

of a dioptase crystas shown at leftHowever,

the Goldschmidt Atlas of Crystal Forrshows
17 differentforms in which dioptase can grow.

Ground to powder, dioptasanbe used aanartistic
pigment, andt has been used as such since Neolithic
times. Neolithic statues with dioptase as eyelivare

- P )
beenfound in Kazakhstarso the mineral was mined Dioptase from Kaokoveld, Namibia. Photo: Bob Cooke.
and used there long before anyonevkmavhat it was.

Due toits relative softness, dioptase is not durable as a
gemstone. It is sometimes used in wirapped jew-
elry, with the raw crystallized specimen playing its

(00] [o] P Greenusually deep
green; usuallycolor is distinctive

lovely color. Streak........coooeeiviiiis Green
Technical Details Cleavage..........ccccevvennn. 2.or 3 (sources vary!)
. . Fracture.......cccoooeeeieeens Irregular
Chemical formula..........CusSigO15-6H20 ! gu ) )
. IS (=] Adamantine, vitreous’,
Crystal form..................Trigonal
Hardness...........ccceu..e. 5 Sources
Density......cccccvvvveivninnnnns 3.334 Goldschmidt, V.M. 1986. Atlas of crystal forms. 9
volumes. Rochester, NY: Mineralogical Sympo-
- - ‘ sium.
o ' Mindat.org. 2018Dioptase

Minerals.net. 2018The mineral dioptase
Wikipedia. 2018Dioptase
Wikipedia. 2018Rere Just Haly.

Dioptase with plancheite from the Mindoula District,
Republic of Congo (Brazzaville). Photo: Bob Cooke.
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Erythrite

by Sue Marcus
Source: The Mineral Newslettedune 2019.

L ong ago, my mineralogy professor taught me th
colorshoudnobe used to ident
believe everything you were taugher yt hr i t e
Mineral of the Month, isan exception.Some refer-
ences call i c r i mutathat, sbade is reddend
hotterin my perceptiorthaner yt hr i t e.
fimagenta) the hue it was dubbed by another source.

The color an identifying characteristic of this mineral
comes from cobalt. The only similarly colored minera
| amawareof is kAmmererite, the chroni®earing va-
riety of c¢clinochlore. K2
tal shape), luster, and localities make it easy to distin-
guish from erythrite. Sources report colors of erythrite
ranging to pinkputt hes e must
the lovely purplish hue.

Erythrite was named for its reddish color in 1832 by
Fran-ois Beaudant drythod
thewordf or red. It is also
is partof the Mvianite Group, forming a solid solution
series with annabergite, with nickel substituting for co-
balt: erythriteis Cos;(AsOs).-8H20 while annabergite

is Nig(ASO4)2-8Hzo.

Cobalt and nickel are different colorants, with cobalt
associated wittpurple and nickel with green. In re-
searching this articld,read that when the cobalt and
nickel are about equivalerihe mineral is gy or off
whited somet hing | 6ve yet

| also learned more chemistry and mineralogy while
investigating erythriteKottigite is similar to erythrite
(isostructural in chemical terms), with zinc substitut-
ing for cobalt unlike with annabergitehowever there

is no seried there seem tde only end members.
When magnesium or iron substitst®r cobalt, the

t o

Erythrite from Bou
Azzer, Morocco.
Photo: Bob Cooke.

minerals ardornesite or parasymplesite, respectively
Again, there are no intermediate compoung®re

b eenr a r ayer, the ionic deveboh theychegistry is differeni-

like with kottigite
Erythrite occurs as a secondary mineral, forming from

t h the exidagienkof athergmingeralsfisegimentary and
c ametansogphidi roeksErytbrisebisausually assceiatgdt h r i

with quartz, calcite, limonite, and the e morecol-
lectiblemineralssuch asobaltite skutteruditescoro-
dite, pharmacosideriteadamite andmalachite Other
rare associated mindsaare symplesite, morenosite,
retgersite, and roselieeta.

Although it can be a cobalt ore, erythrite is primarily a
coll ectorés miner al And
they can be! Almost always, the erythrite crystals are
ig stnall.groupof up to a fev millimeters or centime-
ters on matrix. Wellformed crystals look like tiny
asymmetrical swords. Numerous sources mention that
erythrite crystalsanbe striatedalthough | see them

as stacks of extremely thin (micacequmgralle| lam-

inar crystals. Crytals canalso be fibrous or radiating
acicular needles. None of these form large specimens.
Coatingand earthy masses of
balt bl oom. 0

The type specimens (originally described matenal)
erythritecame from the Daniel Mine (St.abiel Mine)

in the Erzgebirge(Ore Mountains)of Saxony, Ger-
many. The type locality and its area, the Schneeberg
District, produced small, classic sprays of crystals, in-
cluding acicular grays although specimens are no
longer found and are obtainedly from old collec-
tions
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Formed from other cobalt mineralaythrite is found

in cobalt deposits and mines, such as at Cobalt, On-
tario, Canada (associated with silver there) airidt.
Cobalt, Queenslandiustralia. Nice acicular sprays
come from the Saralisia Mine, Sonora, Mexico.

Morocco is currently the main source of erythrite
throughthe cobalt mines of the Bou Azzer District.
The best and largest crystals come from Bou Azzer.
The crystals are noacicular but they are macro-
scopi® although there isomething for everyoneni-
cros arealsoavailable.

Erythritecanalso be found in some nickel, coppend
other deposits where cobalt was not a major constitu-
ent, for instance in the tin mines of Cornwall, England,
and the Dome Rock Coppbtine in South Australia.
Chile, France, and the Czech Republic have also pro-
duced specimen material.

Erythrite occurs inhe United States though not in no-
table crystals. The classic.® localities, noted for
other mineralsare French Creek in Chester County,
PA, and the Blackbird Distrigh Idaha Bothhave pro-
duced crusti the cobalt bloom form of erythrite.

Cobaltis used in the electrodes of rechargeable batter-
ies and alloys, including h supefalloys used for gas
turbine engine Cobaltis also used in vehicle airbags,
as a petroleum catalyst, andviariousother types of

Erythrite from Bou Azzer, Morocd@pecimen is 2.7 by 2.2
by 2.0 cm in size.) Sour8®ikipedia; photo: Robert Lavinsky

Hardness................. 15125

DENSItY.....cccvvernennns 3.06 g/cm (measured)3.12
3.13 g/cmi (calculated)

Color..cevevieiiiiiaenn, Rurple/violetred, crimson,

red, pink(according to references)

manUfaCturing. Morocco is the main pmr of pri- Streak.......coveeeeeinin. Pale red to plnk

mary cobalt,althoughcobaltis also mined by small Cleavage.................. One perfect
(artisanal) miners in Cong[g_). Mo s t og Ié?ﬁ Ig

is produced as a byproduct of nickel mining. China is racture.................. ectil®d that |s |t may e cut
the worldds | argest cobalt r ebytreﬁlsésfracgjrmg begdéng é"li’m%”
balt and the major supplier adfined cobalt used in the splintering

United States LUSter..occveeeeeeeanns Waxy, vitreous, opalescent

Erythrite specimens are delicate because they are Sources
sofdbt he cryst al sdogkbcrushedsobr e a k

this is a mineral to enjoy carefully. Another reason to
be careful is due to the cobalt and/or nickel andécse

in this mineralNo matter what minerals or rocks you
are handling, wash your hands thoroughly afterwards.
Erythrite is less common and more expensive than
some of the other mineral
umn, but it lends a bright spot of coloo tany collec-
tion. Put it next to a dioptase specimen for-pgpping
color contrast! 2.

Technical Details
Chemical formula.....C0o3(AsOs)2- 8H,0O

Crystal form............. Monoclinic

rocca

Ameth;l?st Galleries. 2014.he mineral erythrite
Classic Gems. N.Erythrite

Encyclopedia Britannica. N.érythrite

Geology. 2017Incredible erythrite crystals from Mo-

Geolgay Bage, 201 i
Minerals.net. 2019The mlneraYvervt%rite
Mindat. 2019Bou Azzer District, Morocco

t hi

Mindat. 2019 Erythrite

Revolvy. N.d Erythrite

USGS. 2019Cobalt In: Mineral commodity sum-
maries: 50.

Webmineral. N.dErythrite mineral data

Wikipedia. 2019Erythrite
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http://www.classicgems.net/gem_erythrite.htm
https://www.britannica.com/science/erythrite
http://www.geologyin.com/2017/06/incredible-erythrite-crystals-from.html
http://www.geologyin.com/2017/06/incredible-erythrite-crystals-from.html
http://www.geologypage.com/2014/03/erythrite.html
https://www.minerals.net/mineral/erythrite.aspx
https://www.mindat.org/loc-2389.html
https://www.mindat.org/loc-1407.html
https://www.revolvy.com/page/Erythrite
https://prd-wret.s3-us-west-2.amazonaws.com/assets/palladium/production/s3fs-public/atoms/files/mcs-2019-cobal_0.pdf
http://webmineral.com/data/Erythrite.shtml#.XOB7bFJKjIU
https://en.wikipedia.org/wiki/Erythrite

Galena

by Sue Marcus

Galena is an interesting mineral that npgpeople
havecollected How could we have waitefdr yearsto
devote a articlet o it ? L et @escanslle e
learn something new.

