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PREFACE

his book, nearly three years in preparation, is without

doubt the single most comprehensive work ever pub-

lished on Tsumeb. The seed was first planted when
Dwight Weber suggested writing his article for publication in
the Mineralogical Record magazine. The subject was so ex-
citing that we eventually envisioned a project of larger scope.
A list of desirable chapter topics was composed: in April of
1976 we began seeking out other knowledgeable authors and
asking them to write specific chapters on subjects they knew
best. Background chapters on history and geography were
added to give perspective and a feeling for the country. Onig-
inal research on Tsumeb minerals was solicited. With computer
assistance, the 1147 Tsumeb specimens in the mineral collec-
tion of the Smithsonian Institution were located. studied and.
In some cases, photographed to provide a reference base lor
editing and reconciling the work of the other authors. The
concept soon outgrew the scope a regular issue of the Min-
eralogical Record: the result is the book you now hold in your
hands.

The history has been summarized from the excellent but
poorly circulated work by SGhnge ( Tsumeb, a historical sketch)
and has been brought up to date. Paul Keller, of the University
of Stuttgart and a leading authority on the secondary min-
erals of Tsumeb, has contributed an illummating and useful
chapter on the paragenesis. Dwight Weber has compiled what
is undoubtedly the most complete bibliography for the locality
ever published. William Pinch, one of America’s foremost
species coliectors and an accomplished part-time mineralogist,
has described and discussed every species known to exist at
I'sumeb: his descriptive list along with Weber’s bibliography
constitute an invaluable reference for both collectors and
researchers. Charles Key, possibly America’s top dealer in
fine mineral specimens, has tapped his special knowledge to

divulge the current resting places of many of Tsumeb’s finest

pieces, and also gives us a personal ghimpse ol Sid Pieters,
Southwest Africa’s leading collector. The photography has
been assembled with special diligence and care. Many of the
color photos and some of the black and whites are the mag-
nificent work of German mineralogist Olal Medenbach, a
recent Ph.D. and coauthor of the first description of the new
I'sumeb mineral kegelite. Additional work by master photog-
raphers Nelly Bariand, Werner Lieber. Julius Weber. and others
was graciously donated. Many of the species known to occur at
[sumeb are pictured, thereby providing a comprehensive
visual reference for sample identification, and a feast of visual
enjoyment for collectors. The research chapter is a gold mine
(or perhaps we should say a copper mine) of data; a trio of new
species from Tsumeb are described for the first time, and the
knowledge of several other species is expanded by noted min-
eralogists such as Peter Embrey of the British Museum (Natural
History), Richard Erd of the U.S. Geological Survey, Fabien
Cesbron of the Sorbonne, and Pete Dunn of the Smithsonian
Institution. Finally, a chapter is devoted to the many mineral
dealers from whom collectors, researchers and curators may
obtain Tsumeb specimens. A mineral index is also provided
for reference.

It 1s concewvable that Tsumeb, as a source ol minerals for
research and display, will not survive long beyond the publica-
tion of this work. It would indeed be unfortunate if our words
became the epitaph of the greatest of localities. Nevertheless,
the preservation and dissemination of information on Tsumeb
would then be even more important. Hopefully this work will
serve as a practical, valuable and educational reference to col
lectors, curators and mineralogists interested in Tsumeb, and
will stimulate further study of this unique deposit.

Wendell E. Wilson
December 2. 1976.
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Il INTRODUCTION

by

William W. Pinch

very once in awhile a book or an issue of a magazine

comes along which 1s something special, something to

put aside in a special place for reference and continued
use. sometimes even to buy an extra copy of (by all means do
so) and perhaps have hard-bound. This, the Mineralogical
Record's book on Tsumeb, | believe is just such a case. Many
of the world's great localities have been the subjects of books
and scholarly compilations but, until now, no such work has
appeared on what is probably the greatest locality: Tsumeb.
Southwest Africa

In considering the importance of Tsumeb as a mineral local-
ity one must examine several aspects. In so doing, | hope to
demonstrate in this brief introduction that Tsumeb is most
likely the greatest of the great and will probably remain so for
a very long time. As collectors and scientists we all have our
favorite localinies, but let's put aside our personal preferences
(mine included) and look at some facts.

Over the past couple of centuries many fine localities have
at one time or another produced “classic™ specimens which are
well-known for their unsurpassed crystal size and quality and
which are generally considered to be the finest specimens of
their species ever found. Examples that come to mind include
cinnabar from China, stibnite from Japan, silver from Kongs-
berg. chalcocite from Cornwall, proustite from Chanarcillo,
manganite from llfeld, brazilianite from Conselhcira Pena,
torbernite from Musonoi, cuprite from Ongamia, legrandite
from Mapimi...it's difficult to stop. However it is interesting
to note that when the average collector thinks of many of these
localities only one or two species come to mind for each local-
i['}. Not so with Tsumeb! Not nﬂl} do many different \[‘Pt'L'iL‘\
come to mind. but many of “classic” proportions and quality
as well. At least 26 species (discussed in Chapter V11 by Charles
Key) occur at Tsumeb in a quality and size unrivaled by any

other locality, and these do not include well over 20 species

that have yet to be found anywhere else. So the total number ol
examples of “best in species” from Tsumeb probably exceeds
50. Many examples are not just a little better than specimens
from other localities, but rather are incredibly better.

Another aspect to consider is the occurrence of rare species.
Over the years a number of localities have come to be known
for umique assemblages ol rare species. usually a fairly large
number of rare species, many of which are unique to that lo
cality. A few that come to mind include Franklin, New Jersey:
Langban, Binnental, Switzerland: Saint Hilaire.
Quebec: Shinkolobwe and Musonoi, Zaire: Llallagua, Bolivia:
liger. Arizona: the Palermo mine, New Hampshire; and a new
locality in northern Yukon Territory, Canada. Tsumeb belongs

Sweden:

on this list as well: there is certainly no shortage of rare mineral
species at Tsumeb. In addition to the above-mentioned number
of species unique to Tsumeb, there are over 150 other species
found there. many of them extremely rare.

“Unique” is a word that cannot be avoided in a discussion of

| sumeb. The rare minerals at Tsumeb are a reflection of the

unique chemical and physical charactenistics of the deposit
The enormous amount of germanium and gallium at Tsumeb
has led to a unique suite of minerals which includes germanite,
| he
unique structure and “plumbing  of the deposit combined with

gallite, stottite, sohngeite and fleischerite among others

the chemistry to yield other rare species including alamosite,
ludlockite, schultenite. schneider
hhnite, tsumcorite, kegelite, otavite, and many more. Min

tsumebite, chudobaite,
eralogists will be working for many more decades to sort oul
the complexities of Tsumeb mineralogy.

Another idiosyncrasy of the deposit is the unexpected array
of species varieties, many found nowhere else. Examples n
clude plumbocalcite, cobaltocalcite, cuproadamite, Co-, Mn
Pb- and Zn-dolomite, Nicarrollite, Zn-olivenite, Co-smithsonite
Cu-smithsonite, Cd-sphalerite, Ge-sulvanite, Mn-willemite
and a number of others. Geochemists will be puzzling for some
time over the peculiar conditions that could have produced

SO many unusual species and vanetes.

One of the more inieresting aspects 1o collectors, and one
that is commonly associated with chemical vaneties of species
is the tendency for many common species at Isumeb to form
in a wide range of colors. Examples include smithsonite (black
gray. white, pink, vellow, apple-green, deep green and tw
quoise-blue), willemite (white, yellow, blue, green), and wull
enite (colorless tan. sherry, reddish brown,

gray orangc

brilliant vellow, pale vellow, light blue and dark blue).

I'sumeb is a micromounter's paradise. A dazzling array ol
beautiful species, extremely well-crystallized, can be found in
many combinations. A 2 x 3 inch specimen suitable for breaking
up mto micromounts may cost as hittle as hive or ten dollars
100 I'he

species lound in large, superb crystals are invanably present

and may provide material for over mounts many

as even more superb micro crystals

Combined with all of the above extraordinary

aspects ol
'sumeb is the amazing abundance of specimens that have been
produced. Literally rons of extremely fine specimens of a wid
variety ol species have reached the collections of the world
Cerussite 1s an example: at almost any mineral show one can
still
better than the best cerussite from any other world locality

find low-priced specimens of Tsumeb cerussite that are
High quality specimens at single shows have numbered in the
thousands. If cerussite from Tsumeb was taken off the market,
what other locality could begin to take s place?

['hese days Southwest Africa is surrounded on all sides (ex

Mean

while mining progresses deeper and production costs continue

cept the ocean side) by political and social upheaval

to rise. Who knows how long the mine will continue to operate”

Fwenty yvears” Ten? Perhaps even less? Whenever it comes

the closing of Tsumeb will be felt the world over. Future col
lectors will consider wus fortunate indeed to have been alive
when Tsumeb was in its heyday. But the legacy of Tsumeb, of

which this book 1s a part, will live forever. Let's enjov il
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AND POLITICAL
BACKGROUND

Wendell € Wilson

outhwest Alrica*

1S a vast, sparsely inhabited territory
bordering the southwestern Atlantic seaboard of Africa.

It 1s bordered by the Republic of South Africa on the

south, by Botswana on the west, and by Angola on the north.
A narrow strip of land (the Caprivi Strip) belonging to South-
west Alrica extends to the northwest and contacts Zambia.
l'he total area of Southwest Africa, 318,261 square miles,

15 1ust a httle under one tenth the area of the United States.

* The punctuation of the country's name has never been stand-
ardized. Variations West
A\ frica, South-West Crerman
Southwest Africa.

include Southwest Africa. South
A\/rica. and the
Non-English varieties
afrika, Siidwest Afrika, Siidwes-Afrika
\frika, Deutsch Sud-West-Afrika

and Deutsch-Siidwestafrika.

pre-war name
include Sudwest-
Deutsch-Sudwest-
Deutsch Sudwestafrika
I he first-mentioned form will be
used here because it follows most closely from the majority

of the German versions, and because. conventions aside. it

1Is erammatically the most correct form of the Enelish word
“southwest.” It is also the form preferred by many mineralo-

gists, including Palache, Pough and Strunz.

but Southwest Africa’s population of about 1,000,000 is less

than iworhundredth of the U.S

one population. Southwest

Africa’s population consists of about 10% whites and 90% non-
white peoples belonging to 10 major native tribal groups ol
varying descent.

Nearly the entire expanse of Southwest Africa, except for
the extreme northern and southern portions, i1s desert or semi-
desert. The Namib Desert, with the highest sand dunes in the
world, extends the length of the seacoast. and the Kalahar
Desert partially covers the central eastern and northeastern
portions of the country. Most of Southwest Africa 1s charac-
terized by harsh and forbidding territory lacking perenmal
rivers: rainfall 1s low, irregular, and neffective, resulting n
prolonged droughts.

'he central plateau of Southwest Africa lies inland from the
Namib: varying in elevation from 1000 to 2000 m, it offers a
diverse landscape of ragged mountains, rocky outcrops, sand-
filled valleys and plains. Rainfall in the Tsumeb area averages
about 500 mm (20 inches) per year, and makes this one of the
wetter parts of the country, relatively speaking (for comparison,
rainfall at Tucson. Arizona. in the Sonora Desert, averages



Figure 1. (opposite page) The Namib Desert on South- SUIDWES -AFRIKA
west Alrica’s West Coast where the highest sand dunes - ,. .
in the world have been found. (Photo courtesy ol the SOUTHWEST AFRICA

Director of Information. South Alrican Consulate-

g
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Figure 2. fabove) Southwest Africa’s size relative to other

countries. (Map courtesy of the Director of Information, ||
South African Consulate-General.) '

-

Figure 3. (above right) The location of Southwest Alfrica. . . = - Z
(Map courtesy of the Director of Information, South A ddndad ] - Y0007
African Consulate-General.)

Figure 4. (right) Southwest Africa: Tsumeb is near upper
center. (Map courtesy of the Director of Information,
South African Consulate-General.)




Figure 5. An Ovambo woman in traditional headdress and necklace. Figure 6. Herero woman in traditional dress adopted from early
(Photo courtesy of the Director of Information, South African German settlers. (Photo courtesy of the director of Informa-

Consulate-General.)

8-16 inches per year). Agriculture and industrial development
in Southwest Alrica are seriously hampered by lack ol water:
only 1% of the country is suitable for normal dry-land cropping,
and the grazing areas have an extremely low carrying capacity.
he average summer temperature it the Central Highlands
ranges from 72° to 77°F: temperatures in the Kalahar average
88°F. Winter temperatures average around 60°F in the Tsumeb
area.

'he political status of Southwest Alrica has been debated
since the formation of the United Nations and the dissolution
of the League of Nations. which granted South Africa a man-
date over Southwest Africa at the end of World War 1. The
arrangement, eventually incorporated into the Treaty of Ver-
sailles, specifically made no provision for the revocation ol
mandates or the substitution ol mandatories. nor for payment
of the mandatory’s expenses by other League members. South
Africa has consistently maintained that (a) it is administering
Southwest Africa to the benefit and improvement of all of s
citizens, and (b) that no other country or organization of coun-
tries has any jurisdiction or power over South Africa’s relation-
ship with Southwest Alrica. The United Nations. which has
become increasingly dominated by Third World countries
unsympathetic to Western-style, white-dominated governments.
disagrees doggedly with both of these assertions and has pushed
relentlessly for the removal of South African control from
Southwest Africa. The United Nations declared an end to the

mandate in October of 1966, and since that tiime has considered

South Alrica's administration of the territory to be “illegal.”

8

tion, South African Consulate-General.)

In 1968 a resolution was passed in the United Nations by which
Southwest Africa was renamed “Namibia™; the Security Coun-
cil was requested to take effective measures to insure the im-
mediate removal of the South African presence from the terrr
tory and to secure its independence. Resolutions strongly
condemning South Africa have been repeatedly passed since
then. South Africa has stated that it is for the inhabitants of
Southwest Africa to determine their own future. The United
States has traditionally supported South Africa, probably n
order to protect Western mining interests, chiefly in copper
and uranium.

Recently the United Nations passed a resolution endorsing
“armed struggle” to end South African control...and this by
an organization supposedly devoted to the peaceful resolution
of international disputes! While other parties. including the
U.S.. attempt to find a peaceful solution. the United Nations

Proposes vik lence

Although negotiations seem headed inexorably toward South-
west Alrican independence. there are difficult obstacles to be
overcome. Not the least of these are South Africa’s ngidity and
unwillingness to make good its promise of independence, aad
the Marxist South West African People’s Organization's desire
for a guerrilla war that would eveptually put the Ovambo tribe
in complete power. Most of the other tribal factions seem
imenable (even apathetic) to a peacelul, gradual transition
of power: such a transition should have a minimal disruptive
effect on the economy (including the Tsumeb Corporation)

and 1s the most probable future course for the country.




I HISTORY

by

Wendell € Wilson

ortuguese navigators landed along the coast of South-

west Alrica during their vovages ol discovery in the 15th

and 16th Centuries but never developed an interest n
the territory. In 1652 Jan Van Riebeek landed at the Cape of
Good Hope (1o the South) and established a colony: through
the end of the 17th Century the Governor of the Cape sent
sailing ships to periodically survey the coastline.

In 1793 the Cape Governor claimed several Southwest Afri-
can coastal areas for the Netherlands: when the Cape became
a British possession in 1795 these areas also became British
Shortly thereafter missionaries, traders and hunters began to
settle and explore the territory.

'he German trader, F. A. E. | uderitz, purchased a section
ol the Southwest 1883,

Alrican coast from a Nama chiel in

and asked the German Government for protection of his prop-

erty. Following Anglo/German negotiations, | uderitz’ prop-

erty became a German protectorate. The Germans gradually
extended their boundaries by making treaties with friendly
chiels unul eventually the entire area, subsequently known as
German Southwest Alnca, became part of the German pro-
lecltorale.

German control continued until after the outbreak of World
War | (1914-1918). On July 9. 1915, the German garrison sur-
rendered to South Alrncan The terrmtory was under

South African Military Government until 1920 when the League

f{ rces.

of Nauons granted South Afrnca a mandate over Southwest
Africa. South Afncan admmistration of the territory has be
come increasingly controversial since the League of Nations
was dissolved and the United Nations formed in 1945 (see pre-
VIOUS L'hilpl!.‘rl.

EARLY HISTORY OF THE OTAVI AREA

The technique of smelting copper ore (malachite) simply
by adding preces of it to a very hot fire and allowing the molten
metal to collect underneath was known to the Mesopotamians
before 40X0 B.C. These techmques were probably introduced
imto Southern Africa by immigrants from the North before 500
A.D. The immigrants, who became the Bergdama tribe, were
apparently “Hamites™ of part Bushman blood by intermarriage
Small smelting furnaces were constructed. sometimes 3 at a
time, and measuring about 28 inches high and 15 inches in dr
ameter. They were stoked with wood and malachite, air was
blown in using goat-skin bellows, ritual dancing and singing
took place. and after about an hour and a half the furnace was
broken open to reveal a 15-pound cake of copper. The remains
ol such smelting sites have been found around Gross Otavi.
Onikoto (just 20 km from Tsumeb), and elsewhere.

The lirst written record of copper mining in northern South
west Alfrica was recorded by Sir Francis Galton in his diary in
IRS1. While journey through Ovamboland.
Charles Andersson and 1. Allen camped at Otjikoto Lake, about

on a Galton.

19 km from Tsumeb, and observed groups ol natives transport
ing copper ore. The ore later turned out to have been mined
at Gross Otavi (Nageib). In 1857 Rhenish missionaries camping

near Ouitjika observed Ovambo men transporting copper ore

in neatly woven baskets weighing 90 pounds full. H. Hahn, one
of the missionaries, eventually learned that the ore was being
transported to Ondongua from copper deposits in the Otavi
range kept secret by Chief Kangombe of the Bushmen tnibe,
A hunter
named Brooks mentioned linding a copper mine 1o an Amer

and that about 60 tons a year were being produced

ican trader, Gerald McKiernan, and his English partner, C, (
'homas: they located the site at Gross Otavi while on a hunt,

In I88S the trader and elephant hunter Will Worthington
Jordan purchased a tract of land from Bergdama Chief Kam
bonde, who wished to keep the Herero people out of the Oravi
Mountains. The purchase covered an area of about 50.,0(X)
square km, including the Tsumeb site (as yet undiscovered by
Europeans): the selling price was £ 30, 25 rnifles, an immunized
horse, and a barrel of brandy. The area purchased by Jordan
was christened rthe Republic of Upingtonia: Jordan gave farms
away 1o settlers but retained the mineral nghts. 1 hese develop
ments upset the Herero Chief Maharero, and eventually Jordan
was murdered. Robert Lewis, a conhidant of Maharero who as
sisted in this overthrow, was awarded the mineral rights for a
period of 20 vears, in 1885, He was given a lease on the Otavi
mine and anything else within a 20-mile radius for 30 vears, for
an annual fee ol

ported.

£10 plus a small rovalty per ton ol ore ex

Southwest declared a

Alrica had been protectorate ol
Germany by Otto von Bismarck in 1884; about a month after
Lewis received his grant from Maharero in 1885, Maharero
signed a treaty with Reichskommisar Dr. H. Goring, and a local
German administration was established at Otimbingwe. By
the end ol 1886 the protectorale had been extended to include
the Republic of Upingtonia. Various intrigues followed. at one
point threatening to turn the protectorate over to England,

but the Germans retained control.
DISCOVERY OF TSUMEB*

A group of German financiers developed an interest in the
exploration for minerals in Southwest Alrica, and formed the
South West Africa Company on August 3, 1892, The company
obtained a concession from the German government: part ol
this agreement stipulated the eventual construction of a rail
road from the coast inland. It was also stipulated that prefer
ence was to be given lor a peniod ol ten vears to German sel

tlers in Grootlontemn and the surroundme area. 1hat same

*ORIGIN O]
I suumeb

Orsuume

HE NAMI

apparently ongmated from the Herero word

meaning 1 frog f’.‘l..h i Al otreen i

he Berg
place )

.I'r"-'.la i 1l r.jlnll

_1'1!.” in relerence 1o the green color ol the oultg rop

damas adopted the name. dropping o (“th and
adding the suffix -b 1o make the masculine form in the Nama
Bushman language. vielding Sumeb. First reports of the South
West Alrnica the

yoomep. which was mexplicably changed to [sumeb a

Company listed locality

phonetically as
W

vears later




PLAN OF WORK AT TSUMEB MINE
SHOWING OLD AND NEW WORK
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Figure 1. (above) Plan showing four shafts alongside
Tsumeb ore outcrop sunk by M. Rogers in 1893, Drawing
done by C, James in 1900. ( Tsumeb Corporation Litd.)

Figure 2. (below) Longitudinal section showing develop-
ment workings ol the Tsumeb ore-body and geological
notes made in August, 1901, by C. James after completing
his investigations. ( Tsumeb Corporation Ltd.)

SECTION OF WORKINGS IN TSUMEB MINES G.SW AFRICA




vear the South West Africa Company sent an expedition under
Matthew Rogers to investigate ore occurrences.

After some trouble with the natives, Rl':._"L'I‘N succeeded n
reaching the mines at Gross Otavi and Klein Otavi (Kombat)
He had heard rumors that there were other deposits in the area
which Bushmen had worked for copper and, on January 12,
1893, he succeeded in finding the Tsumeb outcrop.

On January 21, 1893, Rogers wrote to the board of directors
in London

“...in the whole of my experience | have never seen such a
sight as was presented before my view at Soomep. and | very
much doubt that | shall ever see such another in any other
locality... The outcrop is in a valley formed by gradually
sloping hills. As il the subterraman forces had made one
sudden and special effort to force an entrance through the
crust of the earth, a large rent is made. This rent has been
filled in probably by agueous solutions with minerals, having
as its chiefl matrix quartz. 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 have been
removed. leaving the fissure vein standing in an inclined
position...in some places being 40 feet in height — with the
green and blue colors of chrysocolla conspicuously covering
it. By various causes the hard quartz matrix has been shat-
tered and rent, and the smaller fissures again refilled with
the same minerals. ...on first seeing such a grand and prom-
ment outcrop | could scarcely conceal my astonishment and
dehight.. .few mineral outcrops present such exceptional
indications as this one.”

I'his was the lirst professional report on what was to become

one ol the world s most famous mineral deposits.

On January 16 Rogers met with Johannes Kruger and a 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 continued. however. and the
local natives could not agree among themselves who really
owned the mining rights. The chiel of the Hereros claimed that
Robert Lewis still had the rights (the natives liked the English
but did not like the Germans). The Hottentots claimed they
owned the rights, and did not recognize the Herero claims
The Ambos, Bushmen and Bergdamas made similar complaints.
Various other difficulties and arguments continued until 1895
when Landeshauptmann Major Leutwein arrived at Groot-
fontein with 70 armed troops and 50 Herero horsemen. The
Imal documents were signed in 1897,

INITIAL DEVELOPMENT

Preliminary exploration work in the Otavi area was expen
sive, and further investments were needed to begin production
Part of the South West Alrica Company was subsequently re
financed and reorganized into a new company, the Oravi
Minen- und Eisenbahn-Gesellschaft (Otavi Mining and Rail-
road Company). conveniently referred to as OM.E.G., in 1900,
In that same vyear the company sent a well-equipped expedition
consisting of 33 miners and chief engineer Christopher James:
they eventually spent about £ 5L proving the copper de
posit at Tsumeb. James found the timbers in the exploratory
shalts rotten and useless, and the buildings of Rogers in ruins.

So hittle water was available that log huts had to be construc
ted rather than mud brick buildings. Otjikoto Lake, the nearest
source of water, was separated from Tsumeb by 12 miles ol
nearly impassable roads. and the “lake” uself provided water
only after a 30-foot well was dug in the dry lakebed

James began sinking two shafts 243 feet apart. and com
plained of the hard ground. In the hirst crosscut a lfoot-thick
vein of pure chalcocite runming through galena was encoun
tered. and ].ii'llt‘\ hll.'l'llllll.‘tl | |.il*.Tl.‘ hnrxr' . or block of country
rock, suspended in the ore body: such structures later proved
common at | sumeb

The first shipment of ore was sent on December 25, 1900
by oxwagon to Swakopmund: the consignment consisted ol 101
i‘l.l_'__'\ ol ore weighing Y tons [hl.‘ ore was carclully sorted and
\U'LII.HL‘J j] |".I'_"\ ol \'lltllt'nt e, j“ |"hl'_"‘~ ol '_'LI|L‘I1LI _1“ [‘ul"__'\ Ol
mixed copper and lead ore. and 40 bags each ol test samples
from three different areas in the mine

In February of 1901 James mined mto a large cavity hilled
with “carbonic acid gas . and had to suspend miming for four
hours while the gas was pumped out. By March James reported
that 1269 feet of shaft had been sunk and that he was working

on crosscut tunnels at seven different levels

In August James stopped work at Tsumeb and sent his pre
liminary report to O.M.E.G. Nearly 240,000 tons of high grade
ore (13° Coppcr. 2y lead) had been located between the
surface and the second level: but because ol the hardships ol
the location, James was ambivalent about the future ol the
mine. Nevertheless, O.M.E.G. began construction of the neces
sary railroad to the coast, which would carry ores from the cop
per mines of Gross Otavi, Klein Otavi, Anwap (Guchab) and
| sumeb. Construction of the rallroad was no small operation
and it was further complicated by the Herero rebellion and the
subsequent departing of much of the native labor force. ltalians
were shipped in but most of them proved to be inefficient work
ers and dishked the country as much as the job: many quit and
sailed for home at their own expense. Evenmtually Herero
prisoners-of-war were put to work, and the rallway to Tsumeb
was finally completed on August 24, 1906

After four years of lying idle. Tsumeb was again prepared
for miming. Shafts and crosscuts were retimbered, buildings
were erected, a new shaft and haulage incline were started, and
development began on level 4 (where temperatures were be

coming noticeably warmer)

PRODUCTION UNDER OM.E.G.

