(()igical

CCor







TSUMED!

THE WORLD'S GREATEST MINERAL LOCALITY

edited by
Wendell €. Wilson

PUBLISHED BY THE MINERALOGICAL RECORD INC, BOWIE, MARYLAND
1977



Dedicated to all of the

woilds mingrs. living or

dead, who have ever
stopped 1o save 8

specimen,

L L
e

Diesigned by Wendell Wikon

The Mineralogical Becord
andl Kay Engman

Bovwie Crraphic Arts Services
Bowie, Maryland

Calor separations by Lynchburg Engraving Company
Lynchbure, Virginia

Printed by Smith Lithograph Corperation
Rockville, Maryland

Caopyright © 1977 by the Mineralogicol Record, Tne.
John Sampson White, puhtis.h.c;'
AL righis reserved,

The Mineralogical Record, vol, & ao. 3| May-June, 1977)

e Mineralogica! Becord is published bimonthly by the Mineralogical Record Inc., PO Box 783, Bowie, Mary-
fand X715, Subscrigison price: $1 per vear. foreign and domestic.

Fromt cover: Mimctite crystals, among the finest in the world, from Tsumeb. The crystals, from the
collection of Gerhard Becker, ldar-Obersiein, West Germany, are each about 1,5 cm long.
Phaota by Ollaf Medenbach.

Fromtisplec: Crwagon at the foot of the “green hill”, the outcrop of the Tsumeb orebody, in 1905,
{Archives, Swakopriwmd Museum )

Hack covers Mimetite crystals, among the finest in the world, from the same small pocket ai Tsumeh

which produced the crystals on the from cover. The specimen @ from the Smithsonian
Institution and Pbears crystuls over 2 cm in Icnglh. il P“i"'“""E by Wendell E. Wilson, now
in the collection of Willlam and Karla Larson, Fallbrook, Califormnis.

Additlomal copies of this isee may be
ohiained |while supply lnsis| from The Miserlogical Record
P.0). Box 783, Bowlke, Marsland, LL5.A, 20715
FT.45 plus 506 pastage per copy

Second Class postage paid at Bowie, Md,



CONTENTS

I

VI

Vil

Vil

Xl

Xl

X1

4 3 T 4
ACRNOWLEDGEMENTS . . .. o vv vvvn vvsiniis vivs s s e S W e 4
L e o e g T e R s 5
hy William W. Pinch
GEOGRAPHICAL and POLITICAL BACKGROUND . .........cc0vvvnnnrnnens &
by Wendell E. Wilson
LT e e e e G e A e S P S R e S e S e 9
by Wendell E. Wilson
[T T T ey e Mk e A DR RO TN | P o P A Ly 14
by Dwight Weber and Wendell E. Wilson
MINERALS: & DESCRIPTIVIE LIBT . . o v vsinnninsssimmnan s snansn s 17
by Willinm W. Pinch and Wendell E. Wilson
P I s e ek e A e A e R e W S0
by Paul Keller
THEDEST OF TSUMED . ........0¢0civennrronrrnrsonnsrssnsssanensss 48
by Charles L. Key
HHe R TR TN - . e e e e e -
by John Sampson 'White
SIDMEY PIETERS: A PERSOMALITY SKETCH. .. ......vcvvvrinnreranssnss 54
by Charles L. Key
A e e e el PR 35
RESEARCH
BLUE WULFENITE FROM TSUMED . . ......cvivnvvnrersrennvsnnsnssns B8é
by Peter (. Embrey, Pete 1. Dunn, and Andrew 3. Clark
KEYITE, A NEW MINERALFROM TSUMED . . . ... ...... ..o iiinnnnns a7
by Peter G. Embrey, Eva E. Fejer, and Andrew M. Clark
LUDLOCKITE, A NEW MINERALFROM TSUMED. . ............c00neee.. M
hv Peter (. Emhrey, Max H. Hey, and Richard J. Davis
LEITEITE, A NEW MINERAL FROM TSUMED. . ...............covinnnnn 25
hy Fahien P. Ceshron, Richard C. Erd, Gerald K. Cramanske, and Héléne Vachey
SCHULTENITE FROM TSUMED: A NOTE ON ITS MORPHOLOGY. .......... 90
by Peter G. Embrey, and R. Paul Hicks
MALACHITE INCLUSIONS IN CERUSSITE FROM TSUMED . .............. 100
hy Ed Ruggicro
MINERALS: A REVIEW OFTHE LITERATURE . . . .. ... ... ., 104
by Dwight Weher
e e R e Sy L < PR D L i A 111
CHAPTER AUTHORS ADDRESSES ......cvnvrevncnnnssnnaraansssns 128

T T e e B inside back cover



PREFACE

his book, meardy three years in preparation. & withoud
douby the single nwse comprehensive work ever pub-
lished on Tsumeb, The seed was first planted when
Dewight Weber sugpesied writing his article for publicition in
the Mirerlogionl Record magnzine. The subject was a0 ex-
citing thit we eventually envisioned & project of larger seope
A I of desirable chaprer topics was compased: in April of
1976 we began secking oul other knowledgeable authors and
asking them to write specific chapters on subjects they knew
best, Background chapters on history and gecgraphy  were
nbded 10 pive perspective and a feeling for the country, Cirig-
inal research on Teumeh minerals was solicited, With computer
assistunce, the 1147 Tsumeb specimens in the minenl collec
tion of the Smithsomian Inststution were located, studied and,
in S0Mme Cses, |:I|HIIi.1;|.'|.‘41|'.'lh-\:d Lo provide a reference base [of
editing and reconciling the work of the other suthoss. The
concepl Soon culgrew the scope a regular ssue of the M
eralogicval Record: the result is the book vou now hold in your
hamds
The history bas been sommarized from the excellent bl
poerly circulited work by Sohnge | Faemed, o kistorical shedok)
and has been brooght wp todate, Paul Keller, of the Limiversiny
of astutigart and a leading authaority on the secondary min
erils of Tsumeb, has contribubed an Hluminating and useful
chapter on the puragenesm. Dwight Weber has compiled what
i undoubiedly the most complete bibliography for the locality
ever published. William Pinch, one of America™s Torenios
speches coldlectons and an accomplished pari-time mineralogist,
has deserabed and discwsed every species known o exlst ar
Teumeh; his deseriptive list along with Weber's bibliography
conslniuie an anvaluable reference for both collectors and
rescarciess. Charles Key, possibly America's top dealer in
fime mineral specimens, has tapped his special knowledge 1o
divulge the current resting places of mony of Tsumeb’s finest

pleces. and ol gives us a persondl ghmpse of Sid Pierers,
Southwest Afrca’s lesding collecios. The photography has
been assembled with specind dilipence and care, Many of the
color photos and seme of the black and whites are the mag-
nificent work of German nlir‘n:ruluyin af Medenbach, a
recent PhD), and cosuthos of the fimt description of the new
Tsumeh mineral kepelite. Additional work by master phobos-
raphers Nelly Bariond, Werner Lieber, Julios Weber, and nthers
was praciowsdy donated, Many of The species kninwn to ocowr af
Tsumeh are pictured, thereby providing a comprehensive
visnal reference for sAmgHe sdentification, and a Tenst of visgal
enjoyment for collectors, The research chapier is a gold mine
{or Ell:rh:l[!ei wie shoukd =8y a copper minel of diva; o trio of new
apecigs from Tsumeb are described for the first time, and the
knowledpge of several other species s expanded by noed min:
eralogises guch as Peter Embrey of the British Meseum (Natural
Historyi, Richard Erd of the LLS. Lienlogical "'-un::..'_ Fahien
Ceshron of the Socbonne. and Pete Dunn of the Smithsonian
[nstitution, Finally, a chapier is devoted 1o the many mineral
dealers from whom colleciors, resenrchers and curators may
ohtain Tsumeh specimens. A minernl indes s ubo provided
for reference.

[t & concevable that Tsumeb, a5 o source of mineruls for
rescarch and display, will not survive long beyond the publics:
o of this work. [ would indeed be unfortunace if oor words
became the epacaph of the preatest of localities. Nevertheless,
the preservation amd dissemination of information on Tsumek
wailld then be even more important, Hopefully this work will
srvie a8 o practical, voluable and educntonal referemes 1o col
lectors, curators and mineralopists mterested in Tsumeb, and
will sttimubane further study of this unique deposii,

Wendell E Wilson
[december 2, 1976
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I INTRODUCTION

oy

William W. Pinch

very once i awhile 8 book or an ssue of o magazme

comes along which s something specil, something o

put aside in g special place For reference and continued
use, somElimes even o buy an extm copy of (hy all means do
so) and perhaps hove hardbound, This, the Mineaifogioed
Record’s book on Tsumeb, | believe is just such a case. Many
iof the workls great localifics have been the subjects of books
and scholarly compilations but, uniil now, no such work has
appeared on what is probably the greatest locality: Tsumeb,
Sovistlrwest Alrici.

In considering the importance of Tsumeh as a mineral kool
ity ome mues examine several pspects. In o doing, 1 hoge 1o
demorstrate in this brief introduction that Tsumeb is most
likely the greatest of the great and will profhably remian s lor
a very lomg time. As colleciors and seienists wie all have our
favorite localities, bui let’s put nside our personal preferences
(mine included ) and look at some frets,

Creer the past couple of centuries many fine localities have
at one time or another produced “classic™ specimens which are
welkknown for their unsurpassed crystal size and quality and
which are gencrally considered to be the fnst specimens of
their species ever Tound, Examples that come to mind aschude
cinnabar from China. siibnite from Japan. silver from Bimgs
berg, chalcocite from Comwall, proustite from Chanarcillo,
manganite from lield, brazilinnite from Conselbera Pena,
torbernite from Muasonod, coprite [rom Onganja, legrandie
from Mapimi,..i"s difficult w swop. However it is interesting
Lo maote that when the average collecior thinks of many of these
Icalithes only ome or two species come 1o mind for coch locnk
iy, Mot sc with Tsameb! Not only do many differenl spcies
come o mind. bar mony of “clussic’” proportions and quality
aswell, Al lenst 26 species (discussed in Chapter V11 by Charles
Keyvh oocur 8t Tsumeb in a quality and szee enrivaled by any
other kocality, and these do nol mcluce well over 20 species
that have yei o be found anywhere else. 5o te total number of
cxamples of "best in species” from Tsumeh probably exceeds
Y, Huﬂ:q' |:-;-|||n'|p|q:'=. are mol just a lottle bettar than :ip-::.:imrns
froan othes localities, but rather are incredibly betier.,

Another aspect 1o consider is the occurrence of rare species,
Ower the years a number of loculities bave come (o be known
for untjue asscmblages of rare species. usually a fairly large
number of rare species, many of which are unkgue o that lo-
cality, A few that come 1o mind inchsde Franklin, Mew lersey;
Lingban, Sweden; Binnentul. Switeerdand: Saimt  Hilnire,
Craebec: Shinkolobwe and Musonol, Zaire: Llallagus, Bolivia:
Tiger, Arona; the Palermao mine, New Hampshire: and g new
locality im porhern Yukon Territory, Canzsda. Taumeh helongs
o this list as well; there is certainly no shortage of rare mingral
speches at Tsumeb, Inaddition vo the above-mentioned mamber
of species unigque 1o Tsumeh, there are aver E50 ather species
founid theres, mony of them extremely rre.

“Llniguie” is a word thar cannat be avoided in o discwsion ol
Tsumeh. The rare minerals at Tsumeb are a reflection of the

unigque chemical and physscal characteristics of the deposit
The enormous gmount of germaniom and galllum at Tsumeh
heas bed toon unigue soite of minerals which includes permanice,
gallice, stottite, sohngeite and Meischerite amang others. The
withgue stracture and “plumbing” of the deposic combined with
the chemistry 1o yield other rure species including alamosite,
psuntchite, chudobaite, ludlockite,  schultenite, schneides-
hhmite, tsumoortte. kegelite, otavite, and many more, Min-
eralogists will be working for many mwone decades 1 sort ol
Ll Lutmplm: ities of Tsumeb mineralogy.

Another idiosyncrasy of the deposit is the onespected arry
of species varictics. many [ound mowhere clse. Examples -
clude plumbocalcite. cotaltocalcie. cuproadamite, Co-, Ma-,
Ph-and Ze-dolomite, Nircammolie, n-olrenite, Cosmahison e,
Cy-smithsonite, Cdsphalerite.  Ge-sulvanite, BMawillemie,
and & number of others. Geochemists will be pusling for some
time over the peculiar conditions thit could bave produced
g0 many unusl species and varicties,

Ome of the more interesting asgpects o collectors. and one
that b commonly mssociaied with chemical varieties of specses,
is the rendency for many comman specics st Tsameb 1o {orm
in a wide range of colors. Examples include smithsonile (black,
gray. white, pink, vellow, apple-green, decp green amd e
quose-bluel, willemite (white, vellow, bue, green), and wulf
ppite (codorbess. proy, tmn, sherry, reddish brown. orange,
brilbimnt vellow, pale yellow, light blue and dark Bluel

Teumeb & 8 micromounter’s paradizs. A dazzling arroy of
beautiful speckes, extremely well-crystallzed. can be found in
many combinarions, & 2 & 3 inch specimen suitwble for brenking
up inlo mcromouns moy cost s fitbe as live or ten doflars
and may provide material For over W0 mounts, The many
species found in lrge, superh crystals are invasiably presend
us even mone superh micro crystals.

Combined with all of the above extriordinary aspects of
Tsumeh is the amueing abundonce of specimens that have been
produced. Literally fons of extremely fine specimens of a wide
\-uri.:l;}- of species have reached the collections of the workd.
Cerpssite is an example; a1 almost any mineral show ane can
find bow-priced specinens of Tsumeh cerusste that are still
betier than the best cerussile from any other world locality.
High quality specimens an single shows have mumbered in the
thowessnds. 1T cerussite from Tsumeb was taken ofl the market,
wisat other locality coald hegin Lo 1ake s place?

These days Southwest Alrica 18 sarrounded on all sides {ex-
pept the ocean side) by poditical and social npheaval. Mean-
whils mining progresses deeper and production costs contine
i rise, Whe knoss how long the ming will comtinue 1o operane?
Tweniy years? Ten! Perhaps even less? Whenever il conaes,
the closing of Tsumeb will be felt the world over, Fature cal
lectors will consider ws foriunate indeed to have been alive
when Tsumeh was in its heyday, But the legacy ol Tswmeb, of
which this book is a part, will live forever. Let's enjoy in



M GEOGRAPHI

AND POLITICAL
BACKGROUND

Wendell £ Wilson

oathwest Africn® is a vast sparsely mhabied territory
Bordering the southwestern Atlantic seaboard ol Africa,
It is hordered by the Hl_‘|'||||-||q.,' al South Alrica «on ihe
south, by Botswang on I|'|; wiEsl, ang |lI Ny

1 o the norih

i by South-

A narrow strap of land {the Caprivi Sirig) bebor
wast Afrea extends 1o the northwest and contacts Lambin
i 5
& qust a lictke undder ome tenth the area of the United States,

The total wres urhwest Africa, MR MG ajuare miles,

*The punciuation of the country’s name has never been stand
ardized, Variations include Sowthwest Afmea Sowrk W
Afriew. Sondh-Weiar AfFea
1iFc

ind the prée-war name {ermon
Nom-English varieties  inclucdle
Tk, i eaA ik TCTHE T
Afrika, Denyreck Stud-Wesr-Alfrika, Dewesek 5
wndd [heureedi- K
used |'.|_':'|' S E

Yourfwest

werd  Afrka,  Snii

WA FR AT

Mwesdmfivka, The hirst-mentsoned form will be

s 00 Follows sl .:n-u."-|:|.' fromm the |'||.|i-'\-'|l,:|.
of the Crermam versions, and because. conventions nside, i
i Ermmic iy the most cormect form of the English word
coithiveest.” It is abso the form prefemred by many minernlor

usis, mehuding Palache. Poueh and Strunz

h

bt Southwest Afric

1k :'||||'||||.|Ii--1 of abowr 1K 15 Less

thun one twoehundredith of the US. population. Southwest

Almca s population consigls of aboul 1FS whates and 9% nor-

wihie peoples belonging 1w 1 magor native tribal groueps of

VEITY ._-l'-:\."\-\.-.'l_'lll

Mearly the entire expanse of Southwest Africa. except for
the extreme nonthem and southern porboms, 1% desert or semr
deserl. The Mamib Deserr, with the highest sand duneas in the
world, extends the length of the seacoast, and the Kalshari
Dresert parially covers the central eastern and northeastern
poriions of e country. Most of Southwest Africa is charac-
termed by harsh and forbiddmg termitory lacking perennial
rivers: rainfall s low. irregular. and mellective, resulting in
prolonged droughis

The central platcau of Scuthwest Africa lies inlend from ihe
won from WK to 2060) m. it offers o
diverse landscape of regged mountains, rocky outcrops, sand
telbed valleys and plans. Kamfall in the Tsumeb area averages

Marmb: varying inoeleva

aboul M mm {20 inches) per vear, and makes this one of the
wieller parts of the country, relatively speaking (for comparison,

ramfal at Tweson, Arneona, n the Sonora Desert, averapes
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Figure I {oppesite page) The Namib Desert on South- SUIDWES-AFRIEA iR KE:_;?Z_“
west Alrica's West Const where the highest sand dumes s =
in the world have bees lound, {Photo counesy of the SOUTHWEST AFRICA %ﬁg&iw =
Director of Information, Souwth African  Consulate-

Ureneral. |

Fignve I fobove] Sowthwest Alrica's size relative to other
countrics. | Map courtesy of the THrector of Information,
South African Comsabate-Gencral, )

Figure £ jabove rightl The location of Soathwest Alrica.
iMop courtesy of the Director of Information, South
Afrbcan Conmlme-General. |

Figure & (right) Sowthwest Alrica; Tsameh is near upper
comter. [Map courtesy of the Director of Information,
Soiith Africen Consulste-General. |
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Figrre 5, An Ovambo woman in irnditional e sddress and peck lsee. Figure i, Merero woman in irdilional dress adopted from early
(Phato courtesy of the Direcior of Information, Sosth Alrican German settlers. (Photo courtesy of the director of Informs-

Consibate-Geemneral. |

B-16 inches per yearh, Agriculiure and indusirial desvelopment
in Southwest Africa are sersously hampered by ek of waler;
only 1% of the country is suitable for normal drvlond cropping,
and ihe grazing arsas bave an extremely low carrving capacity.
The average summes lempersiure m the Ceniral Hizghlands

ges from 729 o F: temperatures in the Kalahari average
B3*F. Winter temperatures average aroand 60°F in the Tsumelb

nres

The political status of Southwest Africa has been debaned
arce the lormaton ol the United Mations and the dissoluisomn
of the League of Mations, which granted Souih Africa a man-
date over Southwest Afmce ot the end of Wordd War L. The
arrangement. cvenlually incorporated into the ||'|,-:-|:. i et
sallles. specilically made no provision for the revocation of

date or the subsiioiion of mandaiories, nor lor payment

of the mandatory's expenses by other Lenpue members. South

Africa has |_.'|I|"'h|!'i|'.|!||:l' mainixined chot (ab @ is ;|.:|-|:|r|:-\.|.\_'r|||__:
Southwest Africa 1o the benefic and improvement of all of s
citizens, and (b1 that mo ofber country or oreanization of coun-
:"il."i has any jurscdicim or PO Ve =Oowth Alfica's |;'|,:|iq,:,'|-_
ship with Southwest Africa. The United Mations, which has
become increasimgly dominated by Third World countries
unsympathetic o Western-sivle. white-domis

tedd povernmenis,

disaprees dospedly with baoth of these nsserions and has pushed
relentlessly for the removal of Soath Afl Ican comirol Irom
Southwest Africe, The United Nations declared an end (o the
mangdate in Oerober of 1966, and sinee thar time has considerad
South Africa’s administration of the territory to be “illegal.”

i

tinn, South African Cossulile-General. |

In 19958 & resodution was passed in the United Matons b which
southwest Alrca was remaomed “Namdbia™; the Security Coun-
¢l was rq.'\.|II|.'H||.'|.| i tnke l\."'”l_'l Li% & Measures o insure the ime
mediate removal of the Souch African PRl rom the term-
lory and o secure bis illa.l-;,'|'||_':|-_|-_'|-;,'-_'_ Fecolatons sy
condemning South Africa have heen repeatedly passed since
then, South Alfrica has stated thar it 5 for the inhabitanis of

Southweest Alfrica 10 dedermine thelr own lalare, w Uniied
States has tradiionally supported South Africa. probably in
arder Lo protect Western miming interests. chiefly in copper
amd uraniem

fecenlly the United Nagions passed a resolution endorsing
“armed streggle” o end South African controd,, and this by

jin

il oW
Gl mlernational disputes! While ollber
LA, attempt fo find o penceful solution, the United Mations

wnazlion '\1II|!l|!l\.'\H1|'||E'. devored 1o the I_I|_'|I'_'q.'r||| el

wertees, inclading the

proposes viodence

Although negotiations seem headed inexocably toward Sowih-
west African independence, there are difficult obstocles o be

avercome, Mot the least of these are South Africa’s rigidity and

unwillingness 1o make good its promise of independence, and
the Marxisi South West Alrican People’s Organizntion’s desire
Foar 5
in complete power. Most of the other tribal factions sceimn
amenable (even .||:'|:|I|I|_'I|-_'l [ | |:l|.'i'.-\.'l.'rll|. _.!r.||_|I|.I Iransslon

werrilla war thal would evepivally pun the Ovambo eibe

of power: such a transtion should have 1 minimal disruptive
effect on the economy lincluding the Tsumeh Corporation)
and is the most probable luture course for the country.



I HISTORY

by

Wendell € Wikon

omupuese navigators landed along the coast of South-

wiesl Alricn during their vovages ol discovery inthe 15th

pnd 166k Centuries bal never dl."r-l‘.'h.'lpl:d an imierest in
the territory. In 1652 Jan Van Riebeck landed ar the Cope of
Good Hope (1o the South) and established a colony: through
the end of the 17th Century the Governor of the Cape sent
zailing ships to periodically survey the coastline.

In 1793 the Cape Governor claimed several Southwest Afr-
can copstal areas for the MNetherlands; when the Cope becime
a British possession in 1795 these areas also became British,
Shortly therenfier missionaries, traders amd huniers began io
sedtle and explose the territory.

The German trader, F. A, E Llalericz, purclased a section
of the Southwest Alrican coast Trom a Mama chiel in 1583,
and asked the German Government for protection of his propr
erty. Following Angle/German negotiations, Lideriz’ prop-
erly became a German protectorate. The Germans gradually
extended their boundaries by making treatbes with friendly
chiels until eventually the entire aren, subsequently known as
German Southwes) Africn, became part of the German proe
IECIorale.

German contred continued antil after the cutbreak of Weorld
War [11914-1918). Omn July 9. 1915, the German garrison sur-
rendered 10 Sowth African forees. The territory was under
South Alrcan Military Government until 1990 when the League
of Nations pranted South Alncs a mandeie over Southwes!
Africa. South African admintsration of the territory has be
come increasingly controversial since the League of Mations
was dissolved and the United Nations formed in 1945 {see pre-
Vs chapreri.

EARLY HISTORY OF THE OTAVI AREA

The technigue of smeltme copper ore (malichitel simply
by adding picees of it tooa very hot fire and allowing ihe molien
metal o eollect undemeath was known 1o the Mesopotamians
before 4000 B These technigues were probably introduced
into Southern Africa by immigeanis from the North before 500
A.D. The immigranis., who became the Bergdama iribe, were
apparently “Hamites™ of part Bushman blood by intermarriage.
Sl smelting furnaces were constructed, sometimes ) al a
time, and measuring wbowt 28 inches high and 15 inches in -
ameter. They were stoked with wood and maluchite, ar was
bown in wsing goat-skin bellows, ritual dancing and singing
ook place, ond after nbout an hour and a half the furnace was
broken open to reveal a 15-pound cake of copper, The remains
of such smeling sites have been fownd around Gross Clavi
Chjikoto (just 20 km from Tsumeb), and clsew hiere,

The first writien record of copper mining in northern South-
wist Africa wos recorded by Sir Francis Galton in his diary m
1851, While on & jowrney throwgh Ovamboland. Galton,
Charles Andersson and 1. Allen camped ar Ogikoto Lake, about
19 km from Tsumeb, and observed prowps of nalives CRaspor-
ing copper ore, The ore later tumed ol 1o bave been mined
at Ciross Citavi | Mageibl, In 1857 Rhenish missionaries camping
near Ofjitjika observed Ovambo men transporling copper ore

in meatly woven baskers weighing 90 poands full. H. Hahn, one
of the missionaries. eventually leamed thai the ore was beniig
transported o Ondongua from copper deposits in the Ouavi
range kept secret by Chief Kangombe of the Bushmen iribe,
and that nhout B tons a vear were being produced. A hunter
named Brooks mentioned finding o copper mine 140 an Amer
bcan trader. Gerald McKiernan, and his English pariner. C. C,
Thomas: they located the slhe an Gross Otavi while on a huat,

In 1885 the trader and elephant hunter Will Worthington
Jordan purchased a tract of land from Bergdama Chiel Kam-
bonde, who wished o keep the Herero people out of the Cravi
Mountains. The purchase covered an area of abour 50,000
square km, incheding the Tsumeb sive (Bs vet undiscovered by
Eurnpeansi; the slling pr'p.-:: wis  EWHE, 25 rifles. an inimanized
horse, and a barrel of brandy. The area purchosed by Jordan
wis christened the Republic of Upingronia; Jordan gave larms
away 1o settlers but retained the mineral rights. These develog:
ments upset the Herero Chiel Maharers, and eveniually Jordan
was muardered, Robent Lewis, a confidant of Maharero who as
sisted in this overthrow, was awarded the mineral reghis [or 3
period of I vears, im 1885, He was given a lease on the iz
mine and anvihing else within a 2mile radius for X vears, for
an annual fee of E10 plus a small royaley per 1on of one ex-
ported,

Southwest Africa had been declared o protectosate of
Germany by Ono von Bismarck i 1884 about a moath after
Lewis reccived his grant from Maharero in 1885, Maharero
signed a treaty with Reichskommisar Dr, W, Giring, and a local
Crerman administration wos established a1 Orjimbingse. By
the end of 188 the proteciorate haod been extended 10 nclude
the Republic of Upingronia, YWarious intrigues fodlowed, al one
point threatening 1o turn the protectorate over o England,
hut the Germans retalned control,

DISCOVERY OF TSUMEEB *

A group of German financiers developed an interest m the
exploration for minerals in Southwest Africa, and formed the
South West Africa Company on August Y, 1832, The company
obtained o concession [rom the German government; part of
this agreement stipulated the eventual comstruction of a rail
road from the coast inland. It was also stipulated thot prefer
ence wis to be given for a period of ten years 1o German set-
tlers in Grocifontein and the surrounding arem, That same

*ORIGIN OF THE NAME

Tsumeh  apparently orginated from the Herero  word
(rjisn e, meaning “pher fruen |III.I'||1'|"- or “plece of the green ol
pea,” in reference to the green color of the outerop, The Berg-
damas sdopted the name, dropping g (Cthe ploee”) and
adding the suffix -b 10 make the masculing form in the b ETHHE
Bushman language, yiekling Saoeh, Farst reports of thie South
West Africa Company listed the locality phonetically o=
Foomtep, which was inexplicably changed to Foomeh a lew
yvears laler.



PLAN OF WORK AT TSUMEB MINE
SHOWING OLD AND MEW WORK
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Figure [, fabove) Plan showing four shalls alongside
Taumeh ore oulcrop sunk by b, Rogers in 1893, Drawing
done by C, Inmwes fn PWHL | Teumel Corporation Lid. )

Fignre I fhelew) Longitudinal section showing develop-
meil workings of the Tsumeb ore-body and peological
mistes meade i Angust, 19, by O, James after completing
his investigatbons, | Taumeh Corporation Lid. )
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vear the South Wess Africa Company sent an expedition under
Wintthew Homers to investigate one Ooourmenees
After some rouble with the patives, Rogers succecded in
reaching the mines ot Gross (avi and Klein Otavi (Kombar).
He had heard marmors ihat there wers ofher deposits in the areas
which Bushmen had worked [or copper and, on Janwary 12,
1593, he succesded in Tinding the Tsumeb outcrop,
O January 21, 1893, Rogers wrote 10 the board of directors
in London:
= _in the whole of my experience | have mever seen such a
sight as was presented before my view at Soomep. and | very
much doabi that [ ¢hall ever see such another in any other
bocality... The ouwicrop is in o valley formed by grodually
sloping hills. As if the subtermnian forces had made one
sudden and special effort to force an emrance throough the
crust of the earth, a large rent is made. This rent has been
filled in probably by agueous solutions with minerals. having
ax its chief matrix quarie. In this instance the minerals, as
far as can be seen. are different ores of copper and lead
In process of time...by. erosion and denudation. the sur-
rounding strata composing the containing rock hive been
removed, leaving the lsure vein standing in an inclined
position...in some places being 4 feet in height — with the
green and Mue colors of ehrvsocolla conspiceously covering
iL. By various couses the hard quartz matrix has been shat-
tered and rent, and the smaller fissores again refilled with
the sane mimerals, ...on firs) sezing such a grand amd prom-
inent outerop | could scarcely conceal my astonishment and
delight., few mineral oulerops present such eRceprional
indications as this one,”
This was the firsi professional report on what was 1o become
one of the world's most famous mineral deposits.

O January 16 Rogers met with Johannes Kruger and @ local
native (Winn of Ghaub) who claimed controlling rights over
the copper deposits by an earlier discovery. A deal was con-
cluded to allow mining on the condition that compensation
was paid.

Controversy over the rights continsed. however, and the
Jocal natives could nod agree among themselves who really
canied the mining rights. The chicf of the Hereros claimed that
Rohert Lewis still had the rights {the natives liked the Enghsh
but did not like the Germans). The Hotrentots claimed they
owned the rights, und did not recognize the Herero claims.
The Ambos, Bushmen and Bergdamas made similar complamis,
Warious other difficulties and arpuments continued uniil 15495
when Londeshasptmann Major Lewtwein arrived ai Grool:
fontein with 70 armed troops and 50 Herero horsemen, The
final documents were signed in 1557,

INITIAL DEVELOPFMENT

Preliminary exploration work in the Oavi area was expen-
give. and further investments were needed o begin production
Part of the South West Alrica Company was subssquently re-
financed and reorganized into a mew company, the Oravi
Minen- wnd Efsenbahn-Gesellschaft (Dtavi Mining and Raik
road Companyl, convensently referred 1o as OMEG.. in 1900,
In that same vear the company sent a welkequipped expedition
consisting of 33 miners and chief engineer Christopher James:
they eventually spent abour £ 50000 proving the copper de-
posit ni Tsameb, James found the timbers in the exploralory
shafts roten and useless, and the buildings of Rogers in ruins.

Sa litHe water was available thin kog huts had (o be constrs-
ted rather than mud brick buildings. Otjikoto Lake, the nearest
source of water, was separated from Tsumeb by 12 miles of
nearly impassable roads. and the “lake” itsell provided water
only after a Moot well was dug i the dry lakebed.

James began sinking two shafts 243 feel apart, and com-
plained of the hard ground. In the first crosscut a foor-thick
vein of pure chaleocite running through galena was encoun
tered, and James identified & large “horse™, or Mock of country-
rock, suspended in the ore body: such structures laner proved
commion it Tsumet.

The firsi shipment of ore was seal on December T8, 19
by cwwagon 1o Swakopmund; the consignment consisted «f 101
bags of ore weighing 9 wons, The ore was carefully sorted anid
separated: 21 bags of chalcocite. 20 bags of galena, X bags of
mixed copper and lead ore, and 40 bags each of lest samples
from (hres different areas in the mine.

I Febraury of 1901 James mined inte o large cavity filled
with “carbonic acld gos”, and had 1o suspend mining lor four
hours while the pis was pumped oul. By March James reporied
phat 1269 feet of shalt had been sunk and that e was working
o crosscut tunnels at seven different levels,

I August James stopped work an Tsumeb and sent his pre-
liminary report 1o OM.EG. Nearly 240000 tons of high grade
are (13% copper. 25% leadh had been Jocated between the
surface and the secomd level: but because of the hardships of
the locarion, James was ambivolent aboul the foture of the
mine. Nevertheless, O.M.E.G. began construction of the neces-
sary raflecad to the coast, which would carry ores from the cop-
per mines of Gross Otavi, Klein Otavi, Anwap {Guchab) and
Tsumeb. Construction of the railrond was no small operation.
and it was further complicated by the Herero rebellion and the
subseguent departing of much of the native labor [oree. lalians
were shipped in but most of them proved to be inefficiens work-
ere and disliked the country & much s the job: many quit and
siled for home at their own expense. Eventsally Herero
priscners-of-war wene pul 1o work, and the railway o Tsumeb
s finally completed on August 24, 1906,

After four years of lying idke. Tsumeb was again prepared
for mining. Shafis and crosscuts were retimbered. buildings
were erected, 3 new shaft and haulage incline were started. and
development began on bevel 4 (where temperatures were b
coming noticeably warmerl.

PRODUCTION UNDER 0.MLE.G.

19017 saw o pipeline for water installed from Orjikoto, the be-
ginning of irrigation for growing crops, and the aratallation of
a small electric power plant for lighting of the entire operation,
Aboit 25,700 tems of high grade ore were exported 1o Germany.
Wales ond America in Jute hags, producing an encouraging
prafit of over a million marks. In the mine the firs imporiam
Do of water (900 gallons per hour ) was encountered just below
the third Tevel, Tn 1908 even more water wias opened and largs
capacity pumps had o be installed.

Mining at this time was by the rovun-and-pillar method
Meither timbering nor backfilling was used. and the upper
levels were eventually mined oul open-pit sivle, During 190
448,250 1ons of ore were produced.

The first underground fatality occurred in 1904, when the
hanging wall collapsed in one area. killing a I4-year-oll
Cnvambo boy. In 1910 broken ground was encountered and
stopes had 1o be filled for support as mining advanced: this
immediately doubled the cost of operations, Caving continued
and the Ovambos became afraid to go underground, frequentl
skipping shif1s,

On the plus side, 8 hospital was built for the natives. a school
for the white children, ond a club house with a library and
skittle alley. Since 1906 such things as postal. welegroph and
telephone services had been provided by O.MLEG. In the early
vears canned poods and beer were imported [rom Germany.

)



hatier from Australia, amnd potatoes from Las Palmas, Amnd
v meeale were exceplionally mexpensive | 135 marks pecr month
i the horel,

The wedinm of daily life in Tsumeh was relieved in many
wiys, Hunting on days off was popular. as game was abundani
in the surrounding bush. A shooting range | Schiizenplatz)
was opened lor argel practice, and nding horses was always
a favorhe pasiime. On Suadays it was nod uncomman for a
locomative and several flatcars to be appropriated lor a picnic
ride through the countryside: a briss band composed of pori-
e musicians well supplicd with beer often went along. As
HnEe wrale, “Une can imagime the upset caused amaong the
|.|l.-.~|l.'1.'[ul eland and kwdy antebopes m the African bush when
the band suddenly burst forth with Prussian fervor,”™ A gymini-
sl wias buill under prvate mitisative, and a foothall field and
renmns cowrt were asdided.

The first sehool bessons were given in 1912 by the missionary
Ferdinand L.'lllg im the bnwling alley behind the Minen Hogel,

High prade ore continaed 1o be discovered during the years
hefore Wordd War 1. As the new shaft reached Level 6 @ new
wern wias encouniersd whach was mined all the way hack up o
the surface. Exploration on level 4 led to the discovery of a
chabeocite veln 3 metres wide (7. Boreholes, drifis and crosss
cuts bebow level 5 contnued o strike high grade sulfide and
oxide ore, By 191} productson of 75000 tons wis reached.
Heavy equipment of various Kinds, incloding compressors.
diesel engines, and boilers was insalled at regular intervals,
In Junu:nr}- of 19413 a targe How of weater was struck in & crosscul
and the mine was lemprarily flooded ap 1o the fowrth level.
Casualties were apparently not sustained or not recorded,

Minerakszical and peolkezical research had never been over
looked by QUL EG. Several researchers studied the ore a1 an
early dare. but when W, Thometeck took over as mine MAmIEer
in 1913 ke deceded thot the Tsameh o |'||_'|d_l,l shisuld be more
theroughly studied by a qualified geologisn, OMEG. ap-
F”in‘l".'d H. Schneidersiihn in 1914 i make & detailecd 5|||.e|_!|' nf
the comples Taumeb oxide minernls. He received full suppori
fromm even the management in Berlin, who gave orders tha
emiployees were forbidden from eollecting minerals for them-
aelvies, Schneiderhhn, in order o 5.;|||.|j!|- the e dare min-
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Frgure 5. Panorama of the whaole “green hill” of are o Tsameh, take

n ahowt 194 after arcival ol the frst roils ond are cars.

erals. invented the reflecting, polarizing petrographic micro-
seope and proneered ore microscopy methods for which he
subeg uently became workd famous.

Production ceased with the beginning of World War [, and
until 1919 only minor explosatory work was done. Dharing 1919
and 1920 ower MU tons of ore were raised, The miners sl
used oil imps and candles for Hght, even though 8 recom-
menidation for converting 10 carbide lamps had been made, The
ore encountered and mapped on the 68 Jevels was neainly
sulfidic and m part was zinc-rich: becouse the main shaft would
strike the ore body of level 8 it was decided 1o begin sinking
anolher shalt farther so the wesr,

In July of 1919 a native miner carelesly tossed & cigarete
down a winze, and started a major fire which spread o Level
2 within two days. The mine was sealed off and the surfnce area
doused with 25000 galkons of water per hour for over three
weeks until the fire was finally extinguished. Four people were
gassed during the fire. but recovered. The intense heat ol the
Inre had smelted rock iv s down 1o tse third level, and the
mine was in danger of collapsing. But by 1921 production wis
in full swing again, and 85,000 tons of ore were produced in
that year.

The new shaft reached Level 8 in 1925; it was named the
Fricdrich Wilhelm shaft in honor of the mine manager. F. W,
Kegel iafter whom kepelite was recently nameds, Because
abevelopment on Levels 9 and 10 had shown a consiriction of
the ore body. the proving of reserves below that level became
critical and exploruiory work was inpensified. Mining between
197 wnad 1928 fook place mainly between levels 13 and 16,
and the winee {calbed Mo, 4 Shaftl was sunk (o level X, Chuipan
regched 23NN tons in 196E bor the pinch of the world de-
pression was already being felt in the market price of copper
and beadd. The mine was forced 1o cease aperations in August
of 1933

By 1837 the world metals market had recovered sufficicntly
lod the Tsumeh mine to be dewatered and reopened, and 46,500
tons were produced in that year. The mine prospered and
deepened down to level 22 until mining was abandoned in 19480
al the outbrenk of World War 1L Since Crermany bost the war,
the hoddings of OMEG. passed into the hands of the Cus
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Figure 4. The Tsumeh ming in 1976, The headframe is outlined in white, Fhoto by Diwight Weher,

todian of Enemy Properiy, and o fining ook place until
| iy,

PRODUCTION UNDER THE TSUMEER CORPORATION

In 1946 the Custodian of Enemy Property pur OuMLEG.
assets, including the Tsumeh mine, up for sale, To purchase
the OLME.G. properties o syndicate was formed which -
cluded Mewmaoni Mining Corp.. Anserican Metal Coo, Selection
reust, Brifish South Africa Co.. Union Corp., South West
Africo Co,, and the Ofokiep Copper Co. The sale was com-
pleted in 1947 for a livile over £l (MK, somewhit more
than the first selling price of £MHY, 25 afles, a borse, and o bar-
rel of brandy!

The ssndicate was christened the Tsumeb Corporation, and
|-|r._-\.|-,-;|r;"_i._-.-|n [oF fencw aid manming Were 'r:;'!.-1|-| iy .||I I'I1i|i|i|::.
efficiency and speed. The face of Tsumeb was changed from
thot of & 19 Century small mining town G0 @ fdadem mining
comples with a new hospital, warchouses, emploves howsang.
heavy machinery and generators, and eventually modern mil
ling ang smelting plants

With instullaticn of the first bip diesel generators the mine
was unwaiered, reconditioned, and explored. After o vear of
pumping water, the botem workings were found at 1D feet
Below the surface. Most of the ore down to the 12th level, and
hall e ore hetween the 12th and 16th levels ad een re-
moved, while extraction had only begun from the 16th down
to thie kb level.

By 1944 the ore zone had widened into the largest minernl-
iwed area yet encountered in the mine, but large volumes of
witer under high pressure were also encountered. Meam fur-
hines wsing South African coal had to be instalbed 1o generte
sufficient power for water pumping and ore huauling. The new
Die Wet shaft, staried in 1949, reached Level 3 in 1955, and this

shinft alone encountered a fow of over 400000 mallons of
water a day. By 1957 mining on the 26th level had commenced,
and 2 second oxide zone was discovered after having Pzl
through 1800 feet of wialered sulfides! The new oxide aone
oecurred where a breccinted strata of county rock carrying
heavy Tow of deep groundwater intersecied the ore pipe. By
1962 oxidized ore had been located down o 4286 feet with no
slzns of it panchang caut.

The 1974 annual repart nl Sewmonk :'I-I.Irll.ll:.' {.'Ilrrlllr.'-li'\.'ll
{which owns M % of Teomieh) stated:

‘Harizontal drilling ag the $-level of the Tsumeb mine
lias= I';|i|l,_'|_| by incacale L"'“I'lil'll.l-llilll'l of the ore body o this
leviel, Additional q.l]'i]l]"!_' al greater |.|.|."|'I||'| 1% 10 Flri'i"_'ln.";l-\.

I_'I|_"\.||i:|: e F|||'-..-ii|"-||_' d]:u_'ln-_'|_|. aof the lower limil of the ore
|1|||_‘|:| . ample reserves exikl aid may still be hl!|:l|:l|-\.'ll'll.' nnedl. Lire
peserves in 1972 weee 5772000 tons; reserves in 1973 were 5,

P 000 fons, not including undelineated reserves belo the
ek level: reserves m 1974 were 6,054,000 wns: reserves in
1975 were 5568000 tons of ore containing 4.56% copper. 7.75%
lead and 206% zinc. Presuming no more ore is ever discovered
iwhich s unlikely). mining could continue ar the 1975 rate
(457,000 tons of ore per vear) until the end of 1987, Newmont
currently has no plans for shutting down the mine, according
i Vice President Philip C. Walsh,
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GEOLOGY

Dwight Weber ond Wendell £ Wikon

he Tsumch mine hag been one of the foresmost metal

producing mines in Southern Afvica. An Indication of

i3 rhchness B given n SGhnge (19671 from 1006 1w 1966
thie mine }il:||Jl:\d 125 million 1ons of ore COnlaning an average
of 5% copper, 14% lead and 6% zine, as well a3 several thousand
toms of cadmium, silver and germanium. The gross income
from metals sold during those 60 years was about 623 mallion
Rand (nearly a billlon dollars). Thus it beconies obwious that
Taumeh s world famous ol only as a8 producer of fine speci-
mens ad 8 greal varlety of minerals, bot also for production
of ore equal in value to that produced by the old Comsiock
lodle in the LLS. The interesting peological features of this de-
pemil have been studicd for many decades. A summary of the
muosl important podacs s offered here.

REGIONAL GEOLOGY

The formations of the Otavi Highland comprise a great thick-
ness of lae Precambran Damars-(kavi sedimentary beds
Iying unconformably on Archean metamorphic and igneows
roscks Thers are three formations:
i1} The Mublen formation (about 750 m thick) at the wp of
the sequence,

{21 The Dtavi series consisting of 11 zones (abowt 5500 m
thick b, and
{31 The Nosih formation, two layers (aboat B m thick) on
Lhe Bottom.

The (havi group consisis of o series containing the Tsumel
stage of eight rones of mosily dolomite and chen. and the
Abenab stage of three zones of mastly dolomite and limesione,
The rocks are relatively unmetamorphosed o the north of
Ciroodfontein amd Otavis o the south the dodomites and lime-
stomes are recrystalled. Gravwacke and shale in southern
areas e been converied to phyllite and guartz-mica schist.
Karsl features are common in the limestons @nils: CovVersois
apenings can he seen on the serfece near the wwn of Tsumeb.