Galena, the primary ore of lead, is a simple chemical
compound, lead sfitle (PbS. It was originally named
galenby Pliny theElder in about 78 BCHbefore the
common era)

Common can still be attractive, as galena shows us.
Fine cubic crystals occur from micromounts to mon-
sters 1dncheslongon a crystal edge.

A case near thentrance to th&em and Mineral Hall
intheSmi t hsoni ands National
tory has a spectacular pile of galena cubésany

ti mes, | 6 v e spagimen eaddwoaderedt h «
whether | could liftitd if | wasevenallowed to try, of
course.

Morphology

As with fluorite, the morphologyshape} of galena
crystals can modify each other: culmasimodify oc-
tahedronsandoctahedronsanmodify cubes, dodec-
ahedronsand so on.

Al t hough | donét Illsupecithata ny
some collectors specialize in collecting gatepau
could assemble beautiful, diverse, andducational
collectionfrom the different crystal habits and locali-
tiesd and,given the weight, it wouldhot be likely to

be stolen.

Anglesite, cerussite, and other secondary lead minerals
are formed from the chemical breakdown of galena.
Traces of bismutmig a | e n a 6 suctwe (lattce) a |
canencourage octahedral crystal groyghver in the
lattice canaffect the way the specimen fractures, mak-
ing it break in flaky or bent crumbs or pieces.

-

Argentiferous galena is the variety that is known to be
silver bearing. Silver mineralsanalso form separate

tiny grains in massive or even crystalline galena. The
effects of the trace metals were something | learned £

aboutwhile reading about galena for sharticle. Top:Galena on pyriteBrushy Creek Mine, Oates, Viburnum Tre
District, Regolds County, Missoursource: Conroy (n.d.); photo
Kevin ConrayBottom: Galena Petrovitsa deposit, Borievdine,
Madan orefield Rhodope Muntains,Smolyan OblasBulgaria
Phob: Bob Cooke.
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Occurrence

In the Lhited States the largesgalenadeposits ar@n
the Mississippi Valley known asMississippi Valley
Type (©r MVT) deposits.They include the T¢btate
District of Kansas, Oklahoma, and Missouri; the Vi-
burnum Trend District of Missouri; and other mining
areas north to Wisconsin. The MVT featulesd zinc
+/i copper (primarily as galengphaleritetichalco-
pyrite) depositsThe sime type of depositisas now
been identified on most continents.

These deposits forad at relatively low temperatures
whenmineralizedwaters intrudd into calcareous sed-
imentary rocks (limestone or dolostgraerock made
up of dolomitg. The upwelling fluids, saturated with
metals, interaeidwith saline ground watsto precip-
itate fluorite and baritélhe limestones contaad nat-
ural joints and fractures that the fluicisuld penetrate
There is some evidence feexistingcaves and voids
that became fluid traps.

The MVT depositsoften formed ircherty limestones
The limestoneslissolved and the cherts that were left
formed porousbreccias amenable to the infusion of
metatbearing hydrothermal fluidsAs the fluids re-
acted chemicallywith the preexisting rock they
evolved and cooled over time. The result Wastion-
ation, with some minerals forming early and others
lateron.

Galena replaced the calcareous host roclkeinscon-
tainingfluorite, barite, calcite, chalcopyrite, and sphal-
erite. Most veins are massivathough vuggcavitieg
canbe lined with stunning crystals in various combi-
nations of minerals.

Othertypes ofgalena depositssuch as those in the
Laisvall District in Swederformedunder similar con-
ditions butin clastic rocks like sandstone. The hydro-
thermal fluidscancause brecciation in both types of
depositsalthough replacement of the host ramicurs
only in the MVT deposits.

Most galenadeposits are strata bound, meanihgt
the upwelling fluidsreacted a nonreactiverock for-
mation and spread out horizontally at the toheep-
osition Later tectonic eventsould change the shape
of the depeits, makng exploration and mining more
difficult. The tectonic eventscould cook the host
rocks, turning thenmto skarn(a metamorphic rock)

Galena is common in metamorphosed volcanic depos-

its when existingocks gotcaught in the processthat

Galena, Brushy Creek Mine, Oates, Viburnum Trer
District, Reynolds County, MO. Soufcenroy (n.d).;
photo: Kevin Conroy.

heaed and squeezkthe rocks. Allgalenadepositan
Canadaare hosted by metamorphic rogkise crystals

are gone but the galena is still there. Skarns are @ause
by hot intrusive rocks that punch up through lime-
stones. Contact metamorphism emplaces dissésina
minerals and thecooling that followspulls the miner-

als back in and concentrates rihnto large masses.
The intrusives are mainly in the granite family.

Galenais alsofound in geologic environments where
an igneous intrusions(ich agyranite)causedhe de-
positods
mentions of galena in basalhd diabase, both mafic
igneous rocksHowever | couldh &fihd any elabora-
tion or confirmatiorof suchunusual occurrense

One source describéibrous or play galenaalthough
such occurrencemre highly unusual, at least in macro-
specimensgpecimens yogan see, not micromounts).

| alsocame across a noveftygalena pseudomorphs
after pyromorphite.Classic specimens from Ger-
manyos
price | saw oronewas $15,000To me, it looked like
regular cubic galen®thergalena pseudomorpec-
imenscomefrom Cornwallin England Such speci-
mens might well appeab pseudomorph collectdys

or to collectors who specialize inlgaa

Il s the fisnowd or Afrosto
sources suggest that it might. béne material could
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also be tellurobismuthite (Bile;) or coloradoite
(HgTe), although themost recent sourcecould find
(from 2015) suggesthat it ismost likelyto bea i f e Galena
roelectric mater ifeom2@3) Tt Educational Puzzler
were from lowresolution radar altimetrywhereashe
more recent analyses relied on synthetic aperture rads
and stereo radar elevation data. Hold a small piece of galena in one hand and a large
Early Uses piece of pumice in the other. Ask someone (a noncol-
lector) which is heavier. Most people will pick the

The word fiplumbing and the chemical sybol for larger chunk (the pumice), which is light due to the .
lead (Pb) bothcome from the Latin word for lead, | it contains.

plumbium the materiafrom which pipes were made. S o &L a « A
Becauserocessing it is easy, galemaght have been You can then talk about dene_lt 0aKkK S_ Fde LKa ¢
the first ore from which metal was extracted. compared to mass (the largpiece of pumice).

Here is an educational mindbendesing galena

Lead from galena has been used since at B30
BCE, with the oldest artifacts being statues and beads
found in what is now Turkey. Ancient Egyptians used
leadbased cosmetics to protect their eyes fiosects
andthe harsh sun. Egyptian pharaohs had lead pipe
for plumbing. A lead glass reciges beerdated to
1700 BCE. In China, the Han Dynasty (206 BRQEO

CE) used lead in glass to mimic jade. The ancient
Greeks and Romans recognized that galena could con-
tain silver and devised effective separation processes
to extract silver from the lead ore

woman. They showed him their deposits and gave him
control of their mines. The Meskawakis d@ndbuque
explored and worked lead deposits cooperatively until
Since at least the ftYcentury, Native Americadsthe his death in 1810, when the lands were supposed to be
Meskwakis (Fox)in whatis now eastern lowa and returned to th@atives

western Wisconsiih groundup galena for facial paint,
much like the ancient Egyptians did. THeypt the lo-
cations of theggalenarom theFrench and la&r English
trappers and tradersstead tradinghunksof galena
to the Europeand he Europeangrocessethe galena
into lead shothat wadraded back to the Meskwakis.

Instead, the U.S. Army seized the lead depoaitead

rush began in the early 1820s, although miners had to
turn 10 percentof the lead ore they minealer to the
Army. The rush ended when the miners dug deep
enough to strike ground watgrumpingout thewater
made mining uprofitable

The Meskawakis grew to trust Julian Dubuque, a
FrenchCanadian trapper who married a Meskawaki

Sources

MVT deposits in Missouri include the Viburnum
Trend District, with theBrushy Creek Mineand the
West Fork Mine In the TriState District ofKansas,
Oklahoma, andMissouri galena replaced calcareous
rocks to create deposits in localities suchlaglin,
MO, andPicher, OK

The lastmine in the TriState District closed in Kansas
in 1970 due to environmental and economic problems.
In the 1960s, galenaining contaminatedhe air as
well asground and surface waters on ancestral lands
of theQuapaw Tribén Oklahoma. In northeastern Ok-
il - | a h o ma 6Lske GtheaOheatokees, fish advisories
Galenacube on marcasiteBrushyCreek MineQates Viburnum continueto this day TheTar Cree SuperfundSite was

Trend DistrictReynold€<County, MO. Sourc€onroy (n.d).; declared in the same area in 1983.
photo: Kevin Conroy.
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Peru has beean abundargource of galena in wonder-

ful, diverse crystal forms, oftetogetherwith other

metallic minerals Galena comes from ines in the
Huarochiri, Huancavelica, andasco areasf Pery

among othersThe specimen are usually untarnished,
brilliant pieces. Peruvian specimens can be found in
prices fitting any collect

Mexico producesgalena crystals from Naica and
Mapi mi . China i s prddecer@or | d:
about2,100 metric tonneger yeay, with Australiain

second place, thoudhr behind &t abou#50 tonnes).

In Weardale and Alston Moor, England, galena and
fluorite form classic, beautiful specimens. The largest
known galena crystall0 incheson each edge, comes

f r om E nislelofManl Hos a noted collecting lo-
cality.