1907 saw a pipeline for water installed from Otjikoto, the be
ginning of rrigation lor growing crops, and the stallation ol
a small electric power plant for hghting of the entire operation
About 25.700 tons of high grade ore were exported to Germany
Wales and America in Jute bags, producing an encouraging
profit of over a million marks. In the mine the hirst importani
flow of water (900 gallons per hour) was encountered just below
the third level. In 1908 even more water was opened and larg.
capacity pumps had to be installed.

Mining at this time was by the room-and-pillar method
Neither |JT‘|H"UTII1.',: nor 'I‘*.I»..'I\TI”IH;‘ was used. and the uppe!
levels were eventually mined out open-pit style. During 1908
14.250 tons of ore were produced

[he first underground fatality occurred in 1909, when the
hanging wall collapsed in one area. Killing a 14-year-ol
Ovambo boy. In 1910 broken ground was encountered and
stopes had to be hilled for support as mining advanced: thi
immediately doubled the cost of operations, Caving continues
and the Ovambos became alrand 1o go underground. frequently
skipping shifts

On the plus side. a hospital was built for the natives, a schos

for the white children. and a ¢lub house with a hibrarv an

skittle allev. Since 1906 such thines as postal, telegraph an

l.l.']l'];‘h-"”t' services had been Proa wded by O ﬁ"‘ E.G. In the ean

vears canned '_'l'n'ld\ .1'I'||.,l 1"1“1", W 5”-41""f:'-"l.t ilrom Usermans

/Il
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Figure 3. Panorama of the whole “green hill” of ore at Tsumeb, taken about 1906 after arrival of the first rails and ore cars.

butter from Australia. and potatoes from Las Palmas. And
vet meals were exceptionally inexpensive (120 marks per month
al the hotel).

I'he tedium of daily life in Tsumeb was relieved in many
ways. Hunting on days off was popular, as game was abundant
in the surrounding bush. A shooting range (Schuizenplatz)
was opened for target practice, and riding horses was always
a favorite pasttime. On Sundays it was not uncommon for a
locomotive and several flatcars to be appropriated for a picnic
ride through the countryside. a brass band composed ol part-
time musicians well supplied with beer olten went along. As
Sohnge wrote, “One can imagine the upset caused among the
peaceful eland and kudu antelopes in the African bush when
the band suddenly burst forth with Prussian fervor.” A gymna-
sium was built under private initiative, and a football field and
tennis court were added.

I'he first school lessons were given in 1912 by the missionary
Ferdinand Lang in the bowling alley behind the Minen Hotel.

High grade ore continued to be discovered during the years
before World War 1. As the new shaft reached Level 6 a new
vein was encountered which was mined all the way back up to
the surface. Exploration on level 4 led to the discovery ol a
chalcocite vein 3 metres wide (!). Boreholes, drifts and cross-
cuts below level 5 continued to strike high grade sulfide and
oxide ore. By 1913 [‘II'Ht|I.IL‘|iHII of 75.000 tons was reached.
Heavy equipment of various kinds. including compressors.
diesel engines. and boilers was installed at regular intervals.
In January of 1913 a large flow of water was struck in a crosscul
and the mine was temporarily flooded up to the fourth level.
Casualties were apparently not sustained or not recorded.

Mineralogical and geological research had never been over-
looked by O.M.E.G. Several researchers studied the ore at an

earlv date. but when W, Thometzek took over as mine man:aver

mn l"”.]' hL' decided that the INlITHL'h ore |‘|'U1..i\ Hi'll'l.llti be more

thoroughly studied by a qualified geologist. OM.E.G. ap-
pommted H. Schneiderhdhn in 1914 1o make a detailed study of
the complex Tsumeb oxide minerals. He received full support
from even the management in Berlin, who gave orders that
employees were forbidden from collecting minerals for them-

selves. SchneiderhtGhn, in order to study the opaque ore min-

/2

erals, invented the reflecting. polarizing petrographic micro-
scope and pioneered ore microscopy methods for which he
subsequently became world famous.

Production ceased with the beginning of World War 1. and
until 1919 only minor exploratory work was done. During 1919
and 1920 over 250,000 tons of ore were raised. The miners still
used oil lamps and candles for light. even though a recom-
mendation for converting to carbide lamps had been made. The
ore encountered and mapped on the 6-8 levels was mainly
sullidic and in part was zinc-rich: because the main shaft would
strike the ore htul} at level 8 it was decided to hL‘;_‘iI'l \it‘lkil‘l:_}
another shaft farther to the west.

In July of 1919 a native miner carelessly tossed a cigarette
down a winze, and started a major fire which spread to Level
2 within two days. The mine was sealed off and the surface area
doused with 25,000 gallons of water per hour for over three
weeks until the fire was finally extinguished. Four people were
gassed during the hire. but recovered. The intense heat of the
fire had smelted rock in site down to the third level, and the
mine was in danger of collapsing. But by 1921 production was
in full swing again, and 85,000 tons of ore were produced in
that year.

'he new shaft reached Level 8 in 1925 it was named the
Friedrich Wilhelm shaft in honor of the mine manager. F. W,
Kegel (after whom kegelite was recently named). Because
development on Levels 9 and 10 had shown a constriction of
the ore body. the proving of reserves below that level became
critical and exploratory work was intensified. Mining between
1927 and 1928 ook place mainly between levels 13 and 16,
and the winze (called No. 4 Shaft) was sunk to level 20. Output
reached 236,000 tons in 1930, but the pinch of the world de-
pression was already being felt in the market price of copper
and lead. 1The mine was lorced to cease operations in Augusl
l."'H. |"I.1.?.

By 1937 the world metals market had recovered sufficiently
for the Tsumeb mine 1o 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 1940
at the outbreak of World War I1. Since Germany lost the war.
the holdings of O.M.E.G. passed into the hands of the Cus
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Figure 4. The Tsumeb mine in 1976. The headirame is outlined in white. Photo by Dwight Weber,

todian of Enemy Property, and no mining took place unul
1946.

PRODUCTION UNDER THE TSUMEB CORPORATION

In 1946 the Custodian of Enemy Property put OM.E.G
assets, including the Tsumeb mine, up for sale. To purchase
the O.M.E.G. properties a syndicate was formed which in-
cluded Newmont Mining Corp.. American Metal Co., Selection
Trust, British South Africa Co.. Union Corp.. South West
Africa Co.. and the Ookiep Copper Co. The sale was com
pleted in 1947 for a little over £1.000.000. . .somewhat more
than the first selling price of £.300, 25 rifles, a horse, and a bar-
rel of brandy!

I'he syndicate was christened the Tsumeb Corporation, and
preparations for renewed mining were begun with military
efficiency and speed. The face ol Tsumeb was changed from
that of a 19th Century small mining town to a modern mining
complex with a new hospital, warehouses. emplovee housing,
heavy machimery and generators. and eventually modern mul
ling and smeltung plants.

With installation of the first big diesel generators the mine
was unwatered. reconditioned. and explored. After a vear ol
pumping water. the bottom workings were found at 1890 feel
below the surface. Most of the ore down to the 12th level. and
half the ore between the 12th and 16th levels had been re-
moved. while extraction had only begun from the 16th down
to the 20th level,

By 1949 the ore zone had widened into the largest mineral
ized area vet encountered in the mine, but large volumes ol

water under high pressure were also encountered. Steam tur

bines using South African coal had to be installed to generate

sufficient power for water pumping and ore hauling. The new
De Wet shaft, started in 1949, reached Level 30 in 1955, and this

shaft alone encountered a flow ol over 4.000.000 gallons ol
water a day. By 1957 mining on the 26th level had commenced
and a second oxide zone was discovered alter having passed
through 1800 feet of unaltered sulfides! The new oxide zone
occurred where a brecalated strata ol county rock carrving a
heavy flow of deep groundwater intersected the ore pipe. By
1”*"‘3 oxidized ore had been located down to 1286 feet with no
signs of it pinching out

he 1974 annual report of Newmont Mining Corporation
(which owns 296 of 1 \.llllh'l‘\l stated

Horizontal drilling at the 44-level of the Tsumeb mine

has lailled to indicate continuation of the ore body to this

level. Additional dnlling at greater depth is in progress.”
Despite the possible discovery of the lower limit of the ore
body, ample reserves exist and may sull be supplemented. Ore
reserves in 1972 were 5.772.000 tons: reserves in 1973 were
197000 tons, not including undelineated reserves below the
Woth level: reserves in 1974 were 6,054,000 tons; reserves in
1975 were 5,568,000 tons of ore containing 4.56% ¢ opper. /.75
lead and 2.06% zinc. Presuming no more ore 1s ever discovered
(which 15 unhikely). miming could continue at the 1975 rate
(467.000 tons of ore per vear) until the end of 1987, Newmont

currently has no plans for \|11:TI111j_' down the mine. accordine
to Vice President Philip C. Walsh
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4 GEOLOGY

Dwight Weber

he Tsumeb mine has been one ol the foremost metal

producing mines in Southern Africa. An indication ol

its richness is given in Sohnge (1967): from 1906 to 1966
the mine yielded 12.5 million tons of ore containing an average
of 5% copper. 14% lead and 6% zinc, as well as several thousand
tons of cadmium, silver and germanium. The gross income
from metals sold during those 60 years was about 623 million
Rand (nearly a billion dollars). Thus it becomes obvious that
I'sumeb is world famous not only as a producer ol fine speci
mens and a great variety of minerals, but also for production
of ore equal in value to that produced by the old Comstock
lode in the U.S. The interesting geological features of this de-
posit have been studied for many decades. A summary of the
most important points is offered here.

REGIONAL GEOLOGY

I he formations of the Otavi Highland comprise a great thick-

ness ol

late Precambrian Damara-Otavi

sedimentary beds
Ilving unconformably on Archean metamorphic and igneous
rocks. There are three lormations:

(1)
the sequence,

(2) The Otavi series consisting of 11
thick), and

(3

the bottom.

'he Mulden formation (about 750 m thick) at the top ol

zones (about 5500 m

I he Nosib formaton. two lavers (about 8O0 m thick) on

'he Otavi group consists of two series containing the Tsumeb
stage of eight zones of mostly dolomite and chert, and the
Abenab stage of three zones of mostly dolomite and limestone,
IThe rocks are relatively unmetamorphosed to the north ol
Grootfontemn and Otavi: to the south the dolomites and lime-
stones are recrystalhized. Graywacke and shale in southern
areas have been converted to phyllite and quartz-mica schist.
Karst features are common in the limestone units: cavernous

openings can be seen on the surface near the town of Tsumeb.

FEATURES OF THE TSUMEB DEPOSIT

Fhe Tsumeb ore body is a classic example of an ore pipe.
Contamned within the pipe-like structure are (wo irregular plugs
and associated dikelets of a peculiar rock called pseudoaplite
(formerly called “aplite”™ by early writers). sills of kersantite
(a rock type mmtermediate between diorite and gabbro) and
diabase dikes. Both the diabase and kersantite structures are
more recent than the episode ol ore mineralizaton, but the
pseudoaplite was emplaced belore ore-bearing solutions
entered the pipe (SchneiderhOhn, 1929, 1931, 1941: SOhnge,
1952, 1963). Petrographically the pseudoaplite most resembles
a feldspathic quartzite (70% 15-20% microcline and

orthoclase, 5-10% plagioclase) because the grains are rounded

quartz.

and crushed. Curniously there is no thermal metamorphism
associated with the pseudoaplite, although it is definitely in-
trusive (SGhnge, 1952, 1963). It appears possible that the rock

may represent a relatively cold intrusion driven. perhaps. by

high pressure gas phases in a manner similar to the emplace-
ment of Kimberlite

I he exact ornein 1s still an eniema and so.
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and Wendell € Wilson

to avoid a premature genetic judgment, the rock has been
termed a “pseudoaplite” rather than an aphte or quartzite.

Figures 1-7 illustrate the main features of the ore pipe. The
structure is elliptical, pinching and swelling irregularly from
the surface down to a depth of over 1400 m (4550 feet). Along
constrictions it consists of a sparse network of veinlets, but
widens abruptly into plan sections of over 1000 square metres.
[ 'he largest section (on the 735 m level) measures 185 by 70 m
(SOhnge, 1952) Fig. 7).

I'he pipe was apparently developed by fracturing, breccr
ation, and intrusion of the pseudoaplite, although the origin of
the structure is still in dispute. Brecciation was restricted to
the lower levels. especially where the pipe cuts a fold in the
country rock. Reverse faulting along bedding planes of the
country rock (which dip at about 45° to the south) has caused
drag folding, local thrusts across bedding, and brecciation.
The pipe itself is nearly vertical above the 200 m level and
below the 600 m level: the intermediate section follows a zone
ol concentrated bedding-plane faults and 1s relatively con-
stricted in size. The dip of the intermediate section is about
50°, roughly paralleling the bedding planes. The pseudoaplite
was injected after all of the folds and faults had formed: it is

centrally located in the upper portions of the pipe but forms

Figure I. lsometric drawing of the Tsumeb ore body (after
Schneiderhohn, 1929),




1200 m

L]

Feldwpotre guorirle greywocke sic!
| Bedoed gt grey dolomdie chert

l
|
-

Beoded dork grey dolom fe oolbes
Bedded lght grey dolomde algol chert
Mosyve Iight grey dolomie

Pyeudo oplte

L Massive Ore g [ —

200 &00 800

Figure 2. (left) Geologic cross section through the
Tsumeb ore pipe (Modified from Tsumeb Corporation
staff, 1961, and Geier, 1974).

Figure 3. (bottom left) Geological sketch of the Tsumeb

area: plan view and N-S section (Strunz and Tennyson,
1967 ).

Figure 4. (hottom right) Schematic plan-view diagram
illustrating the room-and-pillar mining method used at
I'sumeb (Bartelke, 1976).
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branches and lenses in brecciated horizons (Tsumeb Corpor-
ation staff, 1961).

Metallization follows the periphery of the pipe. forming rich
pods. lenses and veins., but also forms large tonnages of dissem-
mated. low-grade ore. The main pipe consists of a horseshoe-
shaped concentration ol massive ore and veins intermixed with
low-grade ore. High-grade mantos have been located where
the pipe itersects brecciated horizons in the country rock:
these project as much as 90 m both north and south of the
pipe. In general the pipe is narrowest where it parallels bed-
ding of the country rock and is widest where it crosses bedding.

I'he ratios of lead, copper and zinc¢ vary throughout the ore-
body but. in generai. lead is the most abundant. Massive sulfide
bodies have contained as much as 60% metals: one large mass
contained 26.7% lead. 12.4% zinc and 3.6% copper. Dissem-
inated ore occurs as stockworks in dolomite and breccia, and
also as specks and veinlets in pseudoaplite.

Although mmmor amounts of sulfides occur even at the
surface. oxidation has occurred to very great. virtually unprece-
dented depths (Fig. 5). Secondary minerals predominate above
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Figure 5. Oxidation pattern of the Tsumeb
ore pipe. Groundwater followed the paths
ZONE indicated by arrows. Oxidized ore is shown
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Figure 6. (above) East-West cross section through the Tsumeb
ore body (after | sumeb Corporation statf, 1961 ).

Figure 7. (left) Geologic plan of the Tsumeb ore pipe at the
26th level (after Tsumeb Corporation staff, 1961).

the 300 m level. From 300 m down to 800 m oxidation is very
slight, but at 800 m the top of a second oxidized zone was dis-
covered. This second oxide zone extends below 1400 m: it 1s
located where the ore pipe cuts a permeable horizon in the
Tsumeb dolomite. Ground waters migrating along bedding
planes and brecciated strata have reached the ore pipe at about
the 900 m level and moved downward, oxidizing the ores more
thoroughly than surface waters had oxidized the first oxide
zone. Supergene enrichment increased copper concentrations
in upper sections of the second oxide zone but leached away
ZINnc,

Ore pipes of this general character are not geologically un-
usual. however there are several unique features of the Tsumeb
deposit. Certainly the most extraordinary ol these 1s the lower
or second oxidation zone which is the product of a pecuhar
“plumbing” accident of nature. Were 1t not for this feature,
'sumeb would still have been a remarkable deposit but the
production of large numbers of fine secondary mineral speci-
mens would have ceased decades ago. Furthermore, fine specr
mens are more perfectly developed and more abundant, with
only a few exceptions, in the lower zone. Therefore the lower
oxidation zone is clearly the most geologically, hydrologically
and mineralogically interesting feature of the deposit. The
unique geochemical aspects, which have also profoundly in-
fluenced the mineralogy, are discussed further in the chapter
on Paragenesis.

REFERENCES may be found at the end of Chapter XIL.




. MINGRAI.S A DESCRIPTIVE LIST

by

William W. Pinch

and

Wendell €. Wilson

INTRODUCTION

['he following list contains descriptions of all of the currently
known species and varieties from Tsumeb. Crystal drawings
are included for many of them: some of the drawings were
adapted from references listed in the reference chapter and
some were drafted especially for this study. No claim to com-
pleteness is made for the crystal drawings: hundreds could
have been made and only a sampling is presented here. Simi-
larly, references for the descriptions are not given here because
they may be found in the references chapter: many of the de
scriptions, however, have been significantly supplemented by
our own observations. Pseudomorphs are listed in detail in the
relerence chapter and are mentioned only occasionally here.

I'he compositions of the minerals are given lor reference.
Most are drawn from Fleischer (1975) but some are from the
original, very recent descriptions of the minerals or, as in the
case of many varieties, are from Hey (1955). Only those physical
characteristics that are particularly uselul lor dentification

are given: details may be found in the standard reference

works. Only associations of the rarer minerals are listed in the
descriptions because those for the more common species are
discussed in detail by Keller in the Paragenesis chapter

Mineral species names are given alphabetically, in bold

mineral varieties their

are indicated by common name, in
wahics, and also by the extraneous element characterizing the
variety.,

In the last column are page numbers where photos of the
minerals may be found elsewhere in this issue

Finally there is a series of tables showing the Tsumeb min
erals grouped in various ways according to their compositions

Certainly additions to the number of known Tsumeb species
and varieties will continue 1o be made in the future: these will
be published occasionally in the Mineralogical Record maga

zine under the heading of Tsumeb Notes:

readers mav wish to

xerox or remove those notes 1o msert at the back of this issuc

FIRST REPORTS

Fourteen minerals are here reported for the first time from
['sumeb. These minerals, along with the source ol their iden
tification, are listed below:

|. Algodonite (Ulrike Kahn, pers. comm.) (Walter Kahn
specimen)
Ankerite (Ed Ruggiero, personal comm.) (Zweibel speci
men)
Bindheimite (Smithsonian specimen)
Corkite (W. W. Pinch)
Hedyphane (W. W. Pinch)

Jarosite ( Dwight Weber)

Reyite { Embrey and others. this issue)
Leiteite ( Cesbron and others, this issue)
“Mineral GF” (Paul Keller. this issue)
“Mineral T1" (Paul Keller. this issue)
“Mineral TK" (Paul Keller. this issue)
Mixite (Smithsonian specimen)
Powellite (W. W. Pinch)

Shattuckite (W, W, Pinch)

ACKNOWLEDGMENTS

Much of the information supplied here has been taken from
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n Der Aufschiuss. In addition, X-ray confirmations of many
species were carried out by one of us (W . W_P.).

Samples studied for this review came from many collections

ol the
1147 Tsumeb specimens in the Smithsonian Institution was

including those ol the authors, A computer print-oul
used to locate and study a large number of interesting speci

mens. These exammations were supplemented by studies ol

dealers stocks and the collections of other private individuals

17




adamite

Cuproagamite

cunroadamite

anglesite

\

-

W

larnowitzite twin

Acanthite

Adamite

Cobaltoadamite (Corvar.)

Cuproadamite (Cu-var.)

Alamosite

Albite

Algodonite

Anglesite

Ankerite

Aragonite

Nicholsonite (Zn-var.)

Farnowitzite (Pb-var.)

Ag.S Finely disseminated in ore containing
native silver.

In lAsOHNOH) Occurs as very small yellow
to yellow-green crystals rarely over a few mm in
size. Some crystals have brown edges parallel to the
c-axis. Copper-free adamite is very rare at Tsumeb:
commonly adamite crystals are zoned with varying
copper content and varying color. The more in-
tensely green crystals have the most copper. Habits
range from equant to prismatic.

(Zn,Co )l AsO NOH) Extremely rare at

I'sumeb, this variety is an attractive pink color.

(Zn.Cu )l AsO NOH) This wvarniety 1s sup
posedly part ol a continuous series to olivenite. It
forms crystals of bright green to apple-green and
olive-green color often associated with bayldonite
and schultenite on tennantite. Cuproadamite 1is
much more common than low-Cu adamite. Pris-
matic crystals up to 1.3 mm have been found.

PhSiO This very rare species has been con-
fused with leadhillite, with which it s sometimes
found. It forms small euhedral crystals to 3 mm in
size and also radiating masses of crystals over 25 mm
in length elongated along the a-axis. The color is
white to cream and light gray. About 20 specimens
are currently known. The only other locality for
alamosite is the type locality in Mexico, specimens
from which are vastly inferior to Tsumeb material.
Associated minerals include leadhillite, anglesite,
melanotekite, hematite, fleischerite and kegelite.

NaAlSi, 0. A mineral of the country-rock.
Cu.As Massive.

PhSO, Anglesite crystals are most commonly
colorless but may be gray, bright yellow (supposedly
from inclusions of cadmium, probably in the form
of greenockite) or green. They are often flattened
and may reach several cm in length. Twinning has
not been reported, a fact which may help to dis-
tinguish them from cerussite. Matrix for anglesite
invariably consists of sulfide minerals.

CalFe Mg Mn)CO,), So far identified on
only a few specimens as drusy coatings of cream-
colored crystals with calcite.

CaCoO, Relatively pure aragonite forms
slightly greenish to bluish needles and turquoise-
colored radhally structured masses and crusts: i
occurs very rarely in dull, prismatic, pseudohexa-
gonal crystals. It 1s far more scarce than calcite.

(Ca,Zn)CO, The zinc variety of aragonite
IS very similar in appearance to tarnowitzite but is
usually buff to cream-colored and the prismatic
crystals may taper toward their bases. Like tarnow-
tizite they are terminated by a pseudohexagonal pyr-
amid. Nicholsonite may contain up to 10% ZnCO,,

(Ca,Ph)C"), ['his variety contains up to 3%
PbCO; and forms excellent, prismatic, pseudo
hexagonal crystals several cm in maximum length,
terminated by pseudohexagonal pyramids. Their
color is cream to white. They are much more com-
mon than pure aragonite at Tsumeb.

PHOTIONS) ON
PAGE




PHOTINS) ON
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Arsenbrackebuschite PbhbAZn Fe) AsO, ) OH)FH.O Tabular crystals
up to 0.1 by 0.2 by 0.5 mm have been observed
They are a bright brown to honey color and occur
in fissures with dolomite on the 30 level. The min-
eral bears a structural relationship to tsumcorite

Arseniosiderite CaFe AsO,)(OH);-3H.0 It occurs rarely

in the lower oxidation zone as golden-yellow 1o

dark brown submetallic crystals in radial aggregates

and granular masses and crusts associated with

" carminite and other arsenates.

alacamile

Arsentsumebite Ph,Cul AsO NSO NOH) Occurs as tiny (less

than 1 mm) twinned crystals of an apple-green to

ridgeway-zinc-green color. Specimens labeled “bay/
donite pseudomorph after mimetite should be

checked because many of these which were col

lected in the 30's have turned out to be arsentsumeb-
ite. The mineral has never been thoroughly de-
scribed, but a comprehensive treatment by R. A,

azurite
Bideaux and others is about to be published in which

ambiguities are resolved and the mineral 1s renamed.

Asbhestos (Riebeckite?) Na,FeMg).Si,0..(0H),? A mineral of the
country-rock.

Atacamite Cu,CHOH), Forms dark green to blackish
green prismatic crystals up to 1 cm in size. Most

specimens have been found in the upper oxidation

20Nc.

Auwrichalcite (Zn,Cu)(CO,4)OH) Forms pale green 1o
sky-blue and turquoise-blue acicular crystals and

crusts in the upper oxidation zone. It is sometimes
associated with hemimorphite.

Austinite CaZnlAsO NOH) Forms colorless to pale

green or pale blue microscopic acicular crystals
elongated along the c-axis.

Cu-Austinite CalZn,Cu) AsO HNOH) This variety forms
part of a senes to conichalcite. Crystals are usually
green to dark green and may form spheroidal groups
of curved crystals.