FEATURES OF THE TSUMER DEFOSIT

The Tsumek ore bady 5 0 classic example of an are pipe.
Comlained within the pipe-like strugture are two irregular plugs
and associated dikelets of a peculiar rock called pseudoaplite
{formerly calbed “aplive” by early writers), slls of kersaniie
la rock tyvpe intermedhate betwesn diorite and g.ahhrnl and
dighase dikes. Both the diabase and kersantite structures mne
more recent than the episode of ore mineralization, bur the
picuckoaplite was  emplaced before  ore-bearing  solutions
entered the pipe {SchoeiderhObn, 1929, 1930, 1%41; Sthnge,
1952, 1963}, Petrographically the pseudoaplite most resembles
a felbpathic quartzite (0% quarnz, 1520% microcline and
ofthoclase. 5100% plagrclase) becnuse the 2ERins arg roundied
and crushed. Curicusly there is no thermsl metamorphism
associated with the psewdeaplite, although it is definitely in-
trusive (Sdhnge, 1952, 19630, It appenrs possible that the rock
may represent a relatively cold imirusion driven, perhaps, by
high pressure gas phases in o manner similor 1o the emplace-
ment of kimberlite. The exact origin is still an enigma and so,

)

o avoid 8 premature genelic judgment, the rock has been
termied & “preudoaplite” rather than an aplite or quartzie,

Figures 1-7 illusireie the main features of the ore pipe. The
structure 15 elliptical. pinching and swelling irregalardy from
the surface down o a depth of over 1400 m (4350 feet). Along
constrciions il consisis of a sparse network of veinbers, bl
widens abrupdly into plan sections of over LK) square meires,
The largest section (on the 735 m level) measares 185 by 70 m
| Silge, 195291 Fig. 7).

The pipe was apparenily developed by fraciuring. brecci-
ation, and intrusion of the pseadoaplite. although the origin of
the structure i still in dispute, Breceintion wos restricted 1o
the lower levels, especially where the pipe cuis o fold in the
country rock, Heverse faulting along bedding planes of the
country rack (which dip at about 45 10 the south) has caused
drag folding, kocnl thrusis scross bedding, and brecciation.
The pipe itsell is nearly vertical above the X0 m level and
bebinw the G0 m level; the imermediate section follows a sone
of concentrated hedding-plane faults and & relsively con-
stricted in size, The dip of the intermediate section iz aboul
0%, romghly paralleling the bedding planes. The pseadoapline
wits injected after all of the folds and faalis had formed: it s
cenirally located in the upper portions of the pipe but forms
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Figure !, Isometric drawing of the Tsumeh ore body [ofier
Schaciderhiha, 1920
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bronches and lemses in breccinted horeons (Tsumebh Corpor-
ation staff, 1960 ).

Meaallization follows the periphery of the pipe. forming rich
peds, lenses and veins, but also forms rpe tonnages of dissem-
imated, low-grade ore. The main ppe consisis of a horseshoe-
shaped concentration of massive ore und veins intermived with
low-grrade ore. Highegrade manios have been located where
the pipe miersects brecoited horizons in the country rock:
these progect as much as 90 m both north and south ol the
pipe. In general the pipe & sarrowest where it parallels bed-
dfing of the country rock and is wadest where il crosses bedkling.

The ratios of bead, copper and zine yvary throughowt the ore-
body but. in general. lead s the most abundant. Massive sulflide
bowdies have comtained as much as 60% metals: one large mass
contwined 26.7% lead, 12.4% zine and 3.6% copper, Dissenr
inated ore ocears a8 stockworks i dolomite and beecera. and
also as spocks and veinles in paeudeaplite.

Adthowegh minor amounts of sulfides occur even at the
surface, oaldation has occurred Lo very greal. virlsally unprece-
dented depths {Fig. 31, Secondary minerals predominate aboyve

]

TONE indicated by arrows. Ouidized ore is shown
i blacks the wnosidized section of the pipe
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Figure f feboved East-West eross section through the Tsumely
awre: haly (afiter sameh l:nrpurll:l.un wialfl, 1] L
Figure 7. (left) Geologic plan of the Tswumeh ore pipe at the
otk kevel {sfrer Tsumeh Conporation siaff, 1961 ).

the 30 m level. From X modown to B0 m oxidation s very
slight. bat at 800 m the togr of a second oxadized 2one was dis-
covered, This second oxide zone extencds below THN m; it 5
locwted where the ore pipe culs a permeable horizon m the
Tsumeh dolomite, Groond waters magratmg along  bedding
planes and brecciated sirata have reached the ore pipe ot aboat
the WK1 m level and moved downward, oxidizing the ores more
thoroughly than surface waters hicd oxidized the fimst oxide
rone. Superpene enrichment increased copper concenlrations
in upper sections of the second oxide zone but leached away
zine,

Cire pipes of this gemeral character are nod geologically un-
usuitl, however there are several unigue features of the Tsameb
deposit. Certainly the most extraordinary of these s the knwver
or second oxidation zone which s the prodect of a peculiar
“plumbing”™ accident of natore. Were it not [or this feature,
Tsumeh would still have been a remarkable deposit but the
pn'u.'luﬂi._m oif |:IIH¢' numbers of fine secondary minersl| speci-
miens would have ceased decades ago. Furthermaore, fine speci-
mens are more perfectly developed and more abundant, with
only a few exceptions, i the lower zone. Therelore the kwer
oxidation zone is clearly the most geologically, hydrodogecally
anid mineralogically interesting feature of the deposit. The
umig e gmhqgmim[ aspects. which have also profoundly in-
Tluenced the minerabogy, are disowsied Turther in the chapler
on Parngenesis

REFERENCES muoy e foand st thi end of Chapier X110,



MINGRALS A DESCRIPTIVE LIST

by

William W. Pinch

crd

Wendell € Wikon

INTRODUCTTON

The folloawing list contains descriptions of all of the carrently
known species and varieties from Tsumeb. Costal drawings
are included for many of them; some of the drawings wene
adapred from references listed in the reference chapter and
somie were drafied especially for this study. Mo claim to com-
pleteness is made for the erystal drawingss hundreds could
fave been mode and only a sampling is presented here. Simi-
larly, references for the descriptions are nof given here because
they may be found in the references chapter; many of the de-
h-ripl,i-:-m:-i. however, have been significantly supplemented by
oir o ohservations, Prepdomorphs are listed in detail m the
reference chapier and are mentened only occasionally here.

I'he compesions of the minerals are given for relerence.
Mosl are drawn [roim Flescher (14750 bl some are [rom the
artginal, very recent descriptions of e minecals of, as in the
case ol many varieties, are from Hey 19350, Only those physical
characterisics thal are parisculacly uselul Tor adentalicaten

are given: details may be found i the gandard reference
works, Only sssocintions of the rarer minerals are listed in the
descriptions because those for the more common specics are
discisssed in detail by Eeller im the Paragensis chapier.

Mineral species names are given alphabetically, in bold;
mineral varietes are indieaded by their common name, in
dtlies, and also by the exiruneous element characierizing the
VATIELY.

[iv the kst column are pape numbers where photos of the
muinerils may be found elsewhere in this issee

Finally there = a seres of tables showing the Tsumeb min
|.'Ii||'- !.-rnurn.'-:l i:l YViETHIES “‘:I!,'-\. .=I|,'|.'|||'|,|||'|:_l LA r|'||_"|r '\."'I'I'I["\.'h"l'\.“lh.

Certainly additions to the number of known Tasumeb species
ane varetses will continue to be made in the futuee: these will
be publshed occasicnally in the Miseralogical Recond maga-
.rirl-.' wrider the |'I|."..'||.1i?|:.': of Trnmely I‘.'|||'|'l. ||_"|||_||_'|’l-\. ||'|;|_|.' wish Lo
Ko oF remove those notes 1o insent ar the back ol this isoe.

T ———— e ————— s T A e eee——maeee e Seseme o e e I e a8 Seoe e me

FIRST REPORTS

Fourteen minerals are here reported for the first time From
Tsumeh, These minerals. along with the source of their iden
tification, are listed below:

. Algodonite (Lllnke Rahn, pers. comm.) (Walter Bahn
speecimen)
2. Ankerite | Ed Buggiern, personal comm,) (Eweibel speck
merp
1. Hindheimile { Smithsonian specimen)
Corkite { W, W. Pinch)
Hedyvphane (W, W. Pinch)

W da

. larosite | Chwight Weber)
h-n::rilr-‘E'Ilnhn::r':r.d nthers. this issuel
4. Leltelte (Cesbron and others. this sswe)
9, *Mimeral GF" {Paul Keller, this issae)
10, “Mimeral TI™ | Faul Keller, this ssue
11, "Nineral TK™ {Faul Keller, this issoe)
12, Miaciie { Smithsonian specimen)

15, Powellie (W, ¥, Pinch)

14, Shavtuckive (W, W, Pinch)

ACKNOWLEDGMENTS

Mluch oof the mformation supplied here hos besn taken from
a hisl preparad by A, Sobrecki of the Tsumeb Corpasation, and
il from the excellent review by Wolfpane Borielke 1976)
in Der Awfechines, In addition, X-ray confirmations of many
speicies were carrbed oul by one of us (W WP,

Samples sudied Lor this review came [rom many collecions
meluding these of the anthors. & computer prni-oul of (he
L1497 Teoumelh specimens in the SmihsonEan InsOionon was
used to locate and stedy a large nomber of inleresung speca
mens. These exominations were supplemanted by snadies of
dealers’ stocks and the collections of other private individuals.
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Earnea HZNG: Cmii

Acanthite

Adamite

Cobaltogdamite (Covar.)

E'J-IIIH'rllln':-lr.'r.'n'f' (Cw-war. |

Alamosing

Anplesite

Ankerire

Aragonile

Nicholorite  {Zn-var.)

Twrmowiczite | Ph-var.)

Ap.S Finely disseminnied in ore containing
native sifver.

i As, HOH) Checurs as VETY el vellow
to yellow-green erystals rarely over o few mm in
site. Soame crystals have brown edges parallel o the
c-axis, Copper-free adamite i€ very rare at Tsumeh;
commaonly adamite crystals are zoned with varying
copper content and varymg color, The more in-
tensely green crvstals have the most copper. Habis
range from squant 1o prismatic.

(EnCollAsL,NOH]  Extremely  rare @
Tsumeh, this variety is an afiractive pink colos.

(o, | Ay OVH [his variety is  sup
posedly part of & continuous series 1o olvenite. Iy
forms crystals of bright green 1o apple-green and
alive-green color ofien associated with bayldonite
and schulicnite on tennamite. Ceprosdamite is
much more common than low-Cu adamie. Pris-
matic erystals up to 13 mm have been found.

PhSil, This very rare specics his been con
[esed with leadhilbie, with which it B sometimes
found. It forms small evhedral crysials (o 3 mm in
apee il also radiating masses of crystals over 25 mm
in keapth elongoted along the saxis. The color is
white to cream and light gray, Abour 20 specimens
are currenily known, The only other locality foe
alamosite is the type bocality in Mexico, specimens
from which are vastly inferior 1o Tsumeh marerial.
Associated minernls include leadhillive, anglesite.
melanotekite, hematite, [leischerite and kepelite.

MNa A0, A mineral of the country-rock.

Cughs Massive.

PhSI, Anglesite crystals are most commonly
colorless but may be pray. bright yellow (spposedly
from inclusions of cadmium, probably in the form
of greencckiie] or green. They are oflien flattened
and may reach several cm in length. Twinning has
nid heen reported, a fact which may help o dis
tinguish them from cerussite. Matrix for anplesite
invariably consiss of sulfikle minerals

Cof Fee, Mg, Mn OO L Yo far identificed on
only a few specimens as drusy coatings of cream-
colored crystals with calcite,

CalCih, Relatively pure araponite  forms
shightly greenish to blush needles and (urquose
colored radsally structured masses and crusis: it
oecurs very rarely in dull, prismatic, pseudohexa-
ponal crystals, It is for more scarce than ealeite.

(Ca &m0, The zine wariety of aragonite
is wery similar in appearance to tamowitzite but i
usually baff 1o cream-colored and the prismatic
erystals may taper toward their bases, Like tarmoow-
tizite they are terminaied by p pseudohexnzonal pyr-
amid. Michobonite may contain up to 10% ZrC0,

(CaPhiCry;  This varbery contains op 1o X%
PRCO; and forms excellenr, prismatic, pseodo-
hexagonal crystals several cm in mazimum length.
terminated by pseudohexagosal pyramids. Their
Codor i cream e white, They are much maore conmr-
mon than pure aragonile ab Tsemeh,

PHINTDiS | 0%
FALE
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| Arsenhrackebuschine

Avrsenbosiderite

Arsemtsunechile

Ashestos | Richeckite?)

Almcamile

Aurichalcile

Anstinite

C-Amsiimnis

Barine

Buykbonite

Fhd #n,Fe l Aslh, || OH - H 0 Tabular crvatals
up to 0L1 by 0.2 by 0.5 mm have been observed.
They are a bright brown to honey color and ocour
in fissures with dolomite on the 4 level. The min-
eral bears a siructural relationship 10 sumcoriie.

CaFe | A, OF - 3,00 [t oocurs rarely
in the lower oxidation zone ax gl.'l'd-.‘ll-'_l-'\'l'."”l.'l'l‘-' [Ex}
dark browen submetallie crysials in racdial agoregates
and pranular masses ond crusts associated with
carminite and other arsenales,

Pl Cial As 0500, W OH ) Oecars as tiny (less
than | mmb twinned crstals of an applegresn {o
ridpeway-zinc-green color, Specimens libeled "k
donite  prendomorpk after simetife” should be
checked because many of these which were col
lacted in the s have urned out to be arsentsumehe
ite, The mineral has never besn thoroughly de-
soribed, bul a comprehensive treatment by R A,
Ridenux and cthars (s ahoat 10 he puhlished in which
ambiguities are resolved and the mineral is renamed.

M.l Fe, M) S0 OH |,? A mineral of the

countr-rock.

Cu CHOH |}y Forms dark green to blackish
preen prismatic crystals up to 1 cm in size. Most
specimens have been found in the upper oxidatson
ZCHNG,

(Fm, O g OO i OH Forms pale green to
sky-blue and turquoise-bluve acicular crysials and
crusts in the upper cxidation zeme. It i sometimes
aggocmated with hemimorphite.

CaFni Asl, HH) Forms coborless 1o pals
green or pale blue microscopic acicular erystaks
clongated along the o axis,

Cal Zn,Cu j AsD, OH ) This wvarbety [orms
part of a series (o conichalcite. Cryitals are usually
green o dark green and may form spherosdal groups
of curved crystaks

O T ol O Azurite is one of the mosi
famous minerals from Tsumek, and justly 50, I
has been found in lustrous single orystals up o 25
cm in bength, as well 85 magnificent groups of arge
crystals which are easily the finest examples of azur-
ite in the world. Many crystals have been partially
or completely altered to malachite. The color is
black to very dark blue when unaliered Habiis
range from equant to elongated and bladed.

Ra%il, Forms yellow and amber 1o biroran
and dark hrown crysials mostly in the areas between
g depth of 100 and 300 m. Crystals (o 3 cm have
been found but tee mineral is nevertheless uicom-
mon. Associstions commonly include smithsonite
{ar aleni.

PhiCu ] Asid, L DI The most common fom
ol bayldonite, which has been found for many years
at Tsumeb, is a fine, granular to powdesy crust
siskirgreen (o apple-green o yellow-green m colar,
It is casily confused with duftite but most specimens
of powdery bayldonite came from the upper oxida-
tion zone, which may be an aid in identification,
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arurilm

Betekhrinie

Beudantiine

Hindheimite

Hintite

Bormide

Eriartite

Cre-Beiaritie

Brochantile

The early materiel was found in association with
olivenite, mametile, azuride and makachite. Tspmeb-
ite i5 also a nearly indistinguishable asocinie, and
commonly ocours with azurite, Old specimens lo-
beled as pseudomorphs after mimetite may be
isumehite if of o light apple-green color; specimens
dark green in color are probably hayldonite. Around
1973 a pocked of very large crystals up to 1 em in
length were found associated with cuprondamiie,
kevyite and schulenite. These crvstals are dark green
te nearly Hock, and are the finest crystals of bayk
donite known; unfortunately they are quite rare
and no miore are likely to be found,

P U Foe Al ol 5000 bl OV | Found near the
L0 m level as powdery canary-yellow crusts with
beudantite, adamite, malachite, tennantite and
leadhillite; few specimens are known,

Cuiyl Fe P S, Forms microscopic lead-gray
needles and masses in chalcopyrite. bornite and
galena betwesn the 24 and 32 levels: it is very rane.

PhFe.l Asl S0, HOE Forms  solid, st
sized masses 85 well as eryarals up wo several mm.
The crystals range from pseudocubic ond pseudo
octabedeal to tabular. The luster s frosty 1o brighe
and the colior ranges from greenish yellow to vellow,
brown, reddsh brown, reddish orange, red and
wvery dark red, It is most commonly associated with
carminite anc is widely disseminated in the deep
cubdatlon zone. Tsumeb beudantite erysials are the
largest amd linest in the world.

Pl Skl O, OH | Checurs as a vellow alteration
product of an unknown mineral i baded masses
severil cm in size.

Ki Mg Feld ALFe S0 OHLF | A mineral of

the country-rock.

Cm, Fel, Forms massive areas of a copper-red
tor pinchbeck-brown color which tarnish rapidly to
the purplish blue characieristic of bormite. Crystals
have very rarely been found Some bomie ore
contiins up to L3 kg of silver per ton.

Ul Fee,fon eSS, In hand specimens briartite
is o dull iroregray mineral with a dask gray streak
and a dull. metallic luster; there s o barely per-
ceptible lilac-gray tinge 1o the color imparted by
the germanmum content. Tsumeb briarene. unlike
hriarfite from Kipushi, £aire, is not magnetic. As
socitions include chaleopyrite, lennantile, rendierite
and germanite in one suite and sphalerite, tennan-
tite, renlerite and galena in pnother suite. The First
spmimms were found im the 120 stope at the %54 m
level, but later specimens have been found in the
arca beiween the 32 and M levels,

CulFe, £n e 5, A germaniunrrich variefy
hias been described, Consudering that the ionic radii
of copper and germanium in the divaleni state are
almost sdentical. it 5 possable that the mimeral leas
the composition indicated sbove, with Ge substi
tuting for Cu

Oyl S0 O | Forms green to blackish green
crystals 1o 13 mm. Some superb specimens have
been found, Most brochantite, however, [orms
dull o velvety coatings of microscopic green crys-
tils.
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Brunogeierite

Calciie

Cohmltocaleie |(Co-var. )

Cuprocaleite (Covar. |

Praumdrocalciny (Phvar,

Cabedonine

Carminite

Carrodlite (5/-Carredlited

ermsslie

Chabeamthite

(G Fe iFe 0, Found on the 29 level gz WE50
pm thick crusis on ennantite with renierite and also
stottite, Black.

CalCil, Forms in many dillerent habits and
eodors, Some rhombaoledsal groups codored reddish
browan by inclissions resemble specimens from Com-
wall, England. The most common colors are only
white ar shades of gray but the mineral & very abun-
dant in the oxlde zones: ogether with dolomite and
quarz it forms the bulk of gangue material o
Traumeh. Many fine specimens of water-clear simple
rhombs o several em have been Found and may
often be obtained af low cost. Fine specimens en-
closing copper are alse known.

(Coy Co 0N, Up to 2% Collk, can be accom-
modated in the caleite SEruciure.

| T, Cw WO Forms  attractive  apple-green
chombs indstnguishable from  cuprosmithsonite,
except for a tendency of smithsonite to kave curved
faces.

(CaPBIC0,  Calcite may contain 34% PHOO,
i sclution but greater lead concentrations are pr:_'.l_'.-
ahl:r the pesult of a fine-graimed interprowih of pl'um-
bocakcine and cerussite, Crystals are silky to Er|_|5|_|,.
white rhombs and may reach several cm in slee.

Cu P CONS0,L0HE,  Forms small crystals
besa than 1 mm in size and of typical hlue-green
codor and acicular 1o bladed habit. Caledonite has
always been found in association with linarie a
Tsumeb, but & moch rarer than linarite. Crstals
commonly clister around small graing of cerusite,

PhFe Asil, L (H |, Forms acicular.  irans
lscent erystals and radially fibrous spherical ag-
gregates ranging in cobor from reddish brown o
dl::l:'p red and reddish Back, Carmimite hass besn
fiviaiid rarely with samconte on the 3 level, with
bewdantite and arseniosiderite in the most commion
suite and with scorodite and anglesite in a third
suite. The crysials rarely excead | om in |-ﬂ|‘|j‘__l|i'|_
Tsumeh carminice is the finest in the world.

CulCoMikS,  Hey {1955} indicates that the
varietal name Sychoodymite should be used for car-
roflite with % or more mickel, At Taurmeh it is fouwnd
ofly a4 viny, light steel-gray crystals visible under
the microscope.

P, The eerussite crystals from Tsumeb
are unguestionably the largest and finest found
anywhere in the world, Superb, clear. twinned crys
tals have been found up to 6l cm (2 feet) in length
Most crystals are twinned but a few aniwinned
specimens are occasionally seen. Cenassite is the
mosl abundant secondary lead mmeral at Tsumeh.
The color ranges from codorles o yellow, hrown,
gpray angd black. The black crvstals are filled with
mclusions of galena. Twinned groups may form
six-poaited “stars” similar moappearance Lo snow
Mukes (but much larger!} or they may form large,
reticulated groups and masses of complex shape.
Some crystals are thick, water-clear and  haghly
dispersive with many crystal modifications; others
wre hladbed to elongied and milky.

CuS0,-5H 0 Forms beautiful crystals in the
upper cxidation zone but i3 rare in the lower onida
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SER o Chalcosiie

Chaleophanits

Choleaphyllite [~ Erinite”)

Chalcopyrite

Chenevixite

Pl Chenevivire
Chiborite

Uhrysocolla

Chudohaite

Cinnahar

Coniclabeite

Parekayidonire (Ph-var.)

Copper |ntive)

thon zome. The crystals and crusis vary in colos
Irom atiractive blees and greens to nearly while.
but they decompose and disintigrate very quickly
after being collected. Chalsanthite is commonky
associated with sullide ore.

Cugy  Chaleocite is one of the most imporam
of the sulfide ore minerals ai Tsumeb. It B founsd
as both primary and secondary chaleocie but the
lnfter is much more common, [ uwsually ocours as
dark lead-geay masses and blocks of sometimes
immense size, but small, very rare, thick, tabular
pseudohexpgonal erysials  have been  observed.
Associntions include galena, sphalerite, native silver,
and other sulfides, as well as an extensive array of
secondary minerals. Mosi Tsumeb “chaloocite™
has been found to be djurleine

ZnMung 0 IHAY Found wvery rarely as microe
seopic particles in other manganese ooibes,

Cuyp Al Al bl SO0 |5 O 1 33H 0 This min-
eral was aoted by Mauwcher in 1908 but has not been
obgerved since. Maucher described it &8 & Bray-
green crust on malachie,

CuFes, Forms brassyellow metalle mases
intergrown with other sullides. Whereas chaleopy-
rite is o common ofe 8l other deposils it is rare al
Tsumeh because of the gemeral scarcily of iron
there, Assockations inclede germanite, renierite,
tennantite, gallite, galena and pyrite.

CliiigFied AsiD |l OH |- H, 10 Fosm fiEssive, ¢oin-
pact. earthy deposits and muosses of 8 grass-green 1o
olive-green color.

[ Ty Ph b Fe Aosilh, 1) O - H 00 Forms  com-
paci, earthy to spongy masses of A brownish color.

A Mg, Far byl ALSE 00 OH A mimeral of the
country-rock

[ O A H LSO O -0 Bright gresn 1o
sky-blue masses and crusis bul found only rarely.
Some masses have o high guarz content,

Mo K, Ca i MeF 5 | H Asiy j-4H0 Forms
pinkish-purple Kunzite-colored crystals to 5 mm in
size on the 1000 m level Associations inclede oo
nichaleie, cuprodamite and £n-olivenite,

HgS Forms amall, scarler erystals and pow-
dery masses associaled with cerussate; it is extremely
rare.

A, Forms as colorless, flexible white
plates o 3 mm in siee and also masive; s ex-
II.‘I:I'IllI:'_l.' eare an Tsaifset.

Cug AsD, HOH | Observed only by Maocher
(19081 as dark green coatings on malachite. Some
inw_-nligm:,ﬂ feel the ideniification is guesticnahle,

CaCw Al jiOH}  Usually  forms  globular
dirty green to bright green masses and small crys-
tals rarely exceeding X mm

o Pl Coa W A0 JOOHT Y Deseribed a5 the Pb-
x'ariﬂ}' of conichaleiie l‘l'rn' Craillemin in 1956,

T {:nppn:r is the most pbundant native cle
ment occurring af Tsumebh. It exhihits & :}'pic-,ql
coppery-red color which tarnishes (o various shades
of brown and blackish brown. It is of secondary
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origin and & most commaon in the lower oxsdation

gone where it forms dendritic nggregates and crys-
tal masses associated with dobomite, cuprite, malks
chite, cerussite and calcite.

Cuorkiie PhFe i PO, H SO, HOH Forms wellow Lo ye-
kowish brown peeudocubic crysinls ensily confused
with bheudantite. Associations include carminite

amd queartz.

Cisromadite PhMng(},,  Forms massive gray to black soddy 56
crusts and botryoidal masses on dolomite,
Cowvellite Cus Covellite cocurs widely with chalcocite
buat only in the upper osidation zone. It most com-
monly forms extremely thin coatings, crusts and
Fracture [illings in sulflde ore. Rarely larger, indigo
blue masses have been found. Covellile is nearly
always found in close progimity o weathering copr
per sullides and commonly forms a8 an oxidation

prosduct of digeaie.

Cubanite CuFeS, Forms golden  vellow, magnetic
rEasses visible only under the microscopes,

Cupriile Culd Farms beputiful cochineal-red crystals T2
o albour X em. Cryscal forms include the ocimbedron, .

cube, dodecabedron, of combinatons thereof.
Mussive cuprite i& common with native copper and
cocmssonally with malachite, Other associations
include mimetite, smithsonite, dolomite and calcive,

Chaleotrichite (acicular var. ) CugilD Hair-like masses of chalcotrichiie occur 72
rarely. Similar appearing ocicular ldlockite has
sommelimes been  misidentified as  chalooinichite,

Ihesclnizite PiyEm| Vi, OH ) Forms reddish  brown o [
dark brown crysials, masses and sinlactiies as well
as dendritic aggregates o 1 cm in size. Descloizite
is rare of Tsumeb, and many specimens labeled ax
being from Tsumeb are probably from the proific
descloizite localities Abenab, Berp Aukus. Grool-
fontein, Guehab, Olifanisfontein and Uitsab which
are all within abowt 100 km of Tsumeh

Cuprodescioizite (Cu-var.) Pt Em Con Y00 OFHL) Forms greenish brown
PSS,
Dievillme CalCud S0 bl OF - 3H 0 Forms  white 1o
biwish white fefted masses on tennantite, and also
sky-blue crusts on smithsonkte,

[Migendie Cugs, Forms distinctly irridescent blue masses

with concoidal fraciure and has also been observed

as small erystals with chalcocite, I
IMoptase CuSild;0Hl;  The dioprase from Tsumeb is Tl

the world's finest. Beawtlful, losirous, iransparent,
dark emerald-green crystals on white caleite crvs
tals make spectacular specimens. Crystals have
been found up to 5 em in size. and crystals | em in
size are fwrly common. An enormoss amoant of
dinplase was recenily encountered in the Ewst 1%
stope on the 32 level; the linest dioprase hos come
from the kower exidation zone and has been col
lected during the las 5 years. & seall find of anuswal
bliee-green o lurguolse-blue diopiase crysials has
recently been reporiad.

Difuirbe:bie Cu, 5 Deseribed in 1962 a5 & componeni B3
of the massive copper ored. The blue-green o bluish-
black codor resemnbles that of chaleocite but the
cleavape, when visible, resembles that of galen, |
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anErgile

Nuging

Tuorite

Dalomiie

Coe-Dhalpanire

Manpandaofomite [Mn-var.)
Pliswbndoloerise | Ph-var. b

Zr-Dafomiie

Duiftice-alplha

Dhifiite-heis

Drunglasite

Enargite

Suitfoenaryife | Sh-var. |
Epidoie
' Famatinite | Stibiclhweonite)

Fleischerite

CoeFleireherire

I Fluorite

CaMg{Ciyl, Dolomite is the main constiueni
of the country-rock and ako forms an importand
percentage of the pangue material in the Tsumeh
deposit, Crusts of crystals are common; the color is
usually white to cream. Mupsses with guarz are
WETY COmmen

Cai Mg Caf OO Forms bright pink crystals,

Coni Wl MmO e Pink cryseals?

(Co Mg Pl OO, | Forms white crystals con-
taEming wp to 236% Ph.

(Ca, Mz En i OO} White crysials containing
up i 21.65% En.

PhiCui Al HCH ) Forms olve to gray-green
and dark green crusts and distingt erystals (o 3 mm.
It was relatively common betwesn the 50 and LY m
levels. The crysuals are alwnys distorted and have
irregular faces. Duftitealpha s generally darker
in color and much rarer than duftite-beta discussed
[ Ui

il O, U W A0 i OHL ) Forms olive to gray-
green crusts, masses and small crystals, Widely
dissemimated a1 Tsumeb and found in association
wilh many different minerals including wulfenite,
malachite, azurite and beadantite,

Y T Forms white bo pale
hlue vitreous to silky needles and fibers in sprays
angd spherical aggregates asociated with ararice,
daftite, cermsne and dodomee, The blue -:rg.-ilala
pive an X-ray pattern slightly different from the
accepted dundasite pattern and may therefore repre-
zant o copper-rich variety or a new species.

Cu,Ass, Enargite was one of the earliest
minerals to form at Tsumeh, Crystals have the pris
matk: form and cros-sectlon ypleal of enargice:
they range in size up 1o d by 8 cm bl are more comr
monly in the 25 mm range. Some erystals are par
tinlly altered to temnantite. The crystals ane sieel
gray to blackish gray in color and sometimes have
am alteration coating of odher minerals

Cusl As 515,27 This varkery®y has been obr
served witl luzonie in crysals 1o 2 cm in size.
CajALFe bSiy000HY A mimeral of the

coumtry-rock.

Cu5hs, hassive, SOy black merallic. Prob-
albly part of a series o luzonite,

PGt S0 Jod OV |- 3HLATY Fleischerite, the lead
anabog of schaurieiie, forms white (o pale rose silky
appregates of sometimes radiating structure. The
acicular hexagonal cryswale are each very small,
ahout (.3 mm thick and op te 1 em in lengt h. Flzisch:
erite is wsually found m cavities i germanium sul-
fides mssocinted with alamosite, kKegelne, medanoe
iekifte, cermssite and mimetite: it somelmes forms
on plambgarcsate, ouimeetite amd dodomire. 'I-"#."_l'
Farg.

Imfujli_iu:[!ﬂhh_.[iﬂ'lh-]}l-‘{,}[ﬂ Reported (LT
rike Kahn, pers. comm.) as a specimen in the Stel
lembosch collection, South Africa.

CnF, Fluorite is extremely rare al Tsumseh.
Previous to this writing it had only been described
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as minute bluish inclusions visible only under the
microseope. However two excellent  specimens,
e euch with erystals over 1 cm, have recently heen
located, and both are pictured in the photo chapter.
One is a mediom apple-green of predominantly

cubac habit but with trapezohedron faces on the
’ corners; Uee portions of the crystals bounded by

the trapezohedron faces are deep purple! The other
sprecimen is entively cuble In habit and sesms (0 be
woned with blue and purple layers

Caalenn [ Gialena occurs mostly as massive angis il
with sphalerite and copper sulfides o form whai s
knoan as “complex ore” (50 called because of the
number of different valuable metals contamed. and
the attendant milling and separation  problems),
It also necurs as fine grams and desseminated masses
bhut is in generzl the most important lead minecal
i the Tsumeb ores. Crystals are uncommaon and
rarely reach 1 cm in size. The habit is uswally a conr
hination of the cube and octahedron, Pseudomarphs 1
of galena after calcite are known.

Cralliie ol Forms minute metallic graing rarely
ecxceeding 1 mm in size imbedded in rendente ancd
permanite mnd also as exsolution lamellae in sphaler-
ite. The eolor iz gray with a lilae tinge, very similur
tir the color of germanine,

Crermandte gl Goe, Fie S A Ciecurs a5 dark  reddish .k
gray metallic masses only and is associnded with
tenmantiie. enargite, pyrite, galena, sphalerite, arur-
ite, malachite and primary chabeocite, Tt tarmishes
i a cdull brown over a period of tme,

W-lFermranire Oyl Coe, W Fe S, A LT This marerial, either
a pungsten-rich varlety or a new mineral, bas been
chserved oaly wider the microscope and appears
o contain up Lo 7% tungsten: it has a slightly dif-
ferent color than that of pure germanite,

V-Germanite A Cuy| Ge, V. Fe iS5, As ), This material, also of
unknown stabus, occurs 0 inclusion grains of up
10 75 microns in s,

VelFermanite B Cuql G, V. Fe S As LY This material, also of
unknown stalus, occurs a5 inclusions of the same
size as the above vanadwm variety type 4,
Glanieodoi |[CoFelAs 5 Forms graysh 1o tin=white
masses visible only under the mecroscope.

Goseihie Feld(hiH | Forms  yellowish  brown, earthy M
masses and sciles and also forms bright brosn il
vely crusts of fine acicular crvatale It is usually a
COMTNpHOTNENT of “Hmonite.” a ouxture of gm.'!hli-t
und lepidocrocite.

Grodd Au Known from a single specimen in the H3
Kegel collection (now in the Smdthsonian Inschoue
tion| wherein it forms a small mass of a lew mm in
sire imbedded in massve, browneh Quarte or quarz-
e,

Graphite |var. Shungie) C Forms granules similar o anthracite in the
couniry-rock,

Giralonile Phods,5,, Forms dark, metallic, lead-gray
micToscopic masses found only on the A0 level.

Greenockile Cis Forms fine Fracture Fllmos and manwte 64
masses wisible only under the muicroscope. It has
I also bheen observed as o vellow 1o ochire-colored
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hamaliba
witar
magnlla

En-Lireenockie

iy psum

Hedy phane

Hemadine

Hemimorphie

Heterogenite | 3K or 2H?)

Hidalzgmite

Hydrozincile

lelaite

llmeniie
lindte

Jarosite

Kanlinite

hegelile

Revite

histtigite

dustizg on sphalerite and other minerals. As i
clusions it can imparl & beight yellow eolor to angle
site and warkate.

(Cd.ZmiS Formerly Enown a3 CdVolzine
i Ulrike Kahn, pers, comm.),

Cad(h-2H, 0 Forms colorless,  iransparent
crystals, drsses and clenvages: pood crystals o
severnl om have heen found with carbonate minerals.

|l','l,l"‘h|,1.‘l.-|[l1hﬁ Forms soall (1 menl erys
tals of white 1 grayish white color on calcite <orys
tals from the 560 m level.

Fe, 0, Found omly rarely ar Tsumeh bocause
of the generl scarcity of iron. Forms black crusis
of VETY sratll. sometinies tranmdecent, red, lustrows
f[':".lillll.'s.. It also occurs as botrvoidal “kidney ore”
and a5 octahernl “martite”  peendomorphs after
miggrielite Lo about 1 cmin size.

Fm S0 OH - H 0¥ Forms colocless Lo while,
p-u_ln: hlue ar yellowish masses and small, 1@abolar
crvstils toa few mm in sice.

Corl WO ) Superb, brighi black  botryoidal
masscs to several kg, as well as lustrous black coat-
ingn omn caleite i,"'r':‘stil.':, have heen ulentified.

Pladl | S0, § A, jOH |, Forms rare  yellow-
i MassCs,

Fng | COy o OV 1 Forms rare white 1o gray
crusls, stains. powdery mosses and dull cotings on
smithsonite. It also forms as efflorescences of small,
tabular crystals.

Cu FeS1 7 An exiremely rare mineral ai Tsu-
meh: thus far i has only been identified from the
20 level where it forms reddish brown masses and
fibers through the decomposition of bornite and
chalcopyrite.

FeTill, A miperal of the country-rock,

P SO0 po00 O | Recemt studics indicate
thiat the original idendiication of itoite from Tsumeh
was in erros. The problem appears io have been thad
foite is created in Uhe mortar by the grinding of
fleischerite for 5-ray analysis,

KFe | 500, (H L, Ohserved as  pale  brown
ps.c:uujumnrpl'u: nfter tennantite and arorite o F cm
in size.

AlLSE 0 OO, Forms white chalky miasses
b severnl om im s,

“1]|I~I‘LF‘|:|‘]1|5I||5¢G§4' Forms white, bril-
liant, tabular crysials and rosettes up (o M microns
wide and 1 micron thick. The psendobexagonal
plaies have a pearly luster resembling oftavile and
are associated with hematite, lendbillite, anglesite,
fleischerite. alamosite, melanotekite and mimetite,

{Cu O || Asiy | Forms beagtiful  oon-
wellie-kliae prignmlic crysials wsually under a mm
in sipe and associated with cuprosdamite, Keyite
is described a5 a new species for the first time else-
where i this issue.

Foad Asd, b-8H 0 Acicular white crystals to

2 ik, in groups and rosettes, have been observed
associated with cuproadamite,
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—_— 1930s pnd have noi been found in any quantity in

Langite gl S0, HOH L 2500 Langite has been  de-
scribed ns brighe blee. bladed crystals in agoregates
associated with devillinge and brochantite.

Lavendualan Mooyl Asl, J C1-5H 0 Has been observed
n5 hluksh crasis in the lower oxidation zone.
Zi-Laverdilan Ml U fom || Ay hCl-5H 0 Forms Bl B
smeall, rhombohedrl crvstals and sprave.
Lzt lline Phug| S0, | OO ol DL, Leadhillite crystals from 63

Teumeh are the largest and finest known. They
range in habit from small and poorly foemed o
superh psepdohexaponal ftablets and pyramids as
lorpe a5 13 em, and seetphimg several kg, The color
ramges from white 1o dark gray and pale yelbo,
Itz sofiness and micaceous cleavage with pearly
luster on the cleavage face are diagnostic, [ is mos)
commion in the lower oxidation zone where 5t has
been found with rnr.len.-nl:ki:le. angleste, cerussite
and nlnmosiie,

Laiieing iFmFejAs 0y Forms white to reddish brown, A
iranslucent, clenvable mames to & few cm in sze L
associated with tennantiie, The cleavages are flex-
ible and sectile similar o pypsum, Leieite is des
cribed a5 p new species for the first time elsewhens
in this isgue.

Leplilocracite Feld (H | Forms yellowish red needles mixed 85
with goethite (o form masses of “limonie.”

Linariie PhCai S0, OV Forms deep blue crysinls 4
rarely excesding a few mm in sive. The crystals are
of a bladed habit and occur with cemessite. tennan-
tite. brochantite and sometimes caledoenite. Linarite
is relatively widespread at Tsumeb but is often over-
looked becawse of (2 small sze and similarity in
color and habic to azarite.

1inmaeiie (TN |5, Forms metallic, steclgray inche
sions amd octahedrons visible only through the mi
CrOSCOpH.

Ladbockite {Fe b s, Forms  must-hrown o nearly T5
redd acicular crystals and fibers up to 3 cm in length. a2
The crystaks commonly penetrate small rhombs of e
ZLersiderite. Ludlockite has been found in 4 cavity
irs the germanice ore body on the 30 evel in asocia-
tion with carminite, beudantite and stromeyerie.
Some specimwens labeled “chaleotrichite” in old
collections have been shown to be ludlockite, Lud-
lockite is described in detail for the first time else-
| where in this issae, I

I Luszamite Uiy As S, Forms grayish mosses with a pinkish

(ki cast asocinted with tennantite and other salfides.
Magmesiie L P A mineral of the country-rock.

Magmetiie Fe 0, A mineral of the country-rock; some-
times in octnhedral crystals replaced by hematite.

Malachine OO HODH ], Mulachite is the most abun- f |
dami secondary copper mineral at Tsumeh. Original, i
non-pacudomorphous erysials eccur rarely as small
negdles and crusis with cuprite and native copper.
The most celebrated specimens are the fine, large
pseudomorphs after azorite and other minerals
witich reach many cm in size; the best of these came
from the upper oxidation zone in the 19200 and
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malybdarite

pharmacosidoris

Mangan-Stoatite

Mawsaonile

Melansiekite

Metacinnabar

Wi roa:lime
Millerite

Mimsetite

Miwite

Maolybdenite

Moltramite

Muscovile
(Hig o base

Hivine
(MHiveniis

recent limes. The replacement of the soumbe orys-
1als commonly appears 1o have begun at a few small
poands andd spread through the crstals creating
radiating and banded silk v-lustered patierns,

et O | This manganese analog of stol-

tie [ormes small crystals with “Ge-Zn-mawsonite.”

Ph Forms powdery costings and masses of
i lemon-viellow to ochre vellow color,

CuFesSa%.. Has beed descrnbed as  small.
rounded masses amnd grains in bomite, Mawsonite
15 magnetic and harder than bomite, with o brownish
orange color under the reflecting microscope.

Ph:Fe Si0, Found with leadhilliie and als-
mogile as small, dull, Blackish gresn spherales and
Crusis.

Hgs Dbserved as gray to black microscopic
inclissnns imn sphalerite.

BALSi; 0,

Nis Forms brass-yeallow, metallic, microscopio
Pk,

Pl Ausilh, 14T Found at Tsumeh in a wide
variety of colors and habis. The cljﬂ“u.ls rangs
[romi minuie needles and crusis io smoll roseiies
and large, prismatse erystals with pinscowd and/or
pyramic terminations. The eodor ranges from nearly
codiorbess 1o pake vellow, pale brown, lemon-yellow,
orange, red, green. gray and black, The finest speci-
mens of mimetite were descovered in 19725 fao of
the best of these are pictured on the covers of this
o They are gemmy., transparent and pale leman
vellow, and reach a siee of 5 cm although most erys
tals im the pocket were bess than 2 cm in size.

The large, gemmy crystals are very sensitive fo
tempersture changes and will crack or craze with
little provocation,

Pl Deszrbed as dull red coal iﬁp Ol GEruse
site,

BT Asih, o O - S0 Enown from only
ong specimen in the Smithsonian Institution on

which it has formed as small white sprays of ex-
tremely thin, maried crstals on azurite crystals,

A mineral of the coantry-rock.

Mas, Forms lead-gray metallic cleavages with
& slight blulsh cast. One specimen exhibiting a hexa:
gonal, pyvramidal. 3 em crystal with stottite and
schnelderhhnite is known,

Py Coa Eom | V0, ) TV Forms vellow-green 1o
dark greenish brown masses and arborescent boe
iryoidal groups. [t i widely disseminated ar Tsumieh
bt rarely forms attracilve specimens.

K AL AIS§, b0, [ OH |
iry-rock

[ N Cap AN ALSE 50y
iry-rock

| Fie, Mg L SE00,

Couaal AT HOH ) Relatively common in both
oxidotion zopmes, Olivegreen 1o preenish brown
crystals have been found, some of which are the
finest alivenive specimens in the world, and reach
2.5 emi. The hahit ix maest commanly rudinll_'_u BT

A mineral of the coune
A mineral of the couns

A mineral of the country-rock.
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Echulbeniie

Fo=Clrvenile

Fingoliverire (Zn-var.h

[hrthioclose
Oiavile

Patronite

Pharmacosiderite

Fhospenile

Flanchabie

Flatimerite

Flumbojarosiie

Posnjnkite

Powellie

Psilovenss karw

Pyrite

tured masses and prismatic crystals or @bualar crys-
tals fattened on the c-axs.

| CaFe i Asi, | OH) Blackish green: [airly
common in the lower oxidation zone,
| CaEm ol Al WOE ) Found as emerabd-green

prismatic crysials with balydonite crystals on ten-
A Line.

KA,

CACn,
vite forms white to light gray pearly coalings o
smithsonite, Chavite crystals are very rare, reaching
A moximum size of less than 2 mm and [orming
rounded rhombobecdrons.

LT Forms pgreenish black to black micro-
p:\.upic .;:,1||1i|||1__l$ and melusions in sulfide ore.

Feid AsiD, || O 1~ 5H,0 Formed throogh the
weathering of tennantite and other arsenic min-
erals, pharmacosiderite has been observed as lus
trous yellow 1o olive-gresn transparent cubes on

thee M0 levzl.

Plagl OOk C Some of the finest crysials
tought to be phosgenite have tumed out o be
mimetite. The true phosgenite crysials are short
prismatic and dark brown in color. Cerussate of o
greasy luster i oalso very diffscalt to distinguish
from phosgenite. Asociations inclode angleste,
gilena and other sullides

O S bl O by -H 0 Forms  thick, whitish
blue to blue masses and powdery coatings and rarely
small, rachally structured spheres that have some-
times heen misidentified as “hishesite,”

Phil, Forms blackish brosn coatings ap o
2 mm thick on cemsste and massicol i the upper
onidation zome, Platinente has also been observed
xx minute, blackish brown crystals in the lower
axicdation zome.