From continental Europe, radile galena occurrences
come from the Black Forest, the Harz Mountains, and

Galena Petrovitsa deposigth of Septembekine, Madan Siegerlandin Germany Trepcain Serbiaand the
orefield,Rhodope Muntains,Smolyan OblasBulgaria Maramures region of Romanialso feature galena
Phob: Bob Cooke. mines

_ _ , _ Collectors bewareskeletal galena that seems to be
Galena is thestate mineral of Kansas, Missouri, and  gichedmight have been intentionally altered by un-
Wisconsin. Towns in Kansas and lllinokar the scrupulous sellers. Galena crystitsm the Rhodope
name Galea for lead oremined there. Wisconsin  \joyntains, Madan, Bulgaria seem to be the ones most
earned its nickname as the Badger State because min- feqyently alteredparticularly those from the 9th of
ers in the 1820s werprospecting forgalena inthe September Min?ee, for exampleHaynes 20092_
sout hwestern part of the state. hey didnot take
build houses, instead burrowing into hillsides or living Processig Galena

in mine tunnels, dwelling underground like badgers.  .ianais ofte found with copper minerals (chalcopy-
Thh € . miner ds \r/1ve rh? s 0o med iameds ;¢ t@jnjnﬁt ndfét%aﬁe r )%innc iﬂeYaé (sphal-

the nickname spread to the whole state. erite and hydrozincite), and secondary lead minerals
Some of us have had the pleasure of visiting Leadville, like cerussiteal ong wdu® (honécgnamip

tio

CO, which wasestablished aftegalenawas discov- minerals like calciteln certain gologic environments
erednearby Other famous Colorado mining districts ~ galena depositsay contain up to 2@ercentsilver,
like Ouray and Central City also produced galesa makingthema valuable silver ore.

well asspecimens for collectarSilverton got its name
from the highlyargentiferous galenained nearby

/| 2T f SOG2NRa

More unusual L5. localitiesfor galenanclude Wurtz-

boro,NY,and Shul | sburg,ose. | TheMAYSNI f adySid ¢SoaArds
Mining District was rich in silver, much of whictame for improving the looks of tarnished galespeci-
from galena,although other silvebearing minerals mens: using water and mild soap. However, ga-
were found there too. lena specimens can be brittle or have begun to
In 2018, five Missouri minestill produced lead, along corrode, so th_ey_should be handled with care. A
with a total of five mines in Alaska, Idaho, and Wash- other source indicates that hot water can crack
ington. Along with newly mined ore, recyclingf bat- specimens (due to expansion and contraction di
teries and dter lead products an important source of ing heating anatooling), so wash gently.

leadin the United States
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Pyrite carmposea processing problerbutif it contains
sufficient gold, thevalue of thegold andthe value of
thesilver contained in the gala carcoverthe mining
costs, leaving lead, copper, and zinc products as prof-
its. Deposits composed mostly of galena, chalcopyite,
and sphaleritélike the specimen shown on the right)
canbe economically viablé there is enoughsilverin

the galena andnoughgold inthe pyrite.

However, the arsenopyrite found in some deposits
poses severe processipigpblems The market for ar-
senic is not as large #¥ markets foprecious metals
and forbase metalsther than lead. Moreovighe ds-
posal ofarsenic idifficult because it is a toxin.

Usesof Lead Today

Batteries, including vehicle batteries, are ksading
use of lead in th&nited States. Lead is also used in
bullets and fishing sinkersLeadis used asa shield  Galenawith chalcopyrite, sphalerite, and other minerals, Primors|
from radiation in television and other screens or wht Kray, Russia. Sourc@mithsonian Museupphoto: Chip Clark.
we have medical-xays or other diagnostic tests like

CAT scansthe aprordrapedoveryou by the techni- used in paintso make the coating opaque and durable
cian contains lead. Lead lineatso seal radioactive and to accelerate drying. Since antiquity, lead has also
chambers. been used iplumbing Older buildingsand water sys-

Was galena useih fleadd pencils, which are now tems still contain lead.

made ofwood, clay, and graphite? Sources differ.  Suchuses havéong since ceasebecausedadin the
Some say never, others say it happened long ago. environmenis toxic to humans and many other living
organisms. Irchildren excessive leadbsorptionaf-

In the United Statedead from galena was used in _
fects brain development.

early electronic device3.hroughout history, lead has
beenused as a glaze for pety, and lead wasofmerly The Clean Air Act of 1970 was, in part, a response to
the inadvertent discovery of lead pollution in grevi-
ronment. A scientist was trying to calculate the age of
the Earth using a process that required pure natural en-
vironments, includingleal r ee air . She
any because lead mining in the United States had
spread lead into the atmosphere agthe nation. Lead
mines, especially in the central United States, have left
environmental legacies that includellption from
waste dumps, radoand other toxins like lead in dus

Accordingly, some states now have buybpaigrams

for potential lead gllutants such as bullets and fishing
sinkersLead is no longer used to solder food datis
hough solder from metals other than lead can create its
own problems) In the United States, gasoline no
longer contains leadPewter, an alloy of tin and other
metals, used to contain lead, possiatyoxic levels,
although modern pewter thatight come irio contact
with food rarely contains lead.

Calcite and glena,West ForkMine, Centerville Viburnum Trend
District,Reynold€ounty, MO. Sourc€onroy (n.d).;
photo: Kevin Conroy.
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Another previous use of lead was to makeystab for
high-quality and higkpriced glassware (for example
Waterfad Crystal) or chandelierd.eaded glass is

heavy and refracts light so that it sparkles brightly.
Lightly striking the rim of a leaded wine glass causes
a unique ring. The brilliance (refractivity) and tone

(sound) of leaded glassedirectly due to théead. 2
Technical Details
Chemical formula....PbS

Crystal form............. lsometric
Hardness................. 2.5

Density..........ecee.... 7.47.6
Color..ccviiiiiiiiinn Gray, slvery when fresh;

dark gay sometimeswith white to orange al-
teration crusts

Cleavage................. Three perfect, at 9@ngles
Fracture.......c........... Brittle, subconchoidal
Luster....coocvveenriennnnd Metallic when fresh or not

tarnished; dull and darker when tarnished
(with further color change if chemical altera-
tion is occurring or has occurred)

Streak.......cccvveeeen Gray-black
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Hematite

by Sue Marcus

Octoberds
ore of iron
explore it together.

t hat comes i

Ancient Uses and Etymology

Hematite has been used since prehistoric times. Thin
of the red Apainto used
ocher, a powered material coatning 20 to 70-per-
cent hematite. A Wikipedia article statebat ocher
was used 164,000 years a

Hematite was mined othe Mediterranean island of
Elba by theEtruscans, so this mineral has a long his-
tory of use. That is reflected in the evolution of its
name, which derived from the red types of this min-
eral. Mindat credits Theophrastus with its first name in
300325 BCE, U gUUaUdqd aa
haima t i t Uosfblbotstt hodiken sources differ,
with Mindat giving Pliny the Elder credit for translat-
ing the name in 7€CE to haematite lfioodliked )
thus giving this minerahamethe distinction of being
the first with-ite as its suffix.

Other ®urces conclude that, in theth&entury, the
original ancient Greek became Lakapis haematites
which was revised to Middle Frent¢tématite pierre

( Abl oo dSerhedEarepéan sources may still pre-
fer spelling it haematite.

There will not be a quiz oall this!

Kidney ore hematite, eeddish form of the mineral, from
Cumberland, England. Photo: Bob Cooke.

Mi n e rhanatitep & majorh €

o

Hematite from the Black Rock Mine, South Africa.
Photo: Bob Cooke.

Forms

Thereddish streakf hematiteis a good indicatgrand
its lack of magnetisris alsoa useful clue. Remember
that hematiteanbecome magnetic upon heatingifor
the material is inteningled with magnetite.

The red nonmetallic types of hematii@nbe used as
pigments and are softer and easier to wogk tthe
more interesting collectible types of hematitéhich

are black and etallic to submetallic. There are mam-
millary or botryoidal masses that form interesting
shapesincluding stalactites and stalagmites and beau-
tiful rosettes of lustrous metallic crystals.

Therosettesarethe mosthighly prized by collectors.
Add one or nore sparkling, contrasting tiny quartz
crystab and you have a stunning specimén special
interest to collectors who specialize in pseudomorphs
(minerals replacing other minerals or materials) are
hematite pseudomorphs after magnefikddney ore

is a term for lumpy botryoidal masses of hematite.

Banded Iron Formation

The relatively simple chemistry of hematite {6¢
and the significance of oxygen in the formula help us
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understandhathematite usually forsin low-temper-

i3 Ty WA o
Botryoidal hematite from the Red Mountain Mine, Al
gusta County, VA. PhotBob Cooke.

ature environments with water presemtematite
forms in all three major rock types.

Bandediron formation is the sedimentary and most
economically important form of hematite. These for-
mations were laid down billions of years ago. Fine
grained massive hematite with magnetite comprises
the dark bands and stains the st red bands.

Most U.S. iron productionis in the banded iron for-
mation in he Iron Rangef Minnesota and, to a lesser
extent,in Michigan. There igor was)a huge hunk of
banded iron formatioautside the south entrance of the
Smit hsoni ands Natur al

Hematite inbandediron formation is the production
source for most of the ore extracted at the Carajas Mine
in Brazil, t he worl
tion as a significant byproduct. Weathered #ra
material above the unweathered hereagithe easiest
ore to mine. The site is so large that it can readily be
identified from satellite images.