CudCO,)LIOH). Azurite 1s one of the most
famous minerals from Tsumeb, and justly so. It

has been found in lustrous single crystals up to 25
cm in length, as well as magnificent groups of large
crystals which are easily the finest examples ol azur
ite in the world. Many crystals have been partially
or completely altered to malachite. The color is
black to very dark blue when unaltered. Habits
range from equant to elongated and bladed.

Barite BaSO, Forms vyellow and amber to brown
and dark brown crystals mostly in the areas between
a depth of 100 and 300 m. Crystals to 5 ¢cm have
azurite been found but the mineral 1s nevertheless uncom
mon. Associations commonly include smithsonite

or galena.

Bayldonite PhCu,lAsO,)IOH). 'he most common form
\ ol bayldonite, which has been found for many years
V at Tsumeb, is a fine, granular to powdery crus
-!-g- siskin-green to apple-green or yellow-green in color
It 1s easily confused with duftite but most specimens

azurite ]
of powdery bayldonite came from the upper oxida-

tion zone. which may be an axd in dentilication.
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The early material was found in association with
olivenite, mimetite, azurite and malachite. Tsumeb-
ite is also a nearly indistinguishable associate, and
commonly occurs with azurite. Old specimens la-
beled as pseudomorphs after mimetite may be
tsumebite if of a iight apple-green color: specimens
dark green in color are probably bayldonite. Around
1973 a pocket of very large crystals up to 1 cm in

= S ILT15[h were fnundl associated with cuproadamite,
h j keyite and schultenite. These crystals are dark green
‘ to nearly black, and are the finest crystals of bayl
. " J donite known; unfortunately they are quite rare
s —1
r

azurile

and no more are likely to be found.

Beaverite Ph(Cu.Fe,Al),(SO,),{OH ), Found near the
1000 m level as powdery canary-yellow crusts with
beudantite, adamite, malachite, tennantite and
leadhillite; few specimens are known.

Betekhtinite Cu,(Fe,Pb)S; Forms microscopic lead-gray
needles and masses in chalcopyrite, bornite and
galena between the 24 and 32 levels; it is very rare.

Beudantite PbFe  AsO/)SO)NOH), Forms solid, fist-
sized masses as well as crystals up to several mm.
The crystals range from pseudocubic and pseudo-
octahedral to tabular. The luster is frosty to bright
and the color ranges from greenish yellow to yellow,
brown, reddish brown, reddish orange, red and
very dark red. It is most commonly associated with
carminite and is widely disseminated in the deep
oxidation zone. Tsumeb beudantite crystals are the
largest and finest in the world.

Bindheimite Ph.Sh,0,(0,0H) Occurs as a yellow alteration
product of an unknown mineral in bladed masses
several cm in size.

Biotite K(Mg,Fe ) ALFe)Si,0,/0HF), A mineral of
the country-rock.

azurite

azurile

Bornite Cu.FeS, Forms massive areas of a copper-red
to pinchbeck-brown color which tarnish rapidly to
the purplish blue characteristic of bornite. Crystals
have very rarely been found. Some bornite ore
contains up to 1.5 kg of silver per ton.

azurile

Briartite CuylFeZn)GeS, In hand specimens briartite
1s @ dull iron-gray mineral with a dark gray streak
and a dull, metallic luster: there is a barely per
ceptible lilac-gray tinge to the color imparted by
the germanium content. Tsumeb briartite, unlike
briartite from Kipushi, Zaire, is not magnetic. As-
sociations include chalcopyrite, tennantite, renierite
and germanite in one suite and sphalerite, tennan-
tite, renierite and galena in another suite. The first
specimens were found in the 120 stope at the 954 m
level, but later specimens have been found in the
area between the 32 and M levels.

Ge-Briartite CulFe,Zn)Ge,S,? A germanium-rich variety
has been described. Considering that the ionic radn
of copper and germanium in the divalent state are
almost identical, it is possible that the mineral has
the composition indicated above, with Ge substi-
tuting for Cu.

Brochantite Cu SO NOH), Forms green to blackish green
crystals to 13 mm. Some superb specimens have
been found. Most brochantite, however, forms
dull to velvety coatings of microscopic green crys-
tals.

baudantile
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beudantite

N0

beudantite

n

beudantite

calcite

Brunogeierite

Calcite

Cobaltocalcite (Co-var.)

Cuprocalcite (Cu-var.)

Plumbocalcite (Pb-var.)

Carrollite INi-Carrollite)

Cerussite

Chalcanthite

(GeFe)Fe, 0, Found on the 29 level as 30-50
pum thick crusts on tennantite with renierite and also
stottite. Black.

CaCoO, Forms in many different habits and
colors. Some rhombohedral groups colored reddish
brown by inclusions resemble specimens from Corn-
wall, England. The most common colors are only
white or shades of gray but the mineral is very abun-
dant in the oxide zones: together with dolomite and
quartz it forms the bulk of gangue material at
Tsumeb. Many fine specimens of water-clear simple
rhombs to several cm have been found and may
often be obtained at low cost. Fine specimens en-
closing copper are also known.

(Ca.Co)CO, l'p to 2% Col 0, can be accom-
modated in the calcite structure.

(Ca,Cu)CO,? Forms attractive apple-green
rhombs indistinguishable from cuprosmithsonite,
except for a tendency of smithsonite to have curved
faces.

(Ca.Ph)CO, Calcite may contain 34% PbCO,
in solution but greater lead concentrations are prob-
ably the result of a fine-grained intergrowth of plum-
bocalcite and cerussite. Crystals are silky to frosty
white rhombs and may reach several cm In size.

Cu,Pb (CO NSO, )IOH), Forms small crystals
less than 1| mm in size and of typical blue-green
color and acicular to bladed habit. Caledonite has
always been found in association with linariie at
Tsumeb, but is much rarer than linarite. Crystals
commonly cluster around small grains ol cerussite.

PbFe. dAsO,),IOH), Forms acicular, trans
lucent crystals and radially fibrous spherical ag-
gregates ranging in color from reddish brown to
deep red and reddish black. Carminite has been
found rarely with tsumcorite on the 30 level, with
beudantite and arseniosiderite in the most common
suite and with scorodite and anglesite in a third
suite. The crystals rarely exceed | cm in length.
Tsumeb carminite is the finest in the world.

CulCo,Ni).S, Hey (1955) indicates that the
varietal name Sychnodymite should be used for car-
rollite with 2% or more nickel. At Tsumeb it is found
only as tiny, light steel-gray crystals visible under
the l"I'IiL'rl.'th‘l'lPL'.

PhCO, The cerussite crystals from Tsumeb
are unquestionably the largest and hinest found
anywhere in the world. Superb, clear, twinned crys-
tals have been found up to 60 cm (2 feet) in length.
Most crystals are twinned but a few untwinned
specimens are occasionally seen. Cerussite is the
most abundant secondary lead mineral at Tsumeb.
The color ranges from colorless to yellow, brown,
gray and black. The black crystals are filled with
inclusions of galena. Twinned groups may form
six-pointed “stars” similar in appearance (o sSnow
flakes (but much larger!) or they may form large,
reticulated groups and masses of complex shape.
Some crystals are thick, water-clear and highly
dispersive with many crystal modifications: others
are bladed to elongated and milky.

CuS0O,5H,0 Forms beautiful crystals in the

upper oxidation zone but is rare in the lower oxida-
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carminitle

cerussite twin

cerussite twin

chudobaite

conichalcite

Chalcocite

Chalcophanite

Chalcophyllite (“Erinite™)

Chalcopyrite

Chenevixite

Pb-C henevixite

Chlorite

Chrysocolla

Chudobaite

Cinnabar

Claudetite

Clinoclase

Conichalcite

Parabayldonite (Pb-var.)

Copper (native)

tion zone. The crystals and crusts vary in color
from attractive blues and greens to nearly white,
but they decompose and disintigrate very quickly
after being collected. Chalcanthite is commonly
associated with sulfide ore.

Cu,S Chalcocite is one of the most important
of the sulfide ore minerals at Tsumeb. It is found
as both primary and secondary chalcocite but the
latter is much more common. It usually occurs as
dark lead-gray masses and blocks of sometimes
immense size, but small, very rare, thick, tabular
pseudohexagonal crystals have been observed.
Associations include galena, sphalerite, native silver,
and other sulfides, as well as an extensive array of
secondary minerals. Most Tsumeb “chalcocite”
has been found to be djurleite.

ZaMn;0,-3H,0 Found very rarely as micro-
scopic particles in other manganese oxides.

Cu AlIAsO,)4SO, )4 OH o+ 33H,0 This min-
eral was noted by Maucher in 1908 but has not been
observed since. Maucher described it as a gray
green crust on malachite.

CuFeS. Forms brass-yellow metallic masses
intergrown with other sulfides. Whereas chalcopy-
rite is a common ore at other deposits it is rare at
Tsumeb because of the general scarcity of iron
there. Associations include germanite, renierite,
tennantite, gallite, galena and pyrite.

Cu.Fe,lAsO,),(OH ) H.O Form massive, com-
pact, earthy deposits and masses of a grass-green to
olive-green color.

I (]lqﬁ) igFE'_l' -"50; I‘gl OH }.." HJO? Fi]rm.“i com-

pact, earthy to spongy masses of a brownish color.

(Mg.Fe), J(ALSi),0,,(0H), A mineral of the
country-rock.

(Cu.AlLH.SI,OA0H ) nH. O Bright green to
sky-blue masses and crusts but found only rarely.
Some masses have a high quartz content.

(Na,K.Ca)Mg.ZnMn),H(AsO,).-4H.0 Forms
pinkish-purple kunzite-colored crystals to 5 mm in
size on the 1000 m level. Associations include co-
nichalcite, cuproadamite and Zn-olivenite.

HgS Forms small, scarlet crystals and pow-
dery masses associated with cerussite; it is extremely
rare.

As.0, Forms as colorless, flexible white
plates to 3 mm in size and also massive; it is ex-
tremely rare at Tsumeb.

Cu,lAsONOH), Observed only by Maucher
(1908) as dark green coatings on malachite. Some
investigators feel the identification is questionable.

CaCu(AsO,)NOH) Usually forms globular
dirty green to bright green masses and small crys-

tals rarely exceeding 3 mm.

Ca(Pb,Cu ) AsO)NOH)? Described as the Pb-
variety of conichalcite by Guillemin in 1956.

Cu Copper is the most abundant native ele-
ment occurring at Tsumeb. It exhibits a typical
coppery-red color which tarnishes to various shades
of brown and blackish brown. It is of secondary
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origin and s most common i the lower oxidation

zone where it forms dendritic aggregates and crys-

tal masses associated with dolomite, cuprite, mala

chite. cerussite and calcite,

Ph""f"]{]1"ﬁ{}1“('ll'. Forms vellow 10 ve-

lowish brown pseudocubic crystals easily confused

with beudantite. Associations include carminite
and quartz.

Coronadite PbMn. 0O, Forms massive gray to black sooty

crusts and botryoidal masses on dolomite.
Covellite CuS Covellite occurs widely with chalcocite

but only in the upper oxidation zone. It most comr

monly forms extremely thin coatings, crusts and
fracture fillings in sulfide ore. Rarely larger, indigo-
blue masses have been found. Covellite 18 nearly
always found in close proximity to weathering cop
per sullides and commonly forms as an oxidation
product of digenite.

Cubanite CuFe.S, Forms golden vyellow, magnetic

masses visible only under the microscope

Cuprite Cu, O Forms beautiful cochincal-red crystals
to about 3 cm. Crystal forms include the octahedron,
cube, dodecahedron, or combinations thereolf.
Massive cuprite is common with native copper and
occasionally with malachite. Other associations
include mmmetite, smithsonite, dolomite and calcite.

Chalcotrichite (acicular var.) Cu,0 Hair-like masses of chalcotrichite occur
rarely. Similar appearing acicular ludlockite has
sometimes been musidentified as chalcotrichite.

Descloizite PhZnlVONOH) Forms reddish brown to
dark brown crystals, masses and stalactites as well
as dendritic aggregates to 1 cm in size. Descloizite
is rare at Tsumeb, and many specimens labeled as
being from Tsumeb are probably from the prolific

cuprile g s _ . Y
desclorzite localities Abenab, Berg Aukus, Groot-

fontein., Guchab., Olifantsfontein and Untsab which
are all within about 100 km of Tsumeb
Cuprodescloizite (Cu-var.) Ph(Zn,Cu VO NOH) Forms greenish brown
‘ MAasses.
Devilline CaCu (SO, )(0H);3JH.0 Forms white 1O
bluish white felted masses on tennantite. and also
sk y-blue crusts on smithsonite

- - L ‘_ », . - . . an . ) . . .
oumatia Digenite CugS Forms distinctly irridescent blue masses

with concoidal fracture and has also been observed

as small crystals with chalcocite

Dioptase CuSiOAOH), 'he dioptase from Tsumeb is
the world's finest. Beautiful, lustrous, transparent,
dark emerald-green crystals on white calcite crys
tals make spectacular specimens. Crystals have

_ been found up to 5 cm in size, and crystals 1 cm in
descloizile :

size are [airly common. An enormous amount of
dioptase was recently encountered in the East 19
stope on the 32 level: the finest dioptase has come
irom the lower oxidation zone and has been col

lected during the last 5 years. A small find of unusual

blue-green to turquoise-blue dioptase crystals has

I'L'L'L‘Ilil‘_\ been IL‘[‘HIIIL‘IJ
Djurleite Cu, oS Described in 1962 as a component
of the massive copper ores. The blue-green to bluish

. black color resembles that of chalcocite but the
dioplase

cleavage. when visible, resembles that of galena
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Dolomite CaMg(CO,), Dolomite is the main constituent
of the country-rock and also forms an important
percentage of the gangue material in the Tsumeb
deposit. Crusts of crystals are common; the color is
usually white to cream. Masses with quartz are
very common.

Co-Dolomite Ca(Mg,Co)CO;), Forms bright pink crystals.

Mangandolomite (Mn-var.) Ca(MgMn)CO;), Pink crystals?

Plumbodolomite (Pb-var.) (Ca,Mg,Pb)CO,) Forms white crystals con-
dioptase taining up to 2.26% Pb.

Zn-Dolomite (CaMg.Zn ) CO,;) White crystals containing
up to 21.65% Zn.

Duftite-alpha PbCul(AsO)NOH) Forms olive to gray-green
and dark green crusts and distinct crystals to 3 mm.
It was relatively common between the 50 and 100 m
levels. The crystals are always distorted and have
irregular faces. Duftite-alpha is generally darker
in color and much rarer than duftite-beta discussed
below.

Duftite-beta Pb(Cu,Ca)l AsONOH) Forms olive to gray-
green crusts, masses and small crystals. Widely
disseminated at Tsumeb and found in association
with many different minerals including wulfenite,
malachite, azuritg and beudantite.

Dundasite PbALICO,)LIOH)H.O Forms white to pale
blue vitreous to silky needles and fibers in sprays
and spherical aggregates associated with azurite,
duftite, cerussite and dolomite. The blue crystals
give an X-ray pattern slightly different from the
accepted dundasite pattern and may therefore repre-
sent a copper-rich variety or a new species.

—— Enargite Cu AsS, Enargite was one of the earliest

minerals to form at Tsumeb. Crystals have the pris-

matic form and cross-section typical of enargite:
they range in size up to 3 by 8 cm but are more com-

monly in the 2-5 mm range. Some crystals are par-
tially altered to tennantite. The crystals are steel
gray to blackish gray in color and sometimes have
an alteration coating of other minerals.

Stibioenargite (Sb-var.) Cu.As.Sh)S.? This variety(?) has been ob-
enargite served with luzonite in crystals to 2 cm in size.

Epidote Ca,ALFe);Si;0,,(0OH) A mineral of the

country-rock.

Famatinite (Stibioluzonite) Cu,ShS, Massive, sooty black metallic. Prob-
ably part of a series to luzonite.

Fleischerite Pb,Ge(SO,),(0H);:3H,0 Fleischerite, the lead

analog of schaarteite, forms white to pale rose silky

— ] aggregates ol sometimes radiating structure. The
- acicular hexagonal crystals are each very small.
— about 0.3 mm thick and up to | ¢cm in length. Fleisch-
erite i1s usually found in cavities in germanium sul-
fides associated with alamosite, kegelite, melano-
tekite, cerussite and mimetite: it sometimes forms
on plumbojarosite, mimetite and dolomite. Ven
rarc.
Co-Fleischerite (Pb,Co),GelSO,)IOH );-3H,0(?) Reported (Ul
rike Kahn, pers. comm.) as a specimen in the Stel
lenbosch collection, South Africa.

fluorite Fluorite CaF. Fluorite is extremely rare at Tsumeb.

Previous to this writing it had only been described




galena

(Galena

Gallite

(Germanite

W-Germanite

V-Germanite A

V-Germanite B

Glaucodot

Goethite

Gold

Graphite (var. Shungite)

(Gratonite

(Greenockiie

as minute bluish inclusions visible only under the
microscope. However two excellent specimens.
each with crystals over 1 cm, have recently been
located, ancd both are pictured in the photo chapter
One 1s a medium apple-green ol predominantly
cubic habit but with trapezohedron faces on the
corners: the portions of the crystals bounded by
the trapezohedron faces are deep purple! The other
specimen is entirely cubic in habit and seems to be
zoned with blue and purple layers.

PhS Galena occurs mostly as massive areas
with sphalerite and copper sullides to form what 1s
known as “complex ore” (so called because of the
number of different valuable metals contained, and
the attendant milling and separation problems).
It also occurs as fine grains and disseminated masses
but is in general the most important lead mineral
in the 1sumeb ores. Crystals are uncommon and
rarely reach 1 cm in size. The habit is usually a com-
bination of the cube and octahedron. Pseudomorphs
of galena alter calcite are known.

CuGas, Forms minute metallic grains rarely
exceeding | mm in size imbedded in renierite and
germanite and also as exsolution lamellae in sphaler-
ite. The color is gray with a lilac tinge, very similar
to the color of germanite.

CuyGeFe)S,As), Occurs as dark reddish
gray metallic masses only and 1s associated with
tennantite, enargite, pyrite, galena, sphalerite, azur
ite, malachite and primary chalcocite. It tarmishes
to a dull brown over a period of time.

CuidGe W.Fel)lS.As),? This material, either
a tungsten-rich variety or a new mineral, has been
observed only under the microscope and appears
to contain up to 7% tungsten: it has a shightly dif-
ferent color than that of pure germanite.

CuyGe V. Fe)S,As),? This material, also of
unknown status, occurs as inclusion gramns ol up
to 75 microns in size.

CudGe,V.Fe)S,As),? 'his material, also ol
unknown status, occurs as inclusions of the same
size as the above vanadium variety type A.

(CoFe)As S Forms grayish to tin-white
masses visible only under the microscope

FeO(OH) Forms vyellowish brown, earthy
masses and scales and also forms bright brown vel
vety crusts of fine acicular crystals. It is usually a
component of “limonite,” a mixture of goethite
and lepidocrocite.

Au Known from a single specimen in the
Kegel collection (now in the Smithsonian Institu-
tion) wherein it forms a small mass of a few mm In
size imbedded in massive, brownish quartz or quartz

ine.

C Forms granules similar to anthracite in the
country-rock.

Ph.As,S, Forms dark, metallic, lead-gray

microscopic masses found only on the W) level

CdS Forms fine fracture fillings and minute
masses visible only under the microscope. It has

.1t\i* '!‘H;'L'Il nlm-ru'll das d \t'”ii\'- 0 (X hll'-u'llult'l.l

PHOTONS) ON
PAGIE




PHOTOS) ON

_ PAGH
dusting on sphalerite and other minerals. As n-

clusions it can impart a bright yellow color to angle-
site and wurtzite.

Zn-Greenockite (Cd,Zn)S Formerly known as Cd-Volzite
(Ulrike Kahn, pers. comm.).

Gypsum CaSO,2H.0 Forms colorless, transparent
crystals, druses and cleavages: good crystals to
several cm have been found with carbonate minerals.

Hedyphane (Ca,Ph);( AsO,),Cl Forms small (1 mm) crys-
tals of white to grayish white color on calcite crys-
tals from the 860 m level.

Hematite Fe, O Found only rarely at Tsumeb because

of the general scarcity of iron. Forms black crusts
of very small, sometimes translucent, red, lustrous
crystals. It also occurs as botryoidal “kidney ore”
and as octaheral “martite” pseudomorphs after

hematite magnetite to about 1 cm in size.
after

magnetite Hemimorphite In Si,0,(0H ), H,0 Forms colorless to white,
pale blue or yellowish masses and small, tabular
crystals to a few mm in size.

Heterogenite (3R or 2ZH?) CoO(OH) Superb, bright black botryoidal
masses to several kg, as well as lustrous black coat-
ings on calcite crystals, have been identified.

Hidalgoite PhALISO N AsONOH ), Forms rare vyellow-

£recn masscs.

Hydrozincite In(CO,)LI0H) Forms rare white to gray
crusts, stains, powdery masses and dull coatings on
smithsonite. It also forms as efflorescences of small,
tabular crystals.

Idaite Cu FeSq?) An extremely rare mineral at Tsu-
meb; thus far it has only been identified from the
20 level where 1t forms reddish brown masses and
fibers through the decomposition of bornite and
chalcopyrite.

limenite FeTiO, A mineral of the country-rock.

ltoite Ph.Gel(SN0O,),0.00H), Recent studies indicate
that the original identification of itoite from Tsumeb
was in error. The problem appears to have been that
itoite is created in the mortar by the grinding of
fleischerite for x-ray analysis.

Jarosite KFe SO, )LI0H ) Observed as pale brown

pseudomorphs after tennantite and azurite to 2 cm
In size.

Kaolinite ALSLO(OH), Forms white chalky masses
to several cm in size.

Kegelite Ph, . Zn.Fe)AlLlSi,S,0.,) Forms white., bril-
liant, tabular crystals and rosettes up to 3 microns
wide and 1 micron thick. The pseudohexagonal
plates have a pearly luster resembling otavite and
are associated with hematite, leadhillite, anglesite.

fleischerite. alamosite., melanotekite and mimetite.

(CuZn,Cd)AsO,), Forms beautiful con-
nellite-blue prismatic crystals usually under a mm

in size and associated with cuproadamite. Kevite
Is described as a new species for the first time else-
where in this issue.

Rottigite ZIn|AsO,).-8H.0 Acicular white crystals to
2 mm, in groups and rosettes, have been observed

associated with cuproadamite.




Langite

Lavendulan

Zn-Lavendulan

Leadhillite

Leiteite

Lepidocrocite

Linarite

linnaeite

| innaeite

Ludlockite

Luzonite
ludlockite

Magnesite

Magnetite

Malachite

Cu SO NOH)-2ZH.O Langite has been de
scribed as bright blue, bladed crystals in aggregates

associated with devilline and brochantite

NaCaCu,lAsO,),CI-5H.0 Has been observed

as bluish crusts in the lower oxidation zone

NaCalCu.Zn )l AsO,),CF5H.0 Forms blue

small, rhombohedral crystals and sprays

Ph SO NCO,)LIOH). Leadhillite crvstals from
'sumeb are the largest and finest known. They
range 1 habit from small and poorly formed to
superb pseudohexagonal tablets and pyramids as
large as 13 cm, and weighing several kg. The color
ranges from white to dark gray and pale vellow
Its softness and micaceous cleavage with pearly
luster on the cleavage face are diagnostic. It 1s most
common in the lower oxidation zone where it has
been found with melanotekite, anglesite, cerussite
and alamosite.

(Zn.Fe)As. O, Forms white to reddish brown.,
translucent, cleavable masses to a few cm In size
associated with tennantite. The cleavages are flex
ible and sectile similar to gypsum. Leiteite is des
cribed as a new species for the first time elsewhere

in this 1ssue.

FeOlOH) Forms vellowish red needles mixed

with goethite to form masses of “limonite.”

PhCulSO NOH), Forms deep blue crystals
rarely exceeding a few mm in size. The crystals are
of a bladed habit and occur with cerussite, tennan-
tite, brochantite and sometimes caledonite. Linarite
1s relatively widespread at Tsumeb but is often over-
looked because of its small size and similarity in
color and habit to azurite.

(Co,Ni),S, Forms metallic, steelgray inclu
sions and octahedrons visible only through the m#

CTOSCH 'P'L'.

(Fe.Ph)As, O, Forms rust-brown to nearly
red acicular crystals and fibers up to 3 cm in length
Ihe crystals commonly penetrate small rhombs ol
Zn-siderite. Ludlockite has been found in a cavity
in the germanite ore body on the 30 level in associa
tion with carminite, beudantite and stromeyerite.
Some specimens labeled “chalcotrichite”™ in old
collections have been shown to be ludlockite. Lud
lockite is described in detail for the first ume else
where in this issue.

Cu, AsS, Forms grayish masses with a pinkish
cast associated with tennantite and other sulfides

MgCO, A mineral of the country-rock

Fe 0, A mineral ol the country-rock:; some
times in octahedral crystals replaced by hematite.