PhFe 500, 1,0 T, o First moded in 1960, with
flesscherite. [t forms intergrowihs with mimetite
and fleischerite in the upper cxidation zone,

U 500, WOHH - H A Forms  deep h!ll.-l:—__qr:en
tibular crystals mixed with preen acicular brochan-
tite, and associated with malschite, devillme and
wrpieri:c as well, 1t hais alsio been observed on len-
mantite psendomaorphs after azurite and on cerassite,

Caladl,
traponal crystals on scorodite crystals with fen-
mantite: only a lew specimens are known. Crstal
soee reaches 3 mm.

| variows ¥n oxides)
gTiy soody Milsses

Fes, Found with galena, sphalerite and ten-
nantite but. because of the scarcity of iron at Tsu-
meh, is only very rarely [ovuiiad i :.in_;nifi-:um AN
or siges, Pyrite usually lormms only small inclusions
in cther sulficdes, but a few large crysials in cavities
hive been found, Most crystals are only a few mm
in size but crysials of several cm are known, Pyrite
may scqTHEiEmEes contain mil:rl.lﬂ.'l.lpi.-'.' inclusions of
linnazite, Cube., pyritchedron and octahedron foces,
or distorted combinations thereof. have all been
oheerved, Associatioms in addition 1o other sulfides
imclude corussite and calcate.

A mingral of the couniry-rock,
The cadmivm anabg of calene, ola-

Cihserved s small, strow-yellow fe-

Forms ron-black 1o steel-
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scoradits

Aldaaitd

<

Ln-aigwsile

Py rolusite

Ashalane (Co-var.)

Pyromuorphite

Amiethysd

Rualgar

Heinerite

Kenieriie

Rhodochrosin

Zr-Rosasite (high Zn-var.)

Pareurichelcite (high Cu-var.

Kutile
Schaurieite

Mndl, Powdery fo acicular crystals and masses
of a blackish color are widesprend., especially as
stains on cther minernls,

(M, Coa 3, Pyrolusite containing up o 20%
cobalt has been observed,

P PO, 1,CH Forms relatively rare hexagonal
needles and prisms up to 2 cm. The color ranges
from colorless o green, brown, and brighi yellow,
A series exists between pyromorphite and mimetite,
and examples of arsenic-rich pyromorphite and
phosphate-rich mimetite have hoth been found.

Sill, Colordess to milky and gray crystaks
reaching nearly a em have been found, but quartz
at Tsumeb & mosi commonly massive and forms a
part of the gangue as well as the countiny-rock.

i), phus trace Fe A few violet crysials of
amethysl have been ohserved.

Ash Has been observed o5 small. red inclu-
sions in heterogenous, massive lead and copper
wrserites

Lol Asiy 1y Found at the base of level 29
right ad the ore body's intersection with the north
break fracture gone in stopes 5 95 and W 120 as
nearly 5 ¢m pseudohexngonal crystals. The color
is zempreen to light yellow-green. Associnfions
mclude chabeocite, willemite and hommice, _El;'rr.:-m.:-.l'l_r
rare; only a few specimens known,

Cual Fe Ge, Xni S As), This ocange-red  min-
eril was first described in 1957 and before that was
kivown by the working mame “orange bornite.” In
the present workings it s encountered as requently
a8 germanite from bevel 17 downward. L occasion-
ally forms small crystals o 1.5 mm in voags bt most
commonly forms small granular inclusions in chal-
copyrite, sphalerite, palena and lennantite, and
also with germanite and bornite on the 24 level.

MinCi, Rare pinkish masses have been ob-
served.

1 o L T O Forms Buizh green mam-
mdlary crusts and webvely bodryoadal coatings as-
sociated with malachite, quarte and cemssite, The
CuzZn ratio s 1V:l, Abo forms superb pseudo-
mow phes after azurite.

{1 Em Cu b T jOH Th pale green o whit-
ish, copper-poor. zinc-rich variety has been de-
scribed in which the Cu:Zn mtic i less thanm 1310

I OO H O | This desp blue-green
vanely reportedly has a Cu:Zn mtic of 2:1 and
may form part of a series to malachie, A 1.'n1'i¢r:|. of
malachite known as cuprozinciie Inod el 'ri::pm'll.'d
Frowm Tsumeh) has a CuzEn ratio of about 4:1. Par-
urichalcite has been observed as psewdomorphs
affer azurite in aftractive groups and also s boe
tryoidiel crasts,

Tk, A minerl of the countr-rock,

CoyCoed SO0 ol OH |- FH 0 Forms britths, very
dull to silky needles and fibers 1o 2 mm long; the
crysials hove hexngonal cross-sections. Schauneiie
s usually Found in sohution cavities in ;nmplm: ger
manium sulfide ores however the crystals do nol
rest directly on sulfides but rather uypon a thin coar-
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smithganile

amEhsonile

EmirFE il

Schaeiderhishmite

Scorodile

Seligmannite

Serpierite

Shattsckite

Siderite

Ln-Sideriie

Silver

ig of carbonates o the sullides. It = lound m the
hvwer axidation zone and is extressely rare.

Fie As, A0, Clecurs in small erystal ageregates
with stottite, modybdenite and secondary chakeocite,
The color is dark brown 1o Black, the luster & ada-
manging and the size ranges up o 15 mm. 1t has
three cleavages, one perfect, and many “crystals”
are actnally only cleavages. Only a few specinsens
wre kndwn,

PFhHAsD, Two occurrences al Tsumeb are
knmowm. The first was found in the upper oxidation
zone on level 7 ai o depth of 190 m; the crysial
found there were slender. thin plates 1 em long
and | mm thick sssockated with anglesite, native
sulfur, bayldonite and mimetite. The second oc-
currence has produced superh crystals to 4 cm in
length mssociated with cuprosdasite, bayklonite,
keyite and chaleocite; the crvaals are clear and
colorless with an appearance similar to gypsum, A
separute article detailing the morphology is pre
sented elzewhere in this iswe.

FeAs()-XH 0 The scorodite crysials  from
Taumeh are among the linesi im the world, rivalled
anly by w few Mexican specimens. The crystals vary
in habit from thickly bladed 1o pseudo-ocinhedral,
and reach a maximom length of about 5 cm. In
daylight thev are a bluc-green cobor but in incan-
descent |i|§|‘ll IJ'I:-L':-' exhiil a pronounced “alexandrize
cffect™ and appear o be an mbense blaish p1|:r|:||::
te gray-blue. The pseudo-octahedral faces are ada
manting bul the other faces tend o be frosty 1o
irrepular, Scorodite B usually only associated with
tennanting bur has been reposted with tsumeorite
and minure crystals of powellite and anglesite,

PhiCuAsS, Forms dark blue-gray io lead-gray
and black inclusions in sulflides and is visible only
under the microdoope,

ol Ty o g S0 OO = 3HL, 0 Has hesn obe
served as very thin, light blue-green to white, glossy
seales covering posnjakile and brochantite,

Cug S || DH )y Observed as blue ic dark
sz compact granukar o fibrous masses,

FeClyy,  Forms dark yellow to golden brown
crystals aml masses. The crystals range from needles
to fine scalenohedral crystals capped by rhombee
hedron faces and reaching severnl mm in size: the
Intter type form alractive druses of water-clear
dark golden brown crystals in pockets in sulfides.

{Fe Fn (), Forms polden wvellow simple
rhiombs pierced by ludlockite crysinls, The siderite
crystals ranges batween | and 3 mm in size and vary
in An content from abowt 9% @t the surface 1o near
5% at the core, with a1 complementary variation in
the iron content. A bulk chemical analysis vielded
the formula | Feg.pZng, 0Oy gMng.Mgg Py bC0O,,
Amociations mn addition o ludlockite mchude ten-
nantite, chaloocite, pyrite, bomite, germamnite and
guiartz. A full discussion is presented in the formal
description of lodlockite elsewhere in this issoe.

Ap First found in the upper oxidation zone
with chalcocite between 280 and 400 m deep. It
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ocurs disseminated as thin plaielets and vein fillings
associnted also with hornice, digeﬂirc and tennmniine

Smithsomile A LS Smithsonite is the most abundant
secondary zinc mineral ar Tsumeh., Large masses
and bodryosdal crusis are relatively commaon; crys
tals of rhiombohedral o scolenchedrnl hobit rench
several cm in sice and nre the finest in the world,
Relatively pure smithsonite is colorless to pale gray.
Blackish crystals are filled with inchusions of sulfides.

Cadmapnzinkspeh? (Cdvar?)  (EwCAIC0:?  Smithsonite with ap 1w 5%
CAdCO, hus been observed elsewhere, and thers
may be o complete serics to olavite, The most obwvie
ous cidmivmerich smithsonite at Tsumeb is bright
yellow, but this may be from inclusions of green-
ookite, Crystals reach several cm,

Cobalissheonite {Covar)  (EnCo iy, Forms pale pink 1o brilliant rose-
cobored crystals in simple thombohedrons and rarely
ather habits. Cobalismitheonice is probably pan of
a continuous serles 1w sphaerocobaltiie [ CoCO,)
ined yer regorted from Tsumeh), The ehombohedzal
faces tend to bulge out slightly and are nearly always
frosty,

Herrerive (Caprogmithzonge N Covar ) (EnCu) OO0y Herrerite  containing
up to X CulC0y has been observed. This brillimm
green variery has long been o popular mineral from
Tsumeb. The crystals range feom a Irosty apple-
green tooa nearly adamantine emerald-green. One
rare specimen ks a brilllant mwrquodse-bloee. Crysals
commonly exceed 1 cm.

Mangersmithsorite (Mnevar.) | Fn,MnpC0, This variety is also pink ak
though mot & brillisntly pink ns cobalismithsonite,

Siihmgeiie Gl T | Forms white to pale vellow, pale
brown and pale greenish yellow crysal intergrowths
in which three sets of crvstals intersect at mutually
perpendicular angles. Because of this peculinr pene
tration twinning the mineral was at first thought to
be cubic but was later recognized as orthorhombic
with very mearly equal axes. Crysials up w 8§ mm
bhave been found associnled with germanite and
gallite from the 900 te 1100 m levels, The crysial
faces are curved, confounding efforts to index the
faces of wentify the twin law (Embrey, personal
COMTHTN. b

Sphalerite FnS Sphaleite is the most abundant prinary
gine muneral ar Tzumeb. I ranges from a bright
browen o siskinsgreen and s wsually mized with
galena in large masses and disseminations. Free
growing cryitals of complex pseudo-rbhombohedral
form have been observed but are extremely rare:
euhedral crystals completely imbedded in chaleocie
leave aleos been observed.

Pribramite? (Cd-var.) | £nCd)S This bright yellow variely contams
up o 3% CAS although some or all may be in the
form of inclusions of greenockite. Cadmiui-rich
sphalerite s the mapor ore mineral of cadmium
al Tsumeh.

Stedtine FeCee O H ) Forms tetragonal pseudo-octahe
cral crystals o 1 cm in stee mostly from Bevel 30
The codor mnges from dark brown on the surface
to light olive-green of colofless in the interlor of
the erystals. Asseciations inclede gesmamdie and
renierite.
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Stranskiite FiyCul Az, ), Forms cvan-bloe raditing ag-
grepates and cruss to several mm m thicknss some-
times associated with chaleoene. X-ray powder
data has never been publshed so dentification is
difficulr. Omly a few specimens are known,

Stremeyerite CuAgs Forms metallic, dark steelgray in-
clusions and [fracture fllings m olber sulfides and
is vigible only with the microscope.

Sulfur |mative| ] Found as light yellow encrustagions very
rarely in the upper and lower oxidation zones, O
curs with schualtenite in the upper cxkdation zone,

Sulvanine Cu VS, Forms metallic bronze-colbored tiny
inclusions and crystals in other salfides,
Cre-Sufvmniie (Cm Ge VS, This varsety has been found in

a pit about 1k east of Tsumeb bt it is thought o
b penetically relared i the main Tsumeb are body.
It forms 3 mom ageregates in other copper sulfides.

Tale Ml Si 00 O, A minerml of the couniry-
rock.
Tennantite (CwFe oA S, Tennantite & part of a saries 1]
i tetrahedrite, (Cu.Fe)sSh,5; but antimony ap- ai
peEars 1o be extremely scarce at Tsumeh and al- H1
though tetrahedrie has been looked for it has yet 115
o e positively wlentified from Tsumeh. Specimens
& labeled “tetrahedrite” may have been misidentified

through the mfluence of their tetmbedral crystals
or may have been victims of mistronslation from
the German term “fablex”™ which refers oaly to the
teirahedrile-lennaniile series,

Tennantite [orms superb tetrahedral cryvsials op
o Mb e on an edge, and also large masses of sieel-
eray metalbic ore. Pseadomorphs of azurite and
—————— malachite after tennmantite are Enown, Crﬁlnls of
tenmantite are occasionally lustrous but are more
aflen [rosty or corroded.

T nlite

Tenarite Cul¥ Tenorite is considerably rarer than cup-
rite, the other copper oxide. It occurs maostly ns
dull. back, earthy disseminaiwnms and crusis on
other minerls. However ot has been ohserved rarely

(I T
i thin, [exible, translucent tablets with irrepular
bhorders.
Thaumasite Can SHOO, WSO, HOH |- 12H 00 Forms  waler-

clear crystals in madisting groups with siderite on
germinite-renierite ore.

Titaniee CaTisi, A mineral of the country-rock.

Tourmaline M U ¥, P, AL LA LB, 550, | DHLF L, A
mineral of the couniry-rock, The exact species of
touprmupdine has ot been spi:u;'i{ird

Tremalite U, M 510 OH |, A mineral of the country-
rock,

Trumecorits Ph¥EnFe{ A=, H This mineral, named 63

afier ithe Tsmeh l:'tr[h:lr.a:i.-l:m, forms hrighl: lemon-
yvellow to dark vellow-brown and red-brosn radially
stractured crusts and small, twbular crysinls. The
individuel crystals measure up fo k2 x (005 x (L] mm
and usually occur together in sheafs and bunches
A few distingt crysials o 2 mm have been found.
It ocours on specimens of pale green willemite crys-
tals bt the finest oronge-brown crystals are found
on .:lpph-gr-::m smithsonite or vellow mimetite crys-
tils. Cher associntions inchude scorndite, anglesite,

i1
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Teumebite

Tungsienile

Umsnmgiee

W omadimite

Vanadinocker

Willemite

Troostite (Mn-var.b

Witherite

Woulfemlie

arseninsiderite, beaverite, beudantite, carminite
and ludinck e,

Pl P S50 W OV
crvstals of a light applegreen to bright emerald-
green eolor. The first tsumehite, found arcund
1910 at = drplh of 1 m. remains the choicest anad
rarcst with only o few specimens Enown, The bright
emerald-green, tabular, iransparent crystals on
white smithsonite reach 25 mm and are accon-
panied by azurite. The other type, which also come
Oul MANY Vears ago. consists of finy (0,25 mm) crys
tals of an apple-green color and polysynthetically
twinned. occurring with szarite. malachite after
pzurite, and cerussite, One of us (W W P has
checked many specimens |abeled “hayldoniie™ and
about half have turned out (o be tsumebite: 121 speci-
mens all eodlected in the 198Fs, It appears that
tsumchite may be relatively more common that
had previously been supposed,

Forms small  twemmned

WS, Forms dark lend-proy microcrystalline
bands near maolybdenite,

CugSe:  The only selenium mineral m Tsumeh,
umangite occurs as dark reddish, metallic, micro-
n:upi-:.' inclugions in dolomite,

Pl Vi, 11 Forms brownish red prismatic
crystals 10 several mm.

Vi, Vanadinocker has never been officially
deseribed a5 8 mineral but has long been Enoem as a
synthetic compound, Nevertheless, specimens of
vamudinocker were reported from Tsumeb in 1920
s vellow coatings on mottramite, and again in 1938
n amociatson with dolomate.

En S0, Willemite has been found in atieac
tive blue. green, yellow and gray translocent crusis
and also as wealHormed hexagonal erysaals of var-
ows colors mcluding white, yellow, tunguolze-bluae,
bloe and gray. The habil of the crysials varies nom
shorl prismatsx terminated by the pmacoad Lo long
prsmatic with pyramidal faces, Associations imclede
mulachite, mimetite, rosasite, duftite, cerussate and
dolomite.

{0 Mn |, 500,
brown im color,

Troostite i generally  pale

Bal (L, Forms milky grayish masess and min-
ule white [0 creamronlored crysials of flan pseado-
hesagonal dipyramadal habst; found very ranzly m
the lower oxidation zone.

PhMoil, Superh crystals of walfenite, among
the world's best, have been found ar Taumeb, The
hakit ks generally tabular, modified only by bevelled
edges of the pyramid; crystals up o0 7 cm across
have been found, and one extraordinary occurrence
contained karge, thin crysials up to 60 cm neross
intergrosmn with each other. The color ranges from
codorless and clear 1o very pale brown, pink and
yellow, also o yellow, orange, brownish red. sherry-
browet, greenish brown, light blee and very dark
blue. The wery dark blus crystals have an unusual
steep pyramidal habit and are deseribed in further
detail elsewhere in this sue. Specimens of dark
blue wulfenite examined at the British Mussum
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cirillagio

Ehiiagite

Chilfepite [ Wevar.)

Wurizite

Cof-Wurizite

feolives

Flime-Stotiihe

Flircon

(Natural Historyl and independently ot the Smith-
sominn Imstitution proved bto contam only 025 i
1.3% tungsten, not even enough for the maderinl 1o
be considered the tungsiatian varieiy, No connec-
tiom between the blue color and the Lergsien content
could be established.

P Wi, W 0, Wulfenite containing  wp o
12% tungsten hos been recently reporied; the color
is from blue 1o colorless and the cryszals are tabular,
The blue color may be dwe 1o inclusions of dseman-
aite { MoyOp-nHyOF and appears unrelated o tung
shen conlenl.

ins Orange., brown and green massive wurl-
pite and microscopsc crvstals of wurizite occur
rorely between the 18 and 1% levels.

(£ Cd 15 Wortzite with a Zn:Cd ratio of 1:1
has been reporied,

{species umspecilied) Minerals of the country-

rock.

FaFelae (0], Foumd as small, cransparent
pink crystals with schnieder biihnite and molybdenite
o the M level; erysals reach @ mm in size.

FrSild, A mineral of the coantey-rock.

Incompletely characterized new mineralks:

“Ap-Beiekhtinie™

“UCnrnevallite”

“Ge-Fn-Mawsonite”

“Maygreen”

“Mineral T

“Mineral IV

“Mineral E”
“Mineral gamma”

“Mineral GF”

Cu PhAgs, Probably will be recognieed as
A new minerd when properly described. It appears
to contin up to 1 1% silver.

Cul G Fee, £ 15, I grnim: up o 40 microns
in size recognized under the microscope with bor-
fe.

{Caglre i FeEn kil SnAs]S,, Thiz iz soon Lo
be described as o new species by Oftemann amd
others. at which time the composition will be clar-
fied and the mineral will be given a name, L occurs
only as small inglusions in tennantite on the 3 level,
lis hardness ond color are similar io remieris. Unader
the reflecting microscops, with nichol croseed,
the mineral is fireered colored. hence the working
name *Firemineral.”

ol G S, P, V|52 Under the reflecting mi-
croseope this mineral has a disgtinetive green color,
hence the working name “maygreen.” I ocoors in
grains up to L1 mm in size in comples copper-
germanium ore, associgted oocasionally with betekh-
tinite and Mi-carrollite.

(Wln, Fee J S G OHH This mingral is similar
in composition to wickmannite from Langhan, Swe-
den, except that it contains 5% Fe and 4% Ge,

It forms small crystals associated with “Ge-Zn-
mawsonibe, ™

FeSaiH | This material appears @0 be an
altemation product of “Mineral Lu,” and is visible
anly under the microscope.

SnFel,=6H ) Foumd in  asseciation  with
“Mlineral Lo

PheFe-n arswenale Forms canary-yellow cont-
ings.

Can{WCHH Forms  yellowish to white scales

FHOTINS ) (%
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“Mincral Lu"

“Mingral 5™

“Mineral TI”

“Mineral TK”

with siihngeile on sideriie; the galllum analog of

gocthite.

Cugd Sn,Fe, Ge, n S,

Forms  grains

nantite wp 0.5 mm in dianmeter,

Mi-Gie-Cu-Fe mineral

Ph-Goie miimeral
clear crystals,

n e

Forms tiny crystals with
distinetly tetragonal cleavage.

Hexagonal. prismathe, wales-

Ph-Fe-Cu-Fm arsenate, Dark green mbular o
scaly crystals with carminiie.

CHEMICAL TABLES

Presented in the following tables are
the Tsumeh minerals prouped according
b seven of the more common or infer-
esting metals. Crroupings :mn;mrding %)
other metnls could hove been made bt
wire nod incleded here in the interest
of brevity, Groupings by ankons could
alsn have been presented here, bui
identification of unknowns or contem-
pation of chemical rends are olten
hetter aided by cation proupings. A
list of species grouped traditionally
by anicms is presenied in Bariclke
(19763, Mimerals of the surrounding
couniry-racks are nol incleded below.
Warietal nanees are in doficr

CADMIUM

Greenockile Cds
Fn-Greenockite  1Cd, £n)%
Pribramite (Zn,Cd)5
Ca-Wisrizide | En0dlS
[Maviie 00,
Ca-Smithsorite  (EnCdis
Keviie 1CuEnCadld AsOgl,

COBALT
Limnaaite 10, M1,
Carrollite Cuil Ca, MNile5,
Cilaucodol [Cax, Fiz 1A
Arhokmme i Mn, Colly
Heterogenie Cod W3 H]
Cobaltocaleite  (Ca, CodC0y,
Colralrsmithronire

(€0, CoC0,

CaeDalomine Cal Mg Cod OOz

Cobaltordamite
CoeFletschering

{&n Lol AsCh{IH)
1 Ph ColgGel 50050,
1 OH b JHAH Y

Copper
Covellne
Dyuarleie
Digenite
Chaleocite
Cyhanite
Chaleopynte
Icdaite
Bormnite
blawsonite
Ag-Betekhrinite
Betek htiniie

Brzarhile
Cre-Brimriire
Carnevallice
Mincral L
Carrollite
Siromeyerite
Cre-Sulvamine
Sulvanie
Maypresn
Crallie
Famaiinite
Stifiownargife
Tennamiie
Renierite
Germanite
W-Crermanite
V-rermanrife A
V-rermanite B
Sebipmannite
Enargite
Luzonine
Limangite
Tenorie
Cuprite

Atncamine

Ge-En-Mawsonite

CGEFER

Cus

":-1 -m-"';'
Cughy

I:HPE
CIF:,E;
CuFes,
CuyFeh,
CuFeb5y

l:l:l.-. FE’Q;.';TIS 10
CuyPhAgh,
l'_'l..,| Fe_ Phis,

{Cu.GeliFe,Ens
(S, AsKS g

Cugl Fe fniGes,
CalFe ZnlGess,"
CulGa, Fe, Zinlh;

Cugl 5n.Fe, Gednls,
Cui Co, NilS,

Cuagh

10, Gel WS,

Cu, V'S,
CwiGa,5n.£n.V 15,
Culias,

CuyShs,

Cugl As.S5his,T

(w, Fel T £

Ul Fe, Ge Znii 5, As),
Cug Ge,Feil 5,48,
Cug Ge, W Fell 5, 4%,
Cug Ge,V Fel 5, As),T
Cug Ge Y Fel 5, A5),7
PoiCuAsS,

Cushes,

{Iy‘l&.‘i.

CasSe;

Caly

CII;D

CuCINCH 5

Mlalachiie
Azuriie
Cuprocalone
Hosasite
Lr-Rosasine
Parawrichalciie
Anrichalcite

CrprosmuiLroite

Brochaniste
Chalcanthite
Langite
Posmjokite
Chaleophyllne

Serpierite
Devilline

Mineral TE
Arsenboumehile

Paaveride
Caledoniie

Tsumebite
E.eyite
Siranskuiie
Mineral gamma
Hivenite
Clinoclase
Lincolivinie
Duftite-alpha
[Dufiste-hein
Baybdomite
Farabypldanite

Cud CO,OH)

(Ca Ca)Ciy?

{Cu En)gl OO FH),
LN, Ul COgH O H 2
1O, Zn gl COGHOH
1, O CO 5 CiH

| £n CalC0y,

oy 50, 1(0H,
CnS 0y 5H 0

Couyi 50, 0OH 1 2H0
Ui ST H - H,O
Cuy Al AsO ) 500h
i COHr 13H,0

ol Cu, Em gl 500
(OH - 2H0
CaCud SO0k OFL g
IH.0

Ph-Fe-Cw-Zn arsenate

PhyCui A5, W50}
{HI

P Con, Fi, Al 500
{OHI,

CU=H11.|.E'D;|H S0,
":'le.

PO PO S0 00 O
(T, En, Cdl gl AsOyls
EngCwl Asiy,
Pir-Fe-Cu arsenate
Ul As O OH)
':'IJ#'ASG,‘H'DH_I:;

(Cw gl AsO 0 OHE
PhiCd Asi0, W OH)
PhiCu.Cak AsO, 8 OH)
PoiCagl Azl OH)
Cal P, Cu i AsC) )




Mlottramite

P O, Z il W Ol CEHG

l'_-|r|p_n'_|-|:.|'¢'_~|:'|llj|;:l.|'$' Phi .é-:lll:l.ll':"l'lﬂq.l(ﬂH |

Pl herevinite

Fao-Civerrite
Chenevixite

Blaxare
Conichaleie

Cuproddamiie
Ci-Arrfimefe

‘EI-F"."]:FILH' -qnﬂ:hlg
ACHELp s HD

{Cu, Felgl AsChgh T3]
CwgFed AsOy bl OHby
H,0

Byl AsCg by OH -
JH

CalCud A0 OH)

{Em Caligl A 00 OVH
CalFm, Call AsCh )0 OH)

Lawencdulan Wl aCmgl AsOhy i Ll
SHLO
Zr-Lavendulan  MaCal Ca Znlyl Asll ),
Cl=5H 0
[Moplase CaSHA0Hk,
Ehatrsckiie Cagl SH00 4 OHJ
Plancheiiz Cup S0 OHi e HO
Chrysocodla 10w Al H 5,0,
1OH - HLO
Mineral 5 Mi-Ge-Cu-Fe
GALLIUM
Crallate Culias;
Mineral G Garl W H)
Laihngente Gl OHI,
Carnesallite Cul Ga,. Fe, Zniss
Maygresn CullGa 50, Zn, V5,
GERMANIUM

e Fn-Mawsomie

Crermanile
Renierite
Briartite
Mineral Lu
Cri-Briarinie
W-liermamite
VSormanife A
V-Crermanite B
CrimSulvanite

(e Geli Fe.Znls

150, %)%,

Cugl Gt Feh 5, Asl,
Cud Fe.Ge ZnkS Asly
Cud Pz, Zn 1GeS,

Cugd 5o Fe, Ge. Emis,
Cul Fe Zn1Ge,8,7

Cuygl Ge W Fell 5,451,
CugdGe, V. Fap S Az
Cusl Ge, WV Fel S AT
“:IJ.EE:l:"l"-Sq

Brunogeieriie (e FelFegOy

Srotrine Falwe OH),

Linc-Stottite EnFeleed OHI

Mangan-5roite MnGel (H),

Mlimeral © (i, Fell 5n.Ged OH,

Schaurteiis E:LHL;:{R{LI?H}H'I,-
IH,0

Fleischerite PGl 50,05 OH
JH.0

Mineral TI Ph-{re mineral

Mineral 5 Mi-Cre-Cu-Fe mineral

LEAD

Gialena Phi

Gratonite PhoAs, S

Seligmannice PhCuAss,

Betekhrinite Cuyol Fe, Phisg

Ag-Botekhiinite  CuPhAgh,

Mlasicnl Pl

blinium Pheyi0y

Platinerite T

Coronadibe Plsbd i o Oy

Bimdhemite PhSh Ol O, 0

CernEsite Pl

Phosgenite Pl OO0 Clp

Plumbocoicie  1Ca PBIC0,

Tarrmowitzile (Ca,PhC Oy

Plhmbodolosite -:Ca.Mgﬁ]C{}a

Dunadasite PhAAC O OH,
Ha

Leadhillite Pl SO Oy 10 CFH

Anghesite bSO,

Limarite PheC i SO MO H

Plumbogarosive  PhFegd 500 CH,,

Fletseherine PhCred 5000 5 OFH
JH D

Beaveriie P Cu, Fee 100 5010
(CrH

Beudaniite PhlFesl As 0500
{OH),

Arsenisumebite  PhoCul AsO S0
(OH)

Caledomite Cus Pl C O S0,
{ChH ks

Corckite PlFea PO SO0 000H )

Taumehate Pl PO
{50 OH]

Schultenite PhH AR,

Mimetite Phigl AsChg )T

Bayldonite PR AsO kel OH

Tsumeorite PhZnFei AsCy by HaAd

Arsenbrackebuschile

Duafrive-alpha
Dufuire-beta
Ludbsckie
Carminile
Mineral ganma
Ph-Cheneviziie

Hedyphane
Perebayidonine

Hidalgoite

Diesclizite
Mimeral TK
Cuprodescloizile

Mottramite
Pyromorphite
Vanadinide
Woulfenite
Chillagite
Alamosite
Melanalekile
Kepelite

Py Zn, Feli AsOyly
JEIH HLO

Pl ud s 00 OHG

Pl Cou, Cal Ay 1O¥H)
| Fe, Phiass Oy

PiiFeal Asl, o OHI:
Pb-Fe-Cu arsenate
11._'IJ.H'|;|I"E5|-"|&{-}¢|2
{OH)-HaOF

(Ml AsD,h,Cl
Cal Ph.Cui Asy )
{OHy®

PhALASO AR
{OH)

P nd VOl O H)
Ph-Fe-Cu-2n arsenate

Phi En, Cu W OgOH)
i o, n W WO, 000H)
Pl PO L

P,V (31,01
Mo,

Phi bl Wi,

Phiell,

FhFe,Siay

P, 20 Fe) Al Si,

& Ogeh

ZINC
Chalcophanite  ZaMnOq-3HO
Finc-Sioariie EnFelicdOH) -
Sphalerite Zns
Wurizine Ens
Frifermrire (Zn,Cd)s
Ca-Whriziie [ T [
Sn-Grreenockie  1CLEnis
Carmevallite CuiGa,Fe.fns,

Gre-Ene Mnwsonite

Briartine
Gre-Briwrive
Mineral Lu
Renierite
Maygresn
Smithsonine
Hydrozincine
C-Sovthoronite

Cavbhalermithsvinile

Manpansmirhioniie

Lu-Nideriie
Micholsonire
Zo-Dolowmiie
Aunichalcite
Parewrichilciie

Cuprosmithoenite (EnColCo0,

Ln-Rarazie
Rosasing
Serpierile
Sineral TK
Eeineriie
Adamite
Cruproadamile
Cobalinademire
Leiieite
Kirnnskiite
Austinite

Lineolivenine
Li=Lavendulan

Cre-Ausiimite

Arsenbrackebuschite

Tsumcorite
Chudohaite

Dreselnizine

Cuprodescloizite

Maoriramine
Wilbermine
Hemimorphite
Troairive
Kegelite

(Gl Fe, Emls

I5m AsIS

Cugl FefmiGes,

Cul Fe fmiGe,s,?
Cugl 5n,Fe..Ge ZniS,
Cugl Fe GeEnil 5, Ashy
CulGa,Sn.Zn V15,
IIC'D,

g T OH

i &, T W0, 7

1, Co 00y

1Fn M0,

(Fe. &m0y,
(Ca,ZmCly

(Ca, Mg ZniC0y,
L, Co g OO b O H
1 EnCu Ial CD:H H lg

(Cnfm g OO H
{CuEn g OO OH):
ol o Fnd g 50,0,
(OHke- 3HO
Ph-Fe-Cw-Zn arsenate-

Iyl Asllyly

gl AUl CHH)

{fm Ol Al CHH)
(Em Codgd SO COHb
{Fm Fe)As, 0,
I.zmlt -5|5|:|1h
Co#ml| A0

(CnEmi gl A (O
MaCal Cu. Ll AsCy ),
Cl-3H

Conl fm O Aese 00 CH

PhEm Fe )i Al
(OH-H,O

PoEaFel Asddi-H0
I Na K. Cap Mp,Zn.
M Hi A0, 4Ha0
PhZ&ni VO 1 OHb

P Em Cui WO, e H
P Coa i W O O H)
FmgSil,

TS0yl OHIe HaD
&, M 500,
PhdEm Fel Al S,
a0y

I



M PARAGENESIS:

Figure I. Water pushing from a cavity
in the Tsumeh mine, lonuwary, 1924,
Perhaps only moments hefore;, this
wiler was precipitating some of the
fing secondary minerals for which
Tsumeh 5 fomous. Mine IMrecior
F. W. Htg,tl.. after whom kegelite is
numedl, s nf befi. (OLMLE.G, collec-
tiom o phaotographs |

o ASSEMBLAGES,
SEQUENCES,
ASSOCIATIONS

by
Faul Eeller

he Tsumeh mine, a place of exceptionally beautiful

minerals, is agnin and again a surprising source of new

specimens for the collector and the mineralogiss, A
great number of rare minerals, partcularly of unesual chemical
t'i"ﬂ'lpl't‘.-iliuﬂ. are known from Taumelb. Several of these were
deseribed for the first time from this area and the lst of ope
material will certainly continue to grow.

Ome of the greavest surprises ot Tsumeb was the discovery
of & second oxldation zone with o great number of seconda Iy
minerals a1 a depth of about 850 m (abowt the 2800 foor level)
which, to the present time at 12000m {about the 3950 foor level),
i still not exhawsied. The paragenesis of the secondary minerals
shall be the main point of this investigation. The description of
the paragenesis can hardly be complete, For this discussion 1
have selecied those minerals which best revenl the conditions
of formation, and also those ussemblnges which are of interest
o the mineral collector. Therefore the following discussian
cenlers on specimens collected in the last few years and those
with which I am famailiar,

The minernls discussed were verifed optically, miceroshenm-
ically, and by X-ray analysis,

USE AND PROBLEMS OF PARAGENETIC STUDIES

The PUTpOSE |1|']!ura|_:_~=n|:1il.'xrl.n:li{"\."i's.hnnl-::u igale Lhe phys
cal and chemical conditions that existed during the formation
and oxidation of the ore minerals, Labormiory investigation
could mot be undemaken: therefore this article can serve only
a5 a descriptive foundation for further studies. Several rare
assemblnges make for mteresting discussion, which should
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ereate an interest in further experimental and theoretical
studics,

Paragenetic investigations are also a belp o the mineral
eollector. The knowledge of typical assemblages ot a kocality
facilitates quicker wdentification of minute of rare minerais
and also makes pessible o simple and guick identification of
minerals which, macroscopically, can easily be mistaken for
cach other. Several new mineruls are mentioned in this con-
nection although their descriptions according to LML A, regula-
thons are nod vet complere.

Problems in paregeneatic studies can be caused by subgective
selection of samples. Mineral collections contain mostly the
best and most beaatiful specimens, like cemssite o azurle in
large crystals: such collections are nof very representative of
the deposit as a whole. For paragenetic studics such specimens
have very little vahee, Attractive of rare minerals such as diop-
1ase, aEunle and cerassme are found in collections more often
than, for instance, malachite and mottramite, Through this a
dstorted picture is obtained of the relative quantities of secon-
dary minerals in a mine,

To vvercome the shortcomings of the above-mentioned
specimens | have tried o eollect with 8 parageneti study in
mimd.

PARAGENESIS OF THE
PRIMARY ORE MINERALS

The parageneses of the hypogens and superpene ore min
erals were studied 10 detad by Schneidechithn (192%) and I,'-}
Blorite 19320, In their studies samples down (o a depeh of 460 m
[abowl the 16th level) were considered, Later investigntions



were undertaken by Sclar and Geier (1957), Strung., Geier and
Seeliper (1958) and Geier and Onemann 11973). These three
works considered primarily the oceurrence of germanium and
gnllivm minerals and their parsgenesis, The resulis of these
thres papers are nol without certain contradictions, 50 that a
therouph revision wouald be in order,

Based on what has been discovered thus far, [ believe the
most probable ages of fomation for the most important ore
minerals fo he as shown on tble 1,

Pyrite occurs in the ores of Tsumeb rather sparingly. le
oceurs moesily in single grains about 1 to 2 mm in size, fre-
quently showing some crysial faces. Occasionally pyrite crys-
tals oocur iogether with secondary minerals. In such cases
they have a more or less heavier rind of gakena which probably
protected the pyrite from dismtegration,

Strurz. & al (1958) deseribe younger pyrite pgpregafes in
which the age relation, based on inclusions, is similar to that
showin ntable | (for Pyrite [,

Chalcopyrite is found rarely in macroscopic, recognizable
quantity. According to available research material, two gener-
ations of chaleopyrite could oceur {indicated on able 1 s =17
an “ 107

Bornite is also a rather rore mineral at Tsumeb, In contras
to the wpper levels it i found in greater abundance al grester
deptly. Massive pieces of about | cm in size oocur with ger-
manibe.

Crermanite 1 nol rare but occurs mostly in microscopic
grains included within galena and tennantive. Larger masses
of germanite oceur only rarely, Germanite i one of the older
ore nunerals at Tsameh, Strunz, of of (1958}, describe a ger-
manite aggregate which is vounger than the formation of
gulena. Inclusions of sphalerite and probably also temnantite
sugpest 3 second generation of germanite,

Sphalerite a1 Tsumch is one of the most iImportant ore min-
erule. It is without doubt older than enargite, tennantite and
galeni.

Gallite oceurs in the form of separation lamellae in sphalerite
nssociated with germanite, or as gray metallic grains in the ger-
manile iseli.

Enarglte was the most imporiant ascending copper ore in
the upper levels, The grains of enargite, commaonly of milli-
metre size, were often overlooked among the ofe minerals.

Tennantite 5. in greater depih, the maost imporLant primary
copper ore, and oocurs 05 very fine grains of wide distribution,
It occurs freguently in larger solid masses as well. During the
lust few vears large, complete tennantite crystals of teirahedal
form have been recovered, The orvsial faces were l'1.'l|.l,||_.'|1 and
ciched. It is not yet possible o determine whether these erys
talks formed in open cavities or were freed through the disinie
grafion of surrounding ore material. The latter mode is the
muost likely,

Briartite is a rare, inconspicuous, gray mineral with a dull
metallic sheen and gray sireak, It is formed as a part of two
parngeneses: ovold masses in tennantite, germanite and ren-
ieride, a5 well 88 minuie inclusiors in sphalerie, or Bs @ very
fing intergrowth with tennantite and renierite in sphalerite.

Renlerite has an orange-brown color and s in contrast o
germanite, highly magnetic. According Lo Sclar and Geier
(1957} renierite is a replacement product of germanite and
forms mostly rinds around germanile grains in fennantite,
BoFmine, :-:pl'ml-:rill.- anl gﬂh‘.‘l‘ll.l.

Galena is the most imporiant ore mineral 51 Tsumeb and
helongs to the lates: primary formations.

Digenbte will. according 1o Sclar and Geier (19571, be older
than galena, Digenite s, according to Schneiderhahn (L

the youngest of the primary phases ot Tsumeh.

Chaleocite covers the primary ores with a crust of varying
thickness, and Forms veins in the primary ofe and gangue,
Solid mosses of chaleocite up 10 20 cubic metres occurred in
the first cxidation zone. Chalcocite occasionally forms very
beautiful euhedral crystals and penetration twins (iwinned on
(110§ i solution cavities with other secondary minerals,

Covellite is very rare. It is sometimes found as thin scales
with chalcocite or with anglesite ond cerussite.

Gangue minerals &1 Tsumeh are of linle significonce com-
pared to the ore minerabs. Dolomitic country rock in the vicin-
ity of the ore hody is permeated with silicates. Quarnz, cakeite,
dedomite, and rarely barite and witherite, are the only gangue
mimnerals,

PARAGENESIS OF THE
SECONDARY MINERALS

At many mineral localities in the world the number of dis-
tinctly separate secondary minernl assemblages is very small,
perhaps only ene or two. In such eases the discussion of para-
genesis is relatively simple and straightforward unless unusual
problems exist, The secondary mineral asemblages and crys
allization sequences at Tiumeb, on the other hand, are so
varied pnd numerows that they mast first be subdivided and
discussed individually before they can be worked into a com-
prebensive scheme for the locality as a whole. The great
complexity of the Tsumeb deposit precludes even this adjusted
approach from being presented here in full detail. Therefore
oily the most important of insiructive minerals and assem-
blages will be discuseed,

The most plentiful secondary minerals in the second, or
Jower, oxidation zone melude cerussite, smithsonite, malachiie,
duftite, mottramite, mimetite, willemite, wullenite, sEurite,
olivinite, dioptese, sdamite and anglesite. Those minerals
whikch | have found 1o occur in association with the above 13
mosl plentiful species are listed in table I,

The most important secondary minernls in the fst, or upper,
axidation zone include cerussite, smithsonite, malachite,
azurite, anglesite, mimetite, mottramite, bayldonite. olivinite
and adamiie, sccording o listings by Schoeiderhihn (19291,
Froadel and Tto (1957 and Strune, e af (19535).

Azurite, anglesite and bayldonite were much more prevalent
in the first oxidation zone than in the secomd; dufiite and
wulfenite were rarer in the first than in the second. Another
pertiment difference is the greater abundance of secondary
silicate minerals in the second exidation zone.,

Coaditions of formation

A mineral crystallizes from a solution when its chemical
glements are present in sufficient concentration and when the
physical and chemical conditions are within ranges where the
mineral is stoble. Al room femperature the important physio
chemical parumeters of the solution are the pH lacidity-
basicity) and the Eh (oxidation-reduction potentiall. For several
Tsumeh secondary minerals these formation conditions are

Lknown and approaimate Eh-pH diagroms established, i.e. for
anglesite, cerussite, malachite and cuprite (Garrels and Christ.
19635, for wulfenite (Willinms, 1963, and Wilson and Miller,
19741, and for smithsonite and hydrosineite | Takahashi, 19600,

host of the ahove minecals react more sensitively 1o changes
in pH than 1o changes in Eh. Therefore 1 shall address the pH
conditions almost exclusively.

It is a characteristic of the Tsumeh mine that oxbdation of
the primary minerals occurs in associntion with a very typical
karst hydrelogy (Schneiderhiihn, 192%9). Solution cavities in one
with carbonnte-type gangue (o country rock) exist in the ore
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biody 1o @ considershle depth. Within these karsi canals is a
quict, slow maoving. watercourse of constani emperatore and
having many side branches (Schneiderhithn, 19580, The water
has been oxygenated at the surface and i also in equilibrium
with atmospheric carbon dioxide. There exists, through these
favorable conditions, an intense oxidation of the primary min-
erals o a comsiderable depth, The second oxidation zone was
made possible by a permeable formation assoclated with the
karst hydrology as well as a welldeveloped fault or breceiated
zone which has been proven to o depih of aboar T m (3200
fzer) | Strunz, & af, 1955),

If o permanent growndwater level had nod been present m
Tsumeb the weathering-product zones associated with depah
would mot have formed as they did. Such zoning is mestly Jo
calized and san often be observed in hand-siee specimens.

The oxidation of the ore minerals occurred in groundwater
containing oxygen and carbon dicxide, and having o pH of
aboul 3 (ie. slightly basie; 7 is newniralh, The dissolution of ore
minerals fodloss o svstemalic sequence. Sphalerite is the mos
siffuble and galena the least soluble of the primary ore minerals
at Tsumel. The sulfosmlis are intermediate in solubiliy. The
oxidizing solution therefore contains Zn lons first, then Co
ions, and finally Ph jons in increasing concentrations, These
lactors inflluence the order of formation of the imporant
secondary minerals when the weathering salution remains un-
mized for considerable periods of time. Therefore, becanse of
concentration differences, smithsonite will form first and only
Lnfer can cerussite be formed. Such conditions would not exist
il the solutions were comtinuously being mixed. [n this connec-
tion one must also consider the path which these jon solutions
twkes it is knoswn that the path for Zn jons is the bongest (ie,
they remain in selution the longest) and the path of Pb ions is
the shorest (i.e. they remsain in solution only a shaort time),

Sulfme ions develop through the oxidation of salfide ores
and an acidie selution (sulfuric acid) develops with a pH of
about 4. By reacting with carbonaie couniry rock aleng the
more or less |-_-rk.|:'ll'|].' pith through the karst conals it is pq:miblc:
[ it iof the acidic solutm to eventaally be neutralized 1o a
pH ol abouwt B, Because of these two processes it is possible o
delimeale two Lypes of paragenesis at Tsumeh,

Paragenesis Type 13 the minerals of this parsgenesis were
formed at a pH of &8 (near meutrall. These are primarily car-
bonates. The solutions forming these minerals  probably
cravelled o relatively Jomg distance: the minerals may ocour
in the Couniry rock or the Iul‘gv:r cavebies (but are not restrscied
to such areash, According 1o ElvpH disgrams, this group of
minerals includes cerwssine, smithsonite, malachite and cuprite,

Faragenesis Type LI the most commoen minerals of this
type of puragenesis are the sulfates. They cryswallize ot a pH
of 4-5 lncidic). The path of these solutions & short: these min-
eritls oocur fo the preatest extent within the ore, and are gener-
ally Fownd within small cavities in sulfides. According to Eh-pH
diagrams. only anglesite is implicit to this type of paragesesis
at Tsumeh. Limarite (Williams, 193 as well o5 adamite and
olivenite (Guillemin, 19560 can abso be formed ot o pH of 5,

Wulfenite is sinhle in a range of pH from 30 w0 9.4, [ s un
stible near cerussite and con oecur with anglesite only where
Pl ions are present in surplus | Willlams, 1963,

Mo definitive doda yet exists for the more prevalent minerals
auch as duftite, modtieamite, mimetite, willemite, azarite and
dioptase. A consideration of these minerals in view of the para:
penesls 8 presented below,
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Paragereis Fype

Cerussite, Phi(,

Many of the spectacular, large and beautiful cermsite orys
tals were found singly in solution cavides in the ore or in
gangue, Mineral assemblages rich in cerussite are very num-
erows. In the samples [ investigated, cerussate occorred with
a total of 2% other secondary minerals. [n order of their ocour
rence, the most imporiant are duftite, smithsonite, makichite,
mimetite, willemite and azarite. Cerussile s relatively rare in
amemblages including numerows other minerals such as modira-
mite, wulfenite, adamite and olvinite. The indications wre ths
these minerals are nod slable near cerusite or p-:rh.lpl; rl\»:_'!.'
have fundamentally different conditions of formation.