Igneous and MetamorphicSources

In igneous rocks, hematitanbe found in granites or
as ahotspringsprecipitate (volcansedimentary?) in
places like Yellowstone. Granites host vugs favoring
formations of the rosettes coveted by collectGsa-
nitic iron deposits are smaller than the sedimentary
bandediron formations,but they were more easily
identified and worked in antiquity.

What about hentde in metamorphic rocks? Well, the
bandediron formation is metamorphosed from sedi-
mentary rocksso it can count for both rock types.

Hi s

dés | a

Hematite rose on quartz from the Massif du St.
Gotthard, Switzerland. Photo: Bob Cooke.

Hematitecanalso form during contact metamorphism,
when magma or tectonism cooks other rocks.

Waitdt herebds a uniquely
amorphiehematite part of this story. Iridescent hema-
tite occurs naturally in Braz{land therefore probably
elsewhere ithe world in metamorphic rocks. See the
section below omses of hematite fgewelry for more
information.

Oolitic iron ore is another economically important
form of hematitic iron Odiited means aounded or
eggshaped object, usually with concentriags. It
foros whenWiemstéecihemically precipitafése con-
ditions are not understopd

Collecting

visit many noted specimen localitid#/ith the diver-
sity of forms, you couleend up witha collecton of
hematitespecificspecimensand a fine assemblage to
show.

Elba, Italy is a classic source, as are the Swiss Alps.
Both have produced iron ore and hematite crystals for
as long as there have been collect@gt specimens
arealsoreadily availableon the market.

Specularite is a micaceous form of hematite, usually
not as interesting to collectoButif you want English
specimens, yomight find this type of hematite from
Cumbria(in northwestern England)

Brazil is another producer of hematite specimens, in-
cluding some rosettes. China is now a powerhouse for
lovelyandl ustrous rosettes.
seen.
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Naturally occurring iridescent hematite, alsalled
rainbow hematite, came from the Andradme in Mi-

nas Gerais, Braziln the 1990s. This brittle, splintery
material is of little interest to mineral collectdyat a
boon to jewelry designedsand buyers. Thérides-
cence comes fromanoscale rep&ements and align-
ments, with gorgeous results. This shows hematite in
ways most of us never expect from plain old iron ox-
ide.

Har king back to the origin
rockhounds are familiar with bloodstone, an agdjke
form of guartz with green
specks. The red is caused by hematite.

Lustrous #very-black hematite, notably from Brazil,
is used in jewelry and carving. Buyer beware! Many

VIR : novelty items that are labelédh e ma t magnetico i f
Hematite from Ures, Sonoma, Mexico. aresynthetic compositeof ground hematite and mag-
Photo: Bob Cooke. netite.

Hematite has even been detected on Mars! Not as the
red in the Red Pl a(seethe but
pHoto below)These are rounded hematite concretions
that are believed to have been formath water.

Morocco has producedvariousforms of hematité
mammillary; single crystalsandodd,f | at tskeln e d
etab crystals from numerous localities. The flattened
crystals from Nador are an interesting additionrtg a
collection. Sout hasprdducedc a 6 SecWies Betallss Mi ne
stunning hematite crystal groups and even more beau-

tiful individual silverblack hematite crystals with Chemical formula.FeOs

deep red andradite (garnet) overgrowths. Moroccan  Crystal form......... Hexagonal/Trigonal

mines and the Wessdline are still producing, so we Hardness............. 51 6.5 (sources vary)

hope for new discoveries. Specific gavity ......5.3

Hematite is foundh many US. localities,although at- Color.................. Metallic black to gay, nonmetal-
tractive specimens are not abundant or wathin. lic red

Perhaps the best.8l specimens aae from Chubb
Lakein &. Lawrence Cuonty, NY, in the late 1990s.
Like many other showy hematites, these are submetal-
lic and associated with quartz.

Uses

Hematite is mined for iron, which is used for steel pro-
ducton Australia is the wor
Iron (hematite) mining on Elba began by thik &n-

tury BCE when the Etruscans operated furnaces 24
hours a day. Mining on Elba only ceased in 198
some areas are now a historic mining district.

Powdered hematite is used as a polishing compound
known as | eandan aglditidedo brass argl e
silver polishes. Look at the ingredients in solid
makeup. If iron oxide is listed, might be hematite,
adding a reddish hue. Iridescent hematite from Elba, Italy.
Source: Ma and Rossman (n.d.).
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Streak.......oo...... Brick red

Cleavage........... None, though may show parting
Fracture............. Uneven to subconchoidal
Luster................. Metallic, reflective black
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Malachite
by Sue Marcus
Source: The Mineral NewsletteMarch 2019.

M alachite green: a color. Malachite jewelry. Mala-
chiteaso b j et ,®or adodra af them, as in the Her-
mitage in St. Petersburg, Russia. For those of us whg
treasure it as eollectible mineral, malachite is color-
ful andaccessible, anidl can be affordable. Collectors
can also spend sHyigh amounts for specimens, too.
Many of us hae had the fun of collecting malachite
ourselves.

I candt say t hat thoaeghienmah i
be. The name, based on t
leaves, was reported by Pliny the Elder irCER(AD).

Malachite hadeen mined for copper and other uses
since prehistoric timesThe earliest known copper
mi ning, by Egyptians in
Valley, led to the construction of the Temple of
Hathor, the goddess of many things, including protect
ing miners. Thee mines were probably active during
the reigns of the biblical kings Solomon and David and

N\ b-.'

X v o
| A’ |

Malachite from Kerrouchen, Morocco. Photo: Bob Cooke.

are usually priced according to their visual appeal and

m b [ fotn for mer scarcityd that is hli?hly iced! This is 1] o true for ,
N a I)'ih' el hpt al . OB itai € ° € gpacimen% Eﬂ?)slé do HpH% &t Thalachite aftér &zuritd ® "
eolithic majachitemines in britain. when weltcrystalized azurite has been completely re-

Malachiteis usually hosted by limestone depodités placed by malachite.
usually a secondary mineral, occurring when primary
copper minerals are attacked by water and air or by
fluids not far beneath the surface of coppeh depos-

its. Azurite is particularly susceptible atteration irto
malachite. These two colorful copper minerals make
stunning specimens, especially when there are large
azurite crystals altering to malachite. Such specimens

Major current sources of malachite specimens include
the Democratic Republic of Cond®RC), formety
known as Zaire, the locati@hownon many older la-
bels. Specimens from theRT are often botryoidal
and may form stalactites or stalagmites many inches
long, a relatively rare shape in the mineral kingdom.
Rather coh‘usingly, the Republic of Cong(Brazza-
ville) also produces fibrous malachite specimens,
though not athe scale of the DRC. Tsumeb, Namijbia
has produced stunning azurite crystée locality is
famous for (among other things) malachite pseudo-
morphs after azurite. Malachite is alsahal in Tsu-
meb as smaller primary crystals, acicular coatings,
masses, and ball s. Nami bi a
producer of beautiful specimens.

In the past few years, the Milpillas Mine in Sonora,
Mexico, has produced beautiful azurite crystals and
fewer malachite specimens. From the photos for this
locality on Mindat, the malachite specimens shown ri-
val the ones from Tsumeb. Previously, Mexico had

Malachite on azurite from Bous Kour, Morocco. Photo: Bob Cot
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Malachite with &rysocollaMashamba West Mine,
Kolwezi Districtkatanga, Democratic Republic of Cong
Photo: Bob Cooke.

beena source of mostly lower quality malachite spec-
imens from a wealth of copper deposits.

Malachite pseudomorphs after cuprite are another at-
tractive type of pseudomorph specimens. These are
best known for the classic old, aptly nhamed Chessy
lesMines locality near Lyon, France. The mines
closed more than a century ago, so specimens are
scarce.Malachite pseudomorphs after cuprite have
also come from other sites, though infrequently.

Moroca Gasurite is better known to collectors than its
malachiteat hough where therebs
ally malachite. The Moroccan material comes in many
formsbutis not as spectacular as pieces from other lo-
calities.

Oddly, | could find no notable malachite localities in
Chile, which is known for copper production. This
may be due to the younger age of the Chilean deposits
and adry climatethat didnot provide the necessary
oxidizing conditions.

Rum Jungle and the Burra mines are among the best
known of the Australian localities. These mostly pro-
duced botryoidal malachitalthough rare crystals or
pseudomorphs after azurite asoreported. Brazil,
China, and many other countries have produced col-
lectible specimens of malachite, though not to the ex-
tent of the localities noted previously.

The United Statesias malachite in many places. For-
mer copper mines in Arizona produced the most stellar

Malachitepseudomorph after azurite, New Cornelia
Mine, Ajo, Pima County, AZhoto: Bob Cooke.

U.S. specimens. The best of these include malachite
pseudomorphs after azurite, with pseudocrysths
pluscentimeters in sizdarge botryoidal masses, and
lovely fibrous coatings of fine crystals. Bisbee is the
most famous of the Arizona localities, although
Morenci and other minealso produced specimens.
We can even find malachite in Virginia. Local speci-
mens ar en 0 yetMinda shows sixpecr |,
mens from Virginia, including one from Vulcan
Quarry in Manassas that was collected and photo-
graphed by Robert Simonoff.