CuJCONOH) Malachite 1s the most abun
dant secondary copper mineral at 1sumeb. Onginal,
non-pseudomorphous crystals occur rarely as small
needles and crusts with cuprite and native copper
The most celebrated specimens are the fine, large
pseudomorphs after azurite and other minerals
which reach many cm in size: the best of these came

from the upper oxidation zone in the 1920's and
i

193%)'s and have not been found in any guantity In
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recent times. The replacement of the azurite crys-
tals commonly appears to have begun at a few small
points and spread through the crystals creating

radiating and banded silky-lustered patterns.

Mangan-Stottite MnGe(OH ), I'his manganese analog of stot-
tite forms small crystals with “Ge-Zn-mawsonite.”

Massicot PhO Forms powdery coatings and masses of
a lemon-yellow to ochre-yellow color.

Mawsonite Cu,Fe,SnS,, Has been described as small,
rounded masses and grains in bornite. Mawsonite
1s magnetic and harder than bornite, with a brownish
orange color under the reflecting microscope.

Melanotekite Ph.Fe,Si, 0, Found with leadhillite and ala-

mosite as small, dull, blackish green spherules and
Crusls.

Metacinnabar HgS Observed as gray to black microscopic
inclusions in sphalerite.

Microcline KAISi,Oq A mineral of the country-rock.

Millerite NiS Forms brass-yellow, metallic, microscopic
IMaASSES.

Mimetite Ph.( AsO,).Cl Found at Tsumeb in a wide Front
variety of colors and habits. The crystals range (I;‘“_i'
from minute needles and crusts to small rosettes (~:ﬂ
and large, prismatic crystals with pinacoid and/or 61
pyramid terminations. The color ranges from nearly
colorless to pale yellow, pale brown, lemon-yellow,
orange, red, green, gray and black. The finest speci
mens of mimetite were discovered in 1972; two of
the best of these are pictured on the covers of this
issue. They are gemmy, transparent and pale lemon
yellow, and reach a size of 5 cm although most crys-
tals in the pocket were less than 2 cm in size.

mimetlile

The large, gemmy crystals are very sensitive to
molybdenite temperature changes and will crack or craze with
hittle pnwnwu[inn_

Minium Pbh,0, Described as dull red coatings on cerus-
site.

Mixite BiCuy AsO,),(OH );-3H,0 Known from only
one specimen in the Smithsonian Institution on
which it has formed as small white sprays of ex-
tremely thin, matted crystals on azurite crystals.

Molybdenite MoS. Forms lead-gray metallic cleavages with
a shight bluich cast. One specimen exhibiting a hexa-
[ ] . | p— # a3 -

' —_— i .
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schneiderhOhnite 1s known.
o Mottramite PhiCu,Zn VO NOH) Forms yellow-green to
dark greenish brown masses and arborescent bo-
tryoidal groups. It is widely disseminated at Tsumeb
but rarely forms attractive specimens.

Muscovite KALIAISi,)O,(OH), A mineral of the coun-
try-rock.

Oligoclase (Na,Ca)ANALSI)SILO, A mineral of the coun-

try-rock.

/ Olivine (Fe,Mg),Si0O, A mineral of the country-rock.
Olivenite Cu,lAsO HNOH) Relatively common in both
oxidation zones. Olive-green to greenish brown
crystals have been found, some of which are the
finest olivenite specimens in the world, and reach

L—__|-‘_l_-_~—h—

pharmacosiderite

2.5 cm. The habit is most commonly radially struc-
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tured masses and prismatic crystals or tabular crys

tals flattened on the g-axis.

Fe-Olivenite (Cu,Fe)lAsO HNOH) Blackish green; fairly

common in the lower oxidation zone.

Zincolivenite (Zn-var.) (Cu,Zn )l AsO NOH) Found as emerald-green
prismatic crystals with balydonite crystals on ten-
nantite.

Orthoclase KAISIL 0, A mineral of the country-rock.
Otavite CdCoO, The cadmium analog of calcite, ota
vite forms white to light gray pearly coatings on

powellite

smithsonite. Otavite crystals are very rare, reaching
a maximum size of less than 2 mm and forming
rounded rhombohedrons.

Patronite V§.? Forms greenish black to black micro-
scopic coatings and inclusions in sulfide ore.

Pharmacosiderite Fe lAsO,)M{OH),-5H.,0 Formed through the
weathering of tennantite and other arsemic min
erals, pharmacosiderite has been observed as lus-
trous vellow to olive-green transparent cubes on
the 3 level.

Phosgenite Ph,(CO,)Cl, Some of the [finest crystals
thought to be phosgenite have turned out to be
mimetite. The true phosgenite crystals are short
prismatic and dark brown in color. Cerussite of a
greasy luster i1s also very difficult to distinguish
from phosgenite. Associations include anglesite,
galena and other sulfides.

Plancheite CuSi;0,(0H),-H.0O Forms thick, whitish

blue to blue masses and powdery coatings and rarely

small, radially structured spheres that have some
times been misidentified as “bisbeeite.”

Plattnerite Pho), Forms blackish brown coatings up to
2 mm thick on cerussite and massicot in the upper

pyromorphite

oxidation zone. Plattnente has also been observed
as minute. blackish brown crvstals in the lower
oxidation zone.

Plumboijarosite PbhFe [SO,)0H),, First noted in 1960, with
fleischerite. It forms intergrowths with mimetite
and fleischerite in the upper oxidation zone.

Posnjakite Cu SO NOH)-H.O Forms deep blue-green
Nl tabular crystals mixed with green acicular brochan
R ——— ute, and associated with malachite, devilline and

serpierite as well. It has also been observed on ten-
nantite pseudomorphs alter azurite and on cerussite

Powellite CaMo0O, Observed as small, straw-yellow te-
tragonal crystals on scorodite crystals with ten
nantite: only a lew specimens are known. Crystal
size reaches 3 mm.

(various Mn oxides) Forms iron-black to steel-
gray sooly masscs.

FeS, Found with galena, sphalerite and ten-
nantite but, because of the scarcity of wron at |su-
meb, is only very rarely found in significant amounts
or sizes. Pyrite usually forms only small inclusions
in other sulfides, but a few large crystals in cavities

L’P, have been found. Most crystals are only a lew mm

in size but crystals of several cm are known. Pyrite

schultenite may sometimes contain microscopic mclusions of
linnaeite. Cube, pyritohedron and octahedron faces
or distorted combinations thereof. have all been
obsen ed. Associations in addition to other sullides
include cerussite and calcite.
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scorodite

scorodite

scorodile

AN

scorodile

&

siderite

<

Zn-siderite

Pyrolusite

A Hh“fl.”h’ (Co-var.)

Pyromorphite

Amethyst

Realgar

Reinerite

Renierite

Rhodochrosite

Rosasite

Zn-Rosasite (high Zn-var.)

Paraurichalcite (high Cu-var.

Rutile

Schaurteite

MnO, Powdery to acicular crystals and masses
of a blackish color are widespread, especially as
stains on other minerals.

(Mn,Co)O, Pyrolusite containing up to 20%
cobalt has been observed.

Ph;(PO,),Cl Forms relatively rare hexagonal
needles and prisms up to 2 em. The color ranges
from colorless to green, brown, and bright yellow.
A series exists between pj.'mnmrphilc and mimetite,
and examples of arsenic-rich pyromorphite and
phosphate-rich mimetite have both been found.

Si0), Colorless to milky and gray crystals
reaching nearly a cm have been found, but quartz
at Tsumeb is most commonly massive and forms a
part of the gangue as well as the country-rock.

Si0, plustrace Fe A few violet crystals of
amethyst have been observed.

AsS Has been observed as small, red inclu-
sions in heterogenous, massive lead and copper
arsenates.

Zn.lAsO,), Found at the base of level 29
right at the ore bodys intersection with the north
break fracture zone in stopes S 95 and W 120 as
nearly 5 cm pseudohexagonal crystals. The color
Is sea-green to light yellow-green. Associations
include chalcocite, willemite and bornite. Exiremely
rare; only a few specimens known.

CuyFe,Ge,Zn)S,As), This orange-red min-
eral was first described in 1957 and before that was
known by the working name “orange bornite.” In
the present workings it is encountered as frequently
as germanite from level 17 downward. It occasion-
ally forms small crystals to 1.5 mm in vugs but most
commonly forms small granular inclusions in chal-
copyrite, sphalerite, galena and tennantite, and
also with germanite and bornite on the 24 level.

MnCO, Rare pinkish masses have been ob-
served.

(Cu.Zn ) lCOHNOH). Forms bluish green mam-
milary crusts and velvety botryoidal coatings as-
sociated with malachite, quartz and cerussite. The
Cu:Zn ratio is 1'2:1. Also forms superb pseudo-
morphs after azurite.

(Zn,Cu){CO,HOH), This pale green to whit-
ish, copper-poor, zinc-rich variety has been de-
scribed in which the Cu:Zn ratio is less than 1:1.

(CuZn)(CONO0H), This deep blue-green
variety reportedly has a Cu:Zn ratio of 2:1 and
may form part of a series to malachite. A variety of
malachite known as cuprozincite (not yet reported
from Tsumeb) has a Cu:Zn ratio of about 4:1. Para-
urichalcite has been observed as pseudomorphs

after azurite in attractive groups and also as bo-
tryoidal crusts.

Ti0, A mineral of the country-rock.

Ca,GelSO,)I0OH);-3H.0 Forms brittle, very
dull to silky needles and fibers to 2 mm long: the
crystals have hexagonal cross-sections. Schaurteite

1s usually found in solution cavities in complex ger-

manium sulfide ores however the crystals do not
rest directly on sulfides but rather upon a thin coat-
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ing of carbonates on the sulfides. It is found in the

lower oxidation zone and 1s extremely rare
Schneiderhohnite Fe.As, 0., Occurs in small crystal aggregates
with stottite, molybdenite and secondary chalcocite
I'he color 1s dark brown to black, the luster is ada
mantine and the size ranges up to 15 mm. It has
smithsonite three cleavages, one periect, and many “crystals
are actually only cleavages. Only a few specimens
are known

Schultenite PbHAsO, I'wo occurrences at Tsumeb are
known. The first was found in the upper oxidation
zone on level 7 at a depth of 190 m: the crystals
found there were slender, thin plates | cm long
and 1 mm rhick associated with anglesite, native
sulfur, bayldonite and mimetite. The second oc
currence has produced superb crystals to 4 ¢cm In
length associated with cuproadamite, bayldonite.

Smithsonie kevite and chalcocite: the crystals are clear and
colorless with an appearance similar to gypsum. A
separate article detailing the morphology i1s pre

sented elsewhere 1in this i1ssue.

Scorodite FeAsO,2H.0 Fhe scorodite crystals from
Tsumeb are among the finest in the world, rivalled
only by a few Mexican specimens. The crystals vary
in habit from thickly bladed to pseudo-octahedral,
and reach a maximum length of about 5 cm. In
dayhight they are a blue-green color but in incan-

— descent light they exhibit a pronounced “alexandrite

effect” and appear to be an intense bluish purple

to gray-blue. The pseudo-octahedral faces are ada
mantine but the other faces tend to be frosty to
irregular. Scorodite 1s usually only associated with

tennantite but has been reported with tsumcorite
smithsonite

and minute crystals of powellite and anglesite.

Seligmannite PhCuAsS, Forms dark blue-gray to lead-gray

and black inclusions in sullides and 1s visible only

under the microscope

Serpierite CalCuZn)(S0,),(0OH);-3H.0 Has been ob-
served as very thin, light blue-green to white, glossy
scales covering posnjakite and brochantite.

Shattuckite Cuy(Si0,)(0OH), Observed as blue to dark
blue compact granular to flibrous masses.

Siderite FeCO, Forms dark vellow to golden brown

crystals and masses. The crystals range from needles

to fine scalenohedral crystals capped by rhombo-
hedron faces and reaching several mm in size: the
latter type form attractive druses of water-clear
smithsonite ]
dark golden brown crystals in pockets in sullides.

Zn-Siderite (Fe,Zn)CO Forms golden vyellow simple
rhombs pierced by ludlockite crystals. The siderite
crystals range between | and 3 mm in size and vary
in Zn content from about 9% at the surface to near
5% at the core. with a compiementary vanation in
the iron content. A bulk chemical analysis yielded
the formula (Fegp.sZny,.4Cag. Mn, Mg, .Pb, HCO,
Associations in addition to ludlockite include ten-
nantite, chalcocite, pyrite, bornite, germanite and
quartz. A full discussion i1s presented in the formal
description of ludlockite elsewhere in this issue.

smithsonite Ag First found in the upper oxidation zone

with chalcocite between 280 and 400 m deep. It




smithsonite

cobaltsmithsonite

cuprosmithsonite

sohngeite
hypothetical
idealized twin

occurs disseminated as thin platelets and vein fillings
associated also with bornite, digenite and tennantite.

Smithsonite InCO, Smithsonite i1s the most abundant
secondary zinc mineral at Tsumeb. Large masses
and botryoidal crusts are relatively common:; crys-
tals of rhombohedral to scalenohedral habit reach
several cm in size and are the finest in the world.
Relatively pure smithsonite i1s colorless to pale gray.
Blackish crystals are filled with inclusions of sulfides.

Cadmiumzinkspath? (Cd-var.?) (Zn,Cd)CO,? Smithsonite with up to 5%
CdCO, has been observed elsewhere, and there
may be a complete series to otavite. The most obvr
ous cadmium-rich smithsonite at Tsumeb is bright
yellow, but this may be from inclusions of green-
ockite. Crystals reach several cm.

Cobaltsmithsonite (Co-var.) (Zn,Co)CO, Forms pale pink to brilliant rose-
colored crystals in simple rhombohedrons and rarely
other habits. Cobaltsmithsonite is probably part of
a continuous series to sphaerocobaltite (CoCOy)
(not yet reported from Tsumeb). The rhombohedral
faces tend to bulge out slightly and are nearly always
frosty.

Herrerite (Cuprosmithsonite)\Cu-var.) (Zn,Cu) CO, Herrerite containing
up to 3% CuCO,; has been observed. This brilliant
green variety has long been a popular mineral from
Tsumeb. The crystals range from a frosty apple-
green to a nearly adamantine emerald-green. One
rare specimen is a brilhant turquoise-blue. Crystals
commonly exceed | cm.

Mangansmithsonite (Mn-var.) (ZnMn)CO, This variety is also pink al

though not as brilhantly pink as cobaltsmithsonite.

Sthngeite GalOH), Forms white to pale yellow, pale
brown and pale greenish yellow crystal intergrowths
in which three sets of crystals intersect at mutually
perpendicular angles. Because of this peculiar pene-
tration twinning the mineral was at first thought to
be cubic but was later recognized as orthorhombic
with very nearly equal axes. Crystals up to 8 mm
have been found associated with germanite and
gallite from the 900 to 1100 m levels. The crystal
faces are curved, confounding efforts to index the
faces or identify the twin law (Embrey, personal
comm.).

Sphalerite £nS Sphalerite is the most abundant primary
zinc mineral at Tsumeb. It ranges from a bright
brown to siskin-green and is usually mixed with
galena in large masses and disseminations. Free-
growing crystals of complex pseudo-rhombohedral
form have been observed but are extremely rare:
euhedral crystals completely imbedded in chalcocite
have also been observed.

Pribramite?” (Cd-var.) (Zn,Cd)S This bright yellow variety contains
up to 3% CdS although some or all may be in the
form of inclusions of greenockite. Cadmium-rich

sphalerite 1s the major ore mineral of cadmium
at Tsumeb.

Stottite FeGelOH ). Forms tetragonal pseudo-octahe-
dral crystals to 1 cm in size mostly from level 30.
The color ranges from dark brown on the surface
to hight olive-green or colorless in the interior of

the crystals. Associations include germanite and
renierite,
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stottite

W/

tennantite

Y/

tennantite

o) A~
| m

tsumebite twin

Stranskiite

Stromeyerite

Sulfur (native)

Sulvanite

Ge-Sulvanite

Tale

Tennantite

Tenorite

Thaumasite

Titanite

Tourmaline

Tremolite

Tsumcorite

Zn,Cul AsO,). Forms cyan-blue radiating ag-
gregates and crusts to several mm in thickness some-
times associated with chalcocite. X-ray powder
data has never been published so idenulication is
difficult. Only a few specimens are known

CuAgsS Forms metallic, dark steel-gray in-
clusions and fracture fillings in other sulfides and
1s visible only with the microscope.

S Found as light yellow encrustations very
rarely in the upper and lower oxidation zones. Oc-

curs with schultenite in the upper oxidation zone

Cu.VS, Forms metallic bronze-colored tiny
inclusions and crystals in other sulfides

(Cu,Ge), VS, This variety has been found in
a pit about 1 km east of Tsumeb but it is thought to
be genetically related to the main [sumeb ore body.
It forms 3 mm aggregates in other copper sulfides.

Mg, Si,0,/0H), A mineral of the country-
rock.

(Cu.Fe) ,As,S,, l'ennantite is part of a series
to tetrahedrite, (Cu,Fe)sSh,S,5. but antimony ap-
pears to be extremely scarce at Tsumebd and al
though tetrahedrite has been looked for it has yet
to be positively identified from Tsumeb. Specimens
labeled “tetrahedrite”™ may have been misidentified
through the influence of their tetrahedral crystals
or may have been victims of mistranslation from
the German term “fahlerz” which refers only to the
tetrahedrite-tennantite series.

[ennantite forms superb tetrahedral crystals up
to 30 cm on an edge, and also large masses of steel-
gray metallic ore. Pseudomorphs of azurite and
malachite alter tennantite are known. Crystals ol
tennantite are occasionally lustrous but are more
often frosty or corroded.

Cul Tenorite is considerably rarer than cup
rite, the other copper oxide. It occurs mostly as
dull, black, earthy disseminations and crusts on
other minerals. However it has been observed rarely
as thin, flexible, translucent tablets with irregular
borders.

Ca . SHCO NSO NOH )-12H.0 Forms walter

clear crystals in radiating groups with siderite on
germanite-renierite ore.

CaTiSio., A mineral of the country-rock.

(Na,Ca) Mg ,Fe ALLI),ALIBO,),Si,O, NOHF), A
mineral of the country-rock. The exact species ol
tourmaline has not been specified.

Ca Mg Si;0.,,(0OH), A mineral of the country-
rock.

PhbZnFelAsO,).-H.O This mineral, named
after the Tsumeb Ceorporation, forms bright lemon-
yellow to dark vellow-brown and red-brown radially
structured crusts and small. tabular crystals. The
individual crystals measure up to 0.2 x 0.5 x 0.1 mm
and usually occur together in sheals and bunches.
A few distinct crystals to 2 mm have been found
It occurs on specimens of pale green willemite crys-
tals but the finest orange-brown crystals are found
on apple-green smithsonite or yellow mimetite crys
tals. Other associations include scorodite, anglesite,
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willemite

witherite

wullenite

N

wulfenite

wullenita

wulfenite

Tsumebite

Tungstenite

Umangite

Vanadinite

Vanadinocker

Willemite

Troostite (Mn-var.)

Witherite

Wulienite

arseniosiderite, beaverite, beudantite, carminite
and ludlockite.

Ph,Cu(PO NSO NOH) Forms small twinned
crystals of a light apple-green to bright emerald-
green color. The first tsumebite, found around
1910 at a depth of 100 m, remains the choicest and
rarest with only a few specimens known. The bright
emerald-green, tabular, transparent crystals on
white smithsonite reach 2.5 mm and are accom-
panied by azurite. The other type, which also came
out many years ago, consists of tiny (0.25 mm) crys-
tals of an apple-green color and polysynthetically
twinned, occurring with azurite, malachite after
azurite, and cerussite. One of us (W.W.P.) has
checked many specimens labeled “bayldonite™ and
about half have turned out to be tsumebite: 12 speci-
mens all collected in the 1930's. It appears that
tsumebite may be relatively more common that
had previously been supposed.

WS, Forms dark lead-gray microcrystalline
bands near molybdenite.

Cu,Se, The only selenium mineral at Tsumeb,
umangite occurs as dark reddish, metallic, micro-
scopic inclusions in dolomite.

Pbh.(VO,).,C] Forms brownish red prismatic

crystals to several mm.

V.0, Vanadinocker has never been officially
described as a mineral but has long been known as a
synthetic compound. Nevertheless, specimens of
vanadinocker were reported from Tsumeb in 1920
as yellow coatings on mottramite, and again in 1938
In association with dolomite.

In.Si0, Willemite has been found in attrac-
tive blue, greeh, yvellow and gray translucent crusts
and also as well-formed hexagonal crystals of vari
ous colors including white, yellow, turquoise-blue,
blue and gray. The habit of the crystals varies from
short prismatic terminated by the pinacoid to long
prismatic with pyramidal faces. Associations include
malachite, mimetite, rosasite, duftite, cerussite and
dolomite.

(Zn,Mn ),Si0, Troostite is generally pale
brown in color.

BaCO, Forms milky grayish masses and min-
ute white to cream-colored crystals of flat pseudo-
hexagonal dipyramidal habit: found very rarely in
the lower oxidation zone.

PbMoO, Superb crystals of wulfenite, among
the world's best, have been found at Tsumeb. The
habit is generally tabular, modified only by bevelled
edges of the pyramid: crystals up to 7 cm across
have been found, and one extraordinary occurrence
contained large, thin crystals up to 60 cm across
intergrown with each other. The color ranges from
colorless and clear to very pale brown, pink and
yellow, also to yellow, orange, brownish red, sherry-
brown, greenish brown, light blue and very dark
blue. The very dark blue crystals have an unusual
steep pyramidal habit and are described in further
detail elsewhere in this issue. Specimens of dark
blue wulfenite examined at the British Museum
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chillagite

Chillagite (W-var.)

chillagite

Cd-Wurtzite

Zeolites

Zinc-Stottite

Zircon

(Natural History) and independently at the Smith
sonian Institution pruxnl to contain onlyv .25 1o
1.3% tungsten, not even enough for the material to
be considered the tungstatian vanety. No connec-
tion between the blue color and the tungsten content
could be established

PhiMo,W)O, Waulfenite containing up to
12% tungsten has been recently reported; the color
is from blue to colorless and the crystals are tabular
I'he blue color may be due to inclusions of ilseman
nite (MosOgnH;0O) and appears unrelated to tung
sten content.

InS Orange, brown and green massive wurt
zite and microscopic crystals of wurtzite occur
rarely between the 18 and 19 levels

(Zn,Cd)S Wurtzite with a Zn:Cd ratio of 1:1
has been reported.
(species unspecified ) Minerals of the country:

rock.

InFeGe, dOH),, Found as small, transparent
pink crystals with schniederhOhnite and molybdenite
on the 30 level: crystals reach Y mm in size,

ZrSi0, A mineral of the country-rock.

Incompletely characterized new minerals:

“Ag-Betekhtinite”

“Carnevallite™

“Ge-Zn-Mawsonite”

“Maygreen”

“Mineral C”

*Mineral D"

“Mineral E7

“Mineral gamma”

“Mineral GF"

Cu;PbAgS, Probably will be recognized as
a new mineral when properly described. It appears
to contamn up to 11% silver.

CulGaFe,Zn)S, In grains up to 40 microns
In size recognized under the microscope with bor
nite.

(Cu,Ge)y(Fe,Zn)(Sn,As)S,, lhis is soon to
be described as a new species by Ottemann and
others, at which time the composition will be clan
fied and the mineral will be given a name. It occurs
only as small inclusions in tennantite on the 30 level
Its hardness and color are similar to renierite. Under
the reflecting microscope, with nichols crossed,

the mineral 1s lire-red colored, hence the working
name “Firemineral.”

CulGaSnZn VS, Under the reflecting mi

croscope this mineral has a distinctive green color,

hence the working name “maygreen.” It occurs in
grains up to (.1 mm in size in complex copper
germanium ore, associated occasionally with betekh-
tinite and Ni-carrollite.

(Mn,Fe ) Sn,Ge )l OH), [his mineral is similar
in composition to wickmannite from Langban, Swe
den, except that it contains 3.5% Fe and 4% Ge
It forms small crystals associated with “Ge-Zn
mawsonite.

FeSn(OH) I'his material appears to be an
alternation product of “Mineral Lu,” and 1s visible
only under the microscope

Sn FeO,-6H.0 Found in association with
“Mimneral Lu.”

Ph-Fe-Cu arsenate Forms canarv-vellow coat

INgs.

GatOlOH) Forms vellowish to white scales
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“Mineral Lu”

“*Mineral S”

"Mineral T1"

“Mineral TK”

with sOhngeite on siderite: the gallium analog of

goethite.

Cu.Sn.Fe.Ge.Zn)S,

Forms grains

nantite up to 0.5 mm in diameter.

Ni-Ge-Cu-Fe mineral

Pbh-Ge mineral
clear crystals.

in _ten-

Forms tiny crystals with
distinctly tetragonal cleavage.

Hexagonal, prismatic, water-

Pb-Fe-Cu-Zn arsenate. Dark green tabular to
scaly crystals with carminite.

CHEMICAL TABLES

Presented in the following tables are
the Tsumeb minerals grouped according
to seven ol the more common or inter-
esting metals. Groupings according to
other metals could have been made but
were not included here in the interest
of brevity. Groupings by anions could
also have been presented here, but
identufication of unknowns or contem-
plation of chemical trends are often
better aided ]'i:u cation ;ruupin;x. A
list of species grouped
by anions is

traditionally

presented in Bartelke

(1976). Minerals of the surrounding

country-rocks are not included below.
Varietal names are in italics.