Cne of the most common asemblages ai Tsumeb inchides
cerussite and duftive; cerussiie is woally younger than the
duftite on these specimens. Occasionally one observes two
generations of dufliite. Specimens also ocour in which the older
duftite peneration is missing of in which duftite and cerussite
appedr o have crysiallized simultaneowsly. (Hten o fine conting
of goethite nesdles s the earliest mineral 0 form on these
specimens and a white pearly coating of dolomite crystals o
5 mam is the most recent. The paragenesis may be skeiched in
the manner shown below: the errows indicmte the dirpedion of
e pastage of e aid do dol indicete reacitons  hefusen
minerels. Roman numerals [ and I indicote the peneration
(first o second ).

Parsgenesis 171: Goethite e

o FelMOH B

haftiie —r Cermssite  — Dulfitite 11 —¥
[PhCud AsO, HOH | (PR [PhCu] A, WO
Diloemiite
M OO )
Thiz shows that duftite & siable gnder ihe similar condiiicons as
cerussie

Smithsonite, ZnCi0,

Agsemblages including smithsonite are nol as oamerous as
thoese which include cenmsite. Smithsonite 5 peaerally Found
alome or with, ar most, one of wo other secondary minerals,
It formed in at least two generatioms which genemlly have
different habits aind are theralone eosy to recognee. A definitive
connection between the habits and the assemblages has ot
it heen determimed.

Srithsonile has been observed in asociation with 28 odber
secondary minerals The most important of these are mimestine,
censsite, dufiie. willemite and rosasite, Like cerassite, smith-
somite s seldom found m association wilh mottramine, olvenite
wnd wdarmite. This is an additionn] indicotion of differing siabil-
ity comafitions, Wolfenite i abo seldom found with smithsonice:
This supgests that the reason why wuolfenite is nod stable with
cerussite has fo do with more than just their relative solubiliies.
Malachite and axurite, in spie of identical conditions of forma-
tipm, seldom oecur with smithsonite, The couse of this may lic
in the type of paths which solutions corrying Cu and Zn tend 1o
Follow. 18 i also possible that becawse of the high concentration
af Zn, rosasite formed instead of malechive, Cerussite is, for
the meost part, younger than smithsonite and is enly occasional
Iy older. In specimens where crysials have formed directly on
ore minerals or gangue, smithsonite s always older than cerus-
sile. Smithsonite youngzer than cerussite is definitely of a second
generation. Becawse cerussite B less soluble than smithsenie
it muast crystallize fisst in @ normal sequence. Therefore smith-
sonite 1 (the first generationt must have formed earier from a
different solution than thar which formed the cerussite and



smithsomite 11, These msemblages indicate a frectionlized
solubility of the ore minerals and/or differing path lengths for
the ion-bearing solutions,

The well known dundasste cccurrence is associated with this
paragenesis o 8 certnin extent, Very thin, white, mdinting
fibers of dundasite occur anchored to the matris and pene
trating the smithsonite; therefore dundasite i as obd or older
than the smithsonite, Mot all of the samples studied had cer-
ussite,

Paragewesis 172 Dundosite +
[P A 0 o D | H )

Smibthsonite | — Cerussite — Smithsonite 11

[Endy) [ PhRiICO,| &m0y

Melimeetite is the minernl most commaonly Foend in assocEton
with smithsonite. Specimens of mimetite and smithsonie on
silicenus gangue are found in which smithsonite i by far the
older of the teo minerals, Mimetite, therefore, is siable under
comaditions tvpical of Type | parapeneses,

Mimetite, Ph| As(), )01

Mlimediie has been observed in associngion with 23 other
secondary minerals, The most imporiant of these are smith
somite, duftite, wuallenite. cerussite, dolomite. poethite and
willemite, The assemblages incleding mimetite are, in general,
not highly variahle.

Mimetite i an important link in the age sequence of the
szeondary minerals, Mimetite occurs with smithsonite and
cerussite, on the one hand, and with wulfenite on the other,
wherens smithsonite and cemssite cccur only very rarely in
nssociation with wulfenite. Furthermore, one does noi find
mimgtite of differing generations,

The VETY widﬁprcn.d. nssemblage of mimetibe, duftite and
cerussle is of interest with regard o the discussion of the
physicrchemical conditions of formation of the secondary min-
eral. In contrast o mimetite, duftie formed inotwo genera-
tions, Where dultive 1 ithe younger generation) has formed
dlirecily upon mimetile i was observed repeatedly that the older
mimelite wis parisally or completely dssolved. The outlines
of these dssolved mumetite crystals are recognized s a crust
of goethite and dultite. Some duftite crystals extend into the
cavities, others rest upon the coeroded mimetite or form
peendomorphs afler mimette. In most cases malachite & also
present, amd is ol the same age or younger than the dufiite,

Cerussite can also occur in this assemblage. Where ceruss-
ite forms water-clenr crystals rich in forms ot s more recently
formed than mimetite and duftite, 1t is possible that n such
cases duftive 11 can occur s described in Pansgenesis 11 such
specimens exhibii fresh. unaltered mimedite where dultite | =
missimg. Where the cerussitg is older than the mimetite it is
partially dissolved and is surroundad by dufite cruss, some-
times also with malachite, both of which are older than the
mmedite.

Porngenesis 1/3: Cerussite — Dufitite -+
[P [ PRC ol A JOH
— Mimedle =
|MAIU|||C"
+  Wlalachiie

[0 00 W R |

Malachite |
[Cud COHOH

Duifiite 1
[ P Ay, OV

Druftice 11

Baszed on the above parngenetic ssgquence, one can infer
that the arsenates mimetite and duftite form under the same
conditions as cerussite but have a lower solubility, As the ar-
senate ions enter the system they precipitate with Ph and/or
Cu rather than allowing Ph to resct with carbonate ions to
form cerussite. Duftite iz more siable than mimetite in the
presence of copper and arsenate jons, Malachite occurs with
dufiite where mimetite is not present. but only as a consider-
ably younger generation and may nod hove besn formed from
the snme solution as that which formied the mimetine.

When associvted with wuolfenite, mimetite 5 always the
younger of the two. Frequently a complete covering of goethite
on the matrix is the earliest mineral, In such an assemblape
the mimetite crystals are deep yellow pnd have a tabular o
pyramidal habit, The yellow walfenite crystals are more or less
pacudiroctahedral becawse of dominant (114] faces, Oecasion-
ally one finds malachite as the youngest generation. The se
C|UbEMCE MLy e written as follows.

Parngenesis 1/d: Goethite —r

— Uegrussite —

Wolfenite —

[ = FeOH || [PlMol),)
Mimeiile == Malachite
[Pzl Asih, 1,C0) (| O OV o1
Wulienite, PhMail,

The association of wulfenite with mimedite and the absence
aof wullenite forms {1111 and 113} indicate, sccording 1o

gersi | ofe minerals,

Enarpite, Cu,AsS,

"Pyrite 11*, Febs

Cralena, Phs
Tagenite, Cugly,
Supergene: Chaloocite, Cugs

the second generation,

Tahle 1,
Ape relathons of the primary (hypagene | and secomndary | super-

Hypogene: Pyrite |, FeS; dearliest mineral)
Chaleopyrite [*, CuFes,
Bornite, Cu,Feb,, Germanite [, CugdGe, Fel(5, As),
Sphalerite, Znk, Gallite, CoGaSs,

Briartite, Cuy Fe, £n)GeS,, Tennanfite, {Cu.FeA%,5,,

MWhalcopyrite 11, CuFeSe Mermanite L1, Cugd Ge.Fel 5, Azl
Renierite, Cuqd Fe,Ge Znil S, Axh,

Covellite, CuS (latest mineral
*1 indicates the firet peneration of formation for the mineral: 11 indicates
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Willinms { 1%66), a mddle-range '|;|-I'-| of 56, and a moderaie Eh
Apparently walfenite formed under conditions intermedints
Between those of p:lr.ig_:n:ﬂis Eypees [aned [T,

[Dhuftite, malachite, quartz and poethite are, next o mimetite,
the most important secondary minerals that occur with wulfen-
ite, | havve thus far identified 25 secondary mineraks that occur
in mmsociation with walleniie,

At least two generations of wulfenite occur in association
with duftite, Larpe, extremedy thin, debular white wulfenite
crysials have been found on & matnx of stronply weathered
country rock covered by hematite and goethite, The white wul-
femite plates are covered with redisting bundles of fine, acicular
duftite which can easily be mistnken for conichaleite, Rhombic
calcite erystals formed afier these mineraks, and were followed
by & second gfﬂcmlim of small wulfenite cryvsinls as indicated
bzl

Forogenesis 1051 Mematie +  Goethine =

[Fagily) 1o Fed O
Wulienite |  — Dwfitite i Cabcite —
IPlMa(), P Cal AsCh ) (K )| ICwCy
Wullemite [
PEM i),
Willemite, Fn.Sil,

Willemite a1 Tswmeb is comparatively plencful. However it
is fownd in assocmtn with only 15 secondary maecals. The
most important of these minerals are all found in the same
asmemblage; they are smithsonite, rosasite, cerussite, dufiite
and mimetite.

Eh-pH parameters for willemite have never been determined,
Fudging by s most frequent associates ar Tsumeb, willembve
should without doubt be stable onder the conditons of a Typs |
parageness. The folkowing sequence 15 abundamtly widespread
it Tsumeh.

Paragenesis 16 Willemite 1 Smithsonite] —
[Fm S0l | FniCi,)
?ﬁﬂu o Dufiine e
(CuEn OO0 ) (PhOal AsD OH) | — Willem-
ie 11—
Hr
1
Mimetite “;:
[Phed Ash, 15T

Cerussite  — Smithsonite 11
(PR, [FA LS

Baoih of the older minerals willerniie | and smsihsonie 1
formed directly on silicecns gangue. They were, as maicated in
Paragenesis 1/2, formed by an older westhering solation than
the other minerals, Following these two En minerals, nsdiating
bundles of rosasie and dufiite crystals o vellow pecdles of
mimetite formed, Mimetie, rosasite amd duftite cocur tosether
only when cerussite las in Paragenesis [0 5 the nest vounger
mineral, In most cames. however, willemite 1 crysollized next
amncl only after that did cerussite form, The younpest mineral of
the L T is the second generation of smithsonite,

Malmchbive, Cud OO |

Muolpchite formed ol several stages in the sequence of crys-
tallization and is o member of a large number of rich assen:
blages. 1 have found 26 secondary minerals to occur in
ussocittion with malachite at Tsumeb, The most important of
these are srurite, cerassite. dufiite, walfenite and mimetiie. As
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menigomed above. of all the minerals formed under these same
conditions only smithsonite is rare with malachite,

The Fm:uu:lnrnnmhnn:l’mala: hate after mouriie wre well known,
particularly those from the lirst oxidation zone al Tsumeh.,
Mualachite occurs in plece of dufiite in several sequences (i,
141 and 154, Malachite also occwrs in the 123 and L9 sequences,

Agarite, Ty OO 14 OH ),

The exceptionally besutiful arurite crystals from Tsumeh
are known all over the world, Crystal studies of growps from
the first oxidation zone, ond an attempt 10 order this mineral
inbo cErmain PRTENeses, were first attempied by Ledlit | 1429,

| have found azurite associsted with only 16 secondary min-
erals, In spite of this there are several different assemblapes
which include szurite, none of which are particularly abumdant.
The most important minerels associated with azurite develop
under conditions of formation similar to those of Type | parr-
peneses und also under conditions similar to those of Type 11
parageneses. These minerals ore malachite, cerossite, maotirom-
ite. duftite, ndamite and olivinite.

Large azurite ¢rystals in asociation with ceressite are rels
tvely common, The cerussite is as odd or older than the azurite,
Dundasite and dufiste are occasionally part of the ssemblages
both are alder than cerussite, as indicated below.

Paragenesis 172 Duftlie —+ Dundasite —_

[Pl As O O ) [P 0
(CHH 1y 0
Curussite  — Azurite =+ Malschite | psendo-
[ PRC,| 1Cu Ciiy A OH 1| ek by s §

[T OO O |

Minerals typical of tvpe 11 assembloges are also part of the
following paragenesis. Crusts of mottremite form cell-like
structures which are formed in part on massive quariz, Follow-
ing that, elomgated olivenite crysials formed. Here and there a
second peneration of olivenite can be ohserved: these are often
pale olive threads or fibers. The olivenite is often encrusted
with duftite. Somewhat younger are small malachite c-r:!.-sl:ulg_
In the remaiming cavities one fids 1-2 cm azerite crystals, Most
of the mzurite bas been aliered (o malachive. Under the duftine
crusts the olivenite is partially dissalved.

Paragenesis 178 Quartz — Mottramite s
[5ik [Pl VD, JOH B

Ovenite 1 & 11  — Dufelte — Muolochie —
[Cmgl A O ORR ) PR Cui AsO, O ) [Cud Ty
DL I

Azurite —+ Malschite | psendnl.
[l 0, DO ) (A0, WO

The above paragenesis is prool thet during the erystallization
of secondary minerals af Tsumeh the weathering solutions
changed from acidic to hasic, ;

The psssembloge of seurite and adomite will be discussed
under adamite,

Drioprase, CuSio OH),

The exceptionally beautiful crystals of diopiase m Tsumeb
occur klmast exlusively in the country rock. and are only rarely
associgted with other secondary minerals. 1 have noted the
associption of diepiase with only 11 other secondary mineraks.

Ome finds dioprose most freguently with older dolomite and
younger calcite crystals. Sometimes a second generation of
dioptose formed which is youngers than the caleite. Duftite and
plancheite are the next most common associates, and they are
both always older than diopase,



Porogenesis 1/%: Dvlomite <+ Duitite T
|l:.'IM.g|l:'ﬁg-.hl [ PCul Acs( WL )

Plancheiie — Dhinpiase | == Calcite —

|Euﬂ-ﬂ|uzz|uﬂlq"ﬂz“! |{:.smmﬂx| |'E'Eﬂ'ﬁ|

Diioprase 11

[CuSi0 OH |

The ohove paragenetic sequence is younger than sequence
L6 and is in associntion with cerussite on a few specimens.

Cuprite, Cugld

l:'upril;u: is |;un1|;|:|.r'.|.lil.--|:|'_|,' rire ad Tsemeb, In the more 5:||I'||:l||:
assemblages cuprite occurs with delomite and rarely with
mimetite, duftite sand molochine, Mimetite and coprile are
probukly of the same age. These [acts are futher proofl of the
conditions of formation of mimetite,

Parageness Type I

Anglesite, Phii,

Anglesite is the only mineral ar Tsumeb which forms undes
the conditions of Type I1 parageneses, and for which Eh-pH
stability diagrams have been prepared. The mineral oocurs in
mmsociation with anly a few other minerals; 15 have been ob
served in this study, The chisclshaped, vellowish crystals. and
also the recently discovered black, glossy, deeply sriated
blade-like crystals, are usually the only secondary mineral in
a pocket, except perhaps for irsces al goethite. The pockets
occif in masses of sulfide ore,

The most important secondary minerals found 10 ocour
with anglesite are beudantite, corminite, and the new Minoral
TK inca yet fully characterized), which form a distinet assem-
blage. The asemblage occurs in small alteration cavifies in
ore. The oldesi of the minerals is beudantite in yellowish
brown, tabular crvsials, Red, acicular carminiie crysials are
generally younger, followed by water-clear, many-faced, some
times reddish-colored (because of carminite melusions) angles
ite crystals, On only & few picces from ths assemblage a dark
green. tabular o scaly mineral con be seen (o have lormed on
the carminite crysials, This is the new Mineral TK, which has
ned yei been officially described and named. It is a Ph-Fe arse-
nate containing small amounts of Cu and Zn, Characteristic
devalues are 67541, 4844, 4625, 4405, 4063, ZILEL
3200 100 amcd 20601005,

Paragenesks 11/ 1: Primary sulfides > Beudamtine —3
[PhFel AsO, S0,
(M )
Carminlie —= Anglesite  —» Mineral TE
[ PlaFaad Asih, | (R |, IPhS0y) |Ph, Fe, Ca, ¥n,
Al

Also :}'p-in:nl-u[ this assemblage is anglesite with arsen lsumehs
he. Flat, iigl'" bluish green crystals of arsemtsumebite on
wemthered ore can bhe found. Flattened anglesite crystals (o ses-
eral centimelres in ste with arsenisumebite inclusions have
also been found, which indicate that arsentsumebite formed
belore anglesite. Yery rarely brochantite ocewrs as the young-
est mineral and scorodite as the oldest mineral of the assem-
blage. Scorodite, when associpted with beudantite, is always
the younger ol the two.

Parngenesis 1172 Primory sulfides — Scorodite =¥
[ FeAsill,-TH AN

Arsemtsumehite — Anglesite  —»

[P | PO W SO0 O Ay [Ph&0,)

Brochantite —= Cermsshie | psendomuorphous after

[ S0 N | (Pl snpbesite )

Anglesite erystals of the above paragenetic sequence fre-

quently have o porcelainous coating of cerussite or have been
completely replaced. forming coarse pseudomorphs of censs
ite after anglesite, This s a defmite indication that the solu-
tions changed from acidic o weakly basic. Furthermare, this
proves thiot Type | essemblages are younger than Type I as
semblages,

Lisiarite, PhCual S0, 0H |,

Lmarite oceurs in small civities m ore along with posnjakice and
serpierite, The oddest poction of the assemblage 5 a miore
of deep blusgreen tabular posnjakite crystals and acicular
brochantite, Malachite & sometimes also presenl in this mis-
ture, Clear, light hlue, elongated tabular crystals of linarae,
often in ru.-u_"lin.ling Eroups. are in mosl cases the youngest min-
eral of the suile. YVery thm, light blue-green 1o while, glossy
seples of serpierite cover the ofther minerals in places,
Parsgenesis 11732 Prinury suliides — Brochontite +

I S0, §OE )
Posnjakite - (Malachite) —+ Linarite —
[ Cu SO, W OH - Y (ol OO0 O | [PhCu-
Sernierie (500, O |

[Cal Cug Zn IS0, o OH e 310

Williams (1963 sugeested a pH of from 4 10 3 for the forma:
ton of linarive: therefore Paragenesis 1053 cowld. withous
doubil. e a Type 11 paragenesis. Frequently with this assem-
hlage it can be shown thal the minerals are younger than cer-
ussite and smithsonite (in the same zone but of o different se-
quencel. Minerals of Paragenesis 11°3 are therefore youmger
than the minerals of Type | asemblages. Presumably they
originated much later and crystallized in minuie eracks where
circulation was severely resteleted. The paths of transpont of
the ioms were cerlainly very short: a vinually closed system
mitsl have exisied,

Adamite-Olivenive, Znd A0 0H 1 — Cw, As, WOH |

Adamite and ofivenite form mixiures of varving composirion
af Tsumeb: a solid soluton series exisis berween the end
members, and material with a cange of 20/ Cu ratios con offen
be found on a sinele specimen, Light green to green cupriferous
adamite is the most commaon: alivenice is much rorer, Both min-
erals oceur as the only secondary minerals in small cavities in
sulfides pnd cccasionally in gangee,

Assocktions with adamide are somewhal more dwimérous
thinn those with olivenite. | have noted 19 secondary minerals
that oeeur with adamibe. but only @ with olivenite. BMaost often
one finds sdnmite with conichaleive, whereas for olivenine the
p-araq,:cm:[ic assemblape I8 with mottramite is the Lypecal one.
The characieristic adamite ssqueence often begins with coni-
chakerie s the oldest ph:m:. A few specimens show yellowish
seales of tsumcorite overprown on conichalcite, especially
where smithsonite is present & the youngest generation. More
l'[fqucnllj. however, the Cu-adamite follows directly upon
conichakeiie, Mosi of the vounger mineruls can thensfore be
divided inio W Eroups brased on therr comaditicons of formatcn.

The hydrorarsennies chudobaite and schultenite also belong
s thee T:,'pu,-. Il p;r.;g:nﬂis. Seholtenite occurs as water-clesr
cryvstals that could aleo crystallize from a very acid solution,

Paragenesis 11'4: Primary sulfides — Conichaleite =
[CaCui Asi, HOH])
Adomlie — Schulienite or Chudohalie
[#ml sy, O | (PhH A=, (MNa B Ca)i Mg £n¥n )
H At b4 HL 0

Acorite, makachive and smithsonitg belong o Type 1 nssem-
hlages amd, where [ound with the above minerals, indicate a
change in the pH of the weathering solution,
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TABLE 2.
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Talkie 2 Mineral pssociations of the 13 most common Tsumeh secondary minerals, The 13 most common mineruls are
listed meross the top in their order of abundance (cerassite s most shundant|. Listed down ihe side are the species T have
nuded in asocialion with the 13 most common species, The symbals where thelr columns ond rows intersect indicate how
frequently the mineral ai f&ff occurs inassociation with e mineral st the fop.

B Most common associate i s common associale
Ml verv common associote o rare nssociate
A common associate VErY rore mssocinie

Mot shown here are the incompletely deseriled pew minerals and minerals which | kave not observed in assoclstion with
amy of the 1} most comman minerals. For this reason the indications in the test do nod correspond exacily with the table for
cerinin specics,

Practical application of this table by collectors can be illastrated by the following example: You hove o specimen of cer.
ussile and an associaled green mineral shich yvou smspect to be either dufiite or conichaleite, Looking down the colamn
labeled “cerussite” at the top, vou come o “duftite” and then "conichaleiie”, You see thar duftbie is extremely commaon In
mssociation with cerussite, but thal conichalcite is almosi never found with cerussite. Therefors the odids are sbromgly in
favor of your green mineral being duaftite and ot conbchaleine,



Paragenesis 11/5: Primary suliides — Conichalcite =

el Al W CHEL )
Agdamile - Aguribe —+ Nlalachite
ZndAsOHOH)  [CadCOHOHYL  (CudCO0H)
Porngenesis 1106: Primary sulfides  —» Conichabeile =

P ol A L)
Tsmmscnrit —+ Adlamite —+ Smithzonite
[PhEnFel Asid, i H ) [FEmed Asih, { O (EnCI,)

Blue, tabular, clongated crystals of the new mineral keyite
sometimes ocour with adamite as the older of the two, H.t}'ili::
15 a Zn-Cuo arsenate (soe Er!'llH'E-:,'. et al., in this Bseaie).

The ideal conditions for the [ormaton of adamite and oli-
venite exist ot a pH of :llgl_'u.ll 5, Adamite is probably sable over
a greater range of pH than is clivenite,

Duftite, Mottramite, Conichaleite, Arseatsamebive, Haybdon-

e,

The five green minerals named above can be easily confused
visuilly because their colors, habits and eryseal forms are so
similar, Help here is given by the paragenesls, as discussed
berborw,

Duftite, Fhlal As(h, KOH ]

Duftite often forms eguant crystals up o 2 mm in skze. The
crystal [aces are nearly always curved or saddleshaped. Rads
ally seructured solid masses were rare bt are now being found
coating calelie in cavities on the 35th level, Acicalar hundles
ol duftite that can easily be mistaken for conichaleite ocour
with wullenite.

Tsmebh daltite contains small amounts of admixed calcine,
and it 15 therefore very dilficult 1o obiain an uncontaminated
Xeray pattern (which could distinguish bevween the two poly-
maorphssc-dultite and g-dulvite, both of which have been re
pored from Taunieh. The st s somorphous with mottramite
angd the second is isomorphous with conichalsiie: they both
hove essentinlly the same EIJm]J-I.IHiIIIJrHI.

Of the five minerals mentioned in thiz section, duftite is the
most ahundant at Tsumeb. | noted daltite associared with 23
other secondary minerals, all in the same assemblage. The
purngensses of the important minerals swch as cerusaile, mimes
tite, mulachite, smithsonite, ﬂiu:_lpl:u..: and willemine have already
been discussed; they are included in parageneses 170, 143, 175,
16, 177, I/E and 19,

The rare mineral sumeorite s fownd mest often in assocr-
aticn with duftite and mimetite. Tsumeorite is always older
than duftite bur younger than mimetite, and fits easly into
paragenesis 13,

The stability conditions of duftite correspond well with the
Type 1 paragenesis. Guillemin {1954} synthesized duftite at a
pH of 2.5 to 4, The limit of duftite stability is the boundary of
Type 11 conditions at 8 pH of 3 to 6,

Mastirambte, PhCw| ¥ 00,0 0H |

Mottramite occurs in radially-siructored masses more come
monly than dultive. Moss-like coatings often occur with water-
clear caleite crystals: single crystals are rare, Mottramite has
Formed extensavly in e upper portons of both oxidation zones
ab Tswmel, It forms porous masses of nothing but mottramine:
it is only rarely assoctated with other secondary minerals, 1
havve nisbed 14 secondary species i occasional association with
mottranuite. The most important ane caleite, poethite, duftive,
azarite and ofivenite. Paragenesis I'B s typical. The conditions
of formation of motiramile kave not yet been completely de
lineated, ¥anadate wns are (st stable ar a pH of 12 {extremely
basic) according to Gorrels and Christ | 19%5), Guillemin {1956)
synthesized mottramite at a pH of about 5, Several of the other

minerals oocasonally found with mottramite could also have
formed at this pH. The sequence of formation of these minerals
is abko Imperfectly known. Apparently modirnmite represenis
an early period of mineral lormation and may oceur a8 several
generalions.

Conmicholeite, CoCwi A, §OH)

In contrast to duftite. conichaleite forms movery thin, rsdie-
aring necdles. Comichabere is less commion than the other fowur
green minerals discussed hers and, in contrast to duftite #nd
mottramite, almost never oocurs with cerussite and wulfenite,
Paragenesis 1175 with adamite is tvpical,

Bravidonive, PhiCug Asih, ) O,

Bavldonite is pather rore in the second oxidation mone and
has often been misidentified. 1 have stndied several specimens
on which bayldonite occurs as thin yellow-green crusts oa
centimetre-sized mimetite crystals: in this form it is very easily
mistaken for dufiite. COne especially beautiflul specimen con-
sists of 20 mm blackish green crystals not intergrown with any
other mineral.

Arsenisumebiie, Pl Cual PO S0, §OH A=)

The bluish green, plaly erysials of arsentsumehite are rela-
tively easy to kdentily. especially sinee they occur in essentially
cmlly ome parageness (11020,

Riare Prrrgeneses

Alymicsite. H.egcill and Leadhbillile

Leadhillite has recently been found somewhal more often
im weathered solfide ore. The subedral crystals are ol len up Lo
several centimetres in swe. The crystals uasally represent one
of the youngest mdnerals in the assemblage, and occur on wul-
fenite or mimetite crystals. The [aces of the leadhillite ervs-
tals are sometimes coverad by a thin, radially-stirucoaned erust
of cermsite. Alamosite and kegelie oocur rarely in this s
genesis. Alamosite forms waler-clear crystals easaly nustaken
for elongate cerussite. They are partially coverad by minute,
g'H.ﬂl.. white scales of kegelite,

Parngenesis B 1: Primary sulfides —* Wulfenile -=

[ PhMeid,)
Alomaosite  — Hegelite -2
[P Sy 0 ) P ol E Fo AL S 5 |
Leadhillite = Cermssiie
[ Pl | S0 W OO0 o OV ) [FRCOy)

Schaciderhhnite, Brunogeieriie aimdl Stodtite

One specimen in the Kahn collection shows black, lustrous,
octabedral cryvstals of brunogeierite on essentially unaltered
sulfides. Stotiite, in reddish brown, eubedral, 5 mm crysials,
formed next and light yellow smithsonite formed last.
Porngenesis B/2: Primory sulfides — Brunogeierite —

HGI’.F-H?t:D.ql
Studiiive —» Smithsoniie
[Felae| OH L (&)

Aleo m tse Kahn collection s o specimien of schnewder-
hiihnite, The black crystals measare about 10 mm and show
pood cleavage. They rest on gquanz and are associsted with
chaleocite (older) and pink stottite (ycungerk,

Parsgencsis B3 Quariz  — Chaleocite —
15| [Cu,S)

Schaeiderhihndie — Stottite

iFephs gl | Felred O |

Rare mimerals in Cre=Com mre

Several rarities ocowr in small, often only 1 or 2 mm cavities
in Ga-Ge ore {gallite-briartite-germanite), Oecurrences are
rare. These minerals nearly always occur A8 single crystals in
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Table 3, Sequence of crysiallization showing some of the more Important secondary minerals st Tsumeb,




radiating, acicular groups similar in habit, for instance, 10 lud-
it [ Fie, PhjAs, ).

Apparcntly all of these minerals have very similar conditions
of formatkon, Cavities and mmute cracks in the ore have heen
ween covered by calecite, gvpsam, siderite and thawmasite
P SO S0 O - 1200, The crysials ore water-clear
along the c-axis: they form elongated crysials in rodiating
groups sprinkled with siderite erystals,

Schaurieite (CaGel 500, LUOH j=3H 0| = found as very fine,
felted whilte needles. In similar cavities near schaurieite p new
mineral | Mineral T1) was discovered, The crysials ane prismatic
hexagonal and water-clear, Only Pb and Ge could be detected
with the microprobe. Single crystal x-ray stuches indicare the
il lowing charactersiics: Fﬁﬂ'l or Blm, a = 607, == 113,87,
The mest important dvaloes are 578 (41, 418 (51, 338 6],
220100 and 24043,

Sishmpelte [GolOHly cccurs in somewhat larger solution
cavities, The crystals are white 1o light brown or green, and
are very inconspicnous little grains. Sohngeite asociations are
siderite crystals with a reddish sheen and a new mineral {Min-
eral GFL Mineral GF forms as yellowish 1o white scales iso-
morphic with goethite, and has the composition CralMOH |
wherein a small amound of Ga can be replaced by Fe, The cell
parameters are somewhat variable depending on the Ga/Fe
ratio, but have overnges values of @ = 4.54 &, b = 968 A, and
r=2994,

AGE RELATIONSHIPS AMONG
THE SECONDARY MINERALS

When we link fogether many of tse previously described as-
semblages and sequences a coherent scheme of mineral forma-
tion at Tsumeb hegins to appear, a5 diagrammed on tahle 3.
Ground water, which initially dissolved the sulfide minerals
and became acidic, precipitated secondary minerals first under
acidic conditions. As the acidity was neutralized by various
reactions e solutions, with time. became progressively bess
acidse and deposited minerals stable under progressively higher
pH. This general change with time caused the overall trend on
tubde 3 to move from upper left to lower right.

The oldest minerals are the Pb and Fe sullates and arsenates
{beudantite, carminite, scorodite, arsenisumebite and angles-
iteh, They were formed most immediately apon oxidation and
dissodution of the primary ore sulfides. The weathering solution
was acidic (pH around 4-51 and sor-mobile. allowing secondary
mimerals to form in contact with, of very near to, their parent
prieary minerls,

All Zn released through weathering and. lwier, the greater
part of the Cu and Pb ions in solution were iransported along
separale paths by the weathering selution. The Cu-Ph solutions
resulted in the main branch of erystallization shown on tahle 5.
The Zn solutions (beginning with willemite 1) formed a long,
maore hasic side-branch (om the right), and alse a shorter, more
acklic path in combination with arsenate lons {on the lefi).

Along the main branch are wulfenite and then mimetite,
the oldest minerals, Both minerals occur, though rarely, as the
vounger generation with beudantite. The weathering solution
here was probably only wenkly acid, with a pH of 5.5 10 6.5,
Cuprite is of the same age ns mimetle.

Where the solution was rich in copper and arsenate lons
mimetite altered to duftite L Sometimes malachite is of the
same age as duftite 1. Cerussite and o second generation of
duftite (duftite 1T then formed. doubtless a1 a pH greater than
f: cerussite is sinhle af beast o a pH of 10,

Beginning at duftite 11 a split occurs in the main branch of
crystallization, Where COy jons predominated, axurite and
then malachite formed. Where silicate ions predominated.
pancheite and dioptase formed. In the most basic branch
willemite 1 and smithsonite | occurred. Both minerals are some-
times older than mimetite becaase the path of Zn in solution
i longer than the path of Ph,

Where mizing of the solutions ol the main branch and basic
sidde branch (om the right) occurred, willemite 11 crystallzead
and then cerussite, probably at a pH greater than 6, and finally
smithsonite [1 In place of malachite, rosasine is present, asseci-
atesd with duftite pseadomorphs after mimetine,

Crystallization along the more acid sice branch (on the left)
began with conichalcite a1 o pH around 5 and then adamite.
A pronounced decrease in acidity af this point, which probably
oceurred only rarely, led to the formation of rosasite and then
willemite 1L Mixing of the acidic side branch with the main
branch lad to the formation of tsumcaorite,

Paragenesis '8 with mottramite and olivenite is difficult io
correlate. The same is irue for the age relations of dolomite,

Calciie i one of the most recent minerals st Tsumeh. Oc-
casionally one finds diopiase, wulfenite and motramite of more
recent formation than caleite, In all probability these minerals
crystalleed [rom new solutions. Several weathering solutions.
pi differing times and ploces, could deposit a mineral at dif-
Fering times, disturhing orderly sge relationships.

The youngest minerals wndoubtedly include posnjakite.
brochantite I1, lnarite ond serpiente. They formed at a pH of
4 to & in minute crevices in the ore which were isolated from
the main course of solutions,

The role of germanium in the ouidation scheme at Tsumeb
has heen deseribed in detail by Frondel and [vo (1957,
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M THE BEST OF TSUMED

by Charles L. Key

everal months ago the editor asked me of | would respond

1o the quu_'-q:inn “Where are the best Tiuswed specinieis

mow ™ with an article for the Minerclogical Records
basik om Tsumieh, 1 is a question [ orust most regders will under-
stundgd can only be answered imperfectly an besi. Having snid
that. | submit that what Follows will, au least, be devoid of fa-
grant error. To the extent that | can summon the experience of
widely travelled curators, dealers and collectors, and synthesize
thar into my own experience. [ will olfer. . .an opinson.

Cruantitatively, nearly all the best Tsumeb specimens are by
novw in the [orm of wiring., plumibang., and other mundang cog-
per labrcations, A mech smaller quantity ao doubt remains
under the town of Taumeb, awalting an unknown fate, Obyi-
ously we can only concen ourselves with that small percen-
tage ol superh specimens Lhat survived the explosives, mucking
aperations, lunch boxes, and prodelimg indiscretions of idwols,
ad nepreane A few qualifcations regarding what is “hest™:
for nearly all species lsted here, “best”™ represents a consensos
bhased on the usual eriteria of beauty, perfection, size ancd mrty.
Typically the smaller the crystal sire the greater the quahey
anmd perfection, right down Lo AUMCTOSCOpIc SEes in Ml cases:
s sope does add a dimension to the problem, Forthermore,
there are very few species from Tsumeb for which the very
hest specimen is dramatically better than the next best, althoagh
the top ten or so may be very mach bedter than all the rest.

Mo attermnpd will be muagde here 1o disows all of the species
that occur st Tsumeh {who really cares where the best Tsumeh
ashestos is7) OUnly those Tsumeb specimens that are among the
world s hest for the species, and not just Tsumeb's hest, will be
coversd, and species found only as unspectacular or micror
meant-size crystils will nod be covered. Even with these severe
resdrictions, an ingredible 26 species from Tsumek siill gual
ify for discussion! | have further constrained the list 1w speci-
mens that are more or kess acoesible, and have avoided the
murky area of bost specimens, esoteric collections that no one
CAN seC, o1c,

THE MINERALS

{Puge references are to pages where photos of the specimens
are shown, i

ADAMITE: This minertl has been Tound intermitlently over
the YEArS ikl Tsumeh, but almost never in excepdional specimens
until a few months ago when several superh specimens were
recowered; the best is a single bright yellow crystal 1% inch in
l‘-q:nluh. withi nn attached Yi-inch spray of O e white smiihso-
mite crystols in the S, Zweiled collection., Woodmere, New York,

CUPROADAMITE is & variety of different occurmence from
the relatively pure adamite mentioned above, With the excep-
tin of several -;Fu,'c-im-u,:ns that are nothing hut cuprosdamite,
the others grade insensibly into zincian alivinite, and cannot
i -,Ik1jnpui:]1-:~d by ey, Most spectacular of the “pure™ cu-
proadamite specimens are examples of twio types encountered
3 yvears ago in an arsenate-rich zone on the koot level
This vaggy gone intennantite has produced a plethora of superh
arsenates: adamite. olivenive, bayldonite, schultenite, tsum-
corite. keyite. dufiite, and all gradations berween cuproada-
mdte and zincian olivenite. One type of cuproadamite consisty
ol ocky crysials, 1w 1V inch, of a dark olive-green codor; the
best examples are in the Swithsorier Inaiueion, Washingion,
D.C. the E Sweboda Collection, Beverly Hills, Califomia.

e

ani the W. Fined collection. BEochesier, Mew York, The finest
specimens of the other wariety (Pp. 641, characterized by brik
liant, prismatic, emerald-preen crvstals, arg in the collections
o the fricish Wusenm of Seerad Hisvory, London, J. 2 weibel
and W, Wilsan, Crofton, Marviand,

ALAMOSITE: Less than two dozen specimiens are currently
knowr, and most are quil{' small. The hest specimens are in
e Brvich Musenwm a pair of 1%%inch sprays infergrown on
midrix, wndd the collection of W Krhn, Balersojen, West Gers
mitny. & Finch spray om matris (Pe. 541 The grayish white crys-
tals of nlnmosite are associnted with melanotekiie.
AMGELSITE: Twao distinel types ocear ot Tsumeb, Mot well
kmiown are the opsspue white crystals iwith tramsparent interiorsi
v B mches, resembling hupe spear poings, Thouwph arger exist,
o of the very finest of this type, 4 5 7 inches. is in the collec-
tiom of J, &weidved (Pg, 700, The lorger crvstals of this type are
almios nlways broken or badly |:I||.n1:|g|:d_ b Fweibels B e
sentiplly perfect, The other type of anglesite s much rarer and
smaller, but deastically more attractive: it is epitomized by a
2 % Ie-ineh claster of brillian, transparent, near (awkess vel
low crystals in the Beidh Mivewm. A similar, larger, thosgh
nc a5 bripht crystal group is (in storager in the Ssuithsonian
i F'J__l. (3]

ARAGONITE: Twaowvarieties of this mineml reach their zenith
at Teumel: wrnowilzite and nichalsonite, the Ph and £n varie-
tics. Light blue divergent clusters of cupriferous (7] nragonite o
3 x 7 inches are standards for the world ws well, A, Buranck,
Salt Lake City, Utah, and the Seritheomien gach have o fine
example of the blue ype. Superb nicholsonite specimens
can be found in the Smeichsorier P, 011, Servard Universise.
Cambridge, Masachuseiis and the Amerccer Merewm o Mt
iwrel Hisrery o Mew York City, Excellent tarnowiizite is in ihe
W, Kifer collection, the: X Merers collection, Windhoek, Soth-
west Africa, and Hevord,

AZURITE: Best specimen: o 10 x 1-inch group of undamaged,
brullinni Illll:hnl_u_lh very ..J-||:-;|:.I ervsials 1o 5 inches ench, hoth
smgly and doubly termmated. in the general offices of Newmord
Mimes| part owner of Tsumeh), ot MK Park Avenoe, New Yaork
City, There are also several incredible szurites in the Souike-
sietidmn, includimg possibly the largest brizht cryscal omaesr of
the big crystals are mot very bright) which measures 3 5 6 inches,
A superbly aesthetc specimen of bright prisms on o 4 x
Tdpch matrik 18 m the collecison of £ Defowve, Paris, A
T x B-inch cluster of crystals o 3% inches is in the Camadian
Woronn! Muverm, (itowa, Excellent cabinel specimens @St
in the collections of A Beronek, K, Komer, Bowlder, Coliordao,
£ Eweihel, . Barlaw, Appleton, Wisconsn, and farvand.

I'm convineed there are no maore than 50 greatl aeurite speci-
mens exinnd im all the mimeral eolleciions of the world. 1t s o
very rare mineral in superb specimens. There are perhaps sav-
eral thousand good axurite specimens that have been saved
over the years but large, brighi, perfect crysials or crystal
groups number onby o few, 11 has been my experence that most
mineral collectors, particularly North Americans. have unreal-
istically high standards for acquisifions of azurile. as well as
many ather Tsumeb species: this has been cansad by the re-
markabdly large number of superh Tsumeb specimens in Amer-
ican muscums, which deceptively supgests that many more
musi be available, passibly in Germany or Africa, Mot troe!



As it happenad, the U5 was abowt the only place o ssll min-
eril specimens both times Tsumeh was prudu.ciﬂg oxidation
one minerils. This is nod 1o sy that there aren't seme excellent
specimens in Germany and the Republic of South Africa the-
cause of German control of Tsumeb for many yeors, and South
African control since 19000, but nowhere near the guantity o
gualiny one might expect remains in these countries, The Smith-
sonian and Harvard each have many more superh Tsumeh
azurite specimens than any ather museum collection in the
1.'¢'|1-I'||,‘|.

BEAYLDONITE: The finest larpe crystals of hayldonite ever
found anywhere are asseciated with the arsenate zone described
abowve (under adamite) and are invariably implanted on the
dark, blocky cuproadomites. They are doubly terminated, nearly
La-inch {'r:,-xl.'lk_ very brlliant, amd al & cdizep grlﬂ!hi&h hlack
color, The top specimiens are groups 106 3z 5% mches in the
Smirheorior. £, Swoboda and W, Pinch collections.

BEUDANTITE: The best specimen is probably o 114 5 2%
Yiwinch group of olive-green crystals 1o 4 inch, associated
with minar carminive, i Uwe Sentlromie collection (but parn of
thed. £ Frefewaey collection acguired by, bt not ved delivered
1ex, the Smithsonian),

CALCITE: Many specimens could compeie for the best cal
eite, as thiz s the mosi abundeni beautiful mineral &t Tswmel
In oceurs i many fofms, though exceedingly sharp rhombs are
the maost common habit. I8 con be lawlesddy transparent Lo
aparque, and is usually coborless although color can vary through
shades of red and broswn. 11 is found in erystals up o 6 inches in
size and occurs associated with everything ar Tsumeh excep
the arsenates. Three of the most spectacelar calelies are in
the collections of Abe! Selbun, Detroit, Michigan, and J. Zwer
E:lgc-.l'iP'lL. ). A rare and beauiifl caloiie from Taumeb is o 2l
inch rhomb of distinetly purple color, on matrix, m the &
Bamcraft collection, (iher excellent calcite specimens are on
display in the Briish Musenm, the American Musewem, and
prohably countbess private collections,

CARMINITE: The best specimen is in the Havish Miseuny:
it consists of brush-like proups of acicular, carmine-red crys-
tals to over ' inch on o beadantite crystal matris of abowt
152 inches,

CERLISSITE: Best specimen: a 7 x Hkinch claster of per-
fectly undamaged, lustrous, reticulined crvstals without matrix,
welghing perhaps 65 pounds, in the collection of 5. Plesers. In
the same class is o very similar, 12-inch, reticulared group on
matrix, in the Sorfonme, Poris (Pg, 64), Beyond those speci
mens, which surmount all others throagh their remarkable stee,
it hecomes all bt impossible tosegrepate a few “hest” cerussing
gpecimens, as there are so many superb and vared pieces to
choose from, One could mention the 5-inch “snowfloke” retic-
ulated group at Harverd, the bright, flawless gem crystals 1o 6
inches in the Koy Ouierie Maiensi, Finch sixlings on native
copper in the Bavsh MWuseum of Netwal Hisiory, “fish-tail”
twins to B inches in the Hellinghmusen colleetion, Tsumeb, and
A-inch, momed crysiaks imbedded in clear gypsum in the Asmess
i Micteirn. One could go on, Suffice wo sy that all of the
greal mineral museums have greal cerasssite specimens, They
tend o be considerably rorer in privite hands, 1 suspect, be-
cpuse of their lirge size and excessive [ragility.