In the 18h and 1%h centuries, Russian mines jn the
Ura ?\/Ijgu?lﬁair?s]%rbvid%d ﬁh% rcz%ré %vitrr:h(r:]ogpﬁref and
with massive malachite fdovely works of art. In the
1830s, more than 70 tons of massive malachése
produced for such uses. Russian artisans developed
unparalleled skills in piecing together small bits of
malachite to form large objects that appear seamless,
as if the malacle was curved from a solid, unbroken
mass. Another awmspiring use of malachite is the
Malachite Room in theCastillo de Chapultepec in
Mexico City, which features huge doors of malachite.
Grand palaces in other parts of the world are also dec-
orated withlarge malachite items.

Other copper minerals are richer in the metithough
malachite can be mined for copper. Most specimen lo-
calities are or were copper minedthough malachite

is not the main mineral of mining interest. The main
usesof copper inthe Unhited Statesare in construction
(for copper pipeand so oj for electri@l purposes,
and in transportatiorCopper also goes intadss and
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bronze alloys Although the Wited Statesproduces
copper from about 20 mines, veésoimport copper
ore from Chile, Canada, and other countries. Our coun-
try is also a copper exporter.

Readily availableeasy to workand known for centu-
ries, malachitewas used by ancient people in both
Egypt andCentral and South America in their death
rituals and funerary objects. The ancient Egyptians
even referred to the
Malachiteis soft and easily ground to powder, so pig-
ments weraised by ancient Egyptians in tomb paint-
ings. Using malachite pigments for painting continued
into the 17h century in EuropeMalachiteis still sold

as a pigment for historical restoratiomy the way,
malachite green (the color) is nhamed for malachite,
eventhough the pigment of that name does not contain
the mineral or even copper!

The mineral hasong been used in jewelnMixtures

of malachite and other copper minerals make lovely
stones for jewelry due to the color contrasts of ggeen
and blues (arite, turquoiseand so oh Translucent
malachitecrystals are too small to be cut as gemstpnes
and all other malachite is opaque, sovalachitgew-

elry is opaque. Malachite is fairly soft, so it is not a
stone that will take abrasion or hard usgeimelry.

Modern lapidaries have been informed by modern

chemists and others who recognized that malachite
dust can be toxic. If you make cabochons or do other
lapidary work with malachite, check on what precau-

tions should be used.

Pseudomalachite is a cpiately different phosphate
mineral (Cus(PQy)2(OH)4 usually occurring as very
dark green botryoidal crusts. It is not malachifast
pseudo.

Technical Details
Chemical formula.... Cu,COs(OH),

Crystal form............. Monoclinic

Hardness................. 3.54

Specific Gravity....... 3.64

(0] [o] U Green, sometimes banded
with very dark green

Streak............... Green (light)

Cleavage................. One perfect; one fair

Fracture................... Uneven to subconchoidal

Luster....coevveeniinnnnn, Vitreous in single crystals;

silky when fibrous .

afte

: 8 AT .
Malachitefrom Tsumeb Mine, Tsumeb, Oshikoto Regiol
Namibia.Source: Mindat; photo Manfred Kampf.
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Muscovite

by Sue Marcus

Once again, we choose a mineral of the month that
most of us might have in our collections, common yet
interestingFrom my perspective, | figured it would be
easy. And once again, | am learning more about min-
erals.

Mica Sheets

Muscovite, oudune2018Mineral of the Month, is in-

deed common and interestjreyen though it is a com-
plex phyllosilicate. That means that that there are
many elements along with silicon tine chemical for-
mula, and the structure of the mineral occurs as thin
sheets stacked upon each other. The sheets, which are
characteristic of all micas and some other minerals like
chlorite, form from rings of molecules that lock to-
gether.

The mica groupof which muscovite is a paif typi-

fied by brittle single sheethat formdurable, tough
Abooks, 0 as the stacked s
sheets of muscovite may be flexed gently and are usu-
ally completely transparentMuscovite crystals are
thicker and usually translucent to opaglige the
specimen at upper righSo the crystals are usually
opaque in all dimensions unless they are separdted in
thinner sheets.

Name

What do a type of duck, a mineral, and a Russian prov-
ince have in common® name& based orihe medie-

val Principality of Muscov§ and, for our purposes
the mineral muscovite.

The mineralvas originally used as window coverings,
perhaps not totally transpardnit translucent enough

to transmit lightand stillprotect those ins&from the
weather. The name apparently predates the 1794 usage
by the German mineralogistlohann Gottfried
Schmeisser. According to sourcesjscovitehas also
been called catds silver a
never heard those terms; they may bbegibbsolete

or used in other countries. Isinglass and glimmer have
been used for muscovibaitalso for other minerals.

Formation

Muscovite occurs in all three major rock types. The
largest crystals,uto 5 by 3 meteri size (eported

Muscovite with beryl, fnm Paprok, Afghanistan
SourceWikipedig photo: Rob Lavinsky

Muscovite window from Russia.
Source: Wikipedia.
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from Nellore, India, are found in pegmatites. The rel-
atively slow crystallization of the magma into rock al-
lowed the micaand other mineratrystals to growas
the layers of molecules built up.

Mica, whether muscow{ biotite, oranother member

of the mica group, is an integral component of granite,
pegmat i t gréired cousia. THe breakdown of
feldspar, mica, and other minerals leads to mica in sed-
imentary rocks. Muscovite is also common in meta-
morphic rocksike schists and gneisses. Heat and pres-
sure change clay into mica and the surrounding miner-
als.

Muscoite is usually an attractive costar in most min-
eral specimens, with a benduych asaquamarineor
emerald) grabbing the limelighlike in the specime
on the first pageWe should all have a lovelpusco-
vite crystal ora group of thenm our collections.

Sources

Look at the beautiful star muscovite crystals from lo-
calities ke Minas Gerais, Brazil. These are delicate
because the edges flex and therefore def&tifl, as
with many other delicate minerals, a nice specimen is
worth having. Brazil is the major producer of nice
muscovite specimensgjthough South Dakota is an-
other good source, as (sore rarely New England.

Erongo, Namibiamay be better known for producing
aquamarinealthough small yellow rosetsef musco-
vite crystals are pretty, tdoand probably not as ex-
pensive. Muscovite pseudomorphs after tourmaline
are reported bWinerals.net from Pinal County, AZ.

Faceted mscovite fronBrazil, 1.94 carats
SourceGemdat

Muscovite fromMinas Gerais, Brazil
SourceMindat; photo: Rob Lavinsky

Gemmygreen crystals are reported from North Calro-
lina by the samesource although | could fnd no con-
firmation. Wherever there are pegmatjtasiscovite
crystals are possible.

For eyecatching photos, as usual, see tiedat ref-
erence below. Mindat lists varieties of muscovite from
A to Z, literallyd althoughsome of thesappear to
have only tagential links to muscovite. The only ones
with which | am familiar are sericite, simply a fine
grained variety, and fuchsite. Fuchsite is a green vari-
ety of muscovite, withchromiumreplacing somef
thealuminumin the crystal structure.

Why a r efuchsite or other varieties a separate spe-
cies? | dondét Kknow.

Uses

Muscovite may be attractiveutit is not a gemstone.

It is almost always too brittle to guiut xperience has
taught me to check my assumptions. | had assumed
thatmuscovite was never faceted until | found that the
Gemdat website showed a pifikceted(left) and a
dark cabbed muscovite.

Muscovite is a common mineral; the portrayal of only
two cut stonedy Gemdaindicates howunusual it is

as a lapidary material. duppose muscovite could be
used for a unique wirerrapped piece.
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Muscovite has humerous uses because it is water re- U.S. Geological Survey. 201Blica (natural), sheet

sistant, light, inert, an electrical insulator, heat re- Mineral commality summaries: 104105.
sistant, and reflective. It is also relatively common University of Minnesota. N.dVluscovite
therefore, because it is alsghtweight,it is inexpen- Webmineral. N.dMuscovite mineal data
sive to transport. Georgia, North Carolina, and South Wikipedia. 2018Formica (plastic)
Dakotg along with foreign sourceshave produced Wikipedia. 2018Miller index.

fiscrap mica) small flakes that are used for joint com-  Wikipedia. 2018 Muscovite
pound, paint, oilwetdrilling materials, and possibly
cosmetis.

Large muscovite sheetare imported, primarily from
India, although North Carolindhe Spruce Pine area)
has produced small amounts. Sheet mica is mostly
used for electrical applications.

Muscovite provides the spc¢ aste
in many cosmeti Muscovite was usetbr the win-

dow in wood or coal stoves due to its hesgistance.

Some of our older readers may remenftoemica. It

was a synthetic product used for countertops and other
purposeswhere a durable, heagsistant surface was
desired.The name comes froriformulated mica
When the synthetic material was invented in 1912, the
manufacturer used it in electrical insulation as a sub-
stitute for mica. Usesubsequentlyexpanded tan-
cludekitchen counters,

Technical Details
Chemical fornula..... KAl 2(AlSi3010)(OH).

Crystal form............. Monoclinic (pseudehexago-
nal)
Hardness................. 2.5/ 2.8(sources vary)
Density.........oeee..... 2.7 3 (sources vary)
Color....oovvvvviiiennnd! Clear, white, yellow, silvery 7
Streak......ooovinnen) White Hand carved from mica, Hopewell Culture (10§ B
Cleavage................. One perfect cleavage 500 AD), Hopewell Mound Group, RGssinty, OH
SourceNational Park Service
Fracture................... Uneven
Luster....coocoveenriennnn, \itreous, pearly
Sources

Gemdat.org. 2018uscovite

Geology.com. 2018Vluscovite

Mindat. 2018 Muscovite

Minerals.net. N.dThe mineral muscovite

Nova Mining. 2014Mica minesi Nellore

U.S. Geological Survey. 201Mica (natural) Min-
eral commodity summaries: 110B)9.
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Olivine
by Sue Marcus
Source: The Mineral NewsletteApril 2018.