CADMIUM

CdS

(Cd.Zn)S

(Zn, Cd)S

(Zn,Cd)S

CdCO,

(Zn. Cd)S
(Cu,Zn,Cd)y AsO,),

Greenockite
Zn-Greenockite
Pribramite
Cd-Wurtzite
Otavite
Cd-Smithsonite
Kt’}. ine

COBALT
(Co.Ni).S,
CulCo,Ni1),S,
(Co.Fe)AsS
(Mn.Co)O,
CoO1OH)
(Ca.Co)CO,

Linnaeite
Carrollite
Glaucodot
Asholane
Heterogenite
Cobalrocalcite
Cobaltsmithsonite
(Zn.Co)CO,
CaiMg.Coll COy),
(£Zn.Colid AsONOH)
(Pb.Co),Gel SOy,
(OH)e* 3H. Ot )

Co-Dolomite

Cobaltoadamute

Co-Fleischerite

Copper
Covellite

1)1 urleite
Digenite
Chalcocite
Cubanite
Chalcopyrite
Idaite
Bornite
Mawsonite
;\y'HL‘[L‘k htinite
Betekhtinite

Ge-Zn-Mawsonite

Briartite
Ge-Briartite
Carnevallite
Mineral Lu
Carrollite
Stromevyerite
Ge-Sulvanite
Sulvanite
Mavgreen
Gallnte
Famatnite
Stibioenargite
Tennantite
Renierite
Germanite
W-Germanite
V-Germanite A
V-Germanite B
Seligmannite
Enargite
Luzonite
Umangite
Tenorite
Cuprite
Atacamite

COI(?PER

CuS

TP
Cu,S;

Cu.S
CuFe,S;
CuFeS,

Cu FeS;
Cu;FeS,
Cu-Fe.SnS,,
(‘ll:,Ph -51‘.1\5
Cu, i Fe.Pb)S,

(Cu.,Ge)Fe.Zn),
(Sn,AsS)So
Cu,(Fe.Zn)GeS,
CulFe.Zn)Ge,S,?
Cu(Ga.Fe, Zn)S,
Cu.(Sn.Fe.Ge.,Zn)S,
Cul(Co.Ni).S,

CuAgS

(Cu.Gel), VS,

Cu,VS,
Cu(Ga.Sn.Zn. VIS,
CuGas,

Cu,SbS,

Cu. As.Sh)S,”
(Cu.Fe),.As,S,,

Cuy Fe.Ge.Zni S, As),
Cuy Ge. FelS.As),
CuyGe, W FelS,As),?
CuiGe.V.FellS.As),”?
CuiGe.V. FelS.As),”?
PbCuAsS,

Cu AsS,

Cu.AsS,

Cu,Se,

CuO

Cu,O

Cu,ClHOH),

Malachite
Azurite
Cuprocalcite
Rosasite
Zn-Rosasite
Paraurichalcite
Aurichalcite

Cuprosmithsonite

Brochantite
Chalcanthite
Langite
Posnjakite
Chalcophyllite

Serpierite

Devilline

Mineral TK

Arsentsumebite
Beaverite
Caledonite

Tsumebite

KL‘} ite
Stranskiite
Mineral gamma
Olivenite
Clinoclase
Zincolivinite
Duftite-alpha
Duftite-beta
Bayldonite
Parabayldonite

Cu COLOH)
CuyCO4)(OH),
(Ca,Cu)CO,?
(Cu,Zn)ACOMOH),
(Zn,Cu)sl COHIOH),
(Cu,Zn)ACONOH),
(Zn,Cu)el CO4)0l OH)g

(Zn,Cu)CO,

Cu dSONOH),
CuSO,5H,0

Cu (SO OH)s2H,0
CuySOMNOH)¢H.0
Cu Al AsO,) (SO,
(OH)*33H,0

CalCu.Zn)(SO,),
(OH)¢3H,0

CaCuy(SO,) A OH)g
3H,0

Pb-Fe-Cu-Zn arsenate

Pb,Cul AsO,)(SO,)
(OH)

Pb(Cu.Fe A4 SO,),
(OH),

Cu,Pb(CONSO,)
(OH),

Pb,Cu(PO NSO NOH)
(Cu,Zn,Cd)y AsO,),
Zn,Cul AsO,),
Pb-Fe-Cu arsenate
Cull AsONOH)

Cuy AsONOH),
(Cu.Zn)od AsONOH)
PbCul AsONOH)
PbiCu,Cal AsO ) OH)
PbCuy AsO,), OH),
CalPb.Cu) AsO,)




Mottramite

Cuprodesclowizite

Pb-Chenevixite

Fe-Olivenite
Chenevixite

Mixite

Conichalcite
Cuproadamite
Cu-Austinite
Lavendulan

Zn-Lavendulan

Dioptase
Shattuckite
Plancheite
Chrysocolla

Mineral S

PbiCu.ZnVOMNOH)
P Zn.Ca)iVONOH)
(Cu.Pb)Feq AsOy),
(OH)H,O

(Cu.Feld AsOMOH)
Cu.Fe  AsO,)OH)
H.O

BiCugl AsO,)4 OH)g
3H,0

CaCul AsOMNOH)
(Zn,Cu)yl AsO MOH)
CalZn.Cu)l AsO ) OH)
NaCaCu:l AsO,) ,Cl-
SH,0O

NaCal(Cu,Zn)g AsO,),
Cl-5H,0
CuSiO4OH),

Cu,l Si04) 4 OH),
Cu:Sis00 OH) - H,0
(Cu. Al,H,Si,0;
(OH)¢nH,0
Ni-Ge-Cu-Fe

GALLIUM

Gallite
Mineral Gf
Sohngeite
Carnevallite
Maygreen

CuGas,

GaO(OH)
Ga(OH),
CulGa,Fe,Zn)S,
CulGa,Sn.Zn . VIS,

GERMANIUM

Ge-Zn-Mawsonite

Germanite
Reniente
Briartite
Mineral Lu
Ge-Briartite
W-Germanite
V-Germanite A
V-Germanite B
Ge-Sulvanite
Brunogeierite
Stottite
Zinc-Stottite
Mangan-Stottite
Mineral C
Schaurtente

Fleischerite

Mineral T1
Mineral S

(Cu.Ge)Fe.Zn),
(Sn,As)S

Cuy Ge, Fe)S.As),
Cuq Fe, Ge, ZniS As),
Cuqd Fe.Zn)GeS,

Cugl Sn Fe.Ge.Zn)S,
Cul(Fe.ZnGe,S,”
CugdGe. W FellS.As),?
Cud Ge.V.FellS As),”
CuyGe,V Fel S, As),?
(Cu.Ge),VS,

(Ge, Fe)Fe,0,
FeGelOH),
InFeGeldOH),,
MnGelOH),
(Mn.FelSn.Ge)(OH),
CaGel SO )AOH ),
3H.0
Pb,Ge(SO,)(OH),
3H,0

Pb-Ge mineral
Ni-Ge-Cu-Fe mineral

LEAD

Galena
Gratonite
Seligmannite

PhS
H}u-‘x\;ﬁ 15
PhCuAsS,

Betekhtinite
Ag-Betekhtinite
Massicot
Minium
Plattnerite
Coronadite
Bindheimite
Cerussite
Phosgenite
Plumbocalcite
I.HF'HI‘JH'”:”F
P.r'umhm!n.-’mrrm’
Dundasite

Leadhillite
Anglesite
Linarite
Plumbojarosite
Fleischerite

Beaverite
Beudantite
Arsentsumebite
Caledonite

Corkite
Tsumebite

Schultenite
Mimetite
Bayldonite
Tsumcorite

Cu,q Fe.Pb)S,
CusPbAgS,

PhO

Ph,O,

PhO,

PbMn.O,,
Ph.Sb.0.0.0H)
PhCO,

Ph.(CO,Cl,
(Ca.PhiCO,
(Ca.Ph)CO,
(CaMg.Ph)iCO,
PhALICO,)0OH),
H,0O

Ph, (SONCO,) 1 0H),
PhSO,
PhCul(SOMOH),
PhFe SO, (0H),.
Ph.GelSO,)OH),
JH,0
Ph(Cu.Fe A4 SO,),
(OH),

PbFed AsO NSO,
(OH),

Ph,Cul AsO)SO,)
(OH)

Cu,Ph (CO NSO,
(OH),

PbhFe PO NSO MNOH),
Pb,Cu(PO,)
(SOMOH)
PbHAsSO,
Pb(AsO,).Cl
PbCuy AsO,).OH),
PbZnFelAsO,),-H.O

Arsenbrackebuschite

Duftite-alpha
Duftite-beta
Ludlockite
Carminite
Mineral gamma
Pb-Chenevixite

Hedyphane

Parabavldonite
Hidalgoite

Ut‘\t'h\l!ilt‘

Mineral TK

Cuprodescloizite

Mottramite
Pyromorphite
Vanadinite
Wulfenite
Chillagite
Alamosite
Melanotekite
Kegelite

Phy(Zn, Fel AsO,).
(OH)-H.,O

PhbCul AsONOH)
Ph(Cu.Ca)d AsONOH)
(Fe.Pb)As,O,

PbFe. AsO,){OH),
Ph-Fe-Cu arsenate
(Cu.,Phb)Fed AsO,),
(OH)+H,0?

(Ca.Phiy AsO,),Cl
CalPh.Cul AsO,)
(OH)?
PhALISOMASO,)
(OH),

PhZniVO HOH)
Ph-Fe-Cu-Zn arsenate

PhiZn CudVOMNOH)
PhiCu.ZnVONOH)
Pb.(PO,).Cl

Ph. VO, .Cl
PbMo0O),

PhiMo. W),

PhSiO

Pb.Fe.Si1,0,

Pb . Zn.Fe), Al Si
S40s4)

ZINC

Chalcophanite
Zinc-Stottite
Sphalerite
Wurtzite
Pribramite
Cd-Wuritzite

Zn-Greenockite

Carnevallite

LaMn O,-3H,0
InFeGeJdOH),.
InS

InS

(Zn.Cd)S
(Zn.Cd)S
(Cd.Zn)S
CulGa.Fe.Zn)S.

Ge-Zn-Mawsonite

Briartite
Ge-Briartite
Mineral Lu
Renierite
Mavygreen
Smithsonite
Hydrozincite
Cd-Smuthsonite

(Cu,Ge)Fe Zn).
(SN, As)S,,

Cugd Fe . Zn)GeS,

CulFe . Zn)Ge,S,”
CugSn,Fe,Ge.Zn)S,
Cugd Fe Ge. Zn) S As),
CulGa.Sn.Zn,V)S,
InCO
IndCO,)A0H),
(In.CAHCO,?

{ ‘uﬁuf.-‘ b.HHfhwiHHe'

(n.Co)CO

Mangansmuthsonire

Zn-Siderite

Nicholsonite
Zn-Dolomite
Aurichalcite

Paraurichalcite

Cuprosmithsonite

fril'-thuuh'
Rosasite

yerpierite

Mineral TK

Reinerite
Adamite
Cuproadamite
Cobaltoadamite
Leitente
Stranskiite
Austinite

Zincolivenite

Zn-Laverdulan

Cu-Austinite

(ZaMn)CO
(Fe,Zn)CO,
(Ca.Zn)CO
(CaMg.Zn)CO
(Zn,Cu)gl COLHOH),
(Zn,Cu)d COMNOH)
(fn.Cu)CO,
(Cu,Zmn)COMNOH).
(Cu.Zn)ACOMOH).
CalCu.Zn)(S50,),
(OH)g*3H,0
Pb-Fe-Cu-Zn arsenate-

Iy AsO,).

Ind AsONOH)
(Zn,Cu)d AsONOH)
(£n.Co)d AsONOH)
(Zn Fe)As, O,
In,Cul AsO,),
CaZnl AsOMNOH)

(Cu.Zmn)d AsONOH)
NaCalCu,Zn) AsO,),
CI-5H,0

CalZn.Cun AsO MOH)

Arsenbrackebuschite

I sumcorite

Chudobaite

Desclozite
Cuprodescloizit
Mottramiute
Willemite
Hemimorphite
a’fanHh'

Kegelite

Pby Zn Fell AsO,)
(OH)FH,0O

PbZnFe( AsO,) H,O
(Na.K.Ca)Mg.Zn,
Mn),HIAsO,)+4H.,0O

PbZniVONOH)
PoiZan.CudVOMNOH)
PhiCu. o VO NOH)
In.Si0),

In, Si,0,(0H),H,0
(£nMn).S10,
PbJdZn.Fel,AldSi
S04
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Figure I. Water gushing from a cavity
in the Tsumeb mine, January, 1924,
Perhaps only moments before, this
water was precipitating some ol the
fine secondary minerals for which
Tsumeb is famous. Mine Director
F. W. Kegel, after whom kegelite is
named, is at left. (O.MLE.G. collec-
tion of photographs)

ASSEMBLAGES,
SEQUENCES,
ASSOCIATIONS

Paul Keller

he Tsumeb mine, a place of exceptionally beautiful

minerals, is again and again a surprising source of new

specimens for the collector and the mineralogist. A
great number of rare minerals, particularly of unusual chemical
composition, are known from Tsumeb. Several of these were
described for the first time from this area and the list of type
material will certainly continue to grow.

One ol the greatest surprises at Tsumeb was the discovery
of a second oxidation zone with a great number of secondary
minerals at a depth of about 850 m (about the 2800 foot level)
which, to the present time at 1200 m (about the 3950 foot level),
1s still not exhausted. 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 |
have selected those minerals which best reveal the conditions
of formation, and also those assemblages which are of interest
to the mineral collector. Therefore the following discussion
centers on specimens collected in the last few years and those
with which I am familiar.

The minerals discussed were verified optically. microchem-
ically, and by X-ray analysis.

USE AND PROBLEMS OF PARAGENETIC STUDIES

The purpose of paragenetic studies is to investigate the physi-
cal and chemical conditions that existed during the formation
and oxidation of the ore minerals. Laboratory investigation
could not be undertaken: therefore this article can serve only
as a descriptive foundation for further studies. Several rare
assemblages make for interesting discussion. which should

D

create an interest in further experimental and theoretical
studies.

Paragenetic investigations are also a help to the mineral
collector. The knowledge of typical assemblages at a locality
facilitates quicker identification of minute or rare minerals
and also makes possible a simple and quick identification of
minerals which, macroscopically, can easily be mistaken for
each other. Several new minerals are mentioned in this con-
nection although their descriptions according to LM.A. regula-
tions are not yet complete.

Problems in paragenetic studies can be caused by subjective
selection of samples. Mineral collections contain mostly the
best and most beautiful specimens, like cerussite or azurite in
large crystals; such collections are not very representative of
the deposit as a whole. For paragenetic studies such specimens
have very little value. Attractive or rare minerals such as diop-
tase, azurite and cerussite are found in collections more often
than, for instance, malachite and mottramite. Through this a
distorted picture i1s obtained of the relative quantities of secon-
dary minerals in a mine.

o overcome the shortcomings of the above-mentioned
specimens | have tried to collect with a paragenetic study in
mind.

PARAGENESIS OF THE
PRIMARY ORE MINERALS

The parageneses of the hypogene and supergene ore min-
erals were studied in detail by Schneiderhihn (1929) and by
Moritz (1933). In their studies samples down to a depth of 460 m
(about the 16th level) were considered. Later investigations




were undertaken by Sclar and Geier (1957), Strunz, Geiler and
Seeliger (1958) and Geier and Ottemann (1973). These three
works considered primarily the occurrence of germanium and
gallium minerals and their paragenesis. The results of these
three papers are not without certain contradictions, so that a
thorough revision would be in order.

Based on what has been discovered thus far, 1 believe the
most probable ages of formation for the most important ore
mingcrals to be as shown on table 1.

Pyrite occurs in the ores of Tsumeb rather sparingly. It
occurs mostly in single grains about 1 to 2 mm in size, fre
quently showing some crystal faces. Occasionally pyrite crys
tals occur together with secondary minerals. In such cases
they have a more or less heavier rind ol galena which probably
protected the pyrite from disintegration.

Strunz, er al (1958) describe younger pyrite aggregates in
which the age relation, based on inclusions, s similar to that
shown in table I (for Pyrite 11).

Chalcopyrite is found rarely in macroscopic, recognizable
gquantity. According to available research matenrial, two gener-
ations of chalcopyrite could occur (indicated on table 1 as “I”
and “117).

Bornite is also a rather rare mineral at Tsumeb. In contrast
to the upper levels it is found in greater abundance at greater
depth. Massive pieces of about 1 cm in size occur with ger-
manite.

Germanite is not rare but occurs mostly in microscopic
grains included within galena and tennantite. Larger masses
of germanite occur only rarely. Germanite 1s one of the older
ore minerals at Tsumeb. Strunz, er al (1958), describe a ger-
manite aggregate which i1s younger than the formation of
galena. Inclusions of sphalerite and probably also tennantite
suggest a second generation of germanite.

Sphalerite at Tsumeb is one of the most important ore min-
erals. It is without doubt older than enargite, tennantite and
galena.

Gallite occurs in the form of separation lamellae in sphalerite
associated with germanite, or as gray metallic grains in the ger-
manite itself.

Enargite was the most important ascending copper ore in
the upper levels. The grains of enargite, commonly of mill:
metre size, were often overlooked among the ore minerals.

Tennantite is, in greater depth, the most important primary
copper ore, and occurs as very fine grains of wide distribution,
It occurs frequently in larger solid masses as well. During the
last few years large, complete tennantite crystals of tetrahedral
form have been recovered. The crystal faces were rough and
etched. It is not yet possible to determine whether these crys-
tals formed in open cavities or were freed through the disinte-
gration of surrounding ore material. The latter mode is the
most likely.

Briartite is a rare, inconspicuous, gray mineral with a dull
metallic sheen and gray streak. It is formed as a part of two
parageneses: ovoid masses in tennantite, germanite and ren-
ierite, as well as minute inclusions in sphalerite. or as a very
fine intergrowth with tennantite and renierite in sphalerite.

Renierite has an orange-brown color and is. in contrast to
germanite, highly magnetic. According to Sclar and Geier
(1957) renierite is a replacement product of germanite and
forms mostly rinds around germanite grains in tennantite,
bornite, sphalerite and galena.

Galena is the most important ore mineral at Tsumeb and
belongs to the latest primary formations.

Digenite will, according to Sclar and Geier (1957). be older
than galena. Digenite is, according to Schneiderhohn (1929),

the voungest of the primary phases at Tsumeb.

Chalcocite covers the primary ores with a crust of varying
thickness, and forms veins in the primary ore and gangue,
Solid masses of chalcocite up to 20 cubic metres occurred in
the first oxidation zone. Chalcocite occasionally forms very
beautiful euhedral crystals and penetration twins (twinned on
(110)) in solution cavities with other secondary minerals

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

Gangue minerals at Tsumeb are of little significance com-
pared to the ore minerals. Dolomitic country rock in the vicin
ity of the ore body is permeated with silicates. Quartz, calcite,
dolomite, and rarely barite and witherite, are the only gangue
minerals.

PARAGENESIS OF THE
SECONDARY MINERALS

At many mineral localities in the world the number of dis
tinctly separate secondary mineral assemblages is very small,
perhaps only one or two. In such cases the discussion of para-
genesis is relatively simple and straightforward unless unusual
problems exist. The secondary mineral assemblages and crys
tallization sequences at Tsumeb, on the other hand, are so
varied and numerous that they must first be subdivided and
discussed individually before they can be worked into a com-
prehensive 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
only the most important or instructive minerals and assem-
blages will be discussed.

The most plentiful secondary minerals in the second, or
lower, oxidation zone include cerussite, smithsonite, malachite
duftite, mottramite, mimetite, willemite, wulfenite, azurite
olivinite, dioptase, adamite and anglesite. Those minerals
which | have found to occur in association with the above 13
most plentiful species are listed in table 2.

The most important secondary minerals in the lirst, or upper,
oxidation zone include cerussite, smithsonite, malachite,
azurite, anglesite, mimetite, mottramite, bayldonite, olivinite
and adamite, according to listings by Schneiderhdhn (1929),
Frondel and Ito (1957) and Strunz, ef al (1958),

Azurite, anglesite and bayldonite were much more prevalent
in the first oxidation zone than in the second: dulftite and
wulfenite were rarer in the first than in the second. Another
pertinent difference is the greater abundance of secondary
silicate minerals in the second oxidation zone

Conditions of formation

A mineral crystallizes from a solution when its chemical
elements are present in sufficient concentration and when the
physical and chemical conditions are within ranges where the
mineral is stable. At room temperature the important physio-
chemical parameters of the solution are the pH (acidity
basicity) and the Eh (oxidation-reduction potential). For several
I'sumeb secondary minerals these formaton conditions are
known and approximate Eh-pH diagrams established, 1.e. for
anglesite, cerussite, malachite and cuprite (Garrels and Chnist,
1965), for wulfenite (Williams, 1963, and Wilson and Miller,
1974), and for smithsonite and hvarozincite ( Takahashi, 1960)

Most of the above minerals react more sensitively to changes
in pH than to changes in Eh. Therefore | shall address the pH
conditions almost exclusively

It is a characteristic of the Tsumeb mine that oxidation of
the primary minerals occurs in association with a very typical
karst hyvdrology (SchneiderhOhn, 1929). Solution cavities in ore

with carbonate-type gangue (or country rock) exist in the ore

39




body to a considerable depth. Within these karst canals is a
quiet, slow moving, watercourse of constant temperature and
having many side branches (SchneiderhGhn, 1958). The water
has been oxygenated at the surface and is also in equilibrium
with atmospheric carbon dioxide. There exists, through these
favorable conditions, an intense oxidation of the primary min-
erals to a considerable depth. The second oxidation zone was
made possible by a permeable formation associated with the
karst hydrology as well as a well-developed lault or brecciated
zone which has been proven to a depth of about 1000 m (3300
feet) (Strunz, er al, 1958),

If a permanent groundwater level had not been present al
Tsumeb the weathering-product zones associated with depth
would not have formed as they did. Such zoning is mostly lo-
calized and can often be observed in hand-size specimens.

I'he oxidation of the ore minerals occurred in groundwater
containing oxygen and carbon dioxide, and having a pH of
about 8 (1.e. shghtly basic: 7 1s neutral). The dissolution ol ore
minerals follows a systematic sequence. Sphalerite 1s the most
soluble and galena the least soluble of the primary ore minerals
at Tsumeb. The sulfosalts are intermediate in solubility. The
oxidizing solution therefore contains Zn ions first, then Cu
ions, and linally Pb 1ons in increasing concentrations. These
factors influence the order of formation of the important
secondary minerals when the weathering solution remains un-
mixed for considerable periods of time. Therefore, because of
concentration differences, smithsonite will form first and only
later can cerussite be formed. Such conditions would not exist
if the solutions were continuously being mixed. In this connec-
tion one must also consider the path which these ion solutions
take: it is known that the path for Zn ions is the longest (i.e.
they remain in solution the longest) and the path of Pb ions is
the shortest (i.e. they remain in solution only a short time).

Sulfate ions develop through the oxidation of sulfide ores
and an acidic solution (sulfuric acid) develops with a pH of
about 4. By reacting with carbonate country rock along the
more or less lengthy path through the karst canals 1t i1s possible
for most of the acidic solution to eventually be neutralized to a
pH of about 8. Because of these two processes it is possible to
delineate two types of paragenesis at Tsumeb.

Paragenesis Type 1: the minerals of this paragenesis were
formed at a pH of 6-8 (near neutral). These are primarily car-
bonates. The solutions forming these minerals probably
travelled a relatively long distance; the minerals may occur
in the country rock or the larger cavities (but are not restricted
to such areas). According to Eh-pH diagrams, this group of

minerals includes cerussite, smithsonite, malachite and cuprite.

Paragenesis Type Il: the most common minerals of this
type of paragenesis are the sulfates. They crystallize at a pH
of 4-5 (acidic). The path of these solutions is short: these min-
erals occur to the greatest extent within the ore, and are gener-
ally found within small cavities in sulfides. According to Eh-pH
dhagrams, only anglesite 1s implicit to this type of paragenesis
at Tsumeb. Linante (Wilhams. 1963) as well as adamite and

olivenite 1 Guillemin. 1956) can also be formed at a pH of 5.

Wullenite 1s stable in a range of pH from 3.0 to 9.4. It is un-
stable near cerussite and can occur with anglesite only where
Pb ions aie present in surplus (Williams, 1963).

No definitive data yet exists for the more prevalent minerals
such as duftite, mottramite, mimetite, willemite, azurite and
dioptase. A consideration of these minerals in view of the para-

genesis is presented below.
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Paragenesis Type |

Cerussite, PhCO,

Many of the spectacular, large and beautiful cerussite crys-
tals were found singly in solution cavities in the ore or in
gangue. Mineral assemblages rich in cerussite are very num-
erous. In the samples | investigated, cerussite occurred with
a total of 29 other secondary minerals. In order of their occur-
rence. the most important are duftite, smithsonite, malachite.
mimetite, willemite and azurite. Cerussite is relatively rare in
assemblages including numerous other minerals such as mottra-
mite, wulfenite, adamite and olivinite. The indications are that
these minerals are not stable near cerussite or perhaps they
have fundamentally different conditions of formation.