CHALCOCITE: Omby one genuine chaleocite m good orys-
tals is known fo me s of ths writing: a chister of 1-inch,
shurp, dull-black crysials which happen to Lo the matrix for
a supert proup of 2-inch awrite crystals in the Comadian Na-
teoral Mausewm, Other soecalled chalcocne, o osmall, brgha,

pwinned crystals from recent workings in the deeper levels, has
proven b be digenite.

CUPRITE: Good crystal specimens of cuprite from Tsumeb
are quite rare, while massive cuprite 5 abundane. le can be
arpued that cuprate from several odher localities is s good s or
better than Tsumeb coprite, bul Tsumeb specimens are il
superh al their best. The hnest example 15 probably ar Aarvard:
it consists of a group of superh, dark red erestals 1o 348 inch each
on native copper crystals. Extraordinary, brght red octabedra
on matrix i the collections of Walf Schoteren (formierly from
Crermany, now in Iran) and & Koseoe (Pg, T3) are also among
the very besn,

DMOPTASE: The best cabinet specimen is in the collection of
5 Peters, This is a Sinch mound of intergrown crystals o
nt:&ll"j-‘l inchses, mmplanted on a i x 1 X-inch slah of matrix coated
h:.-'adrus-c off whire calete. Twao other specimens, much smaller
bul perhaps more perfect and desirable. came from the same
pockel i 1905 (on the LMoo Bevel). Both of these have su-
perb, gemmy cerussite crvstals implanted on the dioptese crys
tals. which in turn are implanted on white calcite crystals. Ome
is in the collection of £ Zweibef and the sther is in the Brinsh
Mivsewr (nod on pul:ll:ii; d.ispluyr. These have to ba the world's
finest diogiose specimens, even though somewhial larges corys
tails were ance found in the Repablic of the Congn.
LEADHILLITE: Lendhillite is exceedingly rare at Tsumeh,
bt somie Tsumeh crystals rank as the irgest leadhillites knoan
Two specimens stand out &s being better than the perhaps two
dozen other known Tsumeb leadhillite specimens, One is a very
sharp, gray ewhedron measuring 122 x 122 x 214 inches, in the
collection of W, Larsor. The other specimen i o cluster of in
fergroan crvstls in the Canmegdion Novoral Wusenm; it mear
sures ghout 3 x 4 inches, hos nomatrix, o pood loster, and @ tin
i sienma color; it is quite tramslucent.

LUDLOCKITE: The best specimen is a 1% s 108 x Y-mch
growp of divergen) red sprays on matrix in the collection of
Roger Willigms, the pianist, Encino, California. Three other
excellent specimens are in the collections of the Briick
Miseiwm (Pg. 751, E Swobeds and K. Proctor, Colorado
Springs, Coborade,

MALACHITE: Severnl rypes aceur, bui by far the most cos-
eted are the incredible clusters of psewdomonphs after azurite,
Unexcelled for sharpress and form is the & x5 T-inch grooap on
display in the Seurhienin. A superh group of crystals io 5
inches on matrix Is in the collection of W, Kaohe, These are
unusual because many of the other larger malachite pseudo-
morphs tend eo be guite corroded and lack sharp definition,
Brilliang, sharp. rhombic crysiels (o V2 inch solidly lining vugs
in chalcocie were found in the deeper workings: two of the best
ire in the Srcick Musenm and Marvard., Horely encountered
are spherical aggregates. to 2 inches, of velvet malachite i
plantexl on snow-white  caleile crystal, with a “dusiing” of
smill, pemmy displase crystals, as in the ey collection,
MIMETITE: Clearly the [inest mimetite specimens oo
Tsumeb or anywhere else were found in 1971 in the deeper
wiorkings, and were lmited 1o oa lew dozen specimens, The best
15 @ group of superh, tramsparent, billiant, yellow crystals on
maitrix, the lurgest of which is 2 inches tall and dowbly tenmi-
nibed. i the collection of K. Proeter, Colormdo Springs, Col
oradi (Pg. (2). Other specimens have somewhat smaller erys
tals, but are no less beaudiful. The lrpest single crystal known
ik 2 inches in length by a fnck in diameter, and is in the cod
fection of £ Swedode. Soperh specimens exist in the Smichso-
wian, iback cover painting), Harvard, the American Museuw,
the British Musewen, and in the collection of Gerhard Secker,
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ldar-Obersiein, West Germany {[ront cover photo), [IF id had
it bhesn for this spectacular find, the best mimetie would sall
have been from Tsumeb, but would ke quite different in ap-
pearance; sheal-like aggregates of yellow 1o orange crvstals io
1%% inches, bui rarely more than translucent. A superb., large
muirix piece of this type & in the collection of A. Buraneck. A
steep, pyramidal, caramelcolored single crystal 2 inches in
lengih, in the Brivish Museasn, is also quite spectacular.

DLIVENITE: About 4 years #go three specimens were brought
inke the LS. that are probably the finest olivenite specimens
aver founcd anywhere. They consist th:riII:i:ml.n'.tl,lnm._grc:;niahr
back crystals lining vigs in massive chaleocite, The crysials
were up to Yeinch size. The best of these three pleces js a bls «
T-imch mairis piece in the Smisheomior, it s chosely rivalled by
.liiilghl'lz.' smaller pieces in the A, funeme® collection and in the
American Musewm, Thin prisms to neardy ¥} inches have heen
found rarely; one of the best i in the Beabish Wuseum, A spec
tacular minkature with a perfect 14 x Y-inch crystal in the
W Pinek collection must rank with the finest olivenite spect

Tmens.
SCHULTENITE: The best specimens are glassy prisms 1o

LV inch that beok very muoch ke cerussite, and were found in
the arsenate pocker described under adamite above. The best
of these are m the Britich Musewm. W Pinch, Comaadion Na-
tionel Museunr and the Corfior Daviz (Columbus, Ohiol col-
lectbons.

SCORODITE: Scoradiie is very rare il Tsumeh but occasion:
ﬂ”}r appears in excellent guality. The finesd specimen consists
al dark, richly-colored. greenish blue crystals 1o over 1 inches
covering a5 x T-inch magrix, in the collection of B Vor Osers
stesen, near Capetown, South Africa. A superbh, lesirous,
peewdcroctahedral erystl mensuring nearly an inch is in the
codlection of W Kaha, and a similar cryatal of a more blacded
habat 15 in the codlecison of Jf, & wedbel -|F‘|;, 59, Excellens al
though less well-formed snd bess lustroas crysials o more than
an inch are in the Smdksanan pond W, Pirck collections, Some
seorodite is accompanicd by small. oringe, tabular erystoks to
2 mim that could be mistaken for walfenite, but are actsally
porwellite.

SMITHSONITE: This mineral occurs in so many  bright,
distinetive colors at Tsumeb that specimens muest be considered
separately according 1o cobor, jusl ax one might separnie rose
quarte from ansethyst or smoky quariz. Deep pink to lght rose
colored crystals are perhaps the most desirable; ihese were
found only once. althowgh in moderate abundance, in the lower
oxidation zone about ¥ years ago. There are four specimens of
this kind that can safely be calbed the best. They are intergrown
crusts of Yeinch rhombs and modified rhombs on matrices up
ton b w12 inches, in the collections of the Ssuthcomien, the S
tiek Musewm, E. Swobode. and % Siagen. New York City, A
unigue pake pink specimen of l-anch scalenchedrons covering
a5 x T-inch matrix is in the collection of J. Zweikel Green
smithsomite from Tsumeb came in all shades. Early, upper level
finds were almaoss never in distiner erystals: they are typified by
ail-gresn, apple-green. and light  emerald-green  botryoidal
masses on display at Hoverd and the Smitksonian, Stunning,
deep green specimens of modified thombs 1o %4 inch on matrix
are in the collections of £ Zweibel (Pg. 761 amd W. Larsom
Fallbrook, Calilornia. An apparently unique group of superh,
curved rhombs of a rich furquodse-hlue color on o contrusting
while miairix is in the collection of 1. Lwaihal | Pp. Thi. A choice
crysial of yedbow smithsonile. 14 x 24 inches, i in the collec
ton of 8 Webser, Colorless smithsonite has been found in
large rhombs amd steep schalenohedrons flawless |:|1|;:q,|g|'| 4]
facer. A superh group of colordess crysials 1o 1 inch is in the
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collection of S Rewvemn, Johannesburg, South Africa, and 2-
inch scalenchedra are in the American Musewm collection.
Innumerable tan, brown, gray and black smithsonies exist
buat ey are [or less desirable because of thedr colors.
SOHNGEITE: The best specimen is a pair of Y-inch iwinned
er-!lahi al ereenish color on n VIIEEY mealEis i the Brvick Wa-
i B I:F"g;. il b A similar bul smaller specimen is in the collec:
tion ol £ Deeplay Seary, Kingston, Ontario.
STOTTITE: The best specimen is a plum-colored crysial
which is slightly over *ainch. om mairis, in the collection of
E. Swohodr,
TENMANTITE: (ne of the most abundani minerals ar Tsu-
meh, and one quite often found in crystals (although most are
erugde and culll is tennantite, Among the best B the Hervard
specimen. with erystals to 5 inches across a face. The largest
miairis group consists of sharp crystals 1o 2 inches on an & x B
inch plate of quarte and masive tennantite 0 the Humbol
Liniversty collegtion, East Berlin, A superb cabiner specimen
with bright, sharp crysials to 114 inches on & Jinch matrix is
in the W. Larsan collection | Pg. 113,
WILLEMITE: The most beautiful specimens of willemite are
lustroas, blug, translucent, boryoddal masses scartered among
snowewiiite caleite on specimens up 104 1 7 inches, as in the
A. Buraiek and Smichsonior collections. Smaller and much
carer are the sulfur-yellow erysal aggregates to 2 x 4 inches
Two specimens of roval blie ceystals 1o 3/ 16-inch, with ros-
sie. on matrly, ane in the Bk Misem.
WULFENITE: A variety of colors aecurs o Tsumeh, although
becagse bright red crysials have not yer been found, some
F-:u;lpli: will argue that the Red Clowd mine in Arizona is still
the source of the worlds finest walfenite, Brillinng sulfur-yellow
erystals to 112 inches and Y inch thick are in the collection
of E DeRouve along with a large matriz picce about 4 x 7
inches coversd by Seinch crystal. A superb 2-inch yellow
crysial, mearly an inch thick. on a 3 x 4-inch matrix, is in the
Smithzonier. Mot as beawtlful bur impressive for size are (he
huge, gray-brown crystals that often have fscetably clesr areas
withim the bargest of this tvpe is 16 the Conedior Notioral M-
s, and is nearly 24 inches across the face and neardy an
inch thick. A sinlar, slightly thinner crystal is in the £ Zweifed
collection | Pe. 811 A preal mass of intergrosn, caramel-colored
wulfenie crystals was encoumiered nhout B years ago, in pssie
ciation with mimetite and cemssite. These reached the as
tounding sme of '_"_.i"l.'e.r in diameter, but they were so thin and
fragile that damage was severe; a sample from this cccurrence
5 on display i the Americen Musewm, Another Fu:u:l:i:r e
proxluced some fine crystals, rarely over Y% inch. of a heauti-
ful reddish-golden sherry eolor pnmihl:,.' ithe best of these is,
aSeinch group o marm, i in the Sonthsoman [ Pg, 81,

SOME FINAL COMMENTS

A listing such ms this must, of necessity, contain omisswns,
There sire & greal many remarkuble “aszociation”™ pieces, fior
instamce, that wouldn’t make “best” for any one species bud
when taken together constitute exceedingly beautiful and
valuable specimens, Also, there must certainly be fine pieces
which I have yet 10 see. or which 1 have forgotien 1 have seen,
which arg not included; my apologies o their owners. And,
like Perer Bancroft's book, the Waorlds Finest Minerals and
Crpstaly, this ligiing & doomed, by new discoveries, to some
degree of obsolescence even hefore it reaches print. When
mining at Tsumeh gets to the stage of “robbking the pillars™ in
the oxidized zones, which could happen soon, who knows what
glorious masterpiccss will appear? Is it too much (o hope that
this listing i soon rendered obsoleie by even preater treasures
discowered in the world's greatest mineral kocality?



KEGEL COLLECTION

John Samipson White

m 19499 the curstors of the mineral collection al the Matios-

il Museum of Matural History, Smithsonian [nstitelion.

received o letter from Ermst Wohlgemuth of Switzerland.
1t said. in pari: “The late Mr. F. W, Kegel. a national of South
Africa and British subject, resident in Switzerland snce 1932,
hins possed away on Bth Aagust 15948, He left his entire estabe o
his wifee, Mrs. Th. Kegel, who continues living ar "Bodanswart,”
Landschlxchi. Amonpgst certain possessions Mo, Kegel has now
decided io szl 5 a compleie and unigre collection of Taomeh
Mimerals,

“The late Mr. F. W. Kegel had collected these minerals while
e was Managing Director of OMEG. Otvi Minen- und Eisen-
bnhngf.al:l'lnq'hnﬁ. at Tsumeh, 5.W. A and broughi them 1o
Switzerland in 1932, | have been entrasted by Mrs. Th, Kepel
with the sale of this collection. By ordinary Sea Mail 1 Torward
to youl. registered, a complete catalogue of all pieces i the
collection. You will judpge by these lisis that this collection
wougld, for AR yonS interested. be o most valeable object 1o
acquire.”

Foriumately for the Smithsonion, Dr, Mark C, Bandy, a good
friend of the curriors Willinm Foshag and George Switzer, was
an thie tie statoned in Parks in the Strategic Materiak Section
of the Economic Cooperation Adminisiration (see M, & 4
27281, 19730, Bandy apreed i visit Mrs. Kepel and look over
the collection. This he did, and reported that the collection hid
a valoe of abour 35,500 but supgested offering 340000 F.OLHE.
coagal port, o the owner, of $3800 F.O.B. Landschlachi.
Swilerlmmd. The tocal weight of the collection was judged by
Bu"u}- i be aboat 1% to 1% ons, There were about A3}
labeled specimens, and abowt 100 small crystals and 7 large
specimens. Bandy's comments about the collection included
the fodlowing:

“There is so much duplcation thsar it would be useless to my
o lisr the specimens with any degree of completeness. Some of
the specimens are more of less mis-identified for T am wrongh,
Unfortunately the two owistanding cemussites are broken, They
are repabred but the glue has come unfastensd wnd would have
tis b done over again. [ don't know what they are worth, 21 is
4" 26" 5 ¥, Mo 2 B abowt 3" x 34" x V2", T am sure they could
be repaired so thar they would not be chyvious but they are
still repaired specimens. 1 valued #1 6 33000, 23 @ S100. There
are others. There are two to three rough abular single xls
similar in finish to the large trangular twin you have; one B
182" & 3 x 38" theck. There are a number of good specimens
with retculated crystals on matrix and one large, roaghly i
angular reticulated mass about 3° by 1Y thick thar B good i
nol smpersor. A large gquantity of small xls

“Arurites were a bit disappointing to me, There are six malnx
specimens of pood quakity with fine blee crystals but not ol
unusuil size, sy the largest x1 would be | L% long as an &ver-
age. Some are 1 specimens. 430 is a singhe x1 made up of two
crystals al the ermination, it is 8 long, 5 wide and 1" thick.
Unfortunntely it is spotted with malachite alteration. #2437 is
asimgle x| 67 x 24 7 x U2 © with %% of the surface malachire.
They are not bruised and the st | valwed al 5200, the second

af 3100l There are 8 number of loose nof brugsed pore el
ibs up 0o 204 " 1 27, There & o lwrge specimen W™ = 107 with
& platy xls which ran from one wall of o vein to the other, a
poodd specimien in any collection excepd the UL.S.N.M. This had
mo wumiber and [ don™t know if it isin the J:HIHL{'R o mosi.

“Tetrabedrite there is one specimen #4238, 127 x 127 with a
6" terrabedron of what they call tetrahedrite but it is badly al-
tered o a dark green surface. Mrs. Kepgel said that men who
came o Tsumeb and tried w purchose the collection there
from Kegel always wanted to bay that specimen and the two
acurite ks

“Cassiterite. 3268 is a surprising xl, 4", not bruised, prismatic
bul mor well developed on the back side and anached nt one
end or rather broken from the matrix. brown in codor and trans-
lucent. brilliam. | would say that $100 would be cheap for the
crystal, [ This specimen is nol from Tsumeb, buat is from & near-
by locality. 1.5.W.}

“Smithsonite A prest duplication of drusy, green, large apeci-
mens in excellent preservation. Cme s 147 5 16" There must
b 20 superior specimens of Uhis mineral.

“Mulpchites are generally dull and uninspiring.

“Mimetite. There are al least 5 superor specimens of lizh
yellow matersal. There s one large slightly bruised specimen
157 x 207 x 47 with xbs 102 43" diameter...”

Mot surprisangly the second fgure (53,800 was oflfersd and
the offer accepted. The collection, according 1o Bandy, “has
been offered to cdbhers but there was o 1aterest i Swiczerland
forr lack of money and the British Museum can't get mongy ol
of England to puerchase .

An interesting sidelight im Bandy's leter of 1949 — "Recently
Mason from Indsma University was here Lhe is a Mew Zealander
who tenches minerlogy thered and [ enjoved a visit with him."
Arian Mason subsequently joined the staff ar the Smithsonlan
after having been corator of mineralogy al the Amercan Muse-
wmi of Matural Hestory in Mew York City.

Bandy agreed to go to Swikzerland and pack the collection
in Februnry 1950 He noted the absence of o number af !'iFIL'L'i'
miens listed in the cotabogue. “In talking with the Wohlgemuths
I found that it had been a practice of both Mr. and Mrs. H.L‘gc!
o olfer specimens o friends and allowing them fo take their
cliioe. This cleared up the missng specimens.” Bandy sug-
gested that the museum negotiote a rendjustment of the por-
chase price to the cxtent of 10% of the amount originally
affered. This was agreed upon by Wohlgemoth, so the collec-
tiom was ultimately purchased for 33430 The money that was
used o purchase the collection came out of the Roebling en-
dovamient w0 pow. technbcally, the Kegel Collection is part of
the W. A. Roebling Collection in the Smithsonian

From just about any viewpoint the purchase was one of the
bzt that the Museam has ever made. There are approximately
A8 specimens from the Kegel collection now on exhibit in the
Mineral Hall OF the 26 larpe specimens in the special Tsumekh
Mineralzs case, all but seven are from the Kepel Collection.

Mhere are, of course, szarites and smithsonites, but there wre
also anglesine, descloizites, malachites, cenessites, an olivenile,

)



A bayldoniie. a mimetite, a gigantic vanadinite from Abenab
and a diopiase from Guchab. In addition, there are hundreds of
apecimens in the reference mineral collecton. and probalbly
hundreds more in the are study collection. The great variety
aof associations and the diversity of hobit and form is perhaps
unparalleled in any Taumeb collsction ever assembled.

Thie pisths of many mineralogisis have crossed over Tsumeb,
and for a few the ineractions have boen preserved. Samuel G,
Gordon, an American collectior and mineralogist, visived
Tswmiely i 19249 while on a collecting ielp for the Philadedphia
Academy of Science. He recorded hls experlences, incleding
his mesting with Kegel, in letters to his friend Harry Troudell
af Philadelphia. The letters provide a eare glimpse inte Tsumehb
collecting and buying, and the character of Kegel himsell. The
first of the [ollowing letters was reprinted in the Mieralogival
Record (vo. 5. no. G, po 2509, 19745 in a series on Sam Gordon,
bt it bears repeating here.

From Gordon's letter o Trodell, 11 December 19249;

“It was three days and nighs o Tsomeb, The best scenery.
that near Capetown. was passed during the nlght. Most of the
irip was along the edge of Bechsanaland, particularly along the
Kalahari Deseri.

“1 goa 1o Tsumeb late on Sunday night. The climate is com:
'I'-:nuhlc-,quidl: warm in the sun in the day. bt real coold at night.
It is ahawut SO Tepd above sea level, The mme 15 worked &8 an
apen cut down to abowt 10 feed. and thence toa depth of SN0
feet by underground workings, 1 was told that the upper levals
were exhausted and these were the ones which contaimed all
the sEurice, cerussite, efc, crystals. That 1 should bave come 15
wears agoe Further thut some gentlemen visiting U Geological
-Cu:lng;r:-.;s in South Africn had come up in September incleding
one Dr. L. 1. Spencer, of the British Museom. 5o it did not
sond as thouph | was poing to be able 1o gather much at the
ming, As | did not expect much in the way of asistance, 1 had
pinned my bhopes on the ‘silver pick’ and was well provided
wiih g:_'u_'uj |:u_'||,;|r|d notes Sterling for the operstions.......

“On Monday morming, early, | went around 1o the office of
the company, | found the manager away foc a couple of davs.
Hovvewer, his assistant or secretary introduced me o the mines
superintendent, and amanged for going down the hole. How-
ever, | spent Monday goding over the dumps and ore piles which
contnined some smithsomite crystals.

“Tuesday was the frsi day in the mine. And what a day!
Heetie! A few more days like that and UH be down with nervous
prosteation, Remember that T did not expect to collect any-
ll1ir|.;|z1 with all the German brsses ready to clean out any crys-
nals and ship them 1o Mancher in Munich, And that 1 hid ex-
pected to get evervthing with a ‘silver pick.” and then perhaps
i mueh,

“In company with the superintendent T went down 1o the B
foot level, the uppermost being worked, and pretiy deep [or
crysiallized secondary mimerals. The workings are of anch a
nature thai only & half diwen places of about 10 0L square are
visible on any evel. The first lfew looked most unpromising.
Bai e of the miners said there was a litile azurite ﬁtm‘ing up
abiwe, 1 climbed up und sow some poor battered erysials, and
thought that a little work might produce at least) something Lo
shonw Eor the trip. The shift boss tried 1o ged me away fom the
place, but 1 had the superintendent sit on Rim.

“The lter. of course, did not expect me to find anything and
went off. | got 1o work in the wall, and cut all around the place
where the azurite showing was, and had the extraordinary for-
tune of busting into a beautiful pocked of azurite erystals ap to
G inches bong. and three inches across: one of the prettiest
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sights you ever saw, | worked sowly and carefully, The mine
is very hot and damp. and 1 nearly drowned in my own perspir-
atiom, The air up in the hole would ged foul and hod from the
lamp and every half hour | had to climb down and lie on the
dirt pile from exhaustion, Mews of the find spread around and
ar 113 the superintendent and his assisiant come arcand, |
had already packed away in my bag the best specimens, but
the vug continued into o cylindrical vog, lined with smaller
crysials, The mssistant who come up first, tried to break off
some crystals, but 1 pulled his hand sway, He tried all sons of
subterfuges to gef into the place, Then the superintendent
came up, looked in and became incoherent. All he could say
wiask ‘| have been here [ourteen years, and never have | seen
such erystale. The best. | had momy bag. He left the shifl boss
tor puard the place, and liter sent the assistant down (o open it
up further, In the afiernoon. when | went down again, [ found
that they had crested havos, just ripped everything out with
dynamite and hammers, nearly sverything coming out broken,
Everyhody seemed vo be sceambling in trying (o pet some crys
tnls; particularly since bip cnes sell for about $10,

“Shen | gt out, | waes told that the mine manager | F. W,
Eegell, who was also o director, was back, and wanted to see
me and the specimens. These were all carted to his office. He
sgemed all excited. walked arcand in cireles, and asked me
what 1 wanted, 1 told him that | wanied to ship off the speci
mens [ had collected, He said thai wos ahsolutely impossible,
Pleasant words after | hnd swented all doy pathering them. He
w@id that their value was extreordinary and that they had none
in the office in Berlin, or the German umiversities. and how
therefore could he let me have them. He hod up to this time
noi seen the specimens, they were being unpacked. He happens
to be something of & collector, and nawrally did not wani any
one to eart off the stuff from his mime. He was quite heside
himself, | suggested cobling Berlin, but he stated chat if 1 did
that, he would also, As a matter of fact, | am sore that they
witald have upheld him, certainly they wosld not cross o fellow-
direcior, particulary the mine manager. By this time the speci-
mens were unpicked, and he walked over 1o them. Apparently
they exceeded even his expectations, The superintendem kept
muttering ‘T have been here 14 years. and never have | seen
such crystals” T was too tired fo be obstreperous and hence
tricd diplomacy. [t seemed almost mpossible o reason with
him. but by appearing magnanimous and appealing o his eager-
fizds Lo ged hodd of the specimens, | got him o agree o divide
the specimens equally, each o us laking a clwaice alternately.
Cerlaimly under the circumstances | could not hope for more
than an equal balf of the finds. He could just as easily have
taken them all, or perhaps made & generows gestore alter puck-
ing out the best and givimg me the junk,

“ALmy suggestion we pitched a coin 1o see who would tike
fird chodce as [ thought this might grve me a look-in on the
lirst specimen. Bot he won, The divisson proceeded shoowly.
While 1 would he kooking them over he would walk over 1o
those he had acquired ond then af my specimens. But he be-
camé quite hapgy and afver the division. we shook hands and |
made arrangements Lo po through the mine and divide the
finds similarly. However, 1 did not expect 1o get anything more
in the mines, the men were loo secrelive and would steer me
past and well aroond posible places,

=11 1 had acted differently, | would have lost everything. now
1 had a good hall, (specimens [ had come prepared to pay hand-
somely ford so could stay longer and gather more i the op-
portunily presented lself. 5o while 1 feel outraged, it might
have b2en far worse. However, what | kove will ook pood back
im Philadelphia. They are cerainly marvelows specimens. Andd



Herr F. W. Kegel, General Manager of the 0,ME. G, 19321938,

finding a vug the first day in the mine, of such extraordinary
crystals, particularly below the levels of such things, happens
ok in & long Lime.

“Thas moming | went back to the place, having been gresied
by the superintendent with the waords ‘I have been here 14
years, and never have | seen such erystals'

Grordon continwed his narrative io Trudell in his leter of 23
December 1979

“Further visits 10 the mine produced but some crysials of
cerussite, Further work al tbe aewrite place, which looked
worked out, was pronounced “dangerous’ by the mine super-
intendent. as it was two meters below the fill of the seventh
level, beneath which no azurites had been found. As a matter
of fact, | had aot expected 1o be able 1o do musch more in this
ming, particularly after the manager, during his heated frame
of mind. revealed that it was only the dumb soapidity of Herr
Keller that enabled me wo find anything, thal he should not
have 1aken me 1o a place of promise. As a malter of facl Herr
Keller was nod 1o blame—at the time Keller and the super-
intendent stated thar they did not believe there was anything o
b found where | had stared working.

“1 soom got busy with the silver pick, to get such specimens
a5 had been bootlegged from the ming, 1 got hald of the names
of miners who might have specimens. and with cne of these |
went around to the others ar night. In the darkness 1 would
slip into the house. The owner would carefully draw the cur-
tains, then request absolute secrecy on my pari. This would
he followed by the business of removing carpet, and pulling up
u hoard in the floor and removing sundry broken azurites, et
concealed therein. In all [ purchased over 900 worth of speci-
mens {which is what I paid), 5o that [ was able 1o ship 12 cases
From Tsumeb weighing in all over 300 poids.

“1was much amused at the casual visit of the manager (Kegel)

o

while 1 was packing: be drifting into my room with his secretary
and hotel mansger with the excuse that he was inspecting the
hotel— the hotel belonging to the mining company. 1 suppose
he had been tedd of the greas quantities of specimens [ had been
E!Hl'r_l.'|ﬂg i al nights, vsaally ha'.ljrlg had two niggers to CArry
the stuff. Most of the specimens were stowed away in bureau
draswers. €ic., o0 he id noi see much. He afterwards assenied
that | had gotten the best in the division.™

The specimens Sam Gordon obtained became pan of the
collections of George Vaux and the Philadelphin Academy of
Seience; Gordon would doubtless have been less outraged
had he known thai those specimens which Kegel k::pq woild
eventually become part of the collection «f the Smithsonian
[estitution.

As a tribute to Friedrich Wilkelm Kegel, Tsumel mine man-
ager from 1922 o 1938, the mineral kepelite was recently
named in his honor. Many Smithsonian labels for his specimens
redain the “Kegel nol”, his own catalogue number, It is safe o
say Lhat Kegel's name will always be associated in a significant
wiry with the mineral collecting and srining history of Tsumeh,

Specimen acquisition by outsiders in Tsumeb continues
tesclay in nearly exaetly the same fashion as it &id for Gordon
in IR, Minerals and money exchamge hands secretly betwesn
deabers and mimers: mine management seeks diligently 1o stop
the trade and to identify those responsible for “stealing from
the mine.” The Tsumeb Corporation severtheles is scoomr
dating to mineralogists and still does allow the removal of
specimens: for study purposes. Considering Gordon's descrip
ton of the way miners drop everything 1o collect when crysials
appear, i is easy to understand why the mine management is
concerned about the resulting loss of work Lime and other
problems. The best that can be hoped for, in the long run, is
that more minernls of the calibre of those in the Kegel col-
lection will be preserved by whatever means.
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. SID P|€T€RS; A PERSONALITY SKETCH

vy
Charles L. Key

sumeb, Bery Aukus, Oiavi, Karibib, Spitzkopje. Usakos,

all mamies that -.'u-l'.i.lrn' LE[3 % isicHnis |"..'~|l_|:_'||_-||'| miierals amd

gems sidney Pieters & the man who transformed those
viglons into realiy. His name is neacly synonymaones with South
wesl Alrican minerals, as he has been prospecting, i ning,
collecting, cutting, baving and =sclling the fabulous mineral
treasure Trovm ihis iermidory for over 35 vears, Shd was Borm ino
rminmz: hix Eather was miming tin ns car Iy &5 1950 all along the
Erongo Flats and hod escoblished such mines gz the Ariakos,
the Svdney mine, and Pieters Hill. T

¢ tin ore there was in peg-
ed with cem minerals such
as beryl. topaz and fourmaline. Sid was partlculary atracied
L5 the beautifully colored tourmalines, and his life ook an

maliftes and not infregquently associae

eurly turn townrd commercinlly exploiting these gems when he
established the first mineral and pem store in a2l of southern
Alrica. That was in 1945, in the small town of Lsakos, and i
wits kmiown \-i'1'|'||'\. s the " Usakos Gem Stone.

Years lfer Sid moved o Windhoek, the capital of the tar-
CILLHTY . ¥
AU TYIS els | i)

re he now resides with his lovely wile, Val amd

ding an African prey parpod Lhot must be
hizard to b believedl. His children hove all
thedir way, providing him with several prandcl
famiby, Sid owns and operates the “House of Gems.” a
establishment in downiown Windhosk where e sells the wide

1
LWl Al poee

wkdren and a hne
redai
al

variety of minerals and gems he aequires. as well ax finished
tewelry. He has cutters from ldar-Obessigin working Full-ame
o the premises Fashioning the tourmalines which he mines
mostly or an appreciative lbocal market, 18 is worth nocing that
while Southwest Alrca is ol the prolific producer of tourma
lave that Braxil is. Southwest Afl
are uncivaled For color,

Uwver a period of many vears and many rips to Sowthwest
Africa 've come 10 know and adnire Sidney Pieters: he is one

=in tourmalines, ot cheir best,

of those very rare individuals who set cut, without benefit of

i

Blaeprint or mentor, to make a success from a passion, and did
sor beyond all question. In the process many muscums and ool
legcrors have been enrched by the stogpering array of his min

eral and gem finds, Perhops Sid s most widely known for the

amicing quantity of superh Tsumeh materinl he hns made
avallable over the years. He has most certainly hod more “one
of a kind” Tsumeb specimens pass through his hands than ams
man alive, Many specimens of mimetite, leadhilline,
somite, azyrite. malachite, ceressite, many of the arsenates, and

srmathe

rarities sweh os <Mingeite and stodtite come 1o mind

While cutput from Tsumeb has curremtly slowed o a merne
irickle of dioprase, Sid has shilted his efforls o greener pas-
tares. While he continues o mine wourmaline in the Karibil
arch (the Mew-schwaben manel he has extended his mining act-
wities o the dwakop ansa where he has had slunning success

A summation of 3ad's successes “by the species” would be
But here are just a Few of the sipnifican
cuprite from the Cnpganja mine — he
I development there and pot the first

pondderous mdeed
mineral finds he has o
dhicdl all the ressarch ar

specimens; chalcocite crystals from the Kahn mine: holiseood-

ILe l\.'F!."-'...'ln from Acrandis; |'||_' WHS, e thian HNYLHAL ClE, 1
sponsible lor an amazmg quantity of descloixite and smithsonite
m Berg Aukus: the superh, thouph now v ||:|_|;|||:.
erywhene in lapidary circles
el angd hlack. silicified. very

specimens fr
exlinet, cutling material known e
as paetersiie” (a lorm of blue, 3
ciant rieheckite, The list poes om, bt more noteworthy is

i
the fact that i will probably go on for many vears. .
o the axcend

Sid's en CrEY

and eralt seem stall to be

Sicl |
comunciion with his business, and made his firs visit w the
L& i Pebruary 19975 to attend the Tocson Gem and Mimeral

r (ravebed widely throwgh Furope and the Crient in

RAlCH

Siclney Preters, the mineral world S mdebred 1o your Success,
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COLLECTIONS
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":UR{ZHADI'I_'E ATACAMITE .
Color: black. Size: 3.0 em a€ress  Color dark green. Size of crystal: § mm tall
Collection of Wolfgeng Dantelke Collection of Hugo Strunz
Photo by ©. M. Phaoto by O. M.

PYROLUSITE HEMATITE after magnetite
Colon black Colon black
Size: 6.5 cm Bcross Size: 1.3 ¢m on edge
Collection of USHM, (#14194130) Collection of USHM. (#R12210)
Photo by W. W. Photo by W, W,
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OLIVENITE

Color: olve-green

Size: 2 mm wide

Collection of USHM. (#RE599-4)
Photo by W. W,

OLUVENITE ver. zincolivenite
Colon grayish avocsdo-green
Size of sprays: 1 em
Collection of USMM. (#R7&74)
Photo by W, W.

ROSASITE var. paraurichalcite
pseudomorph after azurite

Colon blug-green

Size: 3.3 om across

Collection of USHM. (#C5559-2)
Photo by W. W.

ROSASITE

Color: blue-green

Size: 3 om across

Collection of USNM. (#020508)
Photo by W. W.
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FLUORITE

Color: bluish viclet, Size of crystals: 2 em
Collection of Gertrude Houser

Photo by W. W.

SCHULTENITE
on cuprosdemite ALAMOSITE (sbove right)
Color coloress Colos light grey to cresm
Size of crystel 7 mm Size: 8 cm across
Collection of Waker Kehn Collection of Walker Kahn
Photo by O, M. Photo by O. M.
OTAVITE (right)
Colai: white
Sire ls: 0L Py

Collection of USNM. (#810558)
Photo by W. W.
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FLUCRITE Color: green with violet comers
Size of lenge crystak 2 cm
Collection of USHM. (#RP092) Photo by W. W.




HETEROGENITE on calcite
Color black. Size: 8.5 cm across
Collection of USHM. (#R17818) Photo by W. W.

LEITEITE with tennantite

Colon white to reddish brown. Size: 5 by 8 cm
Collection of the Sorbonne

Photo by M. B.

5 [T P —

Color: deep sky-blue. Size: 0.1 mm
Collection of British Museum
Fhoto (SEM) by H. D.

GYPSUM

Caolon colodess. Size: 7 om cnystal

SCORODITE Collection of Dwight Weber
Color: greenish 1o Photo by D. W.
purplish blue
Size: 1.0 om wide
Collection of

M. & ). Iweibel
Photo by W, W,

SCHNEIDERHOHNITE
(arge black crystals)
with MOLYRBDENITE
{gray crystal, upper right)
and ZIMC-STOTTITE
(pink crystal below
makybdenite)

crystak 5 mm
Collection of Waker Kahn
Photo by ©. M.




ENARGITE

N Color: black with light brown coating
| Size of large crystak 8 mm

Collection of USMNM. (#RB4629)

Phato by W. W,

TEMNANTITE with pyrite

GALEMA with cenussite
Color: gray. Size: 6.5 om wide
Collection of Olaf Medenbach
Photo by O, M.

PYRITE with cerussite and goethite

Colon brownish yellow, Size: 6.5 om acress
Collection of U3.HM. (#R1 7204 )

Photo by W. W,

TSUMEBITE

Colas: near dioptase-green
Size of crystal: 0.4 mm
Collection of US.MNM. (#R5464)
Photo by W. W.
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AUSTINITE wvar. cuprian
Color: dark olive green
Size of sggregates: 2 mm
Collection of US.MNM.
(#R11194)

Photo by W, W, e

Color: pale greenish

Musewm (#DOM 1975,

SOHNGEITE ke
yellowish brown 4

Size: & mimi
Collection of Dritish

390 | = .
Photo by F. G. . “i

SOHNGEITE

Color: pale brown. Size: & mm
Collection of Hugo Strunz
Photo by W. L.

ARAGONITE var, tamowitzite
Color: white. Size: O cm across
Collection of Hugo Strunz

ARAGONITE var. nichakeanite
Coloe: pale brownish yellow
Size: 8.5 om Bcross

Collection of USHM. (#123688)
Photo by W. W.

Fhl:‘ﬁb}"ﬂ'.ﬁ‘. . - it
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VANADINITE

Colar: brownish red

Size of enystals: 7 mm

Collection of USMM. (#R15374)
Photo by W. W.

PYROMORPHITE

Color: very pale brown

Size of specimen: 3.5 cm wide
Collection of USHM. (#313472)
Fhiato by W, W

DESCLOIZITE (sbove left)
Colon dark brown

Size: @ mim

Collection of €rc Offermann
Photo by € O,

DESCLOIZITE (above)

Color: dak brown

Size of crystals: & mm

Collection of USHNM. (#119713)
Photo by W. W.

MIMETITE

Colon yellow

Length of large crystak & om
Colection of Kelth Proctor
Photo by W. W,




QUARTZ
Colon white. Size: 10 om scross
Collection of US.NM. (#C5562)

Pheto by W. W, CERUSSITE
Color: white, Size: & cm

Collection of Walkter Kahn

Photo by O. M

a"
' i'

LEADHILLITE with small
black KEGELITE crystals
Color: light gray

Slze: 3 crm tall

Collection of Waler Kahn
Photo by O. M.

CERUSSITE var. schwarzbleies
Color: bilack. Sire: 8 em
Collection of M. & ). Tweibel
Photo by W, W,
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AURICHALCITE needles (pale sky-blue)
with HEMIMORPHITE {colorless) (above left)

Size: 1 om across
Collection of US.NM. (#H20593)
Photo by W. W,

CERUSSITE

Color coloress with brownish red phantoms
Size: 6.5 cm tall

Collection of M. & ). Zweibel

Photo by W. W,

CERUSSITE (eft)

Colon white

Size: 5.2 em

Collection of M. & ). Iweibel
Photo by 'W. W,

CERUSSITE
Color white

Size: 30 crm tall
Collection of the Sorlbonne
Photo by M. B.

i



CERUSSITE
Size: 4.5 cm wide

Collection of Walker Kahn
Photo by O. M.

TSUMCORITE

Size: 1.2 cm wide
Collection of Waiter Kahn
Pheto by O. M.

TSUMCORITE |

Colorn yellow

Size: 2.5 mm across |
Collection of Gunther Eeller | :
Photo by €. O. e

L]



CALCITE var. plumbocalcite

Collection q‘.hi.. & J. Dweibel
Photo by W. W.

1 CALCITE

Size of Crystal: 2.5 cm
Collection of Huge Stunz
Photo by O, M.

CALCITE

Colon white

Size: 15 om across
Collection of M. & 1. Iweibel
Photo by W. W.




WILLEMITE

Size: 9 cm across
Collection of Paul Patchick
Photo by P, H.
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Size of crystals: 1 cm long
Collection of Walter Kahn
Photo by O. M.

ADAMITE

Colon: vellow-green with brown edges
Size of crystals: 4 mm

Collection of USHNM. [#115738]
Photo by W. W.




ANGLESITE

with inclusions of greenockite
Size: L6 em wide

Collection of USHNM. [#115687]
Photo by W. W.

ANGLESITE
Colon pale yellow
Size: 4 om owide
Collection of US.MM.[#121122]
Photo by W. W.

ADAMITE

Color: yellow

Size: 3 cm across
Collection of USH.M,
[#135246]

Photo by W, W.

(1]



ANGLESITE

Colas: white

Size: 19.5 cm long
Collection of M. & ). Zweibel
Photo by W, W,

BARITE

Size: 5 mim

Collection of the Sorbonne
Photo by M. B

CHUDOBAITE
Size: 5 mm

Collection of Technical University of Derlin
Photo by W. L



DIOPTASE on conichakite
Size of crystak 1.3 cmi tall
Collection of Olof Medenbach
Phato by O. M.

DIOPTASE

Color: dark green

Size: 3 cm tall
Collection of M. & ). Zwelbel
Photo by W. W,

DIOPTASE

Colar dak green

Size of crystak 2 cm tall
Collection of Tom Gressman
Photo by W. W.
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CUPRITE on calcite

Size of crystak 5 mm
Collection of €. Heinvich
Photo by O. M.
CUPRITE
Size of crystal 2 mm
Collection of Wemer Licber
Photo by W, L

CUPRITE var. chalkcotrichite
Size: 11 mm across

Collection of Wolfgang Darnelke
Phote by O, M.

|
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CUPRITE
Skze:dom
Collection of Richard Kasnar
Photo by R, K.

MALACHITE on cuprite
Colon pale green

Size of large crystek 1 em
Colection of Julivs Weber
Photo by 1. W. [from The
Encyclopedia of Mingrals)

MALACHITE after azurite
Size: 1 cm wide
Collection of Wemer Lizber
Photo by W, L

MALACHITE on calcite

Size of group: 2.5 cm wide
Collection of Olaf Medenbach
Photo by ©. M
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AZURITE [sbove left]
Color: black

Size: 3 om tall

Collection of M. & J. Iweibel
Photo by W, W,

AZURITE [above right]
Color: black

Size of crystal 5 mm
Collecton of €rdc Offermann

Photo by €. Q.
AZURITE
o [ Size: 1 omocall
Collection of €ric Offermann

Photo by E. Q.

AZURITE
Colon bluish black
Size: 22 em vall
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AZURITE

Color black

Size: O om wide

Collection of M. & J. Iweibel
Photo by W, W,

STOTTITE [red]

on BRUNOGEIERITE [black]

Size of crystak 4 mm
Collection of Walter Kahn
Photo by O. M.

LUDLOCKITE with
Zincian siderite

Size: 4 o wide

Collection: British Museum

[#DMm 1969.215]

Photo by F. G.
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SMITHSONITE var cuprosmithsonite
Size: 7.4 emtall

Collection of M. & ). Zweibel
Photo by B, ).
SMITHSONITE
war, cuprasmithsonite
Size: 10 crm wide

Collection of M. & ). Zweibel
Photo by W. W,




SMITHSONITE wvar. cobaltasmithsonite
Size of large crystal: 2.2 om

Collection of USNM. [#135008]
Phaoto by W. W,

Photo by W. L.

SMITHSONITE
Color: white

Size: 2.5 om acrass |

Collection of €ric Offermann
Photo by €. O.

i



BAYLDONITE after mimetite

Size of crystals: 2 em

Collection of Bonn Institut fur Mineralogie
Photo by O. M.

BAYLDONITE

Color: blackish green

Size of crystals: T mm

Collection of USMM, [#135015]
Photo by W. W.

MOTTRAMITE

Size: 3 mm wide

Collection of M. & J. Iweibel
Photo by J. W.
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WULFENITE

Size: 8 mm

Collection of Edc Of
* ot by €.0.

WULFENITE

Size of top crystal 1.2 em across
Photo by O. M.

WULFENITE var. chillagite

h'dw 1-’3':'“ i
c ion of Walkter Kahn
o Photo by ©. M.




WLULFENITE

with CARMINITE [needies]
Sre of beudantite crystal: 1 mm
Colbection of Waker Kahn
Photo by ©. M.

LAVEMDULANM [dark blue)
Size: O mimi

Collection of M. & ). Iweibel
Photo by J. W,

“ | Size of large crystel: 3 cm across
Collection of Walter Kahn

A Photo by ©. M.

T
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WULFENITE

Color: bright yellow. Size of large oystal 5 cm
Collection of USMHM. (#115725)

Photo by W. W.

WULFENITE

Color: shemy brown

Size: 3.5 crn wide

Collection of US.NM. (#115726)
Photo by W. W,

Color: gray E pﬂEE lish brown
T o
Skze of laige crystal @ mm sm,-u:mt':fm
Collection of USNM. (#113240) Collection of M. & J. Zweibel
Photo by W, W, Photo by W, W,

WULFENITE
Color: very pale yellow. Size: 7.5 em wide

Collection of USHM. (#121119)
Photo by W. W.
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PLANCHEITE

Color: medium cyan-blue
Size: 0.3 mm across
Collection of M. & J, Twelbel
Photo by 1. W.

WULFENITE
Color: very dark blue

Width of crystal: 1.5 mm
Collection of Gunther Keller
Photo by €. Q.