Olivine appeared to be an interesting minérat-
tractive, available, even collectildeso it was chosen

as our Mineral of the Month for April. For thosého

have followed articles on the Mineral of the Month, we
have | ear ned a ®dhattis, mmnerale r a
with chemical formulas that grade into one another,
forming a sort of chemical spectrum as one or more
elements substitutes for another. Olwims one of
those.

i Wh e |
i vion

Ol'ivine used to be a simp
was in school ... 0 Now, r
to be the umbrella term for the soBdlution series of
magnesiunrich forsterite (M@SiOs) to ironrich fay-

alite (FeSiOs). Less common minerals in the olivine
group or less commonly identified with thé&min-

clude kirschsteinite (CaFeSjQ monticellite (CaMg-
SiOy), and tephroite (MiBiOy). R

With its yellowgreen color, it is easy to see that oli- Olivine from the Kohistan District, Pakistan
vine acquired its name from the green olive fruit. Be- SourceWikipedia; photo: Rob Lavinsky
cause the chemistry can vary throughout the olivine
group, the origin of specific names has come and gone
with the individuals who described their regal in
hand. | will leave you with the knowledge that you will
soon be reading about the ancient mining of these ma-
terials and that wedl|l i dreridot, sometimes calted cheysolitet i yeHgreeb e ¢ a
mineralogical ephemera. and is the gem form of olivine and the August birth-
stone. Peridot is a name of unknown origin, although

At the other extreme, it is used in Finland in saunas.
More mundanely, olivine has uses in steel manufactur-
ing, including as a flux, and it is used in moldsio-
minum foundries.

Olivine occurs in all three major rock types. Olivinite
and eridotite are names for igneous rocks predomi-
nantly containing olivine. Scientists believe that most
of the upper mantle is composed of olivinite (that is,
olivine plus a few silicgpoor minerals). Olivine can be
scientifically important in determining thgeological
origins of the rocks that contain it.

Rocks in Hawaii and other volcanic regions host phe-
nocrysts of olivine: the olivine formed early in the pro-
cess of magma solidification, then the olivine chunks
were caught up in the stilluid magma asticame to

the surface. Olivine is found in metamorphic rocks de-
rived from these igneous rocks. Olivine also forms
sand and even beaches when weathered from relatively
young volcanic rocks in places like Hawaii.

| always larn something when researching these arti-
cles. Olivine is used for sequestering carbon dioxide!

Forsterite. Photo: Bob Cooke.
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many possibilities have been suggested. It seems to
have started as a tewsed by merchants and jewelers
in the 1300s rather than by those exploring natural sci-
ences.

A well-known U.S. locality, near Peridot, AZ, is on the
San Carlos Indian Reservation. Most peridot is fine
grained, fractured, untransparent, and therefore tinsui
able for cutting. Larger pieces are usually faceted unto
semiprecious stones.

The Egyptian locality of Zabargad Island, in the Red
Sea, is the source of the best faceting material. Mindat
reports that there is no eviderafenining before 2500

BC on Zabargad! The mines were mentioned by Pliny
the Elder in 79 AD. A 2&entimeter crystal was found
there. It was also the source of the largest faceted per-
idot, a 311.8&arat gem residing in the Smithsonian In-
stituti oh MsseunN aft Natunala History
(shown below). Mogok, Burma (Myanmar), and the
gemrich pegmatites of Pakistan are other sources of
beautiful peridot crystals for collections or for cutting.

Peridots and peridot necklace. The gem sources range from Egypt, to Myanmar, to Pakistan, to Norway, to Ariz
to Antarctica. Source&Smithsonian Gem Gallemyhoto: Chip Clark.

Minerals of theMonth October 2019 43



The Smithsonian even has a 3dafat faceted peridot
from Antarctia.

Extra! Extraterrestrial! This month, we have a mineral
that has been found in sources from places other than
Earth. Olivine has been reported from meteorites and
asteroids as well as in rocks from the moon and Matrs.
2

Technical Details

Chemical formula.......... (Mg?*,F&*)2Si0q (Wik-
ipedia)

Crystal form.................! Orthorhombic

Hardness...............o....... 6.57

Density......cccoeeeeeeeeeenn. 3.213.37

Color ..o Usually shades of green,
from yellowishgreen though olive to yellow-
ish-brown

Forsterite: colorless (pure, rare); uncom-
monly white, gray, or orange, along with
greens and browns

Fayalite: brown, yellowbrown

Streak......ccooeeeiiii Colorless, white
Cleavage.............cc.uu..... Two good cleavages
Fracture.......ccccceeeveinnes Conchoidal
Luster.......cccceeeervennnnnnnn Mitreous
Sources
Gemdat. 2018Peridot (olivine)
Mindat. 2018 Qlivine. Forsterite samples Photos: Bob @de.

Minerals.net. 2018Theolivine mineral series

Revheim, O0.201%2er i dot from St . Johndéds/ Zabargad
Island Mindat.

Smithsonian Institution National Museum of Natural
History. N.d.GeogalleryPeridot gemstones
Washington, DC.

Webmineral. N.dOlivine mineral data

Wikipedia. 2018Qlivine.
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Pyromorphite
by Sue Marcus
Source: The Mineral Newslettefebruary 2018.

T his month, we are learning together abtiat min-
eral pyromorphite.

Name Origin

One of the first things | learned is to be grateful for the
name. This lead mineral has been known since at least
the mid1700s, when it was callggrén Blyspa{Swe-
dish), Minera plumbi viridis (Latin), and Mine de
plumb verte(French).l assume the lattetwo are
roughly translated areen lead mineral.

Gron Blyspatwas the name used by the Swedish
chemist Johan Gottschalk Wallerius (1v0985). The
cognate in German would Heriinbleispator griner
Bleispat meaning green lead sp&yromorphite was
also known asGriinbleierz(green leadore), Braun-
bleierz(brown leadore), Traubenblei(grape lead, no
doubt for a botryoidal form)olysphaerite, nuissierite,
miesite, cherokine, collieite, plumbeine, and finally
(true!) sexagulit.

Why so many different names? Probably because this
mineral is unusugthough not rareand often colorful
(though in different colors or shadesso people
thought they had specimens of different chemical com-
positions and therefore different minerals.

The nameyromorphite, bestowdad 1813by the Ger-
man mineralogisiohann Friedrich Ludwiglausmann
(1782 1859), makes sense when we tease out its
meaning.Pyro means fire in Greek, anchorphois
shape. When melted by heat (fire), the goo will begin
to recrystallize as it cools, taking shape, as it were
from the fires of melting.

Characteristics

Pyromorphite is known for occurring in shades of
green (like above righ), from deep forest greens
through richeandbrighter hues, then into the yelloew
greens, like the color of olivine (peridot). Pyromor-
phite also forms lovely yellow csyals; unusual orange
crystals take their coloration from arsenic.

The aystalsof pyromorphiteare often barrethaped
and sometimes hollow. Single crystals are ridv@,)gh

Pyromorphite fronthe Daoping Mine, Zhuang Autonomous
Region, China. Sourd#&fikipedia; phote Rob Lavinsky.

micromounters can probably mount ohike the sam-
plesshownhere pyromorphitecommonlyforms clus-
ters, with the best specimens being lustrous.

When calcium replaces some of the lead in the crystal
lattice (structure), the specimens are lighter in weight
(with less lead) and usually lighter in color, too.

With a chemical formula oPhky(PQs)sCl, pyromor-
phite can be used as a lead olledd ispresentm suf-
ficient quantitie® though as a mineral collector, |
donot want to think of
through the mill!

Pyromorphite forms a solid solution series with mim-
etite (Pby(AsO4)sCl), so some specimens may be
somewhere along the spectrum from pure pyromor-
phite to pure mimetite. In fact, these two minerals are
good examples of a solid solution sedidbat is, min-
erals that share very similar chemical formulag
have cheical substitutions that form a range in the
composition from one mineral to the other.

Vanadinite(Ph;(VO.)sCl) also forms a chemical series
with pyromorphite, although intermediate specimens
(chemically between pyromorphite and vanadinite) are
rare and unknown to me.

Pyromorphite is a secondary mineral, forming through
the oxidation of primary lead minerals and ores. So
where there is lead, thengay be pyromorphite. Pyro-

mor phite isndt rare,
always sought by collectors.
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Pyromorphitecan even form from biological pro-
cessesPaecilomyces javanicug mold in leaepol-
luted soil, can form biominerals of pyromorphite.

Localities

We are fortunate to have a fornmeajorpyromorphite
locality in the Lhited States The Bunker Hill Mine in
the Coeur dAlene District of Idaho was a significant
source of specimeret all prices for many yeardl -
though mining began in the 1@8 most mineral spec-
imens came out in the 1980s and 1990s.

The mine is now closed and is a superfund site. Unfor-
tunately, mining polluted the Coeui®Xene River
with lead and other toxic materials.

The mines near Phoenixville AP were another fa-
mous US. locality for pyromorphite. The mines closed

more than a century ago, so fine specimens are rare.

Collecting may still be allowed for pay at the dumps

on the grounds of a local country club. Wonder

whether rockhounds are welcome at the country club
in collecting attire?