One of the most common assemblages at Tsumeb includes
cerussite and duftite;: cerussite is usually younger than the
dufute on these specimens. Occasionally one observes two
generations of duftite. Specimens also occur in which the older
duftite generation is missing or in which duftite and cerussite
appear to have crystallized simultaneously. Often a fine coating
of goethite needles i1s the earliest mineral to form on these
specimens and a white pearly coating of dolomite crystals to
> mm is the most recent. The paragenesis may be sketched in
the manner shown below; the arrows indicate the direction of
the passage of time and do not indicate reactions between
minerals. Roman numerals | and Il indicate the generation
(first or second).

Paragenesis 1/1: Goethite
= FeO({OH ))

—» Cerussite — Dulftite 11

(PhCO,) |PhCulAsO,)NOH))

Duftite |
IPhCul AsO NOH))

Dolomite
[CaMgl(CO,).

This shows that duftite is stable under the similar conditions as
cerussite

Smithsonite, ZnCO,

Assemblages including smithsonite are not as numerous as
those which include cerussite. Smithsonite is generally found
alone or with, at most, one or two other secondary minerals.
It formed in at least two generations which generally have
different habits and are therefore easy to recognze. A definitive
connection between the habits and the assemblages has not
yet been determined.

Smithsonite has been observed in association with 28 other
secondary minerals. The most important of these are mimetite,
cer ssite. duftite, willemite and rosasite. Like cerussite. smith-
sonite is seldom found in association with mottramite, olivenite
and adamite. This is an additional indication of differing stabil-
ity conditions. Wulfenite is also seldom found with smithsonite.
[his suggests that the reason why wulfenite is not stable with
cerussite has to do with more than just their relative solubilities.
Malachite and azurite, in spite of identical conditions of forma-
tion, seldom occur with smithsonite. The cause of this may lie
in the type of paths which solutions carrying Cu and Zn tend to
follow. It 1s also possible that because of the high concentration
of Zn, rosasite formed instead of malachite. Cerussite is. for
the most part, younger than smithsonite and is only occasional-
ly older. In specimens where crystals have formed directly on
ore minerals or gangue, smithsonite is always older than cerus-
site. Smithsonite younger than cerussite is definitely of a second
generation. Because cerussite is less soluble than smithsonite
it must crystallize first in a normal sequence. Therefore smith-
sonite | (the first generation) must have formed earlier from a
different solution than that which formed the cerussite and




smithsonite 1l. These assemblages indicate a fractionalized
solubility of the ore minerals and/or differing path lengths for
the ion-bearing solutions.

The well known dundasite occurrence is associated with this
paragenesis to a certain extent. Very thin, white, radiating
fibers of dundasite occur anchored to the matrix and pene
trating the smithsonite; therefore dundasite is as old or older
than the smithsonite. Not all of the samples studied had cer-
ussite.

Paragenesis 1/2: Dundasite
(IPhALICO,)(OH)-H,0!

~» Cerussite — Smithsonite 11

Smithsonite |
[ZnCO,)

Mimetite is the mineral most commonly found in association
with smithsonite. Specimens of mimetite and smithsonite on
siliceous gangue are found in which smithsonite i1s by far the
older of the two minerals. Mimetite, therefore, is stable under
conditions typical of Type | parageneses.

Mimetite, Ph;( AsO,),Cl

Mimetite has been observed in association with 25 other
secondary minerals. The most important of these are smith-
sonite, duftite, wulfenite, cerussite, dolomite, goethite and
willemite. The assemblages including mimetite are, in general,
not highly variable.

Mimetite is an important link in the age sequence of the
secondary minerals. Mimetite occurs with smithsonite and
cerussite, on the one hand, and with wulfenite on the other,
whereas smithsonite and cerussite occur only very rarely in
association with wulfenite. Furthermore, one does not find
mimetite of differing generations.

The very widespread assemblage of mimetite, duftite and
cerussite is of interest with regard to the discussion of the
physio-chemical conditions of formation of the secondary min-

erals. In contrast to mimetite, duftite formed in two genera-
tions. Where duftite 11 (the younger generation) has formed
directly upon mimetite it was observed repeatedly that the older
mimetite was partially or completely dissolved. The outlines
of these dissolved mimetite crystals are recognized as a crust
of goethite and duftite. Some duftite crystals extend into the
cavities, others rest upon the corroded mimetite or form
pseudomorphs after mimetite. In most cases malachite is also
present, and is of the same age or younger than the duftite.

Cerussite can also occur in this assemblage. Where ceruss
ite forms water-clear crystals rich in forms it is more recently
formed than mimetite and duftite. It is possible that in such
cases duftite 11 can occur as described in Paragenesis 1/1: such
specimens exhibit fresh, unaltered mimetite where duftite | is
missing. Where the cerussite is older than the mimetite it is
partially dissolved and is surrounded by duftite crusts, some
times also with malachite, both of which are older than the
mimetite,

Duftite
[PHCul AsO NOH))

Paragenesis 1/3: Cerussite

PhCO,)

Malachite) »  Mimetite
[Cud COHNOH ), (Ph.( AsO,).Ch

Duftite | Malachite
(PHCul AsO NOH ) (CuACONOH ),

Duftite 11

» Cerussite

Based on the above paragenetic sequence, 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 Pb and/or
Cu rather than allowing Pb to react with carbonate ions to
form cerussite. Dultite 1s more stable than mimetite in the
presence of copper and arsenate 1ons. Malachite occurs with
duftite where mimetite 1s not present, but only as a consider-
ably younger generation and may not have been formed from
the same solution as that which formed the mimetite.

When associated with wullenite, mimetite s always the
younger of the two. Frequently a complete covering of goethite
on the matrix i1s the earliest mineral. In such an assemblage
the mimetite crystals are deep yellow and have a tabular to
pyramidal habit. The yellow wulfenite crystals are more or less
pseudo-octahedral because of dominant {114} faces. Occasion-
ally one finds malachite as the youngest generation. The se
quence may be written as follows.
Paragenesis 1/4: Goethite

= FeO{OH))

Malachite
CudCONOH ),

Wulienite
IPbMo0O,)

Mimetite
[Ph.( AsO,).Cl

Wulienite, PhbMoO),

The association of wulfenite with mimetite and the absence
of wulfenite forms {111} and {113} indicate, according to

gene ) ore minerals.

Enargite, CujAsS,

?Pyrite 11*, FeS,

Galena. PbS
?Digenite, CugS;

Supergene: Chalcocite, Cu,S

the second generation.

Table 1.
Age relations of the primary (hypogene ) and secondary (super-

Hypogene: Pyrite |, FeS; (earliest mineral)
Chalcopyrite 1*, CuFeS,
Bornite, CugFeS,, Germanite I, Cu4d Ge. FelS.As),
Sphalerite, ZnS, Gallite, CuGas,

Briartite, Cuy Fe.Zn)GeS,. Tennantite, (Cu.Fe),,As.,S,

?Chalcopyrite 11, CuFeS;, 7Germanite 11, CuydGe,Fel S, As),
Renierite, Cuqd Fe.Ge.Zn)iS.As),

Covellite, CuS (latest mineral)

*l1 indicates the first generation of formation for the mineral: Il indicates




Williams (1966), a middle-range pH of 56, and a moderate Eh.
Apparently wulfenite formed under conditions imtermediate
between those of paragenesis types I and I1.

Duftite, malachite, quartz and goethite are, next to mimetite,
the most important secondary minerals that occur with wulfen-

ite. | have thus far identified 25 secondary minerals that occur

in association with wulfenite,

At least two generations of wulfenite occur in association
with duftite. Large, extremely thin, tabular white wullenite
crystals have been found on a matrix of strongly weathered
country rock covered by hematite and goethite. The white wul-
fenite plates are covered with radiating bundles of fine, acicular
duftite which can easily be mistaken for conichalcite. Rhombic
calcite crystals formed after these minerals, and were followed
by a second generation of small wulfenite crystals as indicated
below.

Paragenesis 1/5: Hematite + Goethite -

|Fe,0,) > FeO{OH))
Wulienite I — Dulftite —> Calcite —>
[PhMo0,) [PhCul AsO,NOH )| 1CaCO,)
Wulienite !1
[PhbMo(),)

Willemite, Zn,5i0,

Willemite at Tsumeb is comparatively plentiful. However 1t
is found in association with only 15 secondary minerals. The
most important of these minerals are all found in the same
assemblage: they are smithsonite, rosasite, cerussite, duftite
and mimetite.

Eh-pH parameters for willemite have never been determined.
Judging by its most frequent associates at Tsumeb, willemite
should without doubt be stable under the conditions of a Type |
paragenesis. The following sequence is abundantly widespread
at Tsumeb.

Paragenesis 1/6: Willemite |
1 Zn.Si0,)

Smithsonite) —
1 ZnCO,)

Duftite Ty
IPhCulAsO )NOH))

Rosasite

(Cu,Zn )l CO,NOH ), | - Willem-

te 1l -
or (L.~
Mimetite Si0,]

[Ph;(AsO,),Cl

— Smithsonite 11
[ ZnCO,

Cerussite

PhCO,

Both of the older minerals willemite 1 and smithsonite |
formed directly on siliceous gangue. They were, as indicated in
Paragenesis 1/2, formed by an older weathering solution than
the other minerals. Following these two Zn minerals, radiating
bundles ol rosasite and dulftite crystals or yellow needles ol
mimetite formed. Mimetite. rosasite and duftite occur together
only when cerussite (as in Paragenesis 1/3) is the next younger
mineral. In most cases., however, willemite 11 crystallized nexit
and only after that did cerussite form. The youngest mineral of
the sequence is the second generation of smithsonite.

Malachite, Cu ,(CO,OH),

Malachite formed at several stages in the sequence of crys-
tallization and is a member of a large number of rich assem-

blages. 1 have found 26 secondary minerals to occur in
association with malachite at Tsumeb. The most important of
these are azurite, cerussite, dufute, wullenite and mimetite. As

42

mentioned above, of all the minerals formed under these same
conditions only smithsonite is rare with malachite.

The pseudomorphs of malachite after azurite are well known,
particularly those from the first oxidation zone at Tsumeb.

Malachite occurs in place of duftite in several sequences (i.e.
/1 and 1/5). Malachite also occurs in the 13 and 1/4 sequences.

Azurite, Cuy(CO,)(OH),

The exceptionally beautiful azurite crystals from Tsumeb
are known all over the world. Crystal studies of groups from
the first oxidation zone, and an attempt to order this mineral
into certain parageneses, were first attempted by Zedlitz (1929).

| have found azurite associated with only 16 secondary min-
erals. In spite of this there are several different assemblages
which include azurite, none of which are particularly abundant.
The most important minerals associated with azurite develop
under conditions of formation similar to those of Type I para-
geneses and also under conditions similar to those of Type 1l
parageneses. These minerals are malachite, cerussite, mottram-
ite, duftite, adamite and olivinite.

Large azurite crystals in association with cerussite are rela-
tivelv common. The cerussite is as old or older than the azurite.
Dundasite and duftite are occasionally part of the assemblage;
both are older than cerussite, as indicated below.

Paragenesis 1/7: Duftite — Dundasite -3
|PhCul AsO)OH)) IPhALICO,).-
(OH)H,0)
Cerussite — Azurite — Malachite (pseudo-
IPhCO, [CudCO,LI0H ), morphous)

[CudCO,HO0H),)

Minerals typical of type 11 assemblages are also part ol the
following paragenesis. Crusts of mottramite form cell-like
structures which are formed in part on massive quartz. Follow-
ing that, elongated olivenite crystals formed. Here and there a
second generation of olivenite can be observed: these are often
pale olive threads or fibers. The olivenite is often encrusted
with duftite. Somewhat younger are small malachite crystals.
In the remaining cavities one finds 1-2 ¢cm azurite crystals. Most
of the azurite has been altered to malachite. Under the duftite
crusts the olivenite is partially dissolved.

Paragenesis 1/8: Quartz — Mottramite -
1Si0,) (PhCu(VONOH))
Olivenite I & 11  — Duftite — Malachite —
Cu,lAsOHNOH)) IPhCul AsO,)OH )| [CullCOy -
(OH ).

Azurite

[CudCO,).(0H ).

— Malachite (pseudo).
|CudCO HNOH ),

The above paragenesis is proof that during the crystallization
of secondary minerals at Tsumeb the weathering solutions
changed from acidic to basic.

The assemblage of azurite and adamite will be discussed
under adamite.

Dioptase, CuSiO,(OH),

I'he exceptionally beautiful crystals of dioptase at Tsumeb
occur almost exlusively in the country rock, and are only rarely
associated with other secondary minerals. | have noted the
association ol dioptase with only 11 other secondary minerals.

One finds dioptase most frequently with older dolomite and
younger calcite crystals. Sometimes a second generation of
dioptase formed which i1s younger than the calcite. Duftite and
plancheite are the next most common associates, and they are
both always older than dioptase.



Paragenesis 1/9: Dolomite — Dulftite >

|CaMgl(CO,).) [PhCulAsO NOH)
Plancheite — Dioptase | » Calcite —
| CuSiz0.L.10H),-H, 0| [CuSiO(OH ), 1CaCO,)

Dioptase 11
[CuSiOA0OH ),

The above paragenetic sequence is younger than sequence
I/6 and is in association with cerussite on a few specimens.

Cuprite, Cu,0

Cuprite is comparatively rare at Tsumeb. In the more simple
assemblages cuprite occurs with dolomite and rarely with
mimetite, duftite and malachite. Mimetite and cuprite are
probably of the same age. These facts are further proof of the
conditions of formation of mimetite.,

Paragenesis Type Il

Anglesite, PhSO,

Anglesite is the only mineral at Tsumeb which forms under
the conditions of Type Il parageneses, and for which Eh-pH
stability diagrams have been prepared. The mineral occurs n
association with only a few other minerals: 15 have been ob-
served in this study. The chisel-shaped. yvellowish crystals, and
also the recently discovered black. glossy, deeply striated
blade-like crystals, are usually the only secondary mineral in
a pocket, except perhaps for traces of goethite. The pockets
occur in masses of sulfide ore.

The most important secondary minerals found to occur
with anglesite are beudantite, carminite, and the new Mineral
TK (not yet fully characterized), which form a distinct assem-
blage. The assemblage occurs in small alteration cavities In
ore. The oldest of the minerals is beudantite in yellowish
brown, tabular crystals. Red, acicular carminite crystals are
generally younger, followed by water-clear, many-faced, some-
times reddish-colored (because of carminite inclusions) angles-
ite crystals. On only a few pieces from this assemblage a dark
green, tabular to scaly mineral can be seen to have formed on
the carminite crystals. This is the new Mineral TK, which has
not yet been officially described and named. It is a Pb-Fe arse-
nate containing small amounts of Cu and Zn. Characteristic
d-values are 6.75(4). 4.84(4), 4.62(5). 4.49(5), 4.06(3), 3.31(8),
3.20010) and 2.96(10).

Paragenesis 11/1: Primary sulfides — Beudantite ->
|PbFe AsO, NSO, )

(OH);)

> Mineral TK
[Ph, Fe, Cu, Zn,
As()..|

Also typical of this assemblage is anglesite with arsentsumeb-
ie. Flat, hght bluish green crystals of arsentsumebite on
weathered ore can be found. Flattened anglesite crystals to sev-

Carminite

] PhFE_-{ :‘50; iglOl[ ‘;1

— Anglesite
[PhSO,)

eral centimetres in size with arsentsumebite inclusions have
also been found, which indicate that arsentsumebite formed
before anglesite. Very rarely brochantite occurs as the young-
est mineral and scorodite as the oldest mineral of the assem-
blage. Scorodite, when associated with beudantite, is always
the vounger of the two.

- Scorodite .

IFeAsO,-2H.0)

Paragenesis 11/2: Primary sulfides

Arsentsumebite — Anglesite —
[Ph,CulPO NSO, NOH i AsO,)) IPhSO,)
Brochantite — (Cerussite (pseudomorphous alter
Cu SO NOH). IPhCO, anglesite)

Anglesite crystals of the above paragenetic sequence [re

quently have a porcelaimnous coating ol cerussite or have been
completely replaced. forming coarse pseudomorphs ol ceruss
ite after anglesite. This 1s a defimite indication that the solu
tions changed from acidic to weakly basic. Furthermore, this
proves that Type | assemblages are younger than Type Il as
semblages.

Linarite, PhCu(SO, HOH),

Linarte occurs in small cavities n ore along with posnjak ne and
serpierite. The oldest portion of the assemblage 1s a mixture
of deep blue-green tabular posnjakite crystals and acicular
brochantite. Malachite is sometimes also present in this mix
ture. Clear, light blue, elongated tabular crystals of linanite,
often in radiating groups, are in most cases the youngest min
eral of the suite. Very thin, light blue-green to white, glossy

scales of serpierite cover the other minerals in places.

Paragenesis 11/3: Primary sulfides Brochantite
CudSONOH ),
Posnjakite (Malachite) » Linarite —
(Cu SO NOH ), H.0O! (CudCOHNOH),) |PhCu-
(SO NOH ),

Serpierite
|CalCu,Zn),(SO,),{0H),-3H,0)

Williams (1963) suggested a pH of from 4 to 5 for the forma-
tion of linarite; therefore Paragenesis 11/3 could, without
doubt, be a Type Il paragenesis. Frequently with this assem
blage it can be shown that the minerals are younger than cer
ussite and smithsonite (in the same zone but of a different se
quence). Minerals of Paragenesis 11/3 are therefore younger
than the minerals of Type | assemblages. Presumably they
originated much later and crystallized in minute cracks where
circulation was severely restricted. The paths of transport of
the 1ons were certainly very short; a virtually closed system
must have existed.

Adamite-Olivenite, Zn (AsO ) OH) — CulAsO NOH)

Adamite and olivenite form mixtures of varving COMpoOsItion
at Tsumeb: a solid solution series exists between the end
members, and material with a range of Zn/Cu ratios can often
be found on a single specimen. Light green to green cupriferous
adamite is the most common: olivenite is much rarer. Both min-
erals occur as the only secondary minerals in small cavities in
sulfides and occasionally in gangue

Associations with adamite are somewhat more numerous
than those with olivenite. | have noted 19 secondary minerals
that occur with adamite, but only 9 with olivenite. Most often
one finds adamite with conichalcite, whereas for olivemite the
paragenetic assemblage 1/8 with mottramite is the typical one
l'he characteristic adamite sequence often begins with coni
chalcite as the oldest phase. A few specimens show yellowish
scales of tsumcorite overgrown on conichalcite, especially
where smithsonite is present as the voungest generation. More
frequently, however. the Cu-adamite follows directly upon
conichalcite. Most of the younger minerals can therefore be
divided into two groups based on their conditions of formation

The hydro-arsenates chudobaite and schultenite also belong
to the Type Il paragenesis. Schultenite occurs as water-clear
crystals that could also crystallize from a very acid solution.
» Conichalcite

CaCul AsO NOH )

Paragenesis 11/4: Primary sulfides

Schultenite or Chudobaite
PhHAsO,) (Na,K.Ca)Mg.ZnMn)
HiAsO,)-4H.0)

Azurite. malachite and smithsonite belong to Type | assem:

Adamite
(I A AsO NOH )

blages and, where found with the above minerals, indicate a
change in the pH of the weathering solution.




TABLE 2.

Cerussite
Smithsonite
Malachite
Dultite
Mottramite
Wulienite
Dioptase
Olivenite
Anglesite

Cuprite
Hematite
Goethite
Smithsonite
Calcite
Dolomite
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Dundasite
Anglesite
Brochantite

Ah AK M
K

K

H A

4

L3 N

r
¢

A2 4N

»
>

Linarite
Beudantite
Leadhillite
Posnjakite
Serpierite
Waulfenite
Schultenite
Adamite
Olivenite
Duftite
Conichalcite
Mottramite
Bayldonite
Arsentsumebite
Carminite
Tsumcorite
Mimetite
Scorodite
Willemite
Alamosite
Dioptase
Plancheite
Regelite
Quartz

Table 2. Mineral associations of the 13 most common Tsumeb secondary minerals. The 13 most common minerals are
listed across the top in their order of abundance (cerussite is most abundant). Listed down the side are the species | have
noted in association with the 13 most common species. The symbols where their columns and rows intersect indicate how
frequently the mineral at leff occurs in association with the mineral at the rop.

. Most common associate A less common associate

M very common associate rare associate

A common associate very rare associate

Not shown here are the incompletely described new minerals and minerals which | have not observed in association with
any of the 13 most common minerals. For this reason the indications in the test do not correspond exactly with the table for
certain species.

Practical application of this table by collectors can be illustrated by the following example: You have a specimen of cer-
ussite and an associated green mineral which you suspect to be either duftite or conichalcite. Looking down the column
labeled “cerussite” at the top, you come to “duftite” and then “conichalcite”. You see that duftite is extremely common in
association with cerussite, but that conichalcite is almost never found with cerussite. Therefore the odds are strongly in
favor of your green mineral being duftite and not conichalcite.




Paragenesis I1/5: Primary sulfides — Conichalcite
(CaCulAsO )HOH))
» Malachite
[Cu COMOH),

Adamite
| ZndAsO NOH )

» Azurite

[Culd CO4)LI0H),)

Paragenesis 11/6: Primary sulfides — Conichalcite

[CaCul AsO, NOH))

Tsumcorite

IPbZnFelAsO,),-H,0)

» Smithsonite
| ZnCO,)

— Adamite
FARETIIN NOH))

Blue. tabular, elongated crystals of the new mineral keyite
sometimes occur with adamite as the older of the two. Keyite
is a Zn-Cu arsenate (see Embrey, et al., in this issue).

The ideal conditions for the formation of adamite and olr
venite exist at a pH of about 5. Adamite is probably stable over
a greater range of pH than is olivenite.

Duftite, Mottramite, Conichalcite, Arsentsumebite, Bayldon-

ite.

The five green minerals named above can be easily confused
visually because their colors, habits and crystal forms are so
similar. Help here is given by the paragenesis, as discussed
below

Duftite, PhCu(AsO,OH)

Duftite often forms equant crystals up to 2 mm in size. The
crystal faces are nearly always curved or saddle-shaped. Radi
ally structured solid masses were rare but are now being found
coating calcite in cavities on the 35th level. Acicular bundles
of duftite that can easily be mistaken for conichalcite occur
with wulfenite.

Tsumeb duftite contains small amounts of admixed calcite,
and it is therefore very difficult to obtain an uncontaminated
X-ray pattern (which could distinguish between the two poly-
morphs =-duftite and jg-duftite, both of which have been re-
ported from Tsumeb. The first is isomorphous with mottramite
and the second is isomorphous with conichalcite; they both
have essentially the same composition).

Of the five minerals mentioned in this section, duftite is the
most abundant at Tsumeb. | noted duftite associated with 23
other secondary minerals, all in the same assemblage. The
parageneses of the important minerals such as cerussite, mime-
tite, malachite, smithsonite, dioptase and willemite have already
been discussed: they are included in parageneses 1/1, I/3, /5,
16, 177, 1/8 and 1/9.

The rare mineral tsumcorite 1s found most often in associ
ation with duftite and mimetite. Tsumcorite is always older
than duftite but younger than mimetite, and fits easily into
paragenesis 1/3.

The stability conditions of duftite correspond well with the
Type | 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 a pH of 5 10 6.

Mottramite, PhCu( VO, OH)

Mottramite occurs in radially-structured masses more com-
monly than duftite. Moss-like coatings often occur with water-
clear calcite crystals: single crystals are rare. Mottramite has
formed extensivly in the upper portions of both oxidation zones
at Tsumeb. It forms porous masses of nothing but mottramite:
it is only rarely associated with other secondary minerals. |
have noted 14 secondary species in occasional association with
mottramite. The most important are calcite, goethite, duftite,
azurite and olivenite. Paragenesis 1/8 is typical. The conditions
of formation of mottramite have not yet been completely de-
lineated. Vanadate ions are first stable at a pH of 12 (extremely
basic) according to Garrels and Christ (1963). Guillemin (1956)
synthesized mottramite at a pH of about 5. Several of the other

minerals occasionally found with mottramite could also have
formed at this pH. The sequence of formation of these minerals
1s also imperfectly known. Apparently mottramite represents
an early period of mineral formation and may occur as several
generations,

Conichalcite, CaCul AsO NOH)

In contrast to duftite, conichalcite forms in very thin, radi
ating needles. Conichalcite is less common than the other four
green munerals discussed here and, in contrast to duftite @#nd
mottramite, almost never occurs with cerussite and wulfenite
Paragenesis [1/5 with adamite 1s typical

Bayldonite, PhCu  AsO,),(OH),

Bavldonite i1s rather rare in the second oxidation zone and
has often been misidentified. | have studied several specimens
on which bayldonite occurs as thin yellow-green crusts on
centimetre-sized mimetite crystals; in this form it is very easily
mistaken for dultuite. One especially beautiful specimen con-
sists of 2-4 mm blackish green crystals not intergrown with any
other mineral.