PLANCHEITE coating on
malachite after azuite

Color: very pale blue

Size: .5 cm across

Collection of USMNM. (#3410904)
Photo by W. W.

DUFTITE-ALPHA

Color: dark green DUFTITE-BETA an calcite

Size of crystak: 0.3 mm Color: yellowish green

Collection of USHM, (#*R4104) Sire of crystals: 0.2 mm

Photo by W. W. Collection of M. &r J. Zweibel Photo by 1. W.
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. GOLD in quanz

Color: golden yellow CHRYSOCOLLA in chalcedony
Size of gold mess: 1 crm across Color: bluish green, Size: 7.5 cm wide
Collection of US.NM. (#ROL30) Collection of USMNM. (#B17037)
Phote by W, W, Phioto by W, W.

Massive ome minerals:

(a) CHALCOPYRITE:; red and yellow
tamish; USHM, #2925

(o) FAMATINITE; sooty black:
USHM. #334690

ic) GERMANITE: pinkish purplish
gray: USHM, #ROSGS

(d) DJURLEITE; grey:
USHM, #C3T

(e) CHALCOCITE; gray:
USHM, #C557T7

() DORNITE; pale blue and yellow
tamnish; 10 om wide: USHM.
#B3255

Photo by 'W. W,

BINDHEIMITE

Color yellow :

Size: J om across KACLINITE
Collection of USHM. (#R0696-2) Color white. Skze: 4 om
Photo by W, W. Collection of USHM, (#ROG49)

Photo by W. W.
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with MELANOTEKITE (black spherules)
BROCHANTITE : Size of fleischerite spray: 8 mm
Color: very dork green Collection of Olaf Medenbach

Size of crystals: 1 mm
Collection of US.NM. (#DD145)
Photo by W. W,

Photo by O. M.

LINARITE with cenussite

Colbor: deep blue

Size of crystals: 2 mm
Collection of USHM, (#ROS39)
Photo by W. W. |

A
DUNDASITE iy {.
Color: very pake blue
T T
Collection of

Oilaf Medenbach
Photo by O, M.

Color: medium green. Size of crystals: 0.5 mm
Collection of USHM. (#C&651)
Photo by W, W,
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COPPER on calcite

Color: copper-red

Size: 5.5 om across

Collection of USHM, (#115743)
Photo by W. W.

|

PHOSGENITE cleavage fragment
Color dark brown, Slze: 3.5 cm
Collection of USHM, (#811984)
Photo by W. W.

WITHERITE
Color: white. Size of crystals: 0.3 mm
Collection of Julius Weber
Photo by ). W, =
SIDERITE
Color: reddish brownish yellow
Size of crystak: 3 mim
Collection of USHM. (#R113M3-2)
Photo by W. W,

LEPIDOCROCITE (black)

with smithsonite crystak

Size of smithsonite crystals: 2 mm
Callection of Dwight Weber
Photo by D. W.
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RESEARCH:

PAPERS ON
TSUMED MINERALOGY

by
Peter G. Embrey®, Pete 1. Dunn™®, and Andrew M. Clark®
("Dept. of Mincrabgy., Britlsh Museam { Natural History ),
Cromwell Komd, London SW7T 581, Englana. |
1" Dept. of Mineral Sclences, Smithsonian Institation,
Wshington, [nLOC. M560)

Urstallized specimens of dark blue sub-transparent soulfen-
e, from Tsumek. Socuthwest Africa, have recently been
beoughl o the authors” attention by Charles Key and William
Larson (mndependently of each wother), The SPeCimEns Wi
said toy e af Migh rutgsien content, and were tenintively named
chillagite.” This note combines investipgaesons  carried ol
separatcly al the British Museem (Matum] History) and the
Smapthsoman Instiution.

“Chdllagite” (LU lman, 1912 was found as abular, translocent,
orange crystals af the Chrisimas GGift nonth mine, Chillagoe,
Chigemslamd, Aostrls, asocinded with cerussiie. 1i 5 a8 Tl
Lian wllenite with 28, 22% Wi, subsequent analyses on lemoi-
wvellow material [Mingaye, 19160 showed a varigtion from 20,10
o 2AFE W0, with a |.'|-r:|':-.|'|:|||:ii|'u__- MVErss Varabon in
Mo, content. Our stucies of pyramidal pmr-u:_-_l,i._- Crystals
(Figure 1} Irom Tsumebh show tht they are in no WAY COml-
parable to “chillagite™ in color, habit, or Wi, content. Blue

Figarre [,

W

Blue wulfenite from Tsumeb

wiulleme of tabular hobit l[!-hl\.-'l\.'\- P, ™ has alss been [ownd
at Tsumeh, but we have neither seen nor stedied such matgrial

We have studied five of the pyramidal-prismatic crysinls,
twir of which nre shown in Figure 1, and their unosusl hahie
resembles none of the figures In Goldschmidts Aflas nor
of any others that we have seen i the Literwiure (compare
Wil ik, W) The ||."II_.\_'I|'| af I|'||; .;-:\.h.| i & e & de 15 mm
and the dinmieter & from 3 1o 11 mm, with roughly equal lengths
of prism and pyramid: the development is essentinlly pola
with good pyramddal faces at one end only. Thres crysials
were megsurcd on a two-circle goniometer for idencfbzation
of the forms present, and on a large single-circlke poniometer
(Fuess, model 1a) for an accurate dejermination of che axgal
ratio: becawse of the perfection of the pyramid faces wi0 1
ande {112y, Prism forms are a[010], with dull faces, and m1i0]
with rounded and deeply pitted faces: neither gave measurable
signals, The dominant pyremid forms are add1 and e {1118,
with narrow strips of e[112]. Some of the edges are rounded
and siepped., bul no trace was found of any forms other than
i {121, and thog anly on the crysal on marrix (B 1976, 108

*Thesame ass |13 | of Bach | 1920

F '.J:E'J.I e 2



{Figure 1) Foem [121] is a rare form, of rank 21 in order of
mcreasing rarity (Bach, 19X, and & only mentioned here
because the faces are comparatively large, give good sipnals
on the goniometer, and would have been expected to demon-
strate the wewariobedrism of wulfenite, However, instead of
occurring on allernate corners 1.I|I|3.'. it is Present o all five
cormers of the measured erysial the remaining three cormers
are ol present, being in contact with the matrix); a possible
explanation i that both rght- and lefi-handed forms are repre-
sented, of equal perfection and development. Tetartohedrism,
as dlustrated in the figure. s shown by the shape of the pits
on m [L1)]. and by small dull areas on the laeese {112},

Mensurements of the angies, LU in all, berween [aces of [U11]
and between faces of {112}, lead to values of 6574495 = (L5",
3949, + 0.3, and A5*49.2" = (L6 for the fundamental angle,
and 22275 = 0,0 for the axial ratio cfe. Willans (1966) has
plogted vnlues of efa against content of Cr. As, ¥, and W in
wilfenite, and shows it rising slowly from 22268 10 just over
228 ps the W comient artses to 1.1%, thereafter (perhaps)
dropgping very rapidly with further increase in W content. Our
value is eniirely consisient with Williams® results. X-ray powder
photographs of the Tsumeb materinl nre o perfect motch for
wullenire, and do not show the strong line at #9640 which
serves o distinguish stolite (PRWOGE from wullenite, and
which is present a5 a weak line in the patiern of a specimen
of “chillagite” from Chillagoe

The crystals are stromgly, but irregularly, zoned. A brown
core i3 overlain by blue wulfenite arcund the prism and bower
pyramid, while the tips of the crystals and perhaps the whole
outer surfaces are cssentlally colorless. Intermal reflections
abow flaws round the core material, but the decil of the color
disiribution i obscured by the high refractive index and the
brilliant luster of the faces, Small rough crystals on the mairis
arc pale bue or colorless, The material has been examined
by electron micropeobe in both laboratories and, although Ca,
As, Cr, %, T4 and W owere looked [or as minor constituenis,
oily Wowas deteeted. About 1.3% WO, was found in the Smith-
sonian specimen. and 0.25% WO, in a fragment of BM 1976,
D08, The lamer. about 10 £ 8 mm, ghowed all three colors bt
there was no derectable difference in composition between
them. It seems probable thar the blae color is caused by panial
reducton of Mo to Mot (ecompare ilsemannite),

We thank Paol Hicks, BMiNHI. for the crysial deawing.
Releremees

BACH, L. (1924) Ueher Wullenb. Joheh, Mineral, B-8. 8,
ZE0- 4149,

MINGAYE. ). C. H. (1906) Notes on chillagive. Bec. Geol
New Sk Wales, 9,171,

LILEM AN, &, T. (19012) A& new mineral. o, Proc. Ror, Soc.
New Sourh Wales, 46, 186,

WILLIAMS, 5. A i1964) The significance of hablt and mor-
phodegy of walfenite, A, Mipesal, 51, 1212 - 1207,

by
Peier (G, Embrey. Eva E. Fejer, and Andrew M, Clark
MNepartnscnt of Minernlogy
Brltish ¥usewm | Nataral History §
Cromwell Hoad
Longdon 5WT 5EI), England

Absiract

Keviee, (CuZmCdld Ay, cccurs as small blue prisms
in cavities in tennantite ore from Tsumeb, Southwest Africa,
associated with cuproadamite (Cu-En 3:21 and schultenite.

Microprobe analvses gave Cuol) 1881, Eo 1790 C40 14.08,
Py 03, Calld 0050, Mk 107, Ak, 4530 (means of 6 anal-
yees on 5 crystals), Som 98.66%. Dobs nad,. bt = 4.2 Cell
comtents for 48 oxygens G0 Cuy. oy, o Oy iy Cag w Phg o
s 505 slhl, Ideally 61(Cu,Zn,Cdliyl AsOyky| with CuzEn:Cd
wear 2:2:1, for which Daake = 495, Soluble in cone. HCL or
HMN,. no water detected, blackens on heating. Wlaomoclinie
12 Im, oF 122/m: a 1165, b 1268, o fl-!"-?.";.l = 0011 8 SR 95=
I 0UE ), Y D025 AL Strongest powder lines 3229 wa( 2y, 2876
vl 3 2795 wvsl 1) (Curkox )z 458 lines recordesd

Crvstiels prismatic ((01] to tabular 0104, commonly tapering
of showing sub-parallel stacking on {000, Dominant forms
chserved on SEM photos fO000 . (1104, {2009, 011}, and perhaps
201}, Cleawvage ¥}, good. Mo pwinning observed. Color deep
sky-blue, sireak pale blue, H 34 - 4, Biaxial, sign and 2V maot
determined, optee axial plame D). « 180 8 nd (= &
¥ LA7. Stromg dispersion of indicairin: azf001) 0%2* (Cd
redl, 11%2° (Hg yvellow). 12447 (Hg green), 9447 (Hg violes).

Keyite: 8 new mineral from Tsumeb

e —

Mamed for the mineral denler Charles L. Key, who supplied
the mineral for investigation, Mame approved by IMA Come
mission in VY75, Type specimens in BMINHLL

Orecurrense

Kyite was browghe to our attention by Charles Key, who
submined for identification some minate biwe crystals nestling
al the base of much larger (<2 2 mm) crystals of cuproadamite
on a matris of tennantite. Since the specimen was rom Tsumeb,
we al flrst suspecied the crysials of being stranskiiie tiriclinic
CuZng AsOyly: Strunz. 19604, for which no powder data have
vel been published. However, on discovering major cadmium
in our mineral and escablighing its symmetry us monoclinic,
we bacame convinced that we were dealing with o new species.
Saranskibte oceurs on chaleocite at the HNE m level at Tameb,
bt we have no information sbout which par of the mines oar
apecimens came from.

Cuproadanite, the copper-rich variety of adamite. as small
bhut abundant green prisms. hos been pssociated with keyite
an all the specimens we have seen, and it was the oaly odher
arsenale presenl on our original specimen (BM 19732360, A
subsequent specimen (BM 197536600, first boaned by and laer
acquired from Mr. Luis Teixeira-Leite, carried large (ca. 2 cm)
prisms of schultenite & well, The unusual habit of this new
sehultenite ig the subject of a short note elsewhere 0 Uhis
volume. Kevite and cuproadamite appenr to have crystallized
muore or kess a1 the same time. since the Eeyite somelimes sils
on and is sometimes partly enchsed by cuproadamse.



Table 1. Kevite: mbcroprobe analyses

1 2 3
Cuid 19,13 18. b, Lk
Lnld 1'% 15,14 17.59
Cl) 13,49 L1358 1164
Phi) 014 (. (62
Cal 111 ) (LAY
Mni) LY 1.6 107
Al 4554 45.40 4557
Lol 49.21 98.35 054

Canons calewlared to B onygen apoms

Cu 1.20M 1. 1= 1.X71
£n 1102 1124 LI76
Cd 4 0533 0.531
Ph (LN LR L0714
Ca (LR i 0.073%
Mn (LKA 1R} -k} LTS
As 1982 [ .43
[ Suml J.H5 A0 Ae0

4 5 ] Nlean
T 15 Bk 15,01 15,81
18.57 16.78 15,41 17.50
1493 14.59 13.TR 14,08
1.42 (LG5 (.55 LT ]
041 097 00, 5% LR
094 1.21 0. 7% 1.7
4502 44,5 45,68 45,36
Qe 13 R0 | o8 65
5.0
1.084 1.258 1148 1.09% (k. I7L)
1.169 1.0 1.147 1110 (LT
1.5 .574 10,544 0,554 {10125
(LS L5 {013 0014
0.037 {1087 {053 0072
LK (LG {056 0,076
2K 1.976% 2015 1.992 M5
2 987 A0 2961 J0ia

Columns | & 2, one cryseal from BM 19T3.23: columns 3 - 6, four cryseals from BM 1975 6640
5.1 = standard deviation (mayjor catsons only).

Chensistry

There i too litthe keyite for a full wet microchemical analysis,
0 all the anelyvtical work has been done on A Geoscan eleciron
probe micronnalyeer. Element scans on a grain from the orig-
ingl specimen showed the presence of magor Co, Zn, Cd. and
As, with minocs amounts of Ph, Ca, and Mn: this was confirmed
later on grains token from four other specimens loaned to us,
Six quantitative amplyses were performed, two on opposite
ends of & single grain from the origing] specimen and the re-
mainder on four separate grains from o second specimen (table
11, Anglesite and wollastomite were used as standards for Ph
and Ca, and pure elements for the others, Assuming £ = 6
(s bebow), the mean of the six analyses leads 1o the formula
i"cll-mzil.-l|E‘+uﬁh-u[:'lnu?"nmi-:urr- sl kdenk
tzing o 61 Ca, En, Cdlf AsOy k), with CuzZnCd neardy 2:3:1,
The thres principal cations show only o limited tendency to
replace one another in the grains examined, with standard
variations of 4 - 6%, It is interesting to note that. despite the
evidence that keyite crysiallized at about the same fime, optical
spectrography of the cuproadamite showed ne trace of cad
rtiam. This suggests thal cadmivm cannot be aecommadated
in the cuproadamite sirocture, A survey of severnl different
specimens of cuproadamite shows considernble varintion in
the CuZn ratio, but the crestals associated with keyite have
CusEn nsar 322: we are continwing work on this problem,

Keyie is readily solubde in concentrated acids. Tests for the
presence of water were made, but no water was found; the
mineral blackens on heating, and presumably loses much of
thi arsenic.

Crystal geometry

Single erystal rodation and Weissenberg X-ray photographs
show kewviee o be monoclinic, with 8 body-centered unit cell
(systemsatie absences [or h-+k +1 oddl. The space group pos-
sibilitics are thus 12, Im. or [2/m, but we have not tested for
centresymmetry, Linit cell dimensions are given in Tabls 2, and

&%

were refined from the powder dnta in the same table wsing the
Weissenberg data in the indexing, Calculated d-spacings are
i listed, but they are in close agresment for the assigned
indices,

h T

Al

Fignre I, ldealized deowing of keyite, showing forms b 210;,
m (110, b j010), and g (001,




Figure 2. Keyite orystals showing forms k2000, w1100, Loy,
aid 0115 the Bargest eryetal shows the termingl form (200

(¥ SEM, Sk,

The specilic gravity is greater than 4.2, shown by crysials
sinkimg in Clerici solution, bur we were unable 10 measure i
meore accurdalely than this. To obiain a density of this onder,
bearing i muind tear the possible space proups require an even
number of formula wnils in the wnit cell, we are proposing
that £ = & leading (o a calculwted density of 4.95, A second
approach o the estmation of the unit cell contents was maude
using the average value of 20 A? for the volume occupied by
oxvgen aloms in olher copper arsenates of known struciure
The unil cell volume i 1002 A2, s we el abour 30 oxypen
atoms, and the nearcst multiple of 8 to this (there nre eight
omygen aoms in twa Asll groups) is 48, once again supggesting
that & (i
Crysial morpholoegy

Keyite erystals arg os large as 0,25 x (L] = (UM mm, but are
usually much smaller, ond it may be seen rom e scanning
clectiron micrcscops (5EM) photographs (Fig, 250 that the
larger ‘crystals’ are apggrepates of iablets in sub-parallel posi-
tion.. We had mo success in trying o meisure crysials with the
oplical mominmeer. but comparison of calcnkated angles wath
the SEM photographs shows the dominant Formis 1o be §{010]
L0, AE2I0H, 010, amd pechaps (D] (seen only on the
largest, tapering crystal in Figure 2h An wealized crvsial is
drawn in Figure 1. Under the microscope separated ablets lie
flat om 010], and give 8 messured value of § SNHF. There
i% i o] (01} cleavage. Mo twinning has been observed. re-
entranl angles being cawsed by the sab-parallel growth, Cal-
culatedd mierfacial angles are (LI0p D0 R 457, (0 EiL1)
w1 o
Physical progenties

H,._'}'iu_- AppHEars [ :\'u._'l..cll:l_ll .ud.l.ll'lil-q,'. bt mod fluorite, o H
A% - 4. The codor is deep sky-blue. and the sireak s pale blwe:
on hand specimen. green light reflected from the associtbed
\_'|_|F||;\|;'\.H|,|;|_||"||_|1_' IEnds e |'I'|.I'|GL ||1:\,' h'l!-‘t:'lr of kﬂil:' There is nc
MNuorescence In LY. radation,

Ckptical properiies
Keyite is strongly pleochreie in shades of blue: v (deep

Fignre 3. Keyile: a typical suly-parallel group of erystals, The
ppporent skee of (001 21001 ) i incremsed by divergence. SEM, Sy

hlugh == f§ (greenish bluel o {pale bluel. The optic axsal
plane i 0L . Relractve indices for scdium light are o 150
i not determined, y 1.3/, There i5 strong dispersion of the
indicatrix, and crystals lying on 000} show purple and greenish
extinctions in white light. Extinetion ongles a:p01], all in the
poute angle g, are 1002° (Cd red). 11%%° (Hg yellow), 1282
[Hg green), and back w9057 (Hg violet), Interference Tigures
showing the optic axes and their dispersions have not been
ohserved, and 2% and the optie sign have not be determined.

Iiscwssinn

The superficial resmblance between keyite and siranskiice
is striking, and i 5 unforlunate tear we have not been able 1o
ohdain any of the latter for study. Apart feom the cadmibam and
the Cufn matie, the simple formulae and the refractive indices
are much the same. The crysial svmmerry, however, is entirely
different and there is mo integral ratic between the uni el
volumes. The higher symmetry of kevite, and the non-integral
numibers of the cations in the wmt sell. aken 10 Sonjuneison
with a larger cavgen voleme (2009 A% than for stranskiie (19,1
ATy lead us to speculate that keyite may be a disordered poly
n'unr'ph of siranskiite, |'||_|-\.'H.ih-|!|. srahil@ed h} the cadmiwm,
sulney YWilliams has cecently sent us lor -'.'-.lr'|1|\.|r'iu1|1 a powder
photograph of a fragment of the tvpe specimen of stranskiite,
given o him by the Tsumeb Corporation. The strongest Lnes
are 31 (100, 2789 5], and 2.505 {5): neither they nor the
pattern as a whole show any resemblance o those of kevite.
W are working Lo comiplete sur descrpuion of the morplalogy
anad opical properines of Keyie

Mame and ivpe specimens

Eevite was approved by the LM.A. Commissson on Seew
Minerals and Mineral Nomes in March 1575, The name 15 [or
Charles L. Key, mineral dealer of Coanton, Connecioat, sho
has supplicd the Museum with many Fme and rare specimens
over the last few years. Holotype specimens. BM 1973, 236 and
BA 1975660, are in the mineml collection. British Museum
(Matural History).

ik



Figure 4. Keyvile: composite crystnl showing typical roughness of  Frgpre £ Ii'.e_-.-in_-.cmpuhc erystal lylng on and s 8 ‘cuproa-

fnces. SEM, St damite’ crystal, SENL, Sk
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Tahle X Keyite: X-ray powder duta
(Cu-Kon, camera dia. 1146 mm)
i b | abs hkl i o= 1 s hkl cfahs 1 il
.41 ms {1200, 1k 1515 miw B 22 132 1.7T18 w
587 T 1 ol W 12, Hi 1. TiW1 mn
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Ludlockite: a new mineral from Tsumeb

by
Peter . Embrey, Max H. Hey, and Richard I, Davis
Department of Mineralogs
British Museuwm (Matural History )
Cromwell Road
London SWT SBID, England

Ahstract

Ludbkockite, (FePhids0;, was found 85 red nesdles inoa
cavily in sullide are [rom e ‘germanite sectbon’ of the mines
al Tsumeb, Southwest Africa, associaved with zincian siderite,
Analysis gave Phi} 932, Fey0; 21,63, As0 TOAEE, less 'OAYEEN
deficiency’ 169, sum 10008 percent. Empirical cell content
Phy.Fellasd | as 506, for Dube4.40, simplifying 1o nearly
i Fe.PhiAs, (). Feot > Fer* by Missbaver and E.S.R.
Readily soluble in conc. HCL or HMNOy, more slowly in dilute
acids, Cn heating [urns _l,'&ll-l.'rw, then black, |l.‘.ﬁi]1; Ay DTA
CUTYes giver. Infra-red and Raman show mo As-O bonds of
AsO) or AsO¥ anions. Triclinke, PI or F1, o 10,41, & 1155,
¢ 9806 %. {02y, & 113.9°%, B 907 ¢ HLT® (= Q.2%)
Vo108 A Strongest powder lines | CorBal 881 vwsi 1), 3330
msd). 295 wsl i, Crystals elongated [100], flatened {_I'I_I}.
other prominent forms (021), terminal faces mot determined.
Cleavage {111] mxaceous, §121} perfect. Twinning lamellar,
compesition planeg 1], twin law not established. Color red,
streak Eght brown, lustre sub-adamantine, Mo fluorescence,
Biaxial positive o 196, & 2065, ¢ =211 v mnear (10K,
optic axial plane | 1), Plecchroic v (orange yellow) == &
1d.|:::p 'yi:llmlu == alvellow), Named for mineral dealers Fred-
erick Ludlow Smith and Charles Locke Key who found and
supplicd specimens for investigation, Name approved by [MA
Commission in 1970, Type specimens in BMiNHL.

Figure 1. Ludlockile: DLT.A. curves in alr and in nitrogen
|marked Li. The hotiom curve |{marked K| is of karibibite In
argon (after von Knorring e al, 19731

(bccurrence

Ludlockite was firsd observed in 1968 by Smith and Key,
as an orange-brown earihy nwass on the surface of & lump of
ore that they had otained from the ‘germanite section” of
ihe mines at Tsumeb, Southwest Africa. On splitting the lump
they found a cavity lined with sharp brownish-yellow, 1 - 3 mm
rhontbs of zinctan siderle, from which grew slighily dverging
bumnddles of red-brown needlss uwp 104 mm |l.'rl"|,l.'. Thess neadles,
the subject of this paper, have not been ehserved in contact
with the sulfide ore. Sikdedte thombs also occur singly and in
groups on and impaled by the ludlockite necdles (Fig. 3. An
glectron microprobe scan, by 8 1. B RBeed. of a section of a
siderite thomb showed about 9% zine at the surfoce, falling
irregularly o about 5% zine at the core, with correspomading
variation in the iron content. An X-ray powder photogruph
confirms the identification &g zincian siderite. and 1 bulk
chemical analysis yields the formula |Feg pfime. o Cag oMy
Mg, Phy W00, with 30% admixed Fe,(y Texwral relacion:
mips have not been determined in the sullide marrix, but the
following species have been identified: tennantite. chalcoce.
'p].'l'ih;.', kormite. g:n'n.anim. siderite. and guarts.
Chemistry

Ludlockite & readily ssluble in concentrted nitric or hydro-
chloric acids. more sowly when they are diluted. (n heating
it remaims unchanged up to A0*C: hetween obout 350° and

t Mote: the pale vellow product 8 unosiented with respect to
the original fibers, and is fine-grained. It has Bot been identi
fied. The three strongest powder lines are 3.104 (1), 302 12),
and 3.33 (35, and the highest observed spacing was 8.3 A

Frgwre 2 Lodheckite: composite drawing on [011) showing iraces
ol terminal edges, and the possible pones to which they may be
relerred.

|
N IL‘“Eﬂ—"’F ﬂ'| P

gis

N ™
4 3 [z
& ri
|.- | J '_'I_I']
7 A (331
| =
| o
| & : l’l'l]
¥l
. l .;":E:- = - fini]
; : (155
R < |
= v Dnd
\
[
[(oal

)




000, I becomes khakl and then pale yellow, losing nearly
29% of ks weight in 20 het In the closed whe & sublimate of
Asdl i Tormed. Above TRIFC Bt becomes brownish hlack.
with the Tformatkon of Fes(h,. It was not observed to fuse be-
fore decomposilion.

Crualitative optical specirography showed major lead. iron,
and arsenic. with minor amoeunts of germanivin and aluminwm
that were nof detected chemically nor by microprobe, Elec
iron microprobe analyses ot M points on thies crystals showed
ne sign of inhomogeneity: they have nod been repeated sincs
1965, when methods of accurately determining lead and
arsenic in the presence of each other had noi been perfecied
itheir spectra cont@in overlapping lines), and the resuls are
mot given here.

Wet microchemicnl analyses were made on several portions
varying from o Ik mg, 1o develop the method of 5|:.pm'.a|:i-:~r|
and 0 determine the sinfe of oxidation, Briefly, the mineral
wits dissolved in a mixture of cone. HC1 and IC1, and tvreated
with KICL, solugion g0 obtiin the ‘oxveen -;]-.f_'fn;'i{'n._'!.' or overall
state of oxidation (Hey, 1974 The resulting solutlen was then
reduced with hydrazine hydrochloride, the arsenic precipk
tated and separnted a5 AssS,, and finally weighed as am-
mioninm magnesium arsenare, Iron was extracted from the sol-
ution after acidification with HCI, and weighed a8 the 8
hwdroxyguinolate. After removal of chloride. lead was pre-
cipitated from nitric acid solution as the ‘thionalide” comples,
und weighed.

The avernge of the resulis considered 1o be most relinbde is
given in tahle 1. Wei chemistry did not distinguish betwesn
Fer* and Fe't, nor between As'tand As**, but the determined
oavgen deficiency” corresponds to 1004% As.Oy Semdguanitiy
tative Misshaper measurements by A, [0 Law,. and electiron
spin resonience measeremenis by 1. R, Thyer, showed Fe' o
b considentbly in excess of Fe*t, so purt of the arsenic is pres-
ent in ludlockite ns As*. The analvsis is presented with qll che
iron expressed ag Fe: to do otherwise an this stage would be
AN empy exercise in numerology

Uit cell contents based on the measured specilic gravicy of
440 and cell volumee 1103 A* are given in table 1. Since these
cin only be a guide. in the absence of a full structure deter
mination, we have recaleulared 1o a basis of 54 onvgen atoms
per unit cell in arder to obtain a provigional simplified formula
(and foF no other reagoni: 9iFe* PhjAs®t AxiH 0, ). The
risduction o 54 oxygen atoms, ete., leads 1o a calculaed speck
fic gravicy 4,32

L)

Frgure 3 amd 4. Ludlockite: crystal laths
on [U11]. showing terminal edges and
twinning, SEVL, 1k

Differential thermal analysis (n ol and in pitrogen) curves
were chiained by B, [ Mitchell on 10 mg samples, and are
reproduced in lig. 1 wogether with that of karibibite in argon
ivon Knogring er @, 1973 p. 2700, The exothermic peak
15635 in air FIy P due 10 oxidation of the small amount of
Fert, and the endothermic effects (330 - S5EFC)H in nitrogen
may be connected with the loss of AsCh but since we have
done po further work in this direction any interpretation musi
remaln speculative.

Prefiminary allempis were made o synthesme lndlockice.
Wil Scc ess
Urystal peomelry

Ludlockite is triclinic, Lage clas T, SpECE QIO Pl or I-"i
jeentrosymmetry ol delermined). Unit cell dimenssons ancd
amples were obfained from precesson photographs. and are
given bor e Donisay-Nowacki reduced (prinuitive) cell in Lakbde
2. The powder data were obtained on a Philips 1146 mm can-
erit (U - B radiation) and are giw::n in table 4, These daia,
together with Guinier daia, were used in the refinement of the
cell dimensions: deails will be given in anoher paper, o be
published elewhere, dealing with the twinning peometry and
nsorpholoey an greacer length.

The structore has yel o be determined. Unit cell contents
are given in ble 1,

Cryatal musrphobegy

Ludlockie ceysials are commonly lath-shaped. but a few are
aleemt equant i crosssection. Most of them are 15 - 40 mm
bong, (005 - 0.1 mm wide, and 0008 - 0025 mm thick. Many
taper dightly, some have a twist about the needle axis, and the

lahle 1. Ladlsckite: Chemical analysls snd cell coments

Celll coients

Ruatlos
Phi) 932 Pb 004173 -~ S BT R " |
Fe, 2163 Fe 0,278 7.01 797 RS
A l Ar ETET | & (MD 17 67 iR.13
10,77 { | AELG 5500 54 [l
Less O 1,.6% Sum of cations 27.13 M6 hd 2T 62
Total 1SS Dia. "Dials 1.40 1,32 |4.48]

. ARE . 3 2+ [
Empirical formula Py aFes ohs, As g o0y 5 dnssam ng all

ircn oo he r;.'l'l'i-\.\."
found; minor Ge and Al were
scied spectropraphically. but not chemically

M o WRLET Wit Souohl. Dl mod
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Trichinic. Pl or P1 w 1041 A LI A a 11449 .2
& 1185 (L2 i o 0.2
Cell wolame 1101 = 3 A3 O ] (L)Y 7. 1.2

Tahle I, Ludlockite: crystallogruphic data

Lkt 4.8 s, Dhepe 4 17 oE X
7z WiFeE . Phi Ax -N-eanl ™ | ¥ simpdifed, see text and ibhle 11
Tahle 3, Ludlnckive: meorphological data - some pessilbe angles
Ineertaciil angles 1m zidme | ILL)
il i1y HA =l TR s IR k] izl
=18 474 5.1 LT | 17 70§ K34 WA
hs o 5 ra T i )
Inlereomal angles anghes Betwesn adges i
w ! & -
LRI} o DN LN} 1155 1155 ]| 1334 111 :_'\l“: ub
1 Wl L T 1Y Y 1 8E 194 e | % T Rl B T
abhs af) == | ) La - § HE4 T e 4= 2
Fable 4, Ludlekite: Noray pawder daia
{camera din. 114,06 mign: Corboa resdiagioni.
A hikl a5 ik i L)l ik
10LF i TREL 447 mB 07 & 1AM msidf XM &
8H1  wes {13 A1 A4l mw 022 1110 ww LT
T i LA oy T 1, U6 ms X
L LKL 411 w J
L1 11 104 wB aih2 078 mw OO
541 vvw 121 IHD m LA LW wail (M i
519 veew 111 WED mw HIEZX] 2803 ms &)
108  va (| E5T  ww Il 21 mwemn SHL122
L 7d nl V10N 4 &= 1457 v 1LA0ILTN

Figure 5. (tep left) Lodiockite: crystal on
i}, showlng mubliple winning. SEMN,
T

Frgure & fabovel Ladbockite: crystal with
bruised point, showing 1011 (lrodd |, A0}
Imarrow b, and unindexed terminal faces:
tapering edges of the Bafter suggest dhai
the twin plane may nol be the plane of
compoasition. SEM, 2000x

Fipure 7. (Below) Ludlockite: crystal laih
distorted by handlimp, demonsirating ilexi-
hility and the iwoe pedect cleavages, SEM,
[T

K ]



only reflections we have been able to get on the optical gonio-
mieter have besn very poor and confmed o the prsm zone
10K, Sn;'nnninp eleciron micrographs, fig. 3 - 6, show that the
terminations of the needles wre varsable and thar all cryvsials
are multiphy twinned,

The crysialy are all elongated along the g-axis (100, and
are flattencd on J0TL}: the only other fuce that we hove identi-
fied with certainty & 021} It & a feawse of the geometry of
ladleckive thae some of the angles are close to W0, making for
difficulty in identifving unambiguously the inter-edge angles
measured from SEM photographs. Thus (01100211 B 9062,
amel (DN M 17 is 90,7 (Fig, 23 further, the face normal (0215
and the rone axis [011] are within 09° of each other so that
W can say no more al present about the tadnning than tar the
compasition plane B (11} Some relevant comparisons be
tween calculated and observed interfacial and inter-edge angles
are given in Tahle 3,

Cleavage on [011} is pecfect and micaceous. and on [021)
perfect, with the result that the crystals readily fray at the ends
tov i bunch of cleavage ﬁhcrﬂﬁ_q.'-"l.

Infra-red and Raman specira

[nfrared spectrn have been recorded for us by C. L Elliow,
and Raman specira by W, P, Griffith. but the curves are faol
reprodisced here, The infrared spectrum & very smilar o thar
of karibibine. Meither type of spectrum shows any sign of As-0
bonding, with the oxvgen atoms attached singly 1o arsenic as
in compounds containing isolated AsOX or AsO} anions.
Instead, both show sirong bamds ar arcund 480 cme=! which
are characieristic of -As-(+- Ax- “stretches”, and which are shown
by amsenclite and clasdeute (minerals with structures known
1o contin fully-shared oxymen atonms) .

Phyvsical properties

Crystaks of ludlockive are very flexible and sectile. and cleave
readily. The coler ks a rich red (R, H. 5. 182A0, and the sireak
is light brown (R. H. 5. 172C), There is no fluorescence visible
in elther bong- or shorl-wave LY, (compare karibibite, which
fluoresces yelbow), The lusire is sub-adamantine. The hardness
is difficult to determine, but appears to be about 132 - 2, The
apecific graviey was determined on samples of abour 10 mg,
using a Berman balance and ethylene dibromide as immersion
lquid; values of 440 10 433 were obtained, and it was assumed
that the higher value was more relishle with an estimated ac-
caracy of about 1%, We may be wrong, and the toe valuse may
prove o be lower (see Table 1)

Dipdical propertics

Ludlockite has mear-orthorhombic optics, and laths are
lengib-slow wath siraight extinction. An obluse bisectris inter-
ference figure is to be seen through the laths with the optic
axinl plane perpendicular to the plane of faening and parallel
o the lenpih. The optic sgn is positive, but the opise axes were
nad ohserved on the universal stage even at the Immnts ol il
sections were cut across the crystals {embedded in resing, but
o acute bisecirin figure was seen. Thus 2Vi+h and the dis-
pﬂ'::inr: nre mot knoown, An extineiion nnEh: of abowt 3° (:
[0 was observed on a few laths with £ 1} vertical, but the
sense was net determined. Attempts were made 10 un-iwin'
the crysials by pulling off (011} cleavage flakes, but the extine-
tion reminined straight, Refractive indices for sodium light were
obtained by immersion in Cargille Fguids: o= 1%, nearly
I A = 2055 = 00005, neary £ i) ¢ >-211, with
w000 = 37, The pleachroism scheme 8y (orangeyellow) ==

L]

B ideep yellow] =a (yellow), and all colors despen rapidly
with mcreasing thickness.
Mamse amd iype specimens

Ludlockite was approved by the LM.A, Commission on New
Minzml Names in February 197, The naome = for Frederick
Ludlow Smith 111 and Charles Lecks Key, who found the
mineral and presented it fo the Mingral Department, Bratish
Museum (Natural History). Type specimens are numbered B
1964215 and 216,
Divcussion

The anly other species that are essentially arsenates or arser-
ites of iron and lacking structural water are angelellite { Fe, s s
s 1959, karibdbite (Fepts 00 g 19731 and schneider-
hithmite {FeaAs, Dy 1973 Karibibite comes closest o lud
bockite in appearasce and Fe:As rato, bur the possibilicy of
identity was disposed of in correspondence with Pralessor
Sahama before its descnption was published (von Knorring &
af., 1971); the quickest Geld distinction bevween the two 5 thar
karibibite fMuoresces vellow in shoet wave LY., whersas lwd
koackite does nol Nuacesce at all

Diespite the As:(r ratie of 1:3, mest of the As in ledlockile &
present as As™T. Pending determination of the strocture, the
evidence that we have grven above and its physical resemblance
to clasdetite suggest that ludlockite contams sheels or bands
of AsCl octnhedre sharing the comer oxygen atoms with each
other, The volume per oxyoen alom IS a measure of the close
ness of packing of a siructure, and for ledlockite i A1
/550, This value is ahout the @me a8 these for scomodite (19
and for parasympleate and symplesite | 30 =} claudetite
{258 ), arsenolite (28], schneiderhdhmite (25 |, and karihibite
24% b are more loosely packed. and angelellite (171 i more
chnely packed.
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Leiteite: a new mineral from Tsumeb

by
Fahiem P, Ceshron®., Richord C. Erd™,
CGrernld K. Cramanski®™®, and Heélene Vachey®
“Lubesratoire de YMineralogie-Cristallographie sssock: on UNKES,
Undversit# I°, et M. Cade, 75330 Poaris Cédex 8 France
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ABSTRACT

Ledtedte (B -m7h ik a new zine arsenile found associated with
fenmanitbe, chalooeie, smithsonite, and schnewderhhnie @l
Tsumeh {Sowthwess Alrscak I ocowrs as cleavable masses o
T em in greatest dimension, colorless 1o brown and transparent;
the Mohs hardness s 102 - 2 and the observed density is A1k
The cleavage lameltas on (1K) are flexible but inetastic and
have a pearly luster. Leiteite 5 optically biaxial positive with
a=LB71) f=15M5, r=L%(lk and IV =262(1)°;
Xha =11° Y =b ZAC 107 F <2 v, very strong. X-Tiy
diffraction shows spice group P1y%a witha = 176450514 &
S92, b3 47421, and 8 W= 5W41. The most imlense
poewder diffraction lines (in A are JA33 (0000 1 2001 3163 (76
A0 00, RS A9 D 1, 3200 R 1, NI AZ 0, 4RI
(1106, but strong preferred orientation due [o perfect cleavage
can change this onder. Wetl chembedl analysis yields the formula
(Zmy. P o 1As L, with four formala units s the cell. The
name i for Lwis Teixewa-Leite, mimeralogist, of Pretoria,
Republic of South Afrci,

INTRODUCTIOMN

The new mineml leiteite was discovered some years ago by
Luis Teixeirn-Leite among specimens from Tsumeb (Southwest
Africal; unformunately it s imposable 1o determine irom the
miners the exact lbocation in this deposit rom which the spec-
imens were obiaimed. The leieite wis found 65 8 *-iﬂght
specimen. 7 1 4 1 0L em. which wis subsequently div ided imta
several pi._'-u,--;-l,. fior minernlogicnl studses and musewm 3|.'ll:l.'i1'|'|l.'r'|e-
iome of these is shown as figure 1, Parts of the original spec
imen have been deposited in the Smithsonian  Insthtion
i Mational Museum of Marural Hisvoryl, Washingtom, IVC., in
the Brivish Museom | Matoral ]-Ii:..l,:,u_n.-l. London, and in the
Mineralogical Collectiom of the P. and M. Curnie University,

Wres, Leiteite dpronounced “13° (071 is named in honor of 18
dimcovearer.

The name and species have been apgroved by the Commis
siom on Mew Minerals amd Mineral Mames, LM, A,

U URRENCE

Leiteite accurs as cokorless 1o brown clesvable mosses; one
of thee loreer frnpments of the single kK mown .‘\.FIL'L"'iI'I'I cn is shown
a5 Figure 1. Although the study of leiteite did mot begin until
after in had been broughi from the mine and broken inie several
pheces, we can make some [irly pood puesses as o s location
i the edeve andd s pacsgenesis Based on the mirerals associaied
with it Almost all of the fragments we exnmined were leiteite
oally, but o one picce we found platelets of leiteite with smith-

sonite om 8 mairix of jennantite. Most Tofunacely, o1 a laver

dane, Perer Embrey seni us a description of the leneis spoc
imen in the Minermlogical Collection of the British Museum
( Matural hisiory) "Hp:_x-in'u:n B 1976205, Several bruized

and cleaved crystals 4 1o 10 mm across, near & mm and smaller
cleaved black grains of schnetder bihnite on a matriz of mixed
sulflicles, mainly chalcocie. Mo morphology s observable,”
Schneiderhdhmite, 8 Fegaed a0t O-545:0,. is a mre ar

semite known s0 far only from a single ocourrence in the Taurmeh
mine {Oueman of af, 19935, I was discovered here a few
metras below the 29 level (W8 mb in 8 small drose in the
dolomite-chert brecoia near 08 contact wirh paeuds-apline in
the “deep onadanon zone” The schnelderiGhnie was assore
cigted with chalcocite and zincian stodtile with traces af relko
pyrite, tennandite, and galena as accessory mancrals, .-"'.l.'-.'l.lld:u':.'
o Oeman & @l (14973 schneidechihnite = a secondary
mineral which probably formed at o tempestore of S0P
Thus, whils the schneiderhdihnite found on the leiteie spec-
imen in the British Museum may be a second occurrence of the
mineral ar Tsumeh, it seems likely that it came Trom the vicin-
iy af the orkginal discovery and that leiteite formed under the
same conditions, 1 is worth noting that the xinc orthoarsanile,
reinerile, 3wl Ash, was found in cavities abowl 10 medres
below the 29 level sssociated with bornite and chalcocive
{Geier pnd Weher, 1458),

PHYSHC AL AND OPTICAL PROPERTIES

Leiteite exhibits no crvstal farms, but a perfect (LI cleavage
wias obzerved. The cleavape lamellng are flexible, inelastic,
and somewhar seciibe, The minernl has hordness bepween 102
avd 2 (Mohsk Dengity, measured with a pyenometer on an
uncrushed 500 mg sample, was 4410 the valye B slightly bow
due o air emrapped between cleavape surfaces,

Leiteite is colorless w pale brown and transparent, with a
pearly huster on the cleavage, Optically it is biaxial positive
Accurate determination of indices of refraction with high im
mersion media 8 difficult s the minerl is slowly aitacked by
these lguids, Leireite s nonfluorescent, Optical dain and orien-
tadsom are given i lable 1 and fgere 2,

A-RAY IMFFRACTION STUDY

A small cleavage lragment, carefully squeezed between two
gliass shicles to Matnen . was examined by precession technicues
using MoK a (4 = (.7107 A} radiation. Leiteite is monoclinic,
preudoorthorhomibic, and syapematic absences show the space
group to hie 72, i,

Unit cell parameters. after keast-squares refinement of the
powder diffraction data, ane o 17045051 A, b S04
I 4. 54712}, and 8 O 504457, The calculated -JL'I'-'HI{. withi
A Eng. P el As 0] ix4.6] giee.