Easthampton, M, has produced small though lovely
crystals. Closer to home, pyromorphite has been found
in several places in Virginia, although not in stunning
specimens. Mindat reports it from the Morefield and
RutherfordMines near Richiond.

France is the source of some of the first and finest py-
romorphite specimens. The Les Farges Mine speci
mens are noted for their intense green color. The Beau-
voir Quarry in the French Alps produced delicate, tiny
crystals.

Broken Hill, Australia is andher noted specimen lo-
cality, and China is currently producing nice speci-
mens. Germany and Mexico are also sources of pyro-
morphite specimens.

Although pyromorphite can be faceted or used as a
gem, specimens are seldom large enough and fracture
free, and waring leaebased minerals or gems is not
advisable. Pyromorphite is an unusual gemstone for
these reasons.

Technical Details

Chemical formula.... Phs(PQs):Cl
Crystal form............. Hexagonal
Hardness................. 3.54
Specificgravity......... 6.57.1

Top: Pyromorphite from New South Wales, Australia
Bottom: Pyromorphite from the Bunker Hill Mine in Idaho
SourceSmithsoniarMineral Gallery phaot Chip Clark.

Color......veveiiiiiiinns Usually green, though also
orange, yellow, brown, white, rarely colorless
Streak..................... White
Cleavage................. None
Fracture................... Sulronchoidal
Luster.....ccoeeeeeeennnn. Vitreous, resinous
Sources

Amethyst Galleries. 2014.he mineral pyromorphite

Gemdat. 2018yromorphite

Mindat. 2018.Pyromorphite

Mineralogy Database. N.@yromorphite mineral
data

Minerals.net. 2018The mineral pyromorphite

Penn Minerals. 201 Museum: Pyromorphite from
Wheatley Mines PhoeniXie, Chester County, PA

Wikipedia. 2017 Pyromorphite
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Pyrrhotite
by Sue Marcus
Source: The Mineral Newslettetdanuary 2018.

We begin 2018 with a Mineral of the Month that is
interesting fomanyreasons.

Pyrrhotite has an interesting name. It is useful. It can
glitter! And | have a special fondness forthich |
will explain later.

Pyrrhotite is an iron sulfide, with a basic formula of
Fe'Ss. fiPolytyped d veord | learnedn my research
on this mineralit means that chemically identical ma-
terials may be structured slightly differently. In the
case of pyrrhotite, crystals classified as monoclinic
may appear to be hexagonal. These polytypes aré

called pseudohexagonal crystals. Pyrrhotitefrom the Nicolai Mine, Primekiy Kray, Russia

Temperatures of formation above 258 result in Source: Smithsonian Mineral Galleriappo: Chip Clark
pseudohexagonal crystalbelow that monoclinic
crystals form. The amounts of iron and sulfur in the
mineral chemistry can also vary by units of one each,
increasing from F&to Fe1Sie. Therefore, thenore
technical versiomf the chemical formula iBe1.S (x Many mineralogists have become splitters. Mindat re-
= 0 to 0.2) Pyrrhotite is common but not simple! ported a polytype of pyrrhotite callgnyrrhotite-4M.
This is a spli{or distinctior) that most mineral ctic-

tors will never noticd or find relevant. Mindat also
notes two varieties of pyrrhotiteobaltian pyrrhotite
and nickeloan pyrrhotite. Most collectors and mineral
dealers know all these simpdgpyrrhotite.

fossil brachiopods into ever smaller groups based on
taxonomy or ther factorsJoinersprefer tgjoin groups
like those same brachiopods into larger categories.

In 1847, French mineralogist OdPserreArmand
PetitDufrénoy nameayrrhotite based on the Greek
word pyrrhos(flame-colored, perhaps due to glints of
red in slightly tarnished, brassy specimens.

The termsfisplitters and fjoinersd refer to different

kinds ofscientists Splitterdike to split groupssuch as Pyrrhotiteis weakly magnetic. It is usuglfound in

dark, irorrrichigneous and metamorphic rockscur-
ring less frequently in pegmagi&. Common minerals
like quartz or calcite form colledtie crystalsn many
settings; by contrasthe geologic conditions for form-
ing pyrrhotite crystalaremuch more limited.

Pyrrhotite is typically intergrown with other sulfide
minerals in deposits known as massive sulfides that are
mined for nickel, copper, zinc, gold, silver, and other
metals. Pentlandite is the primary nickel ore, and it is
usually integrown with pyrrhotite. These deposits of
literally heavy minerals leave few spades crystals

to grow. Their weight crushes potential voids

I 6m most familiar with pyrr
landite in nickel deposits. In this geologic environ-
ment, it is relatively common in Manitoba, Canada,
though not in euhedral crystals

Pyrrhotitefrom Santa Eulalia, Chihuahua, Mexico
Photo: Bob Cooke.
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The United Statesand Canada are not known for pyr-
rhotite crystals, although minor amounts of pyrrhotite

: may be found in many placeByrrhotiteis even re-
& : ported in Virginia Mindat lists four localities where it
2 | Magnetite >> £ is fitepdoval id,® which is n

tion for collectors, unless you want to find everything
NIRRT e you can from oupwn patrticular state

s Pyrrhotite has special memories for me. My husband,
; Roger, and | worked for the Manitoba (Canada) Mines
Branch.Over our second anniversafgoger was due
to be sent to Thompson, Manitoba, a major nickel min-

ing town. |l dm a geol ogi st
Pentlandite intergrown with other minerals, includingrfotite. spend my second anniversary alone in a new city
This specimen is from the a nickel mine, the South Mine in (Winnipeg), so | asked to gidong
the Sudbury Impact Structure, Ontario, Canada. Yes, | got an alexpensegaid trip to Thompson,

Source: Wikipedia;hpto: James St. John Manitoba for my second anniversary! We did go to

one of the active mines and brought back some pyr-
rhotitel pentlandite ore while we were socked in by the
weat her . But ta2atds anot he

The most notable localitiesif collectible crystals are
D a edorsk, Primorskiy Kray, Russiand the Potosi
Mine, Santa Eulalia District, Chihuahua, Mexico.
More recently, theraogangxian Mine, Hunan Prov- Technical Details
ince, Chinahas produced esthetic specimens of pyr-

rhotite, along with many other fine specimens like ar- Chemical formla........... FerSs o

senopyrite, fluoriteand scheelite. Pyrrhotite rosettes Crystal form.................. Monoclinic

arerept ed from Trepl a, Ko s o v ¢lardness........ccccuuveeees 35t04

The Damegorsk region includdead’ Zinc’ tungsten, DenS|ty ......................... 4.58 4.65 g/CIﬁ

and associated minerals like nickedaring pyrrhotite (measured)4.69 g/cr (calculated)

as well as boron and fluorite mineralizatido.me, he (0] (o] PR Dark bronze, metallic tan

Dalihegorsk specimer(see the example on tpeevi- Streak.........ccooveveveeennn, Dark grayblack

ous pagg are the classics and the fingdarge and Cleavage None

perfectly formedand the best ones are lustrous, too. ~  — 77 T '
Fracture.........cccccceennnen. Uneven

The Yaogangxian Mine is part of a region of tumg- Luster Metallic. micaceous

sten depositthatalso hosts beryllium fluorine-, and e ] ’

molybdenurrrich minerals as well as lovely pyrrhotite Tenacity. ..o, Brittle

rosettes. Sources

The Santa Eulalia District was most impottéor sil- Anthony, JW.; Bideaux, R.A.; Bladh, KV.: Nichols,

ver production, although the oratsocontained lead M.C. 2003 Pyrrhotite In: Handbook of mineral-

and zinc (probably with silver bound into the chemis- ogy, vol 1. Mineral Data Publishing.

try of the galena), witbccasionahice pyrrhotite crys- Mindat. 2017Dal 6 negor s k

tals. Santa Eulalia pyrrhotite may occur as lustrous  \indat. 2017 Pyrrhotite

elongated crystals, although ttrystakare more com- Minerals.net. 2017The mineral pyrrhotite

monly tarnished and stubby. Webmineral.com. N.cRyrrhotite mineral data

Like the Mexican deposi t sWikipedine201TRyrghgtiea deposi ts wer €
mined for silver as part of the silvéead zinc depos-

its found there. Fewer pyrrhotite specimens are known

from Trepla, althouMihdatsome of those shown on

are euhedral and lustrous.
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http://www.handbookofmineralogy.org/pdfs/pyrrhotite.pdf
https://www.mindat.org/loc-2635.html
https://www.mindat.org/min-3328.html
http://www.minerals.net/mineral/pyrrhotite.aspx
http://webmineral.com/data/Pyrrhotite.shtml#.WkPWaFWnHIW
https://en.wikipedia.org/wiki/Pyrrhotite

Rhodonite

by Sue Marcus

Source: The MineralNewsletter December 2017.

T he December Mineral of the Monthatractive, po-
tentially useful hodonite. Rhodonite and its mineral
cousin rhodochrosite have several attributes in com-
mon.

Both owe their color to manganese; both can be minor

manganese ose and both form beautiful pink to red

crystals. Both take their names from the Greek word
A G chofdos] which translates tirosed

Whereas modochrosite is a manganese carbonate,
rhodonite is a manganese silicatgich makes isig-
nificantly harder hanrhodochrosite. They are close
cousinsbutrarely occur together.