Arsentsumebite, Ph,CalPO NSO NOH N AsO,)

The bluish green, platy crystals of arsentsumebite are rela-
tively easy to identify, especially since they occur in essentially
only one paragenesis (11/2).

Rare Parageneses

Alamosite, Kegelite and Leadhillite

Leadhillite has recently been found somewhat more often
in weathered sulfide ore. The euhedral crystals are often up to
several centimetres in size. The crystals usually represent one
of the youngest minerals in the assemblage, and occur on wul-
fenite or mimetite crystals. The faces of the leadhillite crys-
tals are sometimes covered by a thin, radially-structured crust

of cerussite. Alamosite and kegelite occur rarely in this para-

genesis. Alamosite forms water-clear crystals easily mistaken
for elongate cerussite. They are partially covered by minute,
glassy, white scales of kegelite.

Paragenesis R/1: Primary sulfides — Wullenite
PhMo0,!
» Kegelite C -

Ph, i ZnFe)ALSI, S0,

Alamosite

(Ph.(Si.0,))

Leadhillite » Cerussite
(Ph SO NCO,)LIO0OH),! (PhCO.)

Schneiderhohnite, Brunogeierite and Stottite

One specimen in the Kahn collection shows black, lustrous,
octahedral crystals of brunogeierite on essentially unaltered
sulfides. Stottite, in reddish brown, euhedral, 5 mm crystals,
formed next and light vellow smithsonite formed last
Paragenesis R/2: Primary sulfides — Brunogeierite

HGeFe)Fe,0,)
Stottite » Smithsonite
FeGelOH ), [ £nCO,)

Also in the Kahn collection is a specimen ol schneider
hiéhnite, The black crystals measure about 10 mm and show
good cleavage. They rest on quartz and are associated with
chalcocite (older) and pink stottite { younger)

» Chalcocite
(Cu,S

Paragenesis R/3: Quartz
1Si0.,)

Schneiderhohnite
(Fe.As, 0.,

» Stottite
FeGe(OH),)

Rare minerals in Ge-Ga ore

Several rarities occur in small, often only 1 or 2 mm cavities
in Ga-Ge ore (gallite-briartite-germanite). Occurrences are
rare. These minerals nearly always occur as single crystals n
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Table 3. Sequence of crystallization showing some of the more important secondary minerals at Tsumeb.
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radiating, acicular groups similar in habit, for instance, to lud-
lockite [(Fe,Ph)As, O]

Apparently all of these minerals have very similar conditions
of formation. Cavities and minute cracks in the ore have been
seen covered by calcite, gypsum, siderite and thaumasite
[Ca;SHCO NSO NOH )-12H,0). The crystals are water-clea
along the c-axis: they form elongated crystals in radiating
groups sprinkled with siderite crystals.

Schaurteite [Ca,GelSO,)L(OH ) 3H,0)] 1s found as very line,
felted white needles. In similar cavities near schaurteite a new
mineral (Mineral T1) was discovered. The crystals are prismatic
hexagonal and water-clear. Only Pb and Ge could be detected
with the microprobe. Single crystal x-ray studies indicate the
following characteristics: R3m or R3m, a = 6.07, oc= 113.8
The most important d-values are 5.78 (4), 4.18 (5), 3.38 (6).
2.92(10) and 2.40 (3).

Sihngeite [GalOH);] occurs in somewhat larger solution
cavities. The crystals are white to hight brown or green, and
are very inconspicuous little grains. SOhngeite associations are
siderite crystals with a reddish sheen and a new mineral (Min-
eral GF). Mineral GF forms as yellowish to white scales iso-
morphic with goethite, and has the composition GaO(OH)
wherein a small amount of Ga can be replaced by Fe. The cell
parameters are somewhat variable depending on the Ga/Fe
ratio, but have average valuesof a =454 A, b =968 A, and
iy qu A.

AGE RELATIONSHIPS AMONG
THE SECONDARY MINERALS

When we link together many of the previously described as-
semblages and sequences a coherent scheme of mineral forma-
tion at Tsumeb begins to appear, as diagrammed on table 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 the solutions, with time, became progressively less
acidic and deposited minerals stable under progressively higher
pH. This general change with time caused the overall trend on
table 3 to move from upper left to lower right.

The oldest minerals are the Pb and Fe sulfates and arsenates
(beudantite, carminite, scorodite, arsentsumebite and angles-
ite). They were formed most immediately upon oxidation and
dissolution of the primary ore sulfides. The weathering solution
was acidic (pH around 4-5) and non-mobile, allowing secondary
minerals to form in contact with, or very near to, their parent
primary minerals.

All Zn released through weathering and, later, the greater
part of the Cu and Pb ions in solution were transported along
separate paths by the weathering solution. The Cu-Pb solutions
resulted in the main branch of crystallization shown on table 3.
The Zn solutions (beginning with willemite 1) formed a long,
more basic side-branch (on the right), and also a shorter, more
acidic path in combination with arsenate ions (on the left).

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 weakly acid, with a pH of 5.5 to 6.5.
Cuprite is of the same age as mimetite.

Where the solution was rich in copper and arsenate ions
mimetite altered to duftite . Sometimes malachite is of the
same age as duftite I. Cerussite and a second generation of
duftite (duftite 11) then formed, doubtless at a pH greater than
b: cerussite is stable at least to a pH of 10.

Beginning at duftite 11 a split occurs in the main branch ol
crystallization. Where CO; ions predominated, azurite and
then malachite formed. Where silicate ions predominated,
plancheite and dioptase formed. In the most basic branch
willemite | and smithsonite | occurred. Both minerals are some
times older than mimetite because the path of Zn in solution
is longer than the path of Pb.

Where mixing of the solutions of the main branch and basic
side branch (on the nght) occurred, willemite 1l crystallized
and then cerussite, probably at a pH greater than 6, and finally
smithsonite 11. In place of malachite, rosasite is present, associ
ated with dufute pseudomorphs after mimetite

Crystallization along the more acid side branch (on the left)
began with conichalcite at a pH around 5 and then adamite
A pronounced decrease in acidity at this point, which probably
occurred only rarely, led to the formation of rosasite and then
willemite 11. Mixing of the acidic side branch with the main
branch led to the formation of tsumcorite.

Paragenesis I/'8 with mottramite and olivenite s difficult to
correlate. The same is true for the age relations of dolomite,

Calcite 1s one of the most recent minerals at Tsumeb. Oc-
casionally one finds dioptase, wulfenite and mottramite of more
recent formation than calcite. In all probability these minerals
crystallized from new solutions. Several weathering solutions,
at differing times and places, could deposit a mineral at dif
fering times, disturbing orderly age relationships.

The youngest minerals undoubtedly include posnjakite,
brochantite 11, linarite and serpierite. They formed at a pH ol
4 to 5 1n minute crevices in the ore which were solated from
the main course of solutions.

The role of germanium in the oxidation scheme at Tsumeb
has been described in detail by Frondel and lto (1957)
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MITHE BEST OF TSUMED

by Charles L. Key

everal months ago the editor asked me if | would respond
to the question “Where are the best Tsumeb specimens
now?” with an article for the Mineralogical Kecord s
book on Tsumeb. It is a question | trust most readers will undet
stand can only be answered imperfectly at best. Having sad
that. | submit that what follows will. at least. be devoid ol lla-
grant error. To the extent that 1 can summon the experience ol
widely travelled curators. dealers and collectors. and synthesize

that into my own experience. | will offer...an opimon.

Quantitatively, nearly all the best Tsumeb specimens are by
now in the form of wiring, plumbing. and other mundane cop-
per fabrications. A much smaller quantity no doubt remains
under the town of Tsumeb, awaiting an unknown fate. Obvr
ously we can only concern ourselves with that small percen-
tage of superb specimens that survived the explosives. mucking
operations, lunch boxes, and prodding indiscretions of idiots.
ad nauseam. A few qualilications regarding what 1s "best :
for nearly all species listed here, “best” represents a consensus
based on the usual criteria of beauty, perfection, size and rarnty.
Typically the smaller the crystal size the greater the quality
and perfecuon, rnight down to microscopic sizes In most cases:;
so size does add a dimension to the problem. Furthermore,
there are very few species from Tsumeb for which the very
best specimen is dramatically better than the next best, although
the top ten or so may be very much better than all the rest.

No attempt will be made here to discuss all ol the species
that occur at Tsumeb (who really cares where the best Tsumeb
asbestos is?). Only those Tsumeb specimens that are among the
world'’s best for the species. and not just Tsumeb's best, will be
covered. and species found only as unspectacular or micro-

mount-size crystals will not be covered. Even with these severe

restrictions, an incredible 26 species from Tsumeb still qual

ify for discussion! | have further constrained the list 1o specr
mens that are more or less accessible, and have avoided the
murky area of lost specimens. esoteric collections that no one
can see. elc.
THE MINERALS

(Page references are to pages where photos of the specimens
are shown.)
ADAMITE: This mineral has been found intermittently over
the years at Tsumeb. but almost never in exceptional specimens
until a few months ago when several superb specimens were
recovered: the best is a single bright yellow crystal 1'4 inch in
length, with an attached *s-inch spray of opaque white smithso-
nite crystals in the J. Zweibel collection, Woodmere, New York.

CUPROADAMITE is a variety of different occurrence from
the relatively pure adamite mentioned above. With the excep-
tion of several specimens that are nothing but cuproadamite,
the others grade insensibly into zincian olivinite. and cannot
be distinguished by eve. Most spectacular of the “pure” cu-
proadamite specimens are examples of two types encountered
3 years ago in an arsenate-rich zone on the 2800-foot level.
This vuggy zone in tennantite has produced a plethora of superb
arsenates: adamite. olivenite, bavldonite, schultenite. tsum-
corite, keyite. duftite, and all gradations between cuproada-
mite and zincian olivenite. One type of cuproadamite consists
of blocky crystals. to 1' 2 inch, of a dark olive-green color: the
best examples are in the Smirhsonian Institution. Washington,
D.C. the E. Swoboda Collection, Beverly Hills. California,
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and the W, Pinch collection. Rochester, New York. The finest
specimens of the other variety (Pg. 68), characterized by bi il
hant, prismatic, emerald-green crystals, are in the collections
of the British Museum of Natural History, London. J. Zweibel
and W, Wilson, Crofton., F\l.lt'l".ltll‘ld.

ALAMOSITE: lLess than two dozen specimens are currently
known, and most are quite small. The best specimens are In
the British Museum, a pair of 1'2-inch sprays intergrown on
matrix, and the collection of W. Kahn, Baiersojen. West Ger-
many, a J-inch spray on matrix (Pg. 58). The grayish white crys-
tals of alamosite are associated with melanotekite.

ANGELSITE: Two distinct types occur at Tsumeb. Most well
known are the opaque white crystals (with transparent interiors)
to 8 inches, resembling huge spear points. Though larger exist,
one of the very finest ol this Lvpce, 4 x 7 inches, is in the collec-
tion of J. Zweibel (Pg. 70). The larger crystals of this type are
almost always broken or badly damaged, but Zweibel's is es-
sentially perfect. The other type of anglesite is much rarer and
smaller, but drastically more attractive: it is epitomized by a
2 x 2'2-inch cluster of brilliant, transparent, near flawless yel-
low crystals in the British Museum. A similar, larger, though
not as bright crystal group is (in storage) in the Smirhsonian
(Pg. 69).

ARAGONITE: Two varieties of this mineral reach their zenith
at Tsumeb: tarnowitzite and nicholsonite, the Pb and Zn varie-
ties. Light blue divergent clusters of cupriferous (7) aragonite to
} x 7 inches are standards for the world as well. A. Buranek,
Salt Lake City, Utah, and the Smithsonian each have a fine
example of the blue type. Superb nicholsonite specimens
can be found in the Smuthsonian (Pg. 61), Harvard University,
Cambridge. Massachusetts and the American Museum of Nat-
ural History in New York City. Excellent tarnowitzite is in the
W. Kahn collection, th= 5. Pieters collection, Windhoek. South-
west Africa. and Havard.

AZURITE: Best specimen: a 10 x 10-inch group of undamaged.
brilhant talthough very dusty) crystals to 5 inches each. both
singly and doubly terminated. in the general offices of Newmont
Minesipart owner of Tsumeb), at 300 Park Avenue. New York
City. There are also several incredible azurites in the Smith-
somian. including possibly the largest bright crystal (most of
the big crystals are not very bright) which measures 3 x 6 inches.
A superbly aesthetic specimen of bright prisms on a 4 «x
7-inch matrix is in the collection of E. DeRouve, Paris. A
7 x 8-inch cluster of crystals to 3'2 inches is in the Canadian
National Museum, Ottawa. Excellent cabinet specimens exist
in the collections of A. Buranek. R. Kosnar, Boulder, Colorado.
J. Zweibel.J. Barlow, Appleton, Wisconsin, and Harvard.

I'm convinced there are no more than 50 great azurite specr
mens extant in all the mineral collections of the world. It is a
very rare mineral in superb specimens. There are perhaps sev-
eral thousand good azurite specimens that have been saved
over the vears but large. bright, perfect crystals or crystal
groups number only a few. It has been my experience that most
mineral collectors, particularly North Americans, have unreal-
istically high standards for acquisitions ol azurite. as well as
many other Tsumeb species: this has been caused by the re-
markably large number of superb Tsumeb specimens in Amer-
ican museums, which deceptively suggests that many more
must be available. possibly in Germany or Africa. Not true!




As it happened. the U.S. was about the only place to sel

eral specimens both times | sumeb was producing oxidation
zone minerals. This is not to say that there aren't some exceller
specimens 1in Germany and the chnlﬁlu ol South Alnca
cause of German control of Tsumeb for many vears. and South
African control since 19201, but nowhere near the quantity
quality one might expect remains in these countries. The Smith
sonian and Harvard each have many more superb Tsumel
azurite specimens than any other museum collection

Wil |||__1

BAYLDONITE

found anvwhere are associated with the arsenate zone described

he finest laree crvstals of bavidonite ever

above (under adamite) and are mvanably implanted on the
dark. blocky cuproadamites. | hey are doubly terminated, nearly
-inch crystals, very brilliant, and of a deep greenish black
color. The top specimens are groups to 3 x 5 inches in the
Smithsonian, E. Swoboda and W, Pinch collections

BEUDANTITE: The best specimen is probably a | VBX

2%4-inch group of olive-green crystals to

inch., associated
with minor carminite. in the Smithsonian collection (but part of
the J. J. ['relawney collection ilk‘L{llil’L'Ll 'I‘H. but not yel delivered
to. the Smithsonian).

CALCITE: Many specimens could compete for the best cal
cite. as this is the most abundant beautiful mineral at Tsumeb
It occurs in many forms, though exceedingly sharp rhombs are
the most common habit. It can be flawlessly transparent to
opague, and is usually colorless although color can vary through
shades of red and brown. It is found in crystals up to 6 inches in
size and occurs associated with everything at Tsumeb except
the arsenates. Three of the most spectacular calcites are n
the collections of Abel Selburn, Detroit, Michigan, and J. Zwei
bel (Pg. 66). A rare and beautiful calcite from Tsumeb i1s a 2
inch rhomb of distinctly purple color, on matrix, in the P
Bancroft collection. Other excellent calcite specimens are on
display in the British Museum, the American Museum, and
probably countless private collections.

CARMINITE: The best specimen is in the British Museum:
it consists of brush-like groups of acicular, carmine-red crys
tals to over '4 inch on a beudantite crystal matrix of about
1 x 2 inches.

CERUSSITE: Best specimen: a 7 x 10-inch cluster of per
fectly undamaged, lustrous, reticulated crystals without matrix,
weighing perhaps 65 pounds. in the collection of S. Pieters. In
the same class is a very similar, 12-inch, reticulated group on
matrix, in the Sorbonne, Paris (Pg. 64). Beyond those speci
mens, which surmount all others through their remarkable size,
It becomes all but impossible to segregate a few “best” cerussite
specimens, as there are so many superb and varied pieces to
choose from. One could mention the 5-inch “snowflake™ retic-
ulated group at Harvard, the bright, flawless gem crystals to 6
inches in the Royval Ontario Museum, 3-inch sixlings on native
copper in the British Museum of Natural History, “fish-tail”
twins to 8 inches in the Hellinghausen collection. Tsumeb. and
4-inch, zoned crystals imbedded in clear gypsum in the Amerr-
can Museum. One could go on. Suffice to say that all of the
great mineral museums have great cerusssite specimens. They
tend to be considerably rarer in private hands, 1 suspect, be-
cause of their large size and excessive fragility.

CHALCOCITE: Only one genuine chalcocite in good crys-
tals 1s known to me as of this writing: a cluster of l-inch,
sharp. dull-black crystals which happen to form the matrix for
a superb group of 2-inch azurite crystals in the Canadian Na-
tional Museum. Other so-called chalcocite, in small, bright,

CUPRITE: Good crystal specimens ol
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DIOPTASE

5. Pieter Lhis 1s a 5-inch mound

| he best cabinet specimen 1s in the collection of
ol intergrown crystals t
nearly 2 inches, implanted on a 6 x 12-inch slab of matrix coated
by a druse ol white calcite. Two other specimens, much smaller
but perhaps more perfect and desirable, came from the sam«
pocket in 1975 (on the 3300-foot level). Both of these have su
perb, gemmy cerussite crystals implanted on the dioptase crys
tals, which in turn are implanted on white calcite crystals. One
15 In the collection of J. Zwerthel and the other 1s in the British
Museum (not on public display). These have to be the world's
linest Lil-*[‘li.l\x' specimens, even though somewhat larger crys
tals were once found in the Republic of the Congo
LEADHILLITE: Leadhillite is exceedingly rare at Tsumeb
but some Tsumeb crystals rank as the largest leadhillites known
I wo specimens stand out as being better than the perhaps two
dozen other known Tsumeb leadhillite specimens. One is a very
sharp. gray euhedron measuring | x 1'2 x 2'2 inches, in the
collection of W, Larson. The other specimen is a cluster of in
tergrown crystals in the Canadian Nanional Museum:; it mea
sures about 3 x 4 inches. has no matrix. a good luster, and a tan

1o sienna color: it 1s quite translucent
LUDLOCKITE

group of divergent red sprays on matrix in the collection of

[he best specimen s a 144 x | x “s8-mnch

Roger Williams, the pianist, Encino, California. Three other
excellent specimens are in the collections ol the Brinsh
Museum (Pg. 75), E. Swoboda and K. Procror, Colorado
Springs, Colorado

MALACHITE: Several types occur, but by far the most con
eted are the incredible clusters ol pseudomorphs alter azurite
Unexcelled for sharpness and form is the 6 x 7-inch group on
display in the Smithsonian. A superb group of crystals to 5
inches on matrix is in the collection of W. Kahn. These are
unusual because many of the other larger malachite pseudo
morphs tend to be quite corroded and lack sharp definition
Brilliant, sharp, rhombic crystals to inch solidly lining vugs
in chalcocite were found in the deeper workings: two of the best
are in the British Museum and Harvard. Rarely encountered
are spherical aggregates, to 2 inches, of velvet malachite im
planted on snow-white calcite crystals, with a “dustung” ol

small, gemmy dioptase crystals, as in the Kev collection

MIMETITE: Clearly the finest mimetite specimens from

I sumeb or anywhere else were found in 1971 in the deeper
workings, and were limited to a few dozen specimens. The best
1S a group of superb, transparent, hilhant, ycllow cryvstals on
matrix, the largest of which is 2 inches tall and doubly termi
nated. in the collection of K. Procror, Colorado Springs, Col
orado (Pg. 62). Other specimens have somewhat smaller crys
tals, but are no less beautiful. The largest single crystal known
1s 2 inches in length by a inch in diameter, and is in the col
lection of E. Swoboda. Superb specimens exist in the Smithso
nian, (back cover painting). Harvard. the American Museum
the British Museum. and in the collection of Gerhard Becker

49




Idar-Oberstein, West Germany (front cover photo). If it had
not been for this spectacular find, the best mimetite would sull
have been from Tsumeb, but would be quite different in ap-
pearance: sheal-like aggregates of yellow to orange crystals to
112 inches, but rarely more than translucent. A superb, large
matrix piece of this type is in the collection of A. Buraneck. A
steep. pyramidal, caramel-colored single crystal 2 inches in
length, in the British Museum, is also quite spectacular.
OLIVENITE: About 4 years ago three specimens were brought
into the U.S. that are probably the finest olivenite specimens
ever found anywhere. They consist of brilliant, equant, greenish-
black crystals lining vues in massive chalcocite. The crystals
were up to *sinch size. The best of these three pieces is a 6'2 x
-inch matrix piece in the Smithsoman, it is closely rivalled by
slightly smaller pieces in the A. Buranek collection and in the
American Museum. Thin prisms to nearly 2 inches have been
found rarely; one of the best is in the British Museum. A spec-
tacular miniature with a perfect '2 x 78-inch crystal in the
W. Pinch collection must rank with the finest olivenite speci-
mens.

SCHULTENITE: The best specimens are glassy prisms to
1'2 inch that look very much like cerussite, and were found In
the arsenate pocket described under adamite above. The best
of these are in the British Museum, W. Pinch, Canadian Na-
tional Museum and the Carlton Davis (Columbus, Ohio) col
lections.

SCORODITE: Scorodite is very rare at Tsumeb but occasion-
ally appears in excellent quality. The finest specimen consists
of dark, richly-colored, greenish blue crystals to over 2 inches
covering a 5 x /-inch matrix. in the collection of H. Von Oster-
stasen, near Capetown, South Africa. A superb, lustrous,
pseudo-octahedral crystal measuring nearly an inch 1s in the
collection of W. Kahn, and a similar crystal of a more bladed
habit 1s in the collection of J. Zweibel (Pg. 39). Excellent al-
though less well-formed and less lustrous crystals to more than
an inch are in the Smithsonian and W. Pinch collections. Some
scorodite is accompanied by small. orange, tabular crystals to
2 mm that could be mistaken for wulfenite, but are actually
pow ellite.

SMITHSONITE: This mineral occurs in so many bright,
distinctive colors at Tsumeb that specimens must be considered
separately according to color, just as one might separate rose
quartz from amethyst or smoky quartz. Deep pink to light rose
colored crystals are perhaps the most desirable; these were
found only once, although in moderate abundance. in the lower
oxidation zone about 9 years ago. There are four specimens of
this Kind that can salely be called the best. They are intergrown
crusts of “+inch rhombs and modified rhombs on matrices up
to 6 x 12 inches. in the collections of the Smithsonian, the Bri-
tish Museum, E. Swoboda, and §. Singer, New York City. A
unique pale pink specimen of l-inch scalenohedrons covering
a > x /-inch matrix 1s in the collection of J. Zweibel. Green
smithsonite from Tsumeb came in all shades. Early, upper level
finds were almost never in distinct crystals; they are typified by
oil-green, apple-green, and light emerald-green botryoidal
masses on display at Harvard and the Smithsonian. Stunning,
deep green specimens of modified rhombs to *4 inch on matrix
are in the collections of J. Zweibel (Pg. 76) and W. Larson.
Fallbrook, California. An apparently unique group of superb,
curved rhombs of a rich turquoise-blue color on a contrasting
white matrix is in the collection of J. Zweibel (Pg. 76). A choice
crystal of yellow smithsonite, 1'2 x 24 inches, is in the collec-
tion of R. Webster. Colorless smithsonite has been found in
large rhombs and steep schalenohedrons flawless enough to
facet. A superb group of colorless crystals to 1 inch is in the
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collection of J. Rousseau, Johannesburg, South Africa, and 2-
inch scalenohedra are in the American Museum collection,
Innumerable tan, brown, gray and black smithsonites exist
but they are far less desirable because of their colors.
SOHNGEITE: The best specimen is a pair of Y4-inch twinned
crystals of greenish color on a vuggv matrix in the British Mu-
seum (Pg. 61). A similar but smaller specimen is in the collec-
tion of J. Douglas Scott, Kingston, Ontario.
STOTTITE: The best specimen is a plum-colored crystal
which is slightly over 48 inch, on matrix, in the collection of
E. Swoboda.
TENNANTITE: One of the most abundant minerals at Tsu-
meb, and one quite often found in crystals (although most are
crude and dull) is tennantite. Among the best is the Harvard
specimen, with crystals to 5 inches across a face. The largest
matrix group consists of sharp crystals to 2 inches on an 8 x §-
inch plate of quartz and massive tennantite in the Humbolt
Universtiy collection, East Berlin. A superb cabinet specimen
with bright, sharp crystals to 1'2 inches on a }inch matrix is
in the W. Larson collection (Pg. 115).
WILLEMITE: The most beautiful specimens of willemite are
lustrous, blue, translucent, botryoidal masses scattered among
snow-white calcite on specimens up to 4 x 7 inches, as in the
A. Buranek and Smithsonian collections. Smaller and much
rarer are the sulfur-yvellow crystal aggregates to 2 x 4 inches.
Two specimens of royal blue crystals to 3/16-inch. with rosa-
site, on matrix, are in the British Museum.
WULFENITE: A variety of colors occurs at Tsumeb, although
because bright red crystals have not yet been found, some
people will argue that the Red Cloud mine in Arizona is still
the source of the world’s finest wulfenite. Brilliant sulfur-yellow
crystals to 12 inches and "4 inch thick are in the collection
of E. DeRouve, along with a large matrix piece about 4 x 7
inches covered by 3#inch crystals. A superb 2-inch yellow
crystal, nearly an inch thick, on a 3 x 4-inch matrix, is in the
Smithsonian. Not as beautiful but impressive for size are the
huge, gray-brown crystals that often have facetably clear areas
within: the largest of this type is in the Canadian National Mu-
seumn, and i1s nearly 3'2 inches across the face and nearly an
inch thick. A similar, slightly thinner crystal is in the J. Zweibel
collection (Pg. 81). A great mass of intergrown, caramel-colored
wulfenite crystals was encountered about 8 years ago, in asso-
ciation with mimetite and cerussite. These reached the as-
tounding size of 2 feet in diameter, but they were so thin and
fragile that damage was severe: a sample from this occurrence
is on display in the American Museum. Another pocket once
produced some fine crystals, rarely over 2 inch, of a beauti
ful reddish-golden sherry color; possibly the best of these is.
a 3inch group on matrix, is in the Smithsonian (Pg. 81).