A powder diffraction pattern was oblained wsing & Nonius
Guinier camera and guarte as the internal standard. Relative
intensities were obiained by measuring the Tilm with a Joyes
microdensitometer. X-ray powder data for leitsite ane given in
table 1, Because of ns perfect (D] cleavage, diffrectometer
traces of leiteite show sirong preferred onentation: the diffrac
lomieter intensities |I|_-,| are compared in table T with those
mieasufed from the Guinier film (1)

CHEMICAL COMPOSITION

Leiteite was analyzed by two different methods, (1) Samples
were analveed with on ARL EMX-5M electron microprobe
using an acceberating volinge of 15 KV and a speciiien curmen
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Figure [, Leiteite frugment In fabore) trunsmitted amd (below )
reflected light. The fragpment ks 22 mm long,

Figure I (rgkt) Edge view of plate showing optical prientotion
Tor beileite.

af 2 x Wr* amperes on benidoite. The Ka lines of both As and
Zn were analyzed using LiF crysials, [ The La line of As, thouzh
exhibiting a better peak-to-hackground ratio as analyeed by an
AL erystal. encounters heavy abhsorpeion by Zn that is appar-
ently averestimated by Heinrch (19661, and consequently
overcompensated by FRAME, the theoretical data reduction
program uiilized ) Recrystallized reagent prade A0, and Znd
wereg used ns stundards, Becouse As(y is noticeably affected
hy even n defocussed beam. counts were taken on it with a
heam L microms in diameter. whersis the fine-graincd Znd
standard and micaccows plates of leiteite required a well
focussed beam, Two independent analvses of the new mineral
were made, each n‘]:;'il'lj_l om 10 counis of 10 seconds each [or
bath the sandards and the minaral. Count temination was
made in the fixed beam cureent mode o0 compendate [or
possible fluctuation in beam energy. Count data wene correcte
by the computer reduction schame, FRAME, of the L%, Nai-
o] Burenu of Standards (Yakowiie e o, 1973 ,l'l,:-;:n.i!_'"u.,I
arror limits represent one standard deviation as determined
from counting data on the new mineral. (2 Samples were also
analvzed by wet chemical unalvsis. Arsenic, alter oxidation
with HNDy, was determined by the molybdenem blee colori-
meetric methad, Both zine and fros were determined by atomic
absorption spectrophorometry. Leiteite dissolves shwly in cold

i

Tahle 1,
Oipiical properiies
of kebieiie,

1.ETi1
(.= R

} | Wsil

{ +12% Lail)

Xrg +11

ZAC 10

% ]

P V. VETY SLR0EE

apiie axial plane J
Indices determined i
il sodiom leehe and
w hiine lighe,

Table 2, Indexed powder pattern for leiteite (Cubko

raglinfion, 5 = 1.5405981 A).
[ 19 & cale 'i.| & ohei Al | q | ®
KD HEIH Bl 17
110 4,525 4833 Al fr
I 4 4\ 4 A | 1
i 33009 3D 1
11 L 1] Y | w
11 LA 1302 12 &
21 162 1163 T 1%
21 3135 J. 1.5 14X 21
(EL1] 2] 2,44} 20 400
3 2 ) : -
31 2N 2008 111
100 1 HET e ] 19
i1 2095 2 M K i)
411 2 ] i i
{20 2! 2510 14 1
Al . 245} 1 2
20 2 214 19 1
Wiz 1.2 2273 I8 |
2z 2 2211 q
2z .5 2193 17 3
{20 ok 2 1K) I, 3
112 2 20153 7
13 3y 2, -
412 205 2.0 14 2
4012 20007 206 in 2
#ll 1556 1.556 iz T
Bl 1.515 1.=35 2 4
ik 1.7kl Thi| ]
LU Lt ] | 5 14 L}
0xr2 N ] =L
1.4 1 .ht 1 f65 7
1-1-0 1. fobhis
.51 .55 | .565 [ .
231 1,547 | .27 I 8hrond

N, Imtensity messared from Guinier film.
N I¥, Imiensity 'I'|'.I'~|-|I'-\:'|_| frism |_|i||':;||_'I|||"'|-_'I|_'.' LFaceE.
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S Figuee L (far leftl Thermogravimetric
ol | ITGAL  ditferential thermogravimetric
U | {DTG), and differential thermo-analysis
\ DT A | curves for leifeite.,

S5 Figure 4. {lefri DTA corves Tor lelielic in
i rep | mormal stmosphere (“A” ) and in nitrogen

£ Fon I“B"].

Tablke ¥, Chemical analyses of leliclie.
l| i"r.c'l".-ll.'.l'illl.h'

Calculaied
Coim |'-|.'ni1 i
i ?.I'l_-"l,x_.'luh

Analysis | Analysis 2

£n 2h6 £ 04 % 236 03 %
Ad 5T £ 1] 54 £ LT
] = =

2idl %
55,54
2275

Wer Merkos

Calowlxbed

Analysis Modecular Ratios Compaosition
for Emasaly
Znd 5% 03503 0571 0,14
} gy
Feld 0.5 0007 0
Al 1.4 a1 FLLE
Tzl DL [{LLTLT]

1:1 HCL. Analytical data are presented in table 3, The wet
chemical analvs® yields the formula (Zn FelFAs, or
|, Fo JAsy,, with Zn:Fe =95:1.

Leiteite is o zine mefanrsenite: the conmpound was firsl sy
thesized by Avery (196) and has scnse industrial imporiance
a5 o wood preservative, Chemically it can be related 1o
rrippkeite, CuAsCl, but trippkeite is tetragonal (Zemanmn,
19500, As noted above, zine orthoarsenite, Zng AsCyls, rein-
crite, is also found at Tsumeh and apparently formed ungder
similar conditions,

THEEMAL BEHAVIOR

The thermal behavior of beileite i shown in fgune 3 by the
thermogravimetric  (TGA),  differential  thermogravimetric
([¥TL and differential thermo-analysis {DTAN curves pre-
sented, At first there &= o major loss of A0y, [ollowed by the
oxidation of & part of the remaining As 0 to Al the A
pasition on the TGA curve cornssponds Lo the emperaiure
(7°C) where the increased weight induced by oxidation
equilibrates the loss of weight due to sublimation of As0y

When axidation is complete {position B, 83°C). the compo-
sithom Zngl A, is obtained. following the reaction

A fnAs 0, F 0y =r Engl Asl |+ 2 A T

A chemical analysis of the resulting product gave (wi, %
Ayl 479, PegOy 004, and Zn0 49.9; this, disregarding the
Fogly. yields the formula 2,542 00, Asy Oy or Tngl Asl),

Hetween 9 and 100F T, mconpruent melling occurs with
additional loss of AsAl due o partial reduction; o chemical
analvais of the somple at position C (1007°C) gave (wi, %i:
Mgy 42,8, Fegy 1,14, and Zni 56.2.

The endothermic peak (307°C) on the DTA curve corre
sponding o the los of Asdl, & very small and suggests that
oaidation {exothermicl heging earlier than expected: when
oxidation becomes preponderant, i@ gives a large exothermic
peitk (3557 C). There is a small endothermic peak ar 839°C and
a more important one at 10720, corresponding 1o the melting

anit.

The DTA curves of ligure 4 represent behavior in normal
and ineri atmosphere. Curve "A” shows the thermal hehavior
of leiteite in normal atmosphere: the large exothermic peak at
ST6°C correspomds o the oxidation of As:0y Curve "B” shows
the hehavior of leitefte in an inert atmeaphere nitrogen); the
two definite endothermic peaks at 5007 and 546° C correspond-
ing s the loss of A, (Ul oxidation does not eocar.
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Schultenite from Tsumeb: & note on its morphology

by
Feter ;. Embrey and B, Paual Hicks
Dept, of Mingralogy, British Musewm | Muturnl History )
Cromwell Koad
Laoswdon SWTSLN, Englamd

Albsiraci

A new occurrence of schulieniie. PhHAsD,, is reporied
from a different part of the type locality, Tsumeb, Cleavases
and prisms up to 25 5 B 1 5 mm e on dark red tennantiie, as
siwinted with cuproadamite (the cupriferous variey of ada-
mitel and the new srsenate kevite, Type schultenite crvstals
were plates flottened on S0, winh 130}, e{l#N, O},
e, prat . gl w121), 5210} and other less comon
torms The new crystals are prisms elongaied parallel 1o (001
ind fattened on &0, with narmose DI, Terming] forms
were ohserved on one -\'.'.':.:q.lil' |-I'|:\.'. with promment ¢fal,
PO, w[020]. ef0I1}, and the new forms pil0i} and 2113
smaller faces of the ather forms were ohserved
Introdduction

Schulvenite, Plll["l'r‘..h wis descnbed fifiv vears aen ||:.
L I Spencer as a pew mdneral from Tsumeb, Uniil now the
type specimen dBM 1926,205) has remamed the only one e
corded in the lersture, although Spencer was of the opinion

that “douhiless there are others in collections amongsi the
rich series of crvsiallized mnterial thad has come from the
lcecality,” The arificial compound is the common “lead ar
senate” of commerce. and its crvstallography was siodied by
Baron de Schulien for whom the minerml was named,

The original specimen of schultenite was obrained [rom the
Munich mimeral dealer Wilhelm Mawcher., who bad labelled
it “lannrkite,” The lnrpest ervatal om it B shown in ficore 1, We
now have twe more specimens, obigined from the mimeral
deslers Luis Teixeira-Leite and Charles h,-_':._ o which the
schultenie had already been sdentiflied. (n hoth specimens
the schultenite crystals are associted with and partly sur-
rounmded by massive and crysialleed coprosdamite (the copri-
ferous vanety of adamite), close to paiches of the new species
|-.l.":| ité. on A matns of massive dark-red termantite ond (on one
specimen) milky quartz.

Morphology

Artificially prepansd schultenite forms crvsinls of plafiy o
tabialar kakit, -"Il=-'-'-il'l|_L ke foems b 010, J]150 and gilll}. The
type schultenite crystals are of similar hobir, with the addition
of a prominent cjH1) Ece and smaller faces of mild06, wdl21E,
ey, s(Z11] gl iy and other less common forme | Fig
and inset drowing with Fig. 1), The association of these crysials
with anglesite and hayldoniie, and the absence of salfides,
ies that they came from near the surlace of the IJI.';II\.I.‘\.il.

imdi
in the oxidized »onae,

Ihe new specimens, in different asocintion, clearly came
from a deeper part of the deposit and are of very different
habit. One specimen., B 1975599, has rough cleaved [T
Iying om the matrix and a complete but deeply etched crvsial
12x% 13 x B mm too |."'II-\.'||H|"\-q_| (5 q,'||[‘i|'||.|d.I|!'|||1_' |-<'I CXAINIEAaL RSN
The other '-.|:l|'|."'i!1!:'l'|. B 1975 5660, one of the twa LEyhlE TN
types, has parallel groups of prisms elongated [000), up to 25 x
B x5 mm. lving on edee on coproadamite: most are cleaved
on [0 by previous handling. and have broken ends. Oane
termination only was foand and, althowgh broken. had e
I'IIiIiII-c'l_l Il attng |'||_'.L| and was pemovesd Tof :_'|.|||||.'i||'||_"!:||_

measurament,
Figure 1. Schultenite: the largesd crystal
on the type specimen, BM 1926,205,
. 3 Length of crvatal, 8 mm. Inset drowins
o i . shows the forms presents & 000, o (1440,
< o I, w0y, e {00y, @001, (010,
} w121} and 5 (211), Photograph by Frank

T l:;rueuuwu}'. BXLMNH .
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The prominent prism zone on these crystals, as for the orig-
inal crysials, is the e-axis []., the axis of elongation, but the
plane of flatiening is now one of the B210 faces and bLo|
is reduced to 8 palr of narrow arips (Fig. 3. The resolting
prisms, of scule-lozenge crosssection, are reminisoent of
anglesite prisms with dominant H101} and eloagated along
01N, abthough the angles are different: schultenite, (2100:2101
pS=50; anglesite, (102p102) 44°38", The faces of k[210] are
striafed, more 50 than we bave shown, and apari From B
the only ollker forms seen in this zone were single, very narrow
straps of &{IHE amd m[110]. Two tapering faces, nof quite m
the zone, were high-imdex vicinals near the (410},

The development of the terminal faces is also different. as
are their shapes, because of the changed direction of Namening.
The e )01 is the langest face: p{l11} and w[121] ore also large,
with e (1 1} small but perfect. OF the other forms reported by
Spencer, only r122) was seen as o single minute reflection.
{m the other hand, in addition 1o poor point reflections from
(1121 and {3031 which may be ignored, the new forms p[L0L]
and 2{113} are clearly developed and wre shown in the drowing;

¥ is heavily stristed, and ¢ forms stepped sirips along the edges
berweenc 01} andp(l11].

Since we have seen and mensured only the one crystal, we
can draw noconclusions about the comstancy of ths new kahii,
apart from the dominance of the prism & 210} which also oocars
o the broken prisms, Suffice it to say that we would Aot kave
recognized the mineral by visual inspection alone, and the
forms developed are such thai poniometric measurenenls
woaildl ol have suggested schultenite on comparison with the
classification anghes in the Barker Index {where it is entered
for artificially prepared PPHASD, under M.T97 A & B). The
identification has been confirmed by X-ray powder photoe-
graphs: powder data and angle tbles are well estahlished in
the literature and so are not repeated here. The letlering of
Formis fodlows Spencer's usage,

Reference

SPENCER, L. 1. i 1926) Schulienite, a new minernl, from Sowthe
Weat Africa, Minerel Mg 21, 149 = 155, [also Dana's Sy,
Mir, Tth edn, 2, 661].
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Malachite inclusions in Cerussite from Tsumeb

by
Ed Kugpicrn
1338 Noel Rd,
[Dallax, Texss TE240

Recently there have appeared on the mimeral market a few
specimens of transparent cerussite crvstals with inclusions of
i green acicular mineral (see photo) from Tsameh, Southwess
Africa, The author received two specimens and o portion of
it third from Miriam and Julins Lweibel, of Mineral Kingdom,
with the request that the unknown preen mineral be identified,
Supgestions for what it might be incleded isumebiie, bayldomine,
brochantite, malachite, or possibly even a new mineral

The enknown minerel could be seen without m:l;ni'l'i._l.ui::n
us bright green needles or feli-like apgrepaies within trans
parent, terminafed cemssite crsirls, The vivid preen color of
the samples xl,;g;:,'xn_'n,l that A high percentage of the preen min
eril mighi be present,. However a poini count thken on a
url,;du_-d _ﬂl:l'lilrﬁ -clr H| '~||'|:\,'|_i:'|l-;,'|'| }\.Il{lﬂ.l_‘b._l ||'||;,' I_-I'|LI'.||U|:1 Ik 50T
stitute only one or two percent of the sample,

Mechanical or chemical separntion of the unkrown from
the cerusne was not feasible. Both the unkonown and the cerus
sire are sofuble in scids. A wel chemical analysis showed the
presence of copper and lead. The copper is obvicusly present
in the unkmown while the bead is pan of the cerwssite and could
possibly hove been present in thie unknown ns well,

An Xeray diffraction pattern was obdained for the specimen.
However. because the concentration of unkmown was so low
relative to the cerussite, essentially only the peaks for cerussite
appeared. and nearly all those of the unknown were ket i the
background. One minor pesk at = 285 not belonging to
cerussite did appear, and this corresponds o the principle
peak of malachite. However a positive identification could not
hl_' "|!.\,||_||_"-\.'\-|I ||'|i=\. |'||.|i|'|l alone,

Hll-.lll:: an ARL eleciron ricroprobe was emploved. A sac-
tom of 8 cerusaite cryscal was lapped down [0 eXpose soame ol
the un&known green necdies at the surlace. Though these were
minuile, they were large enoush Lo (oom the electron beam
upon without Imterference [rom the sorrounding cerussile.
Use of the scannimg electron microscope on the probe was an
ail in locatmg the unknown and in assuring that the beam was
centered on the unknos.

A complete elemental scan was perdormed using LIF, ADP.
AR, and P50 analyzing crystals. Unly copper, carbon,
and o minor amounl of lead were lound.® Suspecting 8 cor-
bonate m peneral and malachite in parscular, quantitative
data were taken using & known malachate standard. The results
shonwed essentially the same copper and darbon counts in the
unknown as in the malachile Stamdard thereby positively icen-
tilying the unknown as malachite. This identification was

T

repeaied on all of the specimens in my possERsn

This is not 1o =y that all of the specimens of this (vpe on the
marker are malachite, However it is likely that they all came
from a single pocker and. if so, they would probably all be
nabachine.

Although neither cerussite nor malachite can be considered
rare. the cocurrence of malachite crvsials as inclusions within
trangparent cerussite erysials is uncommon and this may well
constitute a first oocurrence. In addition, the anractiveness
of the specimens should moke them highly desirable 1o col
lectors

*The electron mecroprobe s relatively  msensitive 10 most
elements lower in atomic number than sodium (carbon is some
what of an exception) and totally imsensitive 1o elements lghie
than boron. As such, bhydrogen and oxygen are essentlally
undetectable. Uxypen. il present, & determuned by assignamg
standard oxades 1o the clements presenl. Water s eithaen
assigned or determined by difference.

Figure 1, Cerussite |transparent | with inclesions of beighi
green malschite (dark feli-like sggregaies), Tsameh, South-
west Africa. (verall size: 3x 2 om, Ed & leri Huggiere speci-
msen. Photo by Ed Ruggiero,



ETI MINERALS:

A REVIEW
OF THE LITERATURE

Dwight Weber

e minerals described in the accompanying tables and

reported from Tsumebh are taken almost cuelusively

from the professional literature. In many cases the mors
important minerals (especially the sulfdes) are either men-
toned or discussed in o large number of papers. Only principal
references for the former are listed, and many of these coniain
little, if any, discussion of the secondary minerals. Many of
the very rare species (or those mrely found at Tsumeb)h iay
be mentioned only once, All references are lsted by number
in the tables to aid the reader who may wish o investigale
further. The underlined reference number is either the one
which describes the mineral for the first time or. in the case o
the better known minerals, contains more details than wsual
with respect to its occurrence il Tsumeb, All the kaown rel-
erciees on the rarer minerals are listed, except some abalracis.
The latter have been deleied entirely for the commener min-
erals, because these in particular are adequately described in
such works as Robens. Rapp. and Weber (1974, HKamdobr
and Strunz (19671, Kostow (1968), or Palache, & ol (144 &
1951). Ocher such texis hove been omitied [rom the bibliog
raphy either because they are in foreign lanpuoges less known
tis the average reader or, if in English, il essentially nothing
by the references already listed except for the manner of pre-
sentation of the subject of mineralogy or the clasification of
minerals rather than the description of mineral progertses
{e.g., Betekhtin, 1967, Povarennykh, 1972, or Dano, as reveed
by Ford 19663, Though soase of these books hove much useful
information. many which hove been considered standard
the English laaguage are (unfortunatelyd rapidly becoming
obsolete, as fur as mineral descriptions and the removal of
discredived species are concemed, Ohher possible references
are deleted because they are largely piciure books containing
photegraphs of Teumeb minerols among others. While in a
fer coses these are very fine (e.g., Licher, 1972}, they are not
sufficiently pertinent 1o be included in this review,

Formaeles are, lor the most part, taken from Fleischer (1973),
exce for o few found only in Stune (19700 or Roberns, @0 af,
(19741, or mew minerals not yet listed. [ should be emphasized,
howewver, that in the cawe of ceralin mimecals, l:'!pl.‘t'i;.ﬂlj thicese
with the more complex formules, o degres of “disagreement”
miny he ohserved among varicus professional authors,

Unfortunaiely litthe reference s made i the literature 1o
paeudomorphs, except malachite after azurie, Because pseudo-
frp,'ur.phigm is a subject of considerable mierest o many ool
lectors in panticulor, & separnie table of what 1% Kbows 1o the
author regarding the existence of these st Tsumeb = inclwded.
This list wns compiled from chservations of the Picters col
lecrion, other large collections and these acguired personally.
Wendell Wilson added a significant numlser of observations
through a study of the extensive Smithsonian Institution collee
tivm. It is highly probable that many other types of pseudo-

morphs exist in a mine with the complex assortment of mineraly
comtained at Taumekb.

The level in the mine is lisied for those species which are
generally found in one small aren or for which this dite may
be available. Regarding the levels where ihe minerals have
beei found. it should be mads clear that there B considernhle
overlap berween the main sulfide zone and the two oxidation
zones at each end of it, and that some sulfides exist at all kevels,
whereas the oocurrence af secondary minerals is minimal or
even nonexistent in pans of the largely unoxidized zone be-
eween bevels 12 and 24,

In addition 1o the minerals and subspecies from Tsomeh
lsied or described in the references, specimens which have
been seen in collections or upon which unpublished work has
been dome (b ol mentioned in the Bierdure examined) are
gk noted., OF course, just being mentionad in print or found
writien on @ lobel does nof guarantes that o specimen wis
correctly identified, and numerous mistakes have besn mide
by professional minermlogists, a5 can be determined from the
long list of discredited minersl nemes to date,

In mefditeon o imcosrect sdentilication., another source ol
ermor can sometimes oocur when an ald collection ends op i
an estaie 1o be sold by one who knows or cares little or nothing
ahowi minerals. or in a museum where, for example, the curator
B P.il|-|:|_'ﬂ1r|_'||-|!-i_i!r. Labels can be casly mixed up or lost, and
in the case of some species o good deal of work may be required
to correct the error, if that is possible. BEuropean collections
have been particularly subject 10 a special hazard, namely the
ran World Wars, during which many collections or specimens
were lost, stolen, or partly destroved. For example, it is known
that one of the larger and finer early collections of Tsumeb
minermls |collzcted by Schnesderhdihn) was completely de-
a,'ln,}!.'-u,-.d by the Americans when they hombed the University
of Freiberg in 1944 | Schneiderhihn., %581,

Ancther possible error can arise from a source which many
collectors do not wsually consdder: carelessness or downnghi
|11isr¢pr¢:u::nlari.a:-n omn the part of some miners, who frequently
are the prirn-.: souree of supply for specimens to both collectors
and denlers. While there is nod muech difficulty with Tsamehb
minerals in this regard, specimens of such common species
a5 descloiite, moitromite, malachite, and a few others have
bezen found at Ooavi, Berg Aukas, Lnsah, Abenab, and several
odher mines and prospects in the Diavi Highland, in addition
1o Tsumeh

The tables include, where possible, data on whether the
secomdary minerals have besn found in the first or the secomd
oxidation zones. or both, hased largely upon informitltion i
w0 papers {Sung, 1967, and Sirunz, Sibnge. and Geser, 14958).
If mentioned in carly papers, it may be reasonably asumed
that the upper [ firsth zone plone is considered.

lal



As early as 1916 Wagner reported, after listing the quantiny
of minerals ||Ir-¢||..;j:.' found there: “Heauifd c;:-.._h:-]'m.l.l-. af afl
of these punencly ae obtoinahle, erd many of thewn occwr in
bprge, perfecily formed crvsials, so thay Teemed s g verirable
paradize for che specimen bunrer, Indeedl @ G dosdfal o &
ix mvalled in ihis respect by any odher m._--.;.fﬂhur'.r_ " As the
title of this book indicates {TSUMER! The Waorlds Groaiesi
Mineral Localityl, Wagner's ohservation was accurare.

The Tsumeh mine has probably been moee forunae than
some other famows localities in having retalned the ineres
of several prominent mineralegisis and geslogisns over the
vears, especially in Germany, who have collected there. have
worked for the Teumeh Corporation, have written many papers
amndd reports, and probably have had some influence on conr
PN MATASEMENT [0 permdl the preservation of a Lar numbser

al the lme specimens for posterity which might odherwise have
been destroyed. [ is to be hoped that future discoveries of
fine specimens from deposits of the quality of Tsumeh will
nol be completely destroved just 1o produce more metals for
incustry and governmenis,
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MINERAL TABLES
Abbreviarions used: P = Primary { relatively anoxidized) zone, see p, 16, Fi'[;_ L

¥C = Very Common 8, = Secondary (oxidized) zone #1 (upper oxide zone), see p. 16, Fig, 5,
C = Commaon 5 = Secondary zone #2 (lower oxide zonel, see p, 16, Fig. 5.
MC = Maoderately Common *  Minerals of the country rock
ME = t"'“*““"""”!’ Fare ** Minerals first reported from Tsumeh
R = Rare Mumhers in the REFERENCES column refer fo numbered references at the
VR Yery Rare end of this chapder,
ER = Esiremely Rare Mimerul species are in bold: varienies are in ialics,

TABLE 1. VERIFIED SPFECIES REFERENCES,

SPECIES REFEREMNCES RARITY LEVEL 5 P 5,

Acanthite {after argentite) la

Aulamite T.9, 1% 51, 53 B 5 82
-r_'|.'lr:lr.-_a-1|,.|'|rmi:.p 1 u-war. ) 45 45 MR 5,
Cobuftordamiie (Corvar.) la, 3lh VR

Adamnsine M 25 ER 25 S

Adbite™ e E 12-24 5 P S

Alpadonbic Ik

Anplesite T.8.9, M, 15,23, 24, 25 38, . 51,52 MC 5 b

Ankerile h MR?

Acroganite 7.9, 51, 52 MC 5 5
Nicholwomite ( Zi-var. b QM 5] 52 M L b
Tarnowiezite (Ph-var. | kb, 51, 52,9, 20 MR o S

Avrsenbhrackehuschite™ 1w, 16k, S

Acrseniosiderite Li] VR X 55

Arsenisumehile®® 1.9, 532, 49 VR 5! Si

Ashesins 1a, Mhb

Adtncomiie 51 VR L

Aurichalelie 2,9, 23 3l, 32 R 51 82

Austinlie lo. Hb VR
Cr-A rriniie Jlb

Azuriie 4,7, 9, 15, 20, 23, Ja. 32, 38, MC 5y By

2, 41, 51, 52

Bariie T, 9, 58, 51, 52 R Sy S

Baxldonite T B, 15,25, 51, 52 MR 5y Sy

Beaverite G, 10 4 u By

HBelekhtindie G, 1214, 52 ER M43 B

Heudantiie 4, L, 53 R M Sg

Bindhelmite b ER ]




SPECIES REFERENUES RARITY LEVEL 5, P 8,
Hindite® Mo [ 3y P o
Raoenlie T.9, 11, 12, 13, 14, 15, 26,
8, 39, 42, 44, 30, 51, 32 MC F
Briartioe** 0. 11, 12, 13, 52 ER - P
Cre-Brimriire 11, 13 ER P
Brochamiiis 2,0 23, 51,52 YR 5 By
Brumogelerive™ G, I8 ER 29 5
Caleite T, X138, M. 51, 52 Wi 5 P 5
Cobaliocaleire | Covar, ) ik R 5 By
Cupracaleing (Cuwvar,| Ik ¥R 82
Plumdrocwicive | Po-var. b b, 27 i
Caledonite 7. 23 81, 42 YR 5
Carminiie Q, hp, 52 VR uj Ss
Carrollits q YR P
NiCirrallite 12 VR P
Cerussite 7.8, O, 15, 23, 37, 28, 38,
4 51, 52 W 5 L
Chalcanthite o 51, 52 VR 5
Chaleocite 7.9, 1. 12 13, 14, 20, 23, 26, 25,
38, W 4L 44, 46, 50, 51, 52 ¥ P
Chaleophanite Q VR Bs
Chaleophyllive 1 crimine") 3
Chalcapyrite B, 12, 13, 15, 36, X4, 38, 39, 42,
dd 51, 52 K P
Chenevisliie 3 VR 5
Pl henevicite la
hiberite® ] 5 5
Chrysscolls 15, 23, 51, 52 E 5 B
Chadobpiie®* B, &, 57 ER b 51
Cinmahur 9, 51, 52 VR P
Claudetite O, 45, 46, 51, 32 VR 5
CHaoelase 23, 52 VR
Conichaleite T 9 15, 23, 45, 46, 51, 52 R L8 5
Paraharidorite (Fhevar.) 15h
Copper 9, 23, M, 27, 31 MC 5 B1
Caorkite Jb
Coronmdlie g VR 5y
Covellite 9. 26, 18, 42, 51, 52 MR P
Cubankts 37,38 VR B
Cuprite 7.9, 15, X%, 58, 51, 53 MR 5 5
Chalcorrichite (acicular-var.) 51, 52 R 5y 5
Desclakrite 4, 7.9, 51, 52 R 3 5 5
Cupradescioizite (Cu-var,} Jlbk
Dievilline la, b VR A7 5,1 5
Ihzenite 9, 18, 42, 44, 51, 32 MR P
LR 2,9, 15, 51, 32 MC 5 5s
el e 3 ER P
Dlomite 7.9, B, 23, X, 38, 39, 40,
42, 44, 53 VC 5 P 5y
Co-Dofamse 15. 17 R 5 5,
Masgrndolomize (Mnvar.) M R Ha
Phrhodalomite (Phevar,) 15 17, 51 MR 5 Sa
Fu-Dolanie 0, 15, 17, 51 MR 5 5
Dwidtite-alpha™ T. 9, 15 32 51, 82 54 R 5 8s
Daftite-hein 54 VR 5 5.




SPECIES ll!,'FEIi'EHL'Ei RARITY LEVEL 5 P 5
DNundssite lix, Xlhb ER 547
Enargiie 7.9, 1d, 20, 23, 36, 38, ¥,
400, 43, 44, M), 51, 52 M 1-165, X P
Snbroenprgiie | Sbevar, ) |
Epidote® z
Famatinite (stibioluzonice) 5 VR P
Fleischerite™ 8, 24, 25 52 VR 2 S
Co-Fleise keriie 3k
Fluorite b ER
Cinlema 9 10, 12, 13, 14, 200, X3, 26, M.
29, X8, 42, 44, 50, 51, 52 Wi 5 P Y
Gallite™* B0 11, 12, 13, 28, 44, 45, 50, 52 R P
(iermuonite™ 9, 11. 12, 13, 14, 15, 3, 28, 33,
Ja_ 40, 42, 44, 50, 51, 52 kR B
We-Crermmmmie 9, 11. 23 VR 4 P
VeFermamite A 11, %, 12
VeGermenite § i1, % 12
Calaacoadod la, b
Groethite 9 . [ S Sa
Gold 2% VR
Graphite™ q,#, 3, 52 C L P 5
Shigrpmite (organic yar.)
Giratonite la, Jhb
Gireemockine 9,17, 4. 51, 52 VR S P
F-ireenockiie Mh
Caypsum 7.9, 51, 52 R 5
Hedyvphane Al
Hematita Q, 15, X5 52 MR Sa
Hemimorphite o8 15, 23, 51, 52 VR 5 B
Heterogenkte G VR 3,
Midngaoite kS VR Sg
Hyalrozincite 218, X, 52 VR 5, .
lddaiie kS ER M P
Tmsuke™ + ML g 5
ltmite & 52 ER 26 5
larosiie [Pers. abs. ) ¥R
Kaolindie M, 38, 44 MC 5 5
Kegelite™ 24, 25 ER 13 53
Keyhte™ 5 ER
hiinigite la
Lamgiie b
Lavendulan q. 51 VR Ss
Fa-Larvenaulon 15, 44 VE pu
Lesdhillite g, 24, 25 VR &y 33
Leiteite™ 1d ER & 5q
Lepbdocrsciio 9 VR 5,1 Ba
Linariic Z, 7.9, AN X3, 51, 52 ] 5 5
Linmueile a VR P
Ludblockiie® A 5do M ER b 28
Luzanile o, 20, X3, b, 44, 51, 52 bR P
Magmesite® 4
Muognetine™® 1
Malkachine T, %, 15, X, XN, 27, 3T, 28,
M 51, 52 W 5, 2] 8,
Mlangan-Staite™ g, 11 ER £

iy




SPECIES

Mlassboot
Mawsonie
Melanotekine
Meracinnalyar
Mlicroeline ™
Milleriie
Himedite

Minium
Mixite
Molvbdenite
Mlostiramite
Muscovite™
(igoclase™
Olivenite
Fe-{litveritie
Finenlivenite | fn-varh
L
Orilhoclase™
(Havite™™
Priromiie
Pharmscosiderite
Pluszenbta
Plancheiie
Platimerine
Phumbojarosile
Posmjakite
Powellite
Msilomelame (*wad ™)

Pyrite

Py robusite

Azbohere | Corvar. )
Pyromaorphite
Ql:rll:

Armathyst
Realzar
Reinerite™

Hemierite

Rhaelochrosite
Raososite

Paraurichaleoe | Cu-var. )

An-Rosasire {Zn-var.}
Rustile™
Schoorteite™
Schnelderhahmite ™
Schublenite™™
Searmdite
Se lgmunite
Serpicrile
Shartsckite
Slderite

Zr-Niderie

REFERENCES RARITY
e, X2, 5

la

24, 25 VR
1w, Xb ER
s, 53 MC?
G VR
4. 7.8 9 10,15, 2% 25 32,

38, 36, 51, 52 b
Ic, 52, 51

Mhb ER
O, 11. 44, 51, 52 R?
4,7,9, 15,23, X, 38 39 41, 51, 52 M
b 26, 39, 4, 51 C
8

4.7, 15, 23, 38, 39, 51, 52 R
lu

+h, 52 14
e, 34, 44

Jh, 44

7. 2% 31, 52 ER
9, 54 VR
9, 10 ER
7.9, 51,52 ER
a MR
9, 51 ER
] VR
la, 1ak VR
Ak

9, 52

7.9, 12 13, 14, 16, Mk, 23, M, 28,

38, 29, 440, 42, 44, 50, 51, 52 L
)

la

5a 7. 51,52 VR
7.9, 14, 20, 21, 26, 38,39,

4, 51,5 Vi
la ER
lc

8.9, 15, 45, 46, 51 ER
7.9, 11, 12, 13, 14, 28, 40, 42,

44 45 50, 51, 52 R
7 VR
7. 15, 51, 52 MC
Jlb

43

q, 44

9, 52 ER
Fa ER
7.9, M, 51, 51, 5= VR
9, 10 R
ia, Jib VR
la, 18k

M VR
7.9, 51, 52 R
il R

LEVEL 5, 5.
81 ]
5
5
5 o
-EH 5?
L
5 L
5 S
S 8
5, S
oy
(] 5 S
3
5
b
Sq?
5a
5 5
S
5
5, 54
a0 5
5 5y
g, L
F‘E
My
™ 5.
5, 5
] 5,
5
5, g,

T05



SPECIES REFERENCES RARITY LEVEL L " 5,
Sllver 14, 26, 51,52 MR 5 P 5;
Smithsonite 7.9,15, 13, AT, M, 34, 4,51, 52 M 5 5
Cadrinmzinkymaeth” | Cd-var) 3hb
Cobralisenithronie | Covar. | la, L5 L 5s
Herrerdie (Cuvar, | la
Momgansamuithronite ({Mo-var)  1a
Sohnoeile™™ Q, 12, -'l__-ﬂ 52 ER 20 .
Sphaleriie O, 11, 13, 14, 20, 23, M6, 28, X4,
34 4450, 51, 52 i 5 P e
Pribramuie! (Cd-var.| 44
Sroatlee ™ B, 0,13, 15, 28, X, 40, 45, 51 52 ER 20, M b
Strunskiite™ o -ﬂ L3 YR M Bs
Sromeyerite 9,10, 14, 44, 51, 52 YR [
Sulfur @ 51, 52 Y 5. 51
Sulvanlic 9 12 VE P
i Sl vamiie 1% VR P
Talc #4, 53 MC 2530
Tennantite T, 6.9, 11, 12, 13, 14, 36, 28, 29, 38,
M0, 42, 44, 50, 51, 52 ViC 5 P o
Temprite . By [ VR 5 5
Thaumasite 1a. 1Eh ER
Thanie® R
Towrmnline® 44
Tremalite® X, 4
Toumeorite™ 9, 10 VR 3 Sy
Tsumehie™ T, 51, 52 VR 5 S,
Tungstenite €, 11 ER P
Umangiie kS EH P
Vanadinite 7.9, 32, 51, 52 VE 5 S,
Vanadinocker i T
Willenite 9, 15 51, 52 MR 53 5
Troazie (Mn-var.h Ia 24 5
Witherite 51, 52 VR Sq
Wulfeniie 5b, 7. 15, 51, 32 MC 3y o3
Chaltrpie | Wevar,) 1a ER 5
Wurtzite i7, 44, 51. 52 R P
O Warrziie o I P
Feolies® 44
Finc-Siottie™ 9,11, 29 ER 5
Fircon® 44
TABLE . REFERENCES TO INCOMPLETELY DESCRIBED SFECIEAS.
SPECIES REFERENCES BRARITY LEVEL 5 r 5
“Ag-Betekhiinite"** 1a ER
“Carmevallite™™ 0,12 ER 04 P
e n-Mawsonite " la ER
“Maygreen' B VR 214 P
“Mineral " 11 ER P
“Mimeral & 11 ER P
“Mimeral E™* 11 ER P
“Mimeral pammaa™™™ 4 ER P
“Mlimeral GGF™* ] 5
“Mimeral Lu™ 12 ER =34 P
“Mineral 5" 11, 45 ER P
“Mineral TT"** 18k L2
“Mineral Th"** 18k S,

L]




TABLE 3. PSEUDOMORFIS REPORTELD OR

OESERYVED FROM TSUMER*

Helerence
. Anglesite after Schultenite S
I Awrichalcite  after  Asmurite L. L#: BAEZ
3. Bayldonie after Daolomine pers. obs.
4. Bayldoniie after  Azurite 3
5, Bayldonite after  Mimetite 5.Lg: CHM08
fi, Bayldonite alter Wulfenite pers. obs,
T. Betckhumite after Chalcocite EE
#. Brochantite after  Azurite £ L#: Bl2115
9, Cerusite after  Anglesite £.LE: BL12IB
10, Chaleociie after  Fnargite 45
11. Chaleocie after Tennantite 5 L= Blolsl
12, Chrysoscolla after  Azurite 5.1 CI6h
13, Cuprite after  Copper 5.L5: R862L
14, Descloieis afver Calcine 4
15. Descloizite after  Pyromorphite pers. obs.
16, Enarglie after  Azuriie pers. obs,
17. Enargite after  Tennantite S.L#: 13655
14. Hematine aftes Magnetite S.1.#: RI2210
19, [oite after Fleischerite & (discredited)
Hb Jarosiie alter Azurile prs. obs,
21, Jarosite alter  Tennantiie picrd, o,
22 Wlalachite alter M urube S5 94754
23 Malachite after Aragonite pers. obs,
24, Muplochite miter Copper L. 1t BHAR2
25 Malachite after Enargile SL%: RIS
. Malachiie wfter Tennantite 51L& BITAMN
7. Mimedie wlter Cerussile 51 11325
2B, Motiramite wlter Wulfenite pers. obx
2. Olveniie nfter Bavldonmite pers. obs
ML Plamhasite whter Azurite 5018 Blmsd
31, Smithsonite wfter Aragonite %15 BHALL
3L Tennantite wfter Arurite pers. ohs
AL Tennantife iwker Enargite S LRHEE]D
M. Tsumehire wfter Mimedite 5018 BIH2X
A% Tsumehibe after Pyromos phite 8.0, RN

30, Vanndinire wkter Pyromorphite S0 RIS

*Prendomorphs documented by acteal samples in the Smith-
sonian Institution are indicated by their Smithsonian catalog
numbers (5171 others are referenced by numbers found in
the list of references cited; unrelerenced pseudomorphs have

been ohserved by the autheor,
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TSUMER MOTES T} RE PUBLISHED IN FUTURE
IS5UES OF THE MINERALOGICAL RECORD

Work on the mmnerals of Tsumeh, and studies of the geod-
oy there, as well a8 news items of interest, will be pub-
hished on a continwing basis in the Mineralopicel Recond
magazing under the heading of Tsumeh Notes, The nodes
will be arranged on full pages suitable for xeroxing and
including with this present work.

Articles and nodes on Tsumeb mineralopy are solicited
for this continuing feature, Manuscripts should be semt 1o
Wendell E. Wilsem, Editor, the Mineralogical Record. POy,
Box TR, Bovaie, Marvlond J715 UL5A, Fn:s-r:il_ln hlnl:u.nl:-:

manEscrpis can be translated for publication if necessary.

Photographers are invited 1o submit photos (hlsck &
white) of any specics or habil nod pictured here; appropriate
credil will be given upon publication. Please indicate siee,
codor, and owner of the specimen photographed. Color
alides can be ueed il BEW 1% nol available hui reprodiee tion
i B W from color is not as good,

Maturally, with & work of this size and complexity, there
are bound to be emata. Readers are encouraged o bring
My 2rrors Lo our attention.,
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DEALERS

Colleciors often mogrn the possing of long-dend famous
mineral kecalities, They point to ads in old magazines and o
old price lists. marvelling ot what low prices and what abuan-
danee prevailed for the minerals of famous localities AN Y
vears agn. At one time Englich bantes and calcites were so
common on the market as ¢ be scoffed af by many shom
sighted collectors of the day; A, E. Foote once offered _'I.,l,pu-
nese stibnite crystals ai 51 per inch, “Had | been pround then,”
vou say, 71 would have really stocked ap on the superh things
of the doy thot are mow 50 mre on the market, How | Envy
those colleciors alive then who couald obtam such tresures
w0 easily from their dealers,”

Bur time passes on, In 3 years, it are collectors liable
1o be thinking of onre peneration? They will say. “How [ envy
those collectors who were alive when Tsumeb was in its hey
day, when dealers had ample supplies of the superh Tsumeh
minerale” They will douba that we realized how lucky we
wEre. . do wat

It = still possible woday o build an excellent Tsumeb collec-
ton represented by a very large nomber of species and habis
in nearly all ranges of guality and price. Yirteally none of us
can personally collect at Taumeb: that means that we muost

abitain our ~:p|:|_'-i11'.|,'r|'\-. solely from dealers (or irade with collec-
1ors whao obained their specimens from deabers), The following
pirges put you directly in teuch with most of the dealers in the
world who handle Tsumeh specimens.. . these people are all
&l your ke i il_'l;'," ;||'||J A .'1I'|!l:i||I_II-\. i ]1|:|:1 VM h-llth thie kil‘ll_‘l of
callection you would like, Write to them asking for their price
list (if they offer onel, send them vour wani-lisi, visit them
personally at home or ar shows and ook over their stock for
}»;lu”.-;:”_ || |'|:|;|_|,' |'.|_'||'| 5] |'|_"r{"|' (%] |1!1|:4'||:- or -,‘Iu-.-h,'rirninn': in this
msue when discussing vour wants, but remember thas we have
had access o the fincar collections in the world; it may be
very difficult or very expensive to obiain pieces as fine os those
pictured In this Bsue. Mevertheless, extremely high quality
specimens ane sUll avallable for those who seek them out be-
cause Taumeh ia sl prodpciRy them: if smch |'lik‘:-.'l-."'- Are your
goal you have a fair chanee of encountering them while Tsumeb
lives. 1T you are pod necessarily after that one-inegemillion pisee
a vast array of many thousands of fine specimens i available
tor your throwgh the follvwing pages. We suggest thar you build
vour Tsumeb collection now, and iake advaniage of being
wlive while Tsumeb s alive

Ed.
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EXCEPTIONAL MINERAL SPECIMENS FROM WORLDWIDE LOCALITIES
FOR DISCRIMINATING COLLECTORS
SPECIALTIES
COLOR DBEAUTY PERFECTION
THE AWARD WINNING "PROCTOR COLLECTION"
(FOR SALE BY OWNER)

Few collections in history hove received as many major awards as this superb collection of

museurmn quality pieces. The maost recent is the McDole Trophy — "Dest Minerals of Tucson Gem
Ir Mineral Show—=1974",

(Private shows by appoinfment cnly)
| am travelling around the country giving private showings of this unique col-
lection. If you are at all interested, please give me a call to arrange o showing
when | am in your area. Of course, all of us occasionally like to “window shop”
s0, in looking, there is no obligation whatsoever to buy. Just seeing other peo-
ples’ collections is adequate reward for me.

KEITH PROCTOR

1422 N. HANCOCEK, SUITES 1, 2 & 3, COLORADO 5PRINGS. CO. 80903
PHOMNE (303)-471-2544




SEARCHING FOR FINE MINERALS??

KRISTALLE
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Wayne and Dona Laicht

332 Forest Avenue, # 8

Laguna Beach, Calif. 92651

(714) 494-7695

Houwrs: Wed.-Sat. 10:00-5:00
Sun. 12:00 -5:00

[Evenings by appointment only)
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Mottramite atter wulfenite —Tsumab

Pala Propertias is famous for the finest in crystallized minerals
and facetted gems. Our large stock of display quality items for
collectors, investors, decorators, and museums is available for
your inspection, We have items to suif the most discriminating in-
dividuals; our most recent acguisition: outstanding pieces from
the JJohn Sinkankas collection [at our Fallbrook shop). Our traine rl
personnel can offer investment counseling foo. Visit us when
wou're in Southern California
The Collector, 912 So. Live Oak Park Rd.,
Fallbrook, California (714-7T28-3121)
The Collector, 3484 Brighton Way,
Bevarly Hills, California (213-274-5161)




Tennantite — Teumehb

Cerussite—Tsumeb
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A UMIQUE GALLERY FOR THE

DISCRIMINATING COLLECTOR OF
MINERALS, FOSSILE, CARVINGS,

JEWELRY, SEASHELLS

BUTTERFLIES AND OTHER

WONDERS OF HNATURE.