Rhodonite was initially described in 1819 by Chris-
toph F. Jasche from material fouaitthe Kaiser Franz
Mine (later called the Konig Wilhelm Mindp the
Harz Mountains of SaxonyAnhalt, Germany. The
type locality seems to have pramed only massive to
subhedral modonite, so unfortunatg Herr Jasche did
not have the exquisite crystalsat have since been
found to help him identify this species.

Rhodonite from the Chiurucu Mine, Peru
Researching these articlesalsvays dearning experi- Source: Smithsoniavineral Gallery photo: Chip Clark.
ence for me. This time, | learned about the varieties o
rhodonite, which Mindat lists adyssnite,fowlerite,
hsihutsunite, anarlets. Wikipedia refers téowlerite
and bustamite as separate mineral specwsereas

Mindat considersonly bustamite a separate species.
Since Mindat follows the International Mineralogical
Association naming conventions, | defer to Mindat.

Dyssnite contains higher valences of iron and manga-
nesebut is still chemically modonite. Fowlerite adds
some zinc and me calcium to the usuahodonite
crystal lattice. Hsihutsunite is unusually high in cal-
cium and is deep red to purptecolor.

Orlet® such an odd name in the mineral wodlds

the type ofhodonite that is familiar to many people as
a lapidary materialt is described as quartzlike, which

| believe means fingrained in this context. It is rich

in manganese, though low in magnesium and iron. It
forms at lower temperatures in skarns (where hotter
fluids alter surrounding, usually calciurith, rock).

Orlets is familiar to many of us as the pink rock with
black manganese oxide bands and blobs that can be
> slabbed and cut into lovely cabochons. Just as den-
Rhodonite with manganese oxides (like this specimen fro drites can be imagined as scenes in agate, these man
Humboldt County, NV) is often used in lapidary work.
Source: Wikipedia; photo: Chris Ralph.
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The color of rhodonite can range from pink to
reddishbrown. Photos: Bob Coake

ganese features, in the hands of adept lapija@a
create scenic landscapes.

With its lapidary usesrhodorite is a semiprecious
gemstond in fact, it is the state gemstone of Massa-
chusetts. The largest facetdwdonite is an emerald
cut 3.6carat stone from Broken Hill, New South
Wales, AustraliaThis Alarged genstone isonly 10.6

by 7.2 millimeters in sizeThe easy cleavage and rarity
of flawless specimens of significant size usually pre-
clude the use ahodonite as a faceting material.

Rhodonite from the Ural Mountains, near Yekaterin-
bug, Russiawas carvedglong withmalachite anda-
pis) into fabulous vases for Russian royaineral
deposits near Franklin, Nwere primarily minedor
zinc, but the area is also noted for classicodonite
crystals.Rhodonitewas one of the most colorful min-
erals found thereglthough only rare, weak, deeged
fluoresceicehas been reported. The Frankligdens-
burgSterling Hill region was the best.8 source of
rhodonite specimens.

Maine,Massachusettdjontana, andNew Hampshire
arealsoprominentproducers ofhodonite specimens,
although localities are reported in many other states,
including Virginia. Mostlocalities producemassive
mat eri al rather than
any photographs ahodonite from Virginia, so if you
have anicepiece, you could share it there.

Pajsbergite is the local name fbodonite from Varm-
land, Sweden. The manganese mines thesduzed
massive pinkhodonite and rare, small, depmk or
red crystals.

The most spectaculahodonite crystals have been
found at the Broken Hill Mine in New South Wales,
Australia, and the Morro da Mina in Minas Gerais,
Brazil. The Broken Hill speciens were found many
years ago. Mindat shows one translucent crystaighat
20 millimeterslong! The Australian specimens tend to
be fractured, commonly on galena matrix, anelisu-
ally on the darker purpleed end of thelrodonite color
spectrum. The bésBrazilian specimens are more
cherry red, transparent to translucent, and gemmy; oth-
ers may be pink and opaque.

Peru is another source of lovely pirtkodonite crys-
tals like the specimen on thprevious page, upper
right (found in a silver and tungsten min@he Peru-
vian material usually forms opaque clusters, though
Mindat shows somaesthetic translucent pink crystals.

Rhodonite can be mined as a manganeseMaaga-
nese is used in steel production to remove sulfur from
the iron ore and as an alloy in the fis&telproducts.
The Uhited Statesloes not produce any manganese.
Our primary import sources are Gabon and South Af-
rica. Rhodonite is not a primary manganesé ae a
silicate, it would be di
a lot ofrhodonite to mine 2

Rhodonite fronfranklin, NJ (in the James Madison
University collection). Photo: Tom Tucker
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Rhodonite on cummingtonitdjorro da Mina Mine, Conselheiro Lafaiete, Minas Gerais, Brazil

SourceWikipedig photo:Parent Géry

Technical Details
Chemical formula.... CaMnsMn(SisO:s)

Crystal form............. Triclinic

Hardness................. 5.51t06.5

Density.........ccocu..... 3.57 3.76 g/cm (measured)
3.726 g/cr(calculated)

Color...ouiiiiiiiiieennn Red, pink with more iron

can be reébrown

Streak.................. White

Cleavage................. One very good cleavage;
cleaves easily

Fracture.......ccccc....... Conchoidal

Luster.......ccccvveeeeenn, \itreous, sometimes pearly

on cleavages

Sources

Bathelmy, D. 2014Rhodonite mineral data

Corathers, L.A. 201 Manganeseln: 2014 minerals
yearbook: Manganese [advance release]. Reston,
VA: U.S. Geological Survey: 47(47.19.

FranklinOgdensburg Mineralogical Society. N.d.
Rhodonite Franklin, NJ.

Gemdat.org. 201 Rhodonite

Mindat.org. 2017Rhodonite

Minerals.net. N.dThe mineral rhodonite

U.S. Geological Survey. 201¥ineral commodity
summaries: ManganeseestonVA.

U.S. Geological Survey. 2017.

Wikipedia. 2017Rhodonite
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http://webmineral.com/data/Rhodonite.shtml#.WgxaX1tSzIV
https://minerals.usgs.gov/minerals/pubs/commodity/manganese/myb1-2014-manga.pdf
http://www.fomsnj.org/mineral.aspx?minid=385&minName=Rhodonite
https://www.gemdat.org/gem-3407.html
https://www.mindat.org/min-3407.html
http://www.minerals.net/mineral/rhodonite.aspx
https://minerals.usgs.gov/minerals/pubs/commodity/manganese/mcs-2017-manga.pdf
https://minerals.usgs.gov/minerals/pubs/commodity/manganese/mcs-2017-manga.pdf
https://en.wikipedia.org/wiki/Rhodonite

Scheelite
by Sue Marcus
Source: The Mineral NewsletteilOctober 2017.

Scheelite is a major ore of tungsten. It is found arou
the world, forming attractive crystals from many local
ities.

BaronAxel Fredrik Cronstedtpne of the first people
to study the science of minerals, was an eminent S
dish mineralogist and chemist. In 1751, he discover
the original material of scheelite in the copper ming
of Bispbergs Klack, Sater, Dalarna, Sweden. He call
it tung sten(tungsten in English), using the Swedis
term for heavy stone.

In 1781, Karl Wilhelm Scheele, a Swedish chemist, re-
alized that a metal could be extracted from this min-
eral. The mineral name became scheelite (for Scheele)
with Atungsteno .reserved

Scheelite fluoresces light blue or bluite in short
wave ultraviolet light, most commonly as blebs in the
country rock. The less common lovely crystals of
scheelite will also show this identifying trait.

Although it is not phosphorescent, schegitthermo-
luminescent. Mineral collectors and geologists who

Scheelite from China.
Source: Smithsonian Minei@kllery photo:Dana Penland

scheelite. Well, if it moves, it isotscheelite! And if it
?ti%gﬁ, it itsdﬁfigitel%q\gt tscgelelite!

Exploration geologists can search for scheelite as a
mineral associated with gold in some geologic envi-
ronments. It can be found in skarn deposits, which

cur when hot mineralized fluids pervade, leach, and re-
place the carbonatéch country rock. It also occurs in
pegmatites and vein deposits.

explore for economic mi neScheAellte'_minedforiugsten Mosttu ﬁ}enorg
fluorescence to locate it 6ro% sse |ﬁtoot|9n_as{e rbide SuSed forc t%get ols

' abrasives. China is
Parts of California and Nevada that attract these seek- producer.

ers hold a surprise. Scorpions fluoresce in a bluish
color quite similar to that of scheelite. They live under
rocksd think of collectors turning over rocks to seek

Scheelite crystals on muscovite from Mt. Xuebaoding
Pingwu, Mianyang Prefecture, Sichuan Province, Chin
Saurce: Wikipedia; photo: Rob Lavinsky.

The United States has one primary scheelite producer
near Wendover, UT. Scheelite Metals LLC opened the
Fraction Mine in Gold Hill, UT, in about 2013. Sadly,

| could find no indication of any gstalized speci-
mens.

Beautiful orange scheelite crystals with perfect mus-
covite crystals from Sichuan, China, have been on the
market for the past few years. Shardu and Gilgit, Paki-
stan, are other recent sources of fine crystals. Crystals
from these locdies are usually pseuemctohedral or
dipyramidal, even though the structure adheres to the
tetragonal crystal system.

In the United States, the Camp Bird Mine, near Ouray,
CO, was a source of lustrous golden to brown crystals
in the 1970s and 1980s. Scheelite was mined in Kern
County, CA, and crystalized specimens were recov-
ered there.
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