Amethyst — Las Vizas,  stute
ol ¥Yera Crue., Mexico, 2x 3 x 2
four larpe xls, and several smaller
ones  ridinding from o hase of
drusy guariz nond chlorite, "r'u_-r:.
fine display specimen $T500
Bluff,
Arkansas,
1% 3 x 1Y% ; good showing of ra-
diating xls, on exposed seam in
nowaculife S32,06
Hoplxse — Tsumel, near Oiawi
Mamibia (South West  Africa)
Gireal  display maierial, %Y x
1ls x g |'u,'.'|rl:. dalomite hase
coverad with small brighi green
xls. 347 00

IMoptose — Tsameh, near Oiavi,
Mamibia (Sonth West Africal, 2 x
1% & | mwirx of white cobeiie
xls, comted with hripht  green
wls, S4T.H)

Dipptase — Tsumeh, mear Chovi,
Mamibim (South Wesi  Africal.
1 x 1A x 114 l_"'ll_|'\-\.|l_".' ||f |.I|':_l-\;
chowy xls, F125.00

Admmble — Oioeln mine, ?'.L.pimi_
ciate of Durnngo, Mexico, 214 x
1% x % lighs green xls. on a base
of white adamite and limonine
534,00
Aolnmelie
stitbe of Durango, Mexico, ¥4 x

Wavelllte - near  Pencil

Montpomiery  Couniy

breccisbed

Dipeln mine, Mapimi,

7 % | mnirix of limonie covs
ered with Eden broswn wls. of
L .Il'in.'\-||'\-|'|-\.l_|ll_"‘-\. Sﬁi.ll'll

Adambie — Ojueln mine .'i[:||'|||'|1|_
state of Durango, Mexico, 2% x
134 1 134; blue xls. covering brown
willamite xls. om limonite marris
B LCTETY]

Crold — Filzrim's Rest mine, Pros-
ince of Tramsvasl Republs ol
South Affrica. Vo x Y2 x Y owisted
IMass W il|'| O AR blzﬂ.ml‘

Gaold — Farncomb  HIll.  near
Breckenridge, Summil  Counly.
Cologado. 192x % x Y thin plate
with equilateral triangle markings
SOT.0H)

Grabema — Maica, state of Cho-
bhuxhua, Mexico. Extremely showy
with pale blee fMuorie and minor
amounts of pyrite. 3 x 1 x 1M4;
S92

Crndena — Tuka  Cuapaw  mine,
Treece, Cherckee County, Kan-
sam, 24 x 1 Yax 1Y owo sleed grey
i"urn_'-rl-.-\.-Liu;_- shs. S12.4M

Rock erystal auartz — [daraclo
MmN, tear Uuray, Uaray Cownty,
Colorado. 412 z 4 & 1% cluster
comled prey and  dusted  wath
pyrite 532

Hock crysial quarz — near Char-
cas, state of San Luls Pouoss,
blexico. 5 x 4% x 3 mamix of
large cream colored danbarite
wls. comied with small brilliani
CJuAanz -.l'h. S4HLIM

Smoky quarte— Fot Springs.
Ciarland Cownty, Arkonsas, Ta x
I x 1, showang Tine phantom
roming and no matrix on (wo
sharp single atached xls, SH7.06
Coabchte
Coundy, Englamnd, 4 x 24 x 114
group of clear xls, on o grey and
white mnirix  S1TRILIMY

Epremant, Cumberfand

Calehie — Tsumeh, Mamibian | Sowth
West Africal. 5 x 4% x 540 mas
of xl5. containing red colored
inclusions of hematite $125.0d

120 GEARY STREET

(betwaan Grant Avenuve & Stockton Streat)
SAM FRANCISCO, CALIFORMNIA 94708

(415]) I81-Z500

OFEM TUESDAY THRU SATURDAY

=530,

CLOSED SUNDAY & MONDAY

Minevral World

Cabeite — S5an Carlos, state  of
Chihuabuap, Mexico, 21% x 214 x
2 bright red xl. cluster comalning
inclusions of hematite S6700

Aragonlte — Krupp  lron mine,
Erzberg. near Elsenere, state of
Carinthin, Austria, 5 x Ma x M4
flos=ferri type with o matrix
S40,0M

Copper &  sllver — Palnesdale,
Keweenaw Peninsula. Howghion
County., Michigan. Half — breed
type with no mateix 2 ¢ 102 |
537,00
Copper

51:|r1i;|

Emke mine, near {In-
Mamibda (South  Wes
Africal. 1% & | x | superb little
dendrinic specimen with attached
calcie sls. 1800
Copper — Mew Cornelin pit. Aijn,
Pima County, Arieona. 3Ms 2
2% x 1'% bright, clean specimen
wilh no matrx, fine xl. definition

5320

Amethyst — Denny  Moantain,
King County, "u"r'.hl'.in:'_-lnu_ 174
x b2 x Ve ingle scepter sl resting
on a single milky quarz 1, 545040

Rose guantz— Island of Lavra da
Hha, Jequitinhonha River, near
Taguaral, stade of Minas Gerais.
Brazidl, 1% x 105 x 1'% excellent
display spacimen with no matrix.
briltiant xis. S1T 5.0}

Enarghie & pyrite — Quiruvilea
mine, near Trudillo, La Liberiad
Deportment, Peru. 214 x 114 x
14 with mimor amounts of guaree
S50

F_l'l']h’! J'l.':\.'_ill‘l o Tll'\-il_'.ll'l:l 3 ||;|i:._
I x by x 1% very well xld.
oW WINTINE 1ype of specmmen
with no mairix, wely a superh
plece ST

FLEASE INCLUDE A MONEY ORDER OR CHECK WITH YOUR ORDER. CALIFORNIA RESIDENTS PLEASE ADD
B% SALES TAX (SAN FRAMCISCO, ALAMEDA AND CONTRA COSTA COUNTIES 6-1/2%) TO ALL ITEMS. ALL
SPECIMENS ARE WELL PACKED, INSURED AND SHIFFED POSTPAID. YOUR PURCHASE MAY BE RETURN-
ED FOR CASH OR CREDIT IF YOU ARE NOT COMPLETELY BATISFIED.

Il



MINERAL KINGDOM OF

WOODMERE

Miriam & Julius Zweibel

We specialize in the
minerals of Southwest
Africa; thumbnails

to cabinet specimens:
study grade to com-
petition and museum
quality; com-
mon species
and great
rarities.

Visit us when
you're in the
Mew York area,
see us at
shows, or just
give us a call:
we may have
what you're
lecking for.

CERUSSITE
TSUMED, 5.W.A.

769 Arbuckle Ave.
Woodmere, N.Y. 11598
Tel. 516-295-3050

SHOW SCHEDULE

May 189-22 ‘Washington, D.C

May 28-29 Lamcaster. PO

June 10-12 Rocky Min. Fed. Show. Salt Lake City. UT
June 17-18 Califormia Fed Show, Aenn, Ny

July 1-3 Emsrern Fad. Show. Newport Mews, Vi

Baguet 18-21  Ogdan, UT




ADAMAS

“MINERALS FOR MINERAL COLLECTORS"

ADAMAS IS LOCATED 2 MILES NORTH OF THE OHIO TURNPIKE (EXIT 16) AND
20 MINUTES SOUTH FROM I-76 & 80. IF YOU PASS THROUGH YOUNGSTOWN
GOING EAST OR WEST AND YOU ARE A MINERAL COLLECTOR, WE THINK YOU
WILL FIND THE VISIT TO ADAMAS WORTHWHILE.

WE WOULD LIKE TO TAKE THIS OPPORTUNITY TO INTRODUCE OURSELVES
AND EXTEND TO YOU A MINERAL COLLECTOR'S INVITATION, FOR WE ENJOY
NOTHING MORE THAN TALKING TO MINERAL COLLECTORS. THE ADAMAS MU-
SEUM IS A MUST FOR ALL THAT SEE BEAUTY IN THE MINERAL KINGDOM AND
HOUSES THE FINE COLLECTION OF THE LATE CLARENCE SMITH SR., AS WELL
AS OUR RECENT ADDITIONS. WE THINK YOU WILL AGREE THAT THE MUSEUM
ALONE IS WORTH THE VISIT, HOWEVER WE DO HAVE THE LARGEST VARIETY OF
CRYSTALLINE ARCHITECTURES AVAILABLE TO THE COLLECTOR, THAT WE CAN
MUSTER. AMONG THE RECENT ADDITIONS TO OUR STOCK ARE A FINE SELEC-
TION OF HUBNERITE CRYSTALS FROM SILVERTON COLORADO AND SOME
EXCELLENT TREMOLITE/ACTINOLITE AFTER PYROXENE FROM SALIDA, COL-
ORADO. WE ARE PERHAPS MOST PLEASED TO OFFER YOU OUR ASSEMBLAGE
OF CALCITE PENDLETON TWINS FROM ANDERSON, INDIANA. WE BELIEVE THE
ABUNDANCE OF PERFECT TWINS TO BE NATURE'S ACCOMPLISHMENT OF AN
INCOMPREHENSIBLE IMPROBABILITY. WE ARE NOT A SHOW DEALER AND
HAVE NO LIST, BUT WE ARE EASILY ACCESSIBLE FROM MAJOR HIGHWAYS AND

EXTEND A WARM INVITATION. WE WOULD BE PROUD TO SHOW YOU ADAMAS.
PLAN TO VISIT US AND WHEN YOU COME TO YOUNGSTOWN; ASK FOR ‘ANDY".

Clevaland

Andrew J. Love
GEOLOGIC CONSULTANT

Hours: M-F 1-8
Sat 10-8
Phone: 216-758-3185 Fittsburgh

YOUNGS TOWN
OHIO

8391 Markel 5t. Youngstown, Ohio 44512

{18



Wighis

We specialize in thumbnails and miniatures

as well as larger sizes
Owver 30,000 mineral specimens in stock
Collections or single specimens purchased
free catalog

MNew shipment of vivianite and pyrite from Bolivia: Orpiment, huebnerite and
tetrahedrite from Peru; Azurite and vanadinite from Arizona;
Red beryl from Utah; Vanadinite from Moroceo:
Mew find of Arkansas smithsonite —brown, gray, vellow, and “torkey fat™; Tsumeb minerals;
Master Charge and BankAmericard accepted;
write if you need specific minerals.

@FUARTE
HLOT SFRIMNGE
ARKANSAL

SHOW SCHEDULE

Y
Hampton, Y irginky 277
Julg g3 B We're
Housiomn, -.n," ; T WRIGHT'S SPRINGS

Sorl easy IO

Fimd ROCK '
SHOP

Thi1s A at home —
ﬁh_\'. {M:lyﬁu i
-1 o« at shows
Flogida WONDERLAND

Route 4, Box 462, Highway 270 West
near Animal Wonderland. Tel. 501-767-480{)

Hot Springs, Arkansas B

1y



Valuable protection for INVALUABLE COLLECTIONS!

PERMANENT
SPECIMEN PRESERVATION

with f

Geology & Mineralogical

SPECIMEN CABINETS

# [Domble Wall Canstruction
¢ Pest-Proof amd Mic TGO Se;d 000000
* Double Pasel Door =t

= Litt-0ff Safe Type Hinge

I Ingiesl Eperiman Cahimaly le=

SCIEMCE EQGUIPMENT CORP. | = Teas  Ana
S Chambers Sireel. Hew Tark, N Y 10807

e e e T —

Y CLINOPTILOLITE

= BUCCOR CREEK, MALHELUH COUNTY, GREGDN

JAMESONITE

I Pigise soned coempleie debsin on Lama Geslegy aad Wi I

= HYDRATED SC00iUM SILICATE, mamesr ZEGLITE GROUP

= Small s&arp. ooloress, well- formad Srystals bning
wiloanls geoden
wp te RGcm 7 = 500 .0 @ Som B0 = 2090
= ZACATEGCAS, MEKICO FSem 3,50 = 790 5 x Sem G0 = 3099
= LEAD IAOMN AMTIMONY SULFIDE 35 3 LScm S00 =300
-gxtremely cosaRsSE BLACH GRYSTALS i Tew longer display specimens awajjable
3 5em,  BOD =10 B x Scm BO00 = 43000
35y 2 6on S00=320°° Bx 75cm 2015090
2.5 & Sem &0 = GH00 7.6 x 10cm RO
pre saceplionally fime 3om 3500

dealers in:

. : =RARE MINERALS
please reguest our new arrivals list = FiHE MIHERALS

'&Ann Frazier

=GEM & MINERAL BOJHS:
1724 UMIVERSITY AVE.= BERKELEY. CALIFOAMIA 94703 = 415-THX=T504

i)
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RUSTAM KOTHAVALA’S
CRYSTALS OF INDIA

featuring exquisite mineral specimens personalby
selected at the source an the Indian subcontinent,

+ the frmest selertion of green Apophyllite
 gxrepiiomal Mesolite sunhursis

+ pxtroriely rane crpslals of Powellte with goofifes
+ ghiny eryatals of Babirgtonile

k '||I||'|:':| -_:f;‘ll.g.:-l_‘l'lﬁ HIC -'1r'| -.g-rJr-_-.r

» Hewlmnaite. Calcite, Scolecie, Corendum, Jircarn, Towr :Htlhnatea "um nia::lu mlnlng araas
muakne, Stilbite, Mordendte, Gurofite, Prehnite, Laurmen g i
fite, Epicdode o ) I I i PErtEﬂt f” [rﬂmlng L
From Russia rve specimens of Dabedte, lbaite, Topaz, [il Eu tu 'sI? sn]
Meet s o the Intemational Show, Washington DL, i e
Moy 18- 22 ondd ot the Rechester Symposium (probobiy) e send for enrrent prive sl s
in April :
f We speclalize in okl mining memornlbdlia
cid us your wand-list esperiodic
listings of fine mineral spectmens alsn
Mail: 1034 Carleton S1., Berkeley, Calil. 94710 availabile =»see me ab the Desort lan
Telephone: 415-236-9264 or 415-B41-44892 during the Tucson Show
Er ﬂppl:lir'lll'l"ltl"ll Flegse wnite o call any ﬂE!f' I
I 10 am to B pm, bul remember we're sometimes out M i [ { # 'f
cn e road Tor weeks or months at a time, ”!-t.‘n; j !fl‘fi'?’.i‘i'd“{"ﬂﬂ
Sorry, no mail-order business dn clso

I w, clovernock, e ghendake, whoonsin 5307

ANNOUNCING: MNEW LOCATION

Ik, Davip Ho GarskE MinmalosisTt
195 N, Yomk St.. ELmrst, Iwmnois, 60026
{JusT s0utH oF O'HARE AIRPORT)

TeL, (1208535688

HOW ON CONSIGHMENT:

EXCEPTIONA :  THOUSANDS OF GOOD TO SUPERB SPEC-
IMENS, MANY FROM CLASSIC LDCALITIES, FROM
GLEMM D, COMMDNS, ARDRA, [LLINOLIS

EXTRADRDIMARY: Bv THE TIME THIS AD 1S PRINTED,
1 HOPE TD HAVE ONE OF THE BETTER RARE AND
REFERENCE COLLECTIONS FROM A PROFESSIOMAL MIN-

L [5T, HANY SPECIMENS PERSOMALLY COLLECTELD.
ALs0 AM BXPECTING TO PICK UP A LARGE HORTE OF
DAYEBREAK, MINE AUTUNITE CRYSTAL GROUFS

SO0N: ExPECTIMG AN EXCELLENT SELECTION OF
MIMERALS FROM BOLIVIA, PERU, & CHILE

HANSEN
SMINERALSN

Dr. Gary R. Hansen
1223 Port Roval, 5t. Louis, Missouri 63141

Mineralogical specimens
for museums, private collectors
Reference sets

Investment Cremstones

PLLE: My ow STOCK OF RARE, REFERENCE, & DIS-
PLAY SPECIMENS, SOME FROM THE COLLECTIONS OF
AR BRIAREEY . R. ROBERT CDOK;

FUSSELL P, MACFALL. DR, PALL BE: EOORE, ROBERT
THOMPSOM, & MANY OTHERS

fiem Green Dvarovite,
Ashestos, Duehec

o Y OR

CALL WHEN
Office — 314-569-0842 YOU'RE IN
Residence — 314-432-2882 §T. LOUIS

EREE LIST INFORMATION: MrcromounTs THROUGH
LARGE CABIMNET SPECIMENS

)



LA JOLLA

GEMSANDMINERALS

Fine Mineral Specimens — Worldwide Locations
Cut Stones — for Collectors, for Jewsiry
FPala Specimens, Europedn Spacimens

Jewelry from Idar-Oberstein

UsSCHI ROHRL
635 Pearl Street
LaJolla, California 92037
T14-454-1323

FINE SaNn
R
MINERAL
|
SPECIMENS

Visit Our Booth at
MAJOR WESTERN
U. S. SHOWS

Maw Selections Avaiighle

Dioptase, Sawdh Wesr Africa
Melanite Garnet, Calfornig
Lazulite, Wardite, Augelite, Canpala
Rare Sulfosalts, Aegudilc of Ching
Pyromarphite, France
Silvar, Mexico

Rare Species and
SELECTED FINE MINERAL SPECIMENS
trom Worlcwide Locales

SEMD 268€ POS 1 AGE FORLIBTS

MINERALOGICAL RESEARCH COMPANY
WATO Whipple Cours, SAN JOSE, CALIFORNIA 95127

H. Obodda

(2D1) 467-0212 ol

IF ¥OU ARE SIMFLY FASCI
P.0. BD." 21 MATED WITH MINERALS [housands of fine
Short Hills, N.J. 07078 YU SHOULD HAVE OUR mineral specimens on

OUR CUSTOMERS SAY:

— QUALITY MATERIAL, BERMIE KIRCKOF
TATE MINERALS gl gt Lo Y Phone 507/282-3233

ROCHESTER

specimens From || RARE SPECIES? LAPIDARY
worldwide

1ocalities || BASIC MINERALS? E”cw

COMMON ROCKS? 1/2 mio north on Fighwy 63

Rochester, Minnesotas 55801

display at all times.

833 E. 38th Street OUT WHY.
) Select gualily micromoanis, Mare anc sl orye-
ﬂush’", r'xﬂs ?EFEE Mg STAMPS ERINGS 20 talliped epecieE from all oeer the waorkd l::nl-—-
512) 478-4dF13 CES O STIMNGS 81 0 nlgts Bxting 1 Dollar, KUMINERAL, 1, of, g
f PAGES OF LISTINGS. $1.00
br ww}ﬂmnl mr PUTS YO ON OUR MATLIMNG Vilkesrl, 1218 Girand-Seconnes Gemeve Swilzer-
LIST FOR A YEAR JIIHECHHE'D'EH'E

Send 31.00 tor latest catalog

oOUT—0F -
BOOK PRINT Minarats Uniimited, Dept. MA rﬂﬂkﬁ- & minera IE_:

F.O. Box 87T [127 No. Downs)
Ridgeorest, California 93558 13021 Poway Road

Poway, California 92064

listing 100's on minarals, min

irg, gealogy, fossils, gems.

Phone (T14) T48-3719

PERILITHON BOOKS
PO, Box SE05E

5372 Van Muys Court

San Diego, Calif. 32109

10 to 5 Wed. thru Sun.
mmEmE
pleate wisit our shop in the

San Deego area or see DU
booth at major shows

23



WANTED TO BUY =

DAVID NEW - Minerals

PAo). Box 36

Stevensville, Mantofn 55T m—

CRYSTAL
SHOWCASE

A

-
"
o
oy —

N

e |

Mo B
Fair Gl of
BV me 4 call

io see whm's e

50431673
Hoine |, Bog 222
B Ao Viepmia RO

B
i b Prcem Bel cepszots
pain, Pera. & mior @

"1 codlost ca bohnes amngd
w Tl irmgly dor e pdoces

VICTOR YOUNT

NERALS

Richard W Barstow

I srler in |'|:_|:|| cquilrry Mriish B Whorld
deliniemiy  hEe TS

for e caclinmeel colecior

Hi :r|.:mrll.'|'_'|. Tisrs o Hite speeimems

sl free o appicalion

Canters Mislooome

X TREGESEAL ST LET. FERVZANCH
CORMWELL, BN AN

RICHARIY A, KOSNAR
“ Mineral Classics”

“Speecializing im fime guakity
mimgral specimens from Coborado
an well as worldwide lecalities™,
[Tnsvgsiment consalting services availahle |
“Frosenily wi have s selectbon
o the fimest gquoliy

dark blue-zreen amazonlie
wonse with smoky guartz or athife,”

Special regquesis and desiderain lmvibed.

ARETEEE L. AR LY
N e PR

2749 South Lake Ridge Trail
Boulder, Colorado BO302

[303) 4433085
(Hy appointment only)

E. & G. KELLER-WILDI,
Wyhlenweg 40
CH 4126 Bettingen,
Switzerland
Fine mineral specimens from
thumbnail to cabinet size
imported directly from
Brazil,
South-West-Africa
and Tasmania.

Specializing in
rare
Tsumebh Minerals

e.g. Isumcorite xls,
Ludlockite,

Schaurteite, Keyite,
Scorodite, Olivenloe a.0.m.

MINI MINER
INDOOR FIELD TRIP

Spnge 01
Firn Frownch of Crywial
Ewarinsy Ming Auch
FOR 0080 Fram

The Famous “79™ Mine
Hayden, Arizona

DIRECTI0MS

Coiglel bivihisgy of mck il progucs micrn,
Ol diil Bl meridan animpien oF 3 ket

fonet ol i followg mesisk
Rachakits  Hemmorphin
LT
Conamsny Risiiin
Chrweacails  Smihaenita
‘Wulanics

FOR MAIL DADER SEMD
§10 phe pumibtege sed 5% M. J Sslen Tex

Tz Dick Hauck

8 Hows Place
Bloomlinid, New Jersey 07003

COLLECTION OF A LIFETIME:
TA) dsplay quality mineral SpECimens,
neludmg L} barites From 1080 localicbes.
81 chodce Mucrescents, and ~.'|'u,'|_-i;||i:-'.,,-;_1
groups [rom Tsumeb, fuorite, apatite.
pacudomorphs, fully cotaloeed, suitable
for museum or |'|ri'..|.||,' :l;.:rl.':llh_'l_'d =ik
lector. o war L P, fediy cafled Al
the fost i SR gl o, ard couedd nod
MMEwF r-"ll'llln'\-:'l' however |r.;|.'lI e gy
meme and aradiable. Russel MacFall
T21 Foster, Evanston, 0. 60201, Phone
F13-809.0331 for Appoinlment.

Quality Mineral Specimens
MNew List .ﬂ;u'ai.'al:nte

106 Mawpoe Box H; Crusted Butte, fo. 81234

PETROLOGICAL THIN
SECTIONS

Sand B e rocks and well peepans
the sectiors mounted on SxdDmm
shdps. Individuosl sechions M35 5
from one somple, 53.50 eoach; 1D
frarm one sample, 5275 each, in-
cleding ciemail posiope (we do
not refurn the surplus rockl. Indi-
vidual quosalions given for soll or
Ik pochs which reguire impneg-
malian.

we hold in slock Min sections ol
owar 40 Brilish ook Wpas @$250
gach, inc. cirmail p . VWrile
lor st or sand 33.00 for our full gao-
logical colglogue (refundoble on
first punchosa).

LYTHE MINERALS

Gealogical Supplicrs

56-08, Oxford Street.

Lescester LE1 SXW
England.

MINERAL
DISPLAY BASES

ESP BASES & MINERAL MAME
TRANSFERS SEE “MOUNT
SPECIMENS PROPERLY™ IM
ALUGLIST 1971 LAPIDARY JOURMAL

BLAKELY MINERAL GEMS

BOF Hwy, HE E. Greanville,
Miss ZEF0]1
Wite for Info and Prices

bentley’'s minerals

Distincbive specimans—
for musewms and collectors
Wirite: PO Box 306
Windgar, Conmacticgd OEAS
Telephone—(203) GBB-1EZT
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GLINT MINERALE

SFECIAL

@n California, Nevada minerals
Matall Wiholianla

Forsign inguirias invilad
Show room Bcurg BY appsinlmant

BITT 5. Palm Daphl, CA 85318
Tal. [208) 6:32-1347

GALAS MINERALS

b'hjL m i) .J

a mew shop in
Bonff featurng

handcrafted jewellery - gemstones - mineral specimens

Mike and Carol Ridding

215 Banff Avenue
P.O. Box 1407

Banff, Alberta, Can.

(403) 762-3918

PHILADELPHIA AREA

CAROUSEL
Gems and Minerals

FINE SIZES
MIMERAL TH'S
SPECIMENS T

’_.3 CABINET

2579 HUNTINGDOMN FIKE
HUNTINGDOMN VALLEY, P&, 13008

TUES - SAT
215-947-5323 10230 - 4:30
FRI EVE 7-9

SEMD SASE FOR LIST

+ Cabinet specimens
+ Miniatures
+ Thumbnails

6451 West 84th Place
Los Angeles, Cal. 90045
Telephone: 213-645-1175

{llpstern
Minerals

12040 E. Edison
lMicson, Arizona 85719
GO2-TAT-4R5 54

7 N

W.D0. CHRISTIANSON MINERALS

200 Napiar 50,
Bamrin, Omaria, Cosada

HAND EFECIMENT & NICRIMIUNTS

Why Bl e o8 @ W Writa o frow e ol com
rd g aiesaal maneb

Ellscient storage for your
cesllection. Wheat color
Formica-laminaie finish
Inside dimension of drawer:
5%~ x 138%™ x 1%~

W W 4 T i 42 50

Fine mmseral
and fossil specimen
|r=is v ailokilss

."1|:l|'l. jal TECuesds
il

VWrd's Malharal Scienca Eslablishmsml, Inc

PiJ. Hoe 1712 Mocheslir. Mes Yook 18530

24
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MEL AMD FOAN HEID

Crystal Gallleny

*
FIMNE MINER AL SPECIMEMNS
FOR COLLECTORE
FROM WORLDWIDE LOCALITIES

-
Dipsirs Tsesselary thru Saturday
S a.m 15 pom.
ar eall Tor appointment
"
Spacial rhguasas snvited
Mo minersl lists aailabde

) BHn-2E) 2
i ik T ik X - | H 1

A1 Soudbh Wadswarth Bl Subla 308
Denver. Colprsdo S022

DIOPTASE XL CLUSTERS

MINERAL SPECIMENS
WHOLESALE

FEAUVIAN EULFIDES
TSEUMEDR SECONMDARIES
INMHAN IECLITES
CALIFORMIA BOMNATES
mimry o e Oy s e c s
GERMAN STYLE RQIES FOR

UMMOUNTED GEMS AND AGATE
EGGE-CGHEAP
S ma in Wholesnls
weilicr al
MEMI HLUFHE 1719, 1977
i, bA '|-"-r WA, JULY 1-3, 1977
DEOEN. LITAH ALED 18-21, 19FF

JEWEL TUNNEL IMPORTS
ROCK H. CURRIER

Box 8252

San Marino, Calid. g11048
PHOME 211-2B7-6362

e, | i i
! f/ i [ -
; 'llI.I'.'.'" ¥ -'l.f.k."'r.'fll. -'-"-'.'.-"IJ.r.-"
dinerals 1;r|;|'1'| the Midweess:
BARITE, CALCITE, GALENA
FLLIMQRITE, WITHERITE. ETC.

I owrriemtly rave 0 Stook groelent
materid! fram the Swoshwarer
Mume, MiEroun

SPECIFIC INQLUORIES IWWITED

PO, BOX 4041 PORTLA&RND, RAINE (4107




HIE MIERALS
il
GEMSTONES

Direct from Brazil

OCEANSIDE GEM IMPORTS, I

F.O. Box 222
Dceangide, MY, 11572

Phone (5168) 678-3473

’ Hours by Appointrmant

MATHIASEN

FINE MINERAL
SPPECIMIENS FROn
WIFRLIPW T LAMCALRS
cabinet  size”
dend for correnr N5t or
call #15-657-(HH4

“Micra  to

MINETALS

1149 Se, Anthany D
Fremont. Calif. 94538

WILSON HOUSE

Specializing in

Lrysials & Minerals
From Teumels

w22 Dhaifiekd
Dinllus Texax 752148

(20427957 4h}

vy appoeintment

MICROMOUNTS

Are our specialty. I

Conlaing
guality
Errth
Alsi
inchided are referance collections,
n discussion of mi

catalog
listings of
=peCimens

{har  current
about 400
crystal
and unmounted.

MLiCrs
mounted

supplies wnd
Cromaunt preparation

ia fadog 3 cenls,

HATFIELD GO0 DEY I
| 145 Wesl 315 Avenoe
Sam Muateo, Calilormia $34003

FINE STIBIZONITE SFECIMENE |

Trgem naw location in Maxoo,
Ihumbndl IS MuSaus, Srysials ang nod aeonad
Fing calcite and galana spacimans
fram e Viburnesn Teemsd

MoOregor & Walking, Roula & Bon 487
Hal Bpringa, Arkeasas 71801

“MICROMINERALS-
Oeternational

F. i Box de3
Cadlinbwrg, Tenneses JTT18

LEETH PN EECHEET

%

it €S TREAS)/.
N\ ASUpzg

\ i

P.0O. Box 982
Hawthorne, CA. 90250

Fine world-wide minerals
in all sizes and prices

= wide variety

* rare minerzsls

* TUSBUM Rigces
* single crystals

Specialist in the
Minerals of Tsumeh
Southwest Africa
Reprasenting in tha LIS
Kahn Mineralien of Germany

Send us your want list
Hours by appointment:
(2131 373-3601

F. CURETON 11
& SONS
Wholesale Minerals
6211 E. Highway 26
Stockton, Calif. 95205

Mineral specimans & taaching grade
roCks and minarals. Inveniony

inchudas, Lindgranite, Koattagite
Karpathite. Proustite. Finmaaldite,
Aluminita, Wodginda, Rosenhahnme,
Rervasite SI_-|'| iathaite, Miccalite,
Howiaeta, Daarite, Cyrtolita,
Goalingite, Aloite, continued next
IS5 LH

WO CUTTING MATERIALS HANDLED
CATALOG TO DEALERS OMLY
CATALOG PRICE 51.00
WHOLESALE OMLY

V/2v/4

di
alfredo
ferri

Fing mineral spacimens
fram Europe and worldwide
locales.

Or. &lfrado Farri

Shepa raom
Coan Varsell, T
201 44 Milamno

bl 3D

TRl

'ia FINE
f/p-" ﬁ.-"f’ MINERAL
o SPECIMENS

We devite pou Lo consfder
gar detoiled listdng or
ercellert apectmons froim
world wide lopoles
Satigfaciion godrEnlded,
af ecoree.

Write for our Lisd

EARTH FORMS

Box 51857
LITTLE RoCHK. ARR. TZ2203 |

BRIAN LLOYD

14 PALL MAIL

LONDONS.W. 1
ENGLAND
tel. 839-5233

-
Classic British and
European Mineraks

Flease telephone for an
appalntrment when you
arg next in London

e
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GUSSEN'S
MINERALS

Over 5,000 thumbnrail to mu=
seum Size specimens in stoch.
Individugl price hets are availabla
for mneral specsmeans  from
British Colurmbsa, Canada, Frank-
lin & Dgdensburyg, M., Missour,
World-Wide Spacrmens or 8 Fluo-
rescent Meeral List, Send 268
in stamps for sach individual
list. S0F credit on youwr firat
order. Specdic Ngures ahwaye
welcaomed.

Shop and Display Foom: BES2
Vinup Road, Lynden, Wash-
ington BE26E4.

FINE MINERAL
SPECIMENS

‘We spacialize in old Bisbes, Tiger
and other Arizona material, Also
crystals and crystal groups trom
all ovar the workd, We alsp handke
rare minerals, domestic and
foraign. Azurite, wulienite, kino-
ite. native copper, cuprite and
many others awvailable. Send
S YOUF Wante, SiFes, price rangsa,
[ |+

BIDEAUX MINERALS

Telephone §24-2132

117 W. WASHINGTON ST,
TUCSON, ARIZOMNA

B5701

PROSPER ). WILLIAMS
Blinerala di Conmaissmirs

i) Bawiherlasd Drive, Tesopdo, Tinl
Canads MAG 1JE Phone 1 416; 4218858

Tauimeh, Oreargs & octher fine 5 W, Alrkon
specimens including birge Cuprites, THopnsss
Al Baodrwossline.

Eluz JEEEMEIEVITE erminmgil crmalk
Teem Bile T2 meodth of Fwakopmand,
5. W. Alrica.

TOM DAUGHERTY
1021 LAWTON ROAD
COVINGTON, KY. 4101

GEMS - MINERALS

IMPORT - EXPORT
WHOLESALE - RETAIL
SHOWS - MAIL ORDER

PHONE (606) 291-4427

Davis Minerals Inc.

Dhivisiom of Dl

We have moved — note our new address
s Mineral Specimens

. i:'ullim. m;lwinlﬁe "‘l-liha pl

- qpldun ,.qulpm:nl! u BES
s Speciulizing in Malachite ]E\'I-EII".

With our move, we bope (o make this a
one stop service lor our dealer costo-
mers. Call on us for your necds

181 5 Tyndall Ave. (62 )
Tucson, AL 85714 624-2346

Brazilian
Minerals

1 WHLL HE

1M BERALLL
DETHING JLTNE
JULY & AL,

Specialicey in Pegsualice Specimens

Codorado Gem & Miners Co
P (HTeew Hox 434 Tempe, Anosiis NSIKE
Dack Lowell | 600} ) S66-0006

LIDSTROMS

F.0 Bax 5138
Prineylla, Gire, 97 754
S s at
Dernwer May 7-@
Zan Francesod  July 2-4

Dayton Juty 21 24
51 Louls Julg 22-25
Sagiile =Sepl. 168-19

Call us lor an appoentrmant b hore
{S03-347-T 1041, oF visif aur
s in Carmel, Californaa

WE HAVE MOVED- 3DD saca specied in dbsck, micra La
cabmat, inclidmg sspalils, bharcis,
banEamity, calaswiila, ¢ :hlll clinaii
I-Illphl

-
i B.EES
» pectags, SEamp fer link, E[EIli#H IIEH.I.I. 1 1
gilﬂl{' Mamd, Bipwamr, ﬁ ayENi

" AUSTRALIA

offers somae of tha rarest and
moal colorlul minerals in lhe
waorld; s0 why donl you add a
pieca of Australla o your ool
keclion, Wa Baré  Ausirglia’s
aldest establishod doalars in
qualily minaral spacimens from
MICROMOUNTS to OMNE-OF-
A-KIND Museum specimens.

EQOVAC'S
Gems & Minerals Pty. Ltd.,
120-122 Commercial Road,
Prahran, 3181,
Melbourne, Vic., Australia.
Phone: 51 2021

Fink u.pthhyllir.e., 5t Andreas-
berg, Harz: raspberry red chodo-
chrosite, "Woll" mine, Herdord,
Siegerland, brown pyromorphite,
"Friedrichssegen™ mine, Bad Ems;
brilliant manganite, [feld, Sax-
ony; stephanite. “Himmelsfurst”
mine. Freiberg,  Saxony;  progs-
tite, MNiederschlema near Schnes
berg/Erzeehirge: and ather rore
minerals from clasgic localitios
in Europe,

Please write us or drop in
when in Eurnope:

ME KRISTALLDEUSE
D-S0) Manchen 2
Chreranger b, (near Stadimusenm)
West Germany
Tel. OBYNG0- 3662

If vou want complete infermation about TSUMEE
G, 53hnge: Tsumeb, & histoncal sketch ﬁrH- inc.airmail
Bartelke-Fahle: Tsarmeb, Tist of minerals (179 inc. ailrmail

OKNNANGO

Put the money in an envelope and send to
k. Fahle, Klenzestr -4, DB Minchen 5, West-Coermany
Specialist in information and minerals from TSUMER

—

BANCROFT AREA

OARCHOET
L

=R MUK LI
ELOORADD T

BAA D

.
=

HEE Y 401

TORORTO BELLEVILLE MOMTREAL
FIME MIERALS

HAWTHORMNEDEN

=A fif, Ei Comoso
Cripren. Canada KO (70
61347343261 Frank & Waendy Malansan
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MINERAL INDEX

NAMES: Species names in bobd: verietal nimes in
e lics; i|||:m|:|1r|1:!i=|1' descnbed new SpecIcs NAMES
in standrad ©

PALGE REFER "'u{ ES: Textual references in standard
tvpee dmicst important testual references in okl
standard tvpel orvstal |:|1'.I.'|I.'i.l.1|-'! references and spec-
men photo relerences are in celics.

(Chemical Tablek, powes 36-17, mol indexecd. )

Acomthite 18, 12 =
Adambte 15 18, 3. 39 40, 42, 43, 44, 45, 46, 47, 4R,
o8, o, 1l
Cohafondemite 5,18, ), .Ef:l- 31,1

Cuproedamite MR, 18, 22 4%, 44, -'I,El. 54, &8 8T, BR,
4, 9, i i
A ]!-Lukhlmlh. 35, 1w
Alamosite 5. IR 24, 3 37 25, 44, 48, 55 102
Albie 1K, HE
Algoddoniie 17, 18, 10F
Anglesite 17, I8 T8, 32 40, 43, 44, 45, #H,
32, 69, 70 SR, 99, 102, 107
Ankerite 17,18
Aragonite 18 48, 107, 12
Tarnowilzite 8 I8, 4K, &1, 102
Nicholonie 18 48, 6l 1032
.ﬁ.nclhﬂclﬂ:hﬂxnlllt T, 102
Arseniosiderite 19, 21, 33 102
Arsenisumelite 19, -l-:".-'H-.. 45, 46, 47,
Ashesios 19, T2
Aracamite /919, 56, 102
Agrichaleive 19, &4, 107, 102
Austinite 19, 102
T J‘In-imrm' 16, of, 102
Avurile i9 20 MW, M, 25, M6, X7, 2R, 20, W, 4.
M, 13 39, 40, 42, 43, 44, 45, 46, 47, 48, 49, 51, 52,
53 54, 74, 75 100, 1@z, 107
Barite 19, X 30, 70 102 ) _
“.!kllaulllllfll"' 18, 19 30, 3, 39, 44, 45, 48, 49, 52, 75 96,
Beaveritg 20, 54 102
Betekhtinite 2, 35, 102, 107
Boudanilie 2. 20, 28, 201, 23 M, 27.
4T, 4%, &3 102
Bindheimite 17, M) 47 102
Biotite 20, 103
Bormite 20, 36, 28, 30, 31, 32, 30, 41, 53, 91, 1035
Brisriite 20, 30, 41, 47, 103
{re-Hrinriiie ]l'll.. [
Brochantite Hp. 27, 31, 43 44, 46, 47, 54, 103,
Brunogelerite 21, 45, 75, i3
Calchie 15 25, 21, 23, 15 M6, 9. 30, 42, 43, 44, 45, 46,
47T, 49, 5% g6, 72, 73, &2 A5 M3

A, 12

4, 43, 44, 46,

T

Cabaltocalcile ."'. 21, 13
Cuwpracalcire 21, 103
Plumbocaleidte 5,21, 66, 103
Coledoniee 21, 27103
Cariminite 19, 2020, 22 23 ¥ 34 36, 431 44, 46, 47,
49, S, 103
Carnevallite 15, 1046
Carrolliie ¢V -Carroliived 5.3, 35, lllt

C:rl!!i:r 5 10, 21,22, 22 ¥ 24, 27, 19, W), M, M,
1o, 41, 41, 44, 48, -1I.‘|.-h 40, -.I'J. L i
I'-? o, of, 54, BG, 10, Jond 103, J12
Chalcanthite 21, 2X, 103
Chaleociie 10, 11, 12, 22, 21, 25, M,
A5 49 S, KT BT, 90,95 T, 107
Chalcophanite 22,103

Chalcophyilite 22 103
Chalcopyrite X, T3 36, 30, 39, 4],
‘henevixite 22103
Ph-Chenevivite 22, 103
Chlorite 23, 103

Al 32 3%, 41,

A3, 103

Chrysocaolla 140,22, 531, 103 107
Chadobalte 5, 2222, 43, 76, 103
Cinnabar 21, 103

Clandetite 22, 103

Climeclase 23 10

Conichabeive 22,

Ferabayidomis

2242, 41 44,45, 46,47, 71103
L ] X

i 21,22, 2% 27, 85, M3, 107
f.u!'ﬁlt-t 17, 2%, 113
‘oronadiie 3. 50103
Covellite 23, 39, 41, 103
Cobaniie I3, 1“3
Cuprite 27 23, X7, 41, 43 44, 4647, 49, 72, 73,103,
14K
Chalewsirichiie 23, 27, 72, 103
Descloleite 23 23, 52, &2, 103, 1407

Cupraogercinizite 23, 103
Devilline 23, 27, 20 103
Digendie 23, 22 39, 41,49, 103

Dioptaze 23, 23 2, 38, 24, 40, 42, 43, 44, 45, 46, 49,
A, 103

Diurleite X224, 53 103

Daslismite I1] r.a % _.-1 M4, 40, 41, 4243 44, 103, 107

Co-Dalomile 5, 24, 103
HﬂHLFq.l'm.r.l.u'-uhlrl:n‘ .=l. I-L a3
Plumbodofomie 5 24, 103
Er-Dnlomie 5, 3. 103
Duftite-alpha 24, 45, 52103
[ll.l.illlc-hrlaﬂﬂnd “Duftite™ 19, 24, W,

. 46,47, 48, 42, 103
Dundasite 24, 41, 43, 44, £4, 104
Enargite

39, 4, 41,

s E.‘l-]'il. 41. o, Tid, 107
Strbioenargite 3, 104
Epidote 24, 104
Famatimite 24, 27, 14
Fleischerite 5 15,24, X, 29, %0 1, 107
-I'.':.-.l"".l'u'ﬁ.'.t'nl.u'rm,' 1"-"-. |“-'|-
Fluorhe 23, 24 . 545 1M
Galema 10, 11, 1% 20, 20, 22 33 X 35 3 W) 39
Al &L, L 10
Cralliie 5. 131 25, 329, 47, 1M
Lrermaniie . i 22, 25, My, 3,
41, 1€
W-tsgrmaniie X5, 10d
VelGormanite A X5, 104
fGermarnite B35, 14
Ge-Zn-Mawsonite 25, 35, 14
Glameads 25, T4

32 3, 29, 47, A3

Goethite 3577 W 40041, 4244, 45, 640, 1M
Gold 5. 53 Tid

Graphite 25, Tid

Coratamite 25, 104

Greenockiie 18, 28, M6, 32, 4% 104

Li-Crreenockie 2, TH
Caypsum 20 27 47 50 104
IIrhp]mnt 17. 26, 1id
Hematite 15, 26, M6, 27, 42, 44, 56, 1, 107
Hemimaorphite 19, 26, 04, 1id
Heterogenite 26, '“.t'l"-l
Eidlhnile I, T

lelaine

llmenite

limlie 26, 14

larosite 17, 36, 104, 107

Kuolinite 6. 5% 106

Repelite 4 5. 12 15, 24, 26, 44, 45, 53, 47 10

Keyite 17, 20, 26, 3. 45, 4B, 549 8T, 4, R &9
A9, o, W, 98, 104

hull lln 21‘}] ik

| l'rrlrlulurl o114
E.u-l'.r.w.s-m:l'uﬁmr 27, &0 T

Leadhiilite 18, X, 26, X7, 28, *H.-I-S 49, 544675 104

Leiteite 17, X7. 5995, 99, '3‘{1-

Lepldocrocite 25, F7_ A5, T

Linarite 21, 37, 401 4% -1-|. H, 47, A4, 1

Limmneite 77 27, 2 1M y

Luydlockite 5 X1, 27, X7 311, M, 47 40, 75 W, 9.
B2 62, A7 035 td, i

Luzomite 24, 27 14

Magnesite 27, 104

Magnetite 0o, X7, 104, 107

Malachite 10, 19, 22, X1, 24 25 X7, 2R, 2. M, 1L M,
XH. 39, 40, 41, 42, 43 44, 45, 46, 47, 49, 51, 52, 54
rlc I (Y A T

Manpan-Stottite  ZH, 104

Massical iU [0

Maowsonite 28, 104

Mayvareen 35, 106

h1gi':m|g|.ilg 18, 24, Ja, 272K, 4%, 54, 108

Metscinnabar 28, 105

Microcline I8, 105

Millerite 28 105

Mimetite framt cover, 2, 19, 20, 21, 24, D6, 24, 28, I,
LAk 3L M M. 400 41, 42, 43 -H_' 45, 46, 47,
49, 540, 51, 51, 54, 6f, 104, L1, 15, 107, back cover

Mimeral O 35, 1k
Mineral [» 35, 106
Mlineral = 35, 106
Mineral garmma 35, T
Mineral GF 17, 15, 16
Mineral Lu 35, 36, 116
Mimeral 5 36, 10
Mimeral TI 17, 36, 16
Mlineral T 17, 36. 104
Winium 28, 105

Mixite 17, 28 105
Maolvhdendie 25, 28, 31, 34, 35, 59 105

Maotramite IN. 4, 43, dd, 45, 26, 47,
TETI08, 107114

Muscovite 28, 15

Dligoclece 28 TS

Ollvine 28, 105

Olivenite L8, 2 28, 20, 19, 4, 42,
48 50, 52 57 105, 107

Fe-Ciivemila Z‘L {5
5, 221, 57,108

Aincalivenile
ﬂl’th;bl’.‘Eln: M ﬂ'ﬁ-
Otavite 5, 26, 28 20 32 55 105
Patronite 29, 1105
Pharmacosiderite 25, 29, 105
Fh ambte M, 55 108 S
Plancheite e 42 43 44, 46, 47, 82 108, 107
Platinerite 24, 105
Posmsebte. 29, 31,43 34, 36, 47, 108

amsnjakile + 7.

Fowellite 17, 29,29, 31, 50, 105
Prilvmelane 29, 15
Pyrite 22, 25, 2920, 3. 30, 41, 60 91, 105
Pyrolasite M, 56 1S

Asholrre 105
Pyromorphine W30, a0, 105, 107 4 -
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