SOME FINAL COMMENTS ‘

A listing such as this must, ol necessity, contain omissions.
There are a great many remarkable “association™ pieces, for
instance, that wouldn’t make “best” for any one species but
when taken together constitute exceedingly beautiful and
valuable specimens. Also, there must certainly be fine pieces
which | have yet to see, or which | have forgotten | have seen,
which are not included: my apologies to their owners. And,
like Peter Bancroft's book, the World's Finest Minerals and
Crystals, this listing is doomed. by new discoveries, to some
degree of obsolescernce even before it reaches print. When
mining at Tsumeb gets to the stage of “robbing the pillars™ in
the oxidized zones, which could happen soon, who knows what
glorious masterpieces will appear? Is it too much to hope that
this listing s soon rendered obsolete by even greater treasures

discovered in the world’s greatest mineral locality?



KEGEL COLLECTION

Dy

John Sampson White

n 1949 the curators of the mineral collection at the Nation-

al Museum of Natural History, Smithsonian Institution,

received a letter from Ernst Wohlgemuth of Switzerland.
It said, in part: “The late Mr. F. W. Kegel, a national of South
Africa and British subject, resident in Switzerland since 1932,
has passed away on 8th August 1948. He left his entire estate to
his wife, Mrs. Th. Kegel, who continues living at ‘Bodanswart,
Landschlacht. Amongst certain possessions Mrs. Kegel has now
decided to sell is a complete and unique collection of Tsumeb
Minerals.

“The late Mr. F. W. Kegel had collected these minerals while
he was Managing Director of OMEG, Otavi Minen- und Eisen-
bahngesellschaft, at Tsumeb, SW.A., and brought them to
Switzerland in 1932. | have been entrusted by Mrs. Th. Kegel
with the sale of this collection. By ordinary Sea Mail | forward
to you, registered, a complete catalogue of all pieces in the
collection. You will judge by these lists that this collection
would, for anyone interested, be a most valuable object to
acquire.”

Fortunately for the Smithsonian, Dr. Mark C. Bandy, a good
friend of the curators William Foshag and George Switzer, was
at the time stationed in Paris in the Strategic Matenals Section
of the Economic Cooperation Administration (see M. R. 4
277-281, 1973). Bandy agreed to visit Mrs. Kegel and look over
the collection. This he did, and reported that the collection had
a value of about $5,500 but suggested offering $4.000 F.O.B.
coastal port, to the owner, or $3.800 F.O.B. Landschlacht,
Switzerland. The total weight of the collection was judged by
Bandy to be about 1'2 to 134 tons. There were about 820
labeled specimens, and about 100 small crystals and 7 large
specimens. Bandy's comments about the collection included
the following:

“There i1s so much duplication that it would be useless to try
to list the specimens with any degree of completeness. Some of
the specimens are more or less mis-identified (or | am wrong).
Unfortunately the two outstanding cerussites are broken. They
are repaired but the glue has come unfastened and would have
to be done over again. I don't know what they are worth. #1 is
4" x 6" x ¥4, No. 2 is about 3" x 312" x 12", | am sure they could
be repaired so that they would not be obvious but they are
still repaired specimens. | valued #1 @ $200, #2 @ $100. There
are others. There are two to three rough tabular single xls
similar in finish to the large triangular twin you have; one :s
1'27 x 37 x 387 thick. There are a number of good specimens
with reticulated crystals on matrix and one large, roughly tri-
angular reticulated mass about 3" by 17 thick that is good if
not supenor. A large quantity of small xls.

“Azurites were a bit disappointing to me. There are six matrix
specimens of good quality with fine blue crystals but not of
unusual size, say the largest xl would be 1'2" long as an aver-
age. Some are 10" specimens. #436 is a single xI made up of two
crystals at the termination, it is 8" long, 5" wide and 1™ thick.
Unfortunately it is spotted with malachite alteration. #437 is
a single xl1 6™ x 2'2 ™ x 2 ™ with 90% of the surface malachite.
They are not bruised and the first I valued at $200. the second

at $100. There are a number of loose not bruised pure azurite

xlsupto2'2”

x 2”. There is a large specimen 10" x 10" with
6" platy xlIs which ran from one wall ol a vein to the other, a
good specimen in any collection except the U.S.N.M. This had
no number and | don’t know if it is in the catalog or not.

“Tetrahedrite there is one specimen #428, 12" x 12" with a
6" tetrahedron of what they call tetrahedrite but it i1s badly al
tered to a dark green surface. Mrs. Kegel said that men who
came to Tsumeb and tried to purchase the collection there
from Kegel always wanted to buy that specimen and the two
azurite xls.

“Cassiterite. 268 is a surprising x1, 47, not bruised, prismatic
but not well developed on the back side and attached at one
end or rather broken from the matrix, brown in color and trans-
lucent, brilliant. 1 would say that $100 would be cheap for the
crystal. ( This specimen is not from Tsumeb, but is from a near
by locality. J.S.W.)

“Smithsonite A great duplication of drusy, green, large speci
mens in excellent preservation. One is 147 x 16”. There must
be 20 superior specimens of this mineral.

“Malachites are generally dull and uninspiring.

“Mimetite. There are at least 5 superior specimens of light
yellow matenial. There is one large slightly bruised specimen
15" x 20™ x 4" with xls to ? 4" diameter..."”

Not surprisingly the second figure ($3,800) was offered and
the offer accepted. The collection, according to Bandy, “has
been offered to others but there was no interest in Switzerland
for lack of money and the British Museum can’t get money out
of England to purchase it.”

An interesting sidelight in Bandy's letter of 1949 — “Recently
Mason from Indiana University was here (he is a New Zealander
who teaches mineralogy there) and | enjoyed a visit with him.”
Brian Mason subsequently joined the staff at the Smithsonian
after having been curator of mineralogy at the American Muse
um of Natural History in New York City.

Bandy agreed to go to Switzerland and pack the collection
in February 1950. He noted the absence of a number of speci
mens listed in the catalogue. “In talking with the Wohlgemuths
| found that it had been a practice of both Mr. and Mrs. Kegel
to offer specimens to Inends and allowing them to take their
choice. This cleared up the missing specimens.” Bandy sug
gested that the museum negotiate a readjustment of the pur
chase price to the extent of 10% of the amount originally
offered. This was agreed upon by Wohlgemuth, so the collec
tion was ultimately purchased for $3,420. The money that was
used to purchase the collection came out of the Roebling en
dowment so now, technically, the Kegel Collection is part ol
the W. A. Roebling Collection in the Smithsonian

From just about any viewpoint the purchase was one of the
best that the Museum has ever made. There are approximately
8 specimens from the Kegel collection now on exhibit in the
Mineral Hall. Of the 26 large specimens in the special Tsumeb
Minerals case, all but seven are from the Kegel Collection.
I'here are, of course, azurites and smithsonites, but there are

also anglesite, descloizites. malachites, cerussites, an olivenite
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a bavldonite, a mimetite. a gigantic vanadinite from Abenab
and a dioptase from Guchab. In addition. there are hundreds of
specimens in the reference mineral collection, and probably
hundreds more in the ore study collection. The great variety
of associations and the diversity of habit and form is perhaps
unparalleled in any Tsumeb collection ever assembled.

The paths of many mineralogists have crossed over Tsumeb,
and for a few the interactions have been preserved. Samuel G.
Gordon, an American collector and mineralogist, visited
I'sumeb in 1929 while on a collecting trip for the Philadelphia
Academy of Science. He recorded his experiences, including
his meeting with Kegel, in letters to his Inend Harry 1rudell
of Philadelphia. The letters provide a rare glimpse into Tsumeb
collecting and buying. and the character of Kegel himself. The
first ol the fi.l”ﬂ‘v.'-iﬂ:__* letters was rc;wrintnl in the Mineralogical
Record (vo. 5, no. 6, p. 259, 1974) in a series on Sam Gordon.
but it bears repeating here.

From Gordon's letter to Trudell, 11 December 1929

“It was three days and nights to Tsumeb. The best scenery,
that near Capetown, was passed during the night. Most of the
trip was along the edge of Bechuanaland, particularly along the
Kalahan Desert.

“1 got to Tsumeb late on Sunday night. The climate 1s com-
fortable, quite warm in the sun in the day, but real cool at night.
It is about 5000 feet above sea level. The mine is worked as an
open cut down to about 100 feet, and thence to a depth of 1800
feet by underground workings. I was told that the upper levels
were exhausted and these were the ones which contained all
the azurite, cerussite, etc. crystals. That 1 should have come 15
years ago. Further that some gentlemen visiting the Geological
Congress in South Africa had come up in September including
one Dr. L. J. Spencer, of the Briish Museum. So 1t did not
sound as though | was going to be able to gather much at the
mine. As | did not expect much in the way of assistance, 1 had
pinned my hopes on the ‘silver pick’ and was well provided
with good pound notes Sterling for the operations....

“On Monday morning, early, I went around to the office of
the company. | found the manager away for a couple ol days.
However, his assistant or secretary introduced me to the mines
superintendent, and arranged for going down the hole. How-
ever, | spent Monday going over the dumps and ore piles which
contained some smithsonite crystals.

“Tuesday was the first day in the mine. And what a day!
Hectic”? A few more days like that and I'll be down with nervous
prostration. Remember that I did not expect to collect any-
thing, with all the German bosses ready to clean out any crys-
tals and ship them to Maucher in Munich. And that | had ex-
pected to get everything with a ‘silver pick, and then perhaps
not much.

“In company with the superintendent | went down to the 800
foot level, the uppermost being worked, and pretty deep for
crystallized secondary minerals. The workings are ol such a
nature that only a half dozen places of about 10 ft. square are
visible on any level. The first few looked most unpromising.
But one of the miners said there was a little azurite showing up
above. | climbed up and saw some poor battered crystals, and
thought that a little work might produce at least something to
show for the trip. The shift boss tried to get me away from the
place, but I had the superintendent sit on him

“The latter, of course, did not expect me to find anything and

went off. 1 got to 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 pocket of azurite crystals up to

6 inches long. and three inches across: one of the prettiest
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sights you ever saw,. | worked slowly and carefully. The mine
is very hot and damp, and | nearly drowned in my own perspir-
ation. The air up in the hole would get foul and hot from the
lamp and every half hour |1 had to climb down and lie on the
dirt pile from exhaustion. News of the find spread around and
at 11:30 the superintendent and his assistant came around. |
had already packed away in my bag the best specimens, but
the vug continued into a cylindrical vug, lined with smaller
crystals. The assistant who came up first, tried to break off
some crystals, but | pulled his hand away. He tried all sorts of
subterfuges to get into the place. Then the superintendent
came up, looked in and became incoherent. All he could say
was ‘| have been here fourteen years, and never have | seen
such crystals.” The best, | had in my bag. He left the shift boss
to guard the place, and later sent the assistant down to open it
up further. In the afternoon, when I went down again, | found
that they had created havoc, just ripped everything out with
dynamite and hammers, nearly everything coming out broken.
Everybody seemed to be scrambling in trying to get some crys-
tals; particularly since big ones sell for about $100.

“When | got out, | was told that the mine manager (F. W,
Kegel), who was also a director, was back, and wanted to see
me and the specimens. These were all carted to his office. He
seemed all excited, walked around in circles, and asked me
what | wanted. 1 told him that 1 wanted to ship off the speci
mens | had collected. He said that was absolutely impossible.
Pleasant words after |1 had sweated all day gathering them. He
said that their value was extraordinary and that they had none
in the office in Berlin, or the German universities, and how
therefore could he let me have them. He had up to this time
not seen the specimens, they were being unpacked. He happens
to be something of a collector, and naturally did not want any
one to cart off the stuff from his mine. He was quite beside
himself. | suggested cabling Berlin, but he stated that if 1 did
that, he would also. As a matter of fact, I am sure that they
would have upheld him, certainly they would not cross a fellow-
director, particularly the mine manager. By this time the speci-
mens were unpacked, and he walked over to them. Apparently
they exceeded even his expectations. The superintendent kept
muttering ‘| have been here 14 years, and never have | seen
such crystals.” 1 was too tired to be obstreperous and hence
tried diplomacy. It seemed almost impossible to reason with
him. but by appearing magnanimous and appealing to his eager-
ness to get hold of the specimens, I got him to agree to divide
the specimens equally, each of us taking a choice alternately.
Certainly under the circumstances | could not hope for more
than an equal half of the finds. He could just as easily have
taken them all, or perhaps made a generous gesture after pick-
ing out the best and giving me the junk.

“At my suggestion we pitched a coin to see who would take
first choice as | thought this might give me a look-in on the
first specimen. But he won. The division proceeded slowly.
While 1 would be looking them over he would walk over to
those he had acquired and then at my specimens. But he be-
came quite happy and after the division, we shook hands and |
made arrangements to go through the mine and divide the
finds similarly. However, 1 did not expect to get anything more
in the mines. the men were too secretive and would steer me
past and well around possible places.

“If 1 had acted differently, | would have lost everything, now
| had a good half, (specimens I had come prepared to pay hand-
somely for) so could stay longer and gather more if the op-
portunity presented itself. So while 1 feel outraged. it might
have been far worse. However, what |1 have will look good back
in Philadelphia. They are certainly marvelous specimens. And
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Herr F. W. Kegel, General Manager of the O.M.E.G. 1922.1938,

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

“This morning | went back to the place, having been greeted
by the superintendent with the words ‘| have been here 14
years, and never have | seen such crystals’

Gordon continued his narrative to Trudell in his letter of 23
December 1929:

“Further visits to the mine produced but some crystals of
cerussite. Further work at the azurite 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, I had not expected to be able to do much more in this
mine, particularly after the manager, during his heated frame
of mind, revealed that it was only the dumb stupidity of Herr
Keller that enabled me to find anything, that he should not
have taken me to a place of promise. As a matter of fact Herr
Keller was not to blame — at the time Keller and the super
intendent stated that they did not believe there was anything 1o
be found where | had started working.

“1 soon got busy with the silver pick, to get such specimens
as had been bootlegged from the mine. I got hold of the names
of miners who might have specimens, and with one of these |
went around to the others at night. In the darkness 1 would
slip into the house. The owner would carefully draw the cur-
tains, then request absolute secrecy on my part. This would
be followed by the business of removing carpet, and pulling up
a board in the floor and removing sundry broken azurites, etc.
concealed therein. In all I purchased over $900 worth of speci-
mens (which is what | paid). So that I was able to ship 12 cases
from Tsumeb weighing in all over 500 pounds.

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

while | was packing: he drifting into my room with his secretary
and hotel manager with the excuse that he was inspecting the
hotel — the hotel belonging to the mining company. | suppose
he had been told of the great quantities of specimens | had been
carrying in at mights, usually having had two niggers to carry
the stuff. Most of the specimens were stowed away in bureau
drawers. etc.., so he did not see much. He aflterwards asserted
that | had gotten the best in the division.”

I'he specimens Sam Gordon obtained became part of the
collections of George Vaux and the Philadelphia Academy of
Science: Gordon would doubtless have been less outraged
had he known that those specimens which Kegel kept would
eventually become part of the collection of the Smithsonian
Institution

As a trnibute to Friedrich Wilhelm Kegel, Tsumeb mine man
ager from 1922 1o 1935, the mineral kegelite was recently
named in his honor. Many Smithsonian labels for his specimens
retain the “Kegel no.”, his own catalogue number. It is sale to
say that Kegel's name will always be associated in a significant
way with the mineral collecting and mining history of Tsumeb

Specimen acquisition by outsiders in Tsumeb continues
today in nearly exactly the same fashion as it did for Gordon
in 1929, Minerals and money exchange hands secretly between
dealers and miners; mine management seeks diligently 1o stop
the trade and to wdentify those responsible for “stealing from
the mine.” The Tsumeb Corporation nevertheless 1s accomo
LLIHT‘I_L‘ 1O TTIII'It'hI'H_L‘hI\ and stull does allow the removal ol
specimens for study purposes. Considerning Gordon's descrip
tion of the way miners drop everything to collect when crystals
appear, it 1s easy to understand why the mine management 1s
concerned about the resulting loss of work tme and other
problems. The best that can be hoped for. in the long run. is
that more minerals of the calibre ol those in the Kegel col

i'..'l..'lh wn will be prescm ¢d by whatever means




DISID PIETERS: A rersonaury skercn

Oy
Charles L. Key

sumeb. Berg Aukus, Otavi, Karibib, Spitzkopje, Usakos,

all names that conjure up visions of superb minerals and

gems. Sidnsy Pieters is the man who transformed those
visions into reality. His name is nearly synonymous with South-
west African minerals, as he has been prospecting, mining,
collecting. cutting, buying and selling the fabulous mineral
treasure from this territory for over 35 years. Sid was born into
mining; his father was mining tin as early as 1920 all along the
Erongo Flats and had established such mines as the Ariakos,
the Sydney mine, and Pieters Hill. The tin ore there was in peg-
matites and not inirequently associated with gem minerals such
as beryl, topaz and tourmaline. Sid was particularly attracted
to the beautifully colored tourmalines, and his life took an
early turn toward commercially exploiting these gems when he
established the first mineral and gem store in all of southern
Alrnca. That was in 1945, in the small town of Usakos. and i
was known simply as the “Usakos Gem Store.”

Years later Sid moved to Windhoek, the capital of the ter-
ritory, where he now resides with his lovely wife, Val, and
numerous pets (including an African grey parrot that must be
heard to be believed). His children have all grown and gone
their way, providing him with several grandchildren and a fine
family. Sid owns and operates the "House of Gems, a retail
establishment in downtown Windhoek where he sells the wide
variety of minerals and gems he acquires, as well as finished
jewelry. He has cutters from ldar-Oberstein working full-time
on the premises fashioning the tourmalines which he mines
mostly for an appreciative local market. It is worth noting that
while Southwest Africa is not the prolific producer of tourma-
line that Brazil is, Southwest African tourmalines, at their best,
are unrivaled for color.

Over a period of many years and many trips to Southwest
Alfrica I've come to know and admire Sidney Pieters: he is one

of those very rare individuals who set out, without benefit of
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blueprint or mentor, to make a success from a passion, and did
so beyond all question. In the process many museums and col-
lectors have been enriched by the staggering array of his min-
eral and gem finds. Perhaps Sid is most widely known for the
amazing quantity of superb Tsumeb material he has made
available over the vears. He has most certainly had more “one
of a kind” Tsumeb specimens pass through his hands than any
man alive. Many specimens of mimetite, leadhillite, smith-
sonite, azurite. malachite, cerussite, many of the arsenates, and
rarities such as sOhingeite and stottite come to mind.

While output from Tsumeb has currently slowed to a mere
trickle of dioptase, Sid has shifted his efforts 1o greener pas-
tures. While he continues to mine tourmaline in the Karibib
area (the Neu-Schwaben mine) he has extended his mining act-
ivities to the Swakop area where he has had stunning success.

A summation of Sid's successes “by the species” would be
ponderous indeed. But here are just a few of the significant
mineral finds he has made: cuprite from the Onganja mine— he
did all the research and development there and got the first
specimens; chalcocite crystals from the Kahn mine: boltwood-
ite crystals from Arandis; he was, more than anyone else, re-
sponsible for an amazing quantity of descloizite and smithsonite
specimens from Berg Aukus: the superb. though now virtually
extinct, cutting material known everywhere in lapidary circles
as “pietersite” (a form of blue, gold and black, silicified. very
chatoyant riebeckite. The list goes on, but more noteworthy is
the fact that it will probably go on for many years... Sid's energy
and craft seem still to be on the ascent.

Sid has traveled widely through Europe and the Orient in
conjunction with his business, and made his first visit to the
U.S. in February 1977 to attend the Tucson Gem and Mineral
show.

Sidney Pieters, the mineral world is indebted to your success.
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COLLECTIONS
of the following people and institutions are represented in the Werner Lieber. Heidelbere. West Ger
following pages. The collectors and curators have our sincere Olal Medenbach. Bochum-Querenberg, West G
thanks for allowing us to ' e with s Ol Eric Offermann, Arlesheim. Switzerland

Paul Patchick. Pacific Grove. California
Wollgang Bartelke. Wiesbaden, West Germany Keith Proctor. (
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olorado Springs, Colorado
Bonn Institut tur Mineralogie. Bonn. West Germany Sorbonne (University of Paris). Paris. |

rance
British Museum ( Natural History ). London. England Hugo Strunz. Berlin, Germany

F'om Gressman. Delafield. Wisconsin I echnical University of Berlin. Berlin. Germany
Richard Haug. Esslingen, West Germany John Tetrick. Minneapolis, Minnesota

Gertrude Hauser. Cincinnati, Ohio United States National Museum of Natural History
E. Heinrich. Johannesbure, South Africa (U.S.NM. ) Smithsonian Institution. Washineto
Walter Kahn. Baiersojer. West Germany Dwight Weber. Hawthorne. California

Gunther Keller. Bettinegen. Switzerland Julius Weber. Mamaroneck. New York

Richard Kosnar. Boulder. Colorado Miriam and Julius Zweibel. Woodmere. New York

CORONADITE ATACAMITE

Color: black. Size: 3.3 cm across
Collection of Wolfgang Dartelke
Photo by O. M.

Color: dark green. Size of crystal: 9 mm tall
Collection of Hugo 5Strunz
Photo by O. M.

PYROLUSITE HEMATITE after magnetite
Color: black Color: black
Size: 6.5 cm across Size: 1.9 cm on edge
Collection of USNM. (#119130) Collection of USNM. (#R12210)
Photo by W. W. Photo by W. W,
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OLIVENITE

Color: olive-green

Size: 2 mm wide

Collection of US.NM. (#R0599-4)
Photo by W. W.

A
OLIVENITE var. zincolivenite
Color: grayish avocado-green
Size of sprays: 1 cm
Collection of USNM. (#R7674)
Photo by W. W.

ROSASITE var. paraurichalcite
pseudomorph after azurite

Color: blue-green

Size: 3.3 cm across

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

ROSASITE

Color: blue-green

Size: 5 em across

Collection of US.NM. (#D205008)
Photo by W. W.
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FLUORITE

Color: bluish violet. Size of crystals: 2 cm
Collection of Gertrude Houser

Photo by W. W.

FLUORITE Color: green with violet comers
Size of large crystal: 2 cm
Collection of US.NM. (#R9092) Photo by W. W.

SCHULTENITE
on cuproadamite ALAMOSITE (above right) §
Color: colorless Color: light gray to cream
Size of crystak 7 mm Size: 8 cm across
Collection of Walter Kahn Collection of Walter Kahn
Photo by O. M. Photo by O. M.
OTAVITE (right)
Color: white
Size of crystals: 0.3 mm
Collection of USNM. (#B10558)
Photo by W. W,
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HETEROGENITE on calcite KEYITE

lor: - ——
Color: black. Size: 8.5 cm across Color: deep sky-blue. Size: 0.4 mm

: Collection of DBritish’ Museum

LEITEITE with tennantite | Color: colorl?ss. Size: 7 cm crystal
Color: white to reddish brown. Size: 5 by 8 cm SCORODITE Collection of Dwight Weber
Collection of the Sorbonne Color: greenish to Photo by D. W.
Photo by N. B. _ purplish blue
Size: 1.0 cm wide
Collection of
M. G J. Zweibel

Photo by W. W.

SCHNEIDERHOHNITE
(large black crystals)

with MOLYBDENITE
(gray crystal, upper right)
and ZINC-STOTTITE
_ (pink crystal below
i molybdenite)
3 Size of molybdenite
crystak 5 mm
Collection of Walter Kahn
Photo by O. M.
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ENARGITE

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

Collection of USNM. (#R8629)
Photo by W. W.

TENNANTITE with pyrite
Color: dark gray

Size: 2.5 cm wide
Collection of John W. Tetrick
Photo by W. W.

GALENA with cerussite
Color: gray- Size: 6.5 cm wide

Collection of Olaf Medenbach
Photo by O. M.

PYRITE with cerussite and goethite

Color: brownish yellow. Size: 6.5 cm across
Collection of US.NM. (#R17201)

Photo by W. W.

TSUMEDBITE

Color: near dioptase-green

Size of crystal: 0.4 mm
Collection of USNM. (#R5464)
Photo by W. W.
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SOHNGEITE

Color: pale greenish
yellowish brown
Size: 8 mm
Collection of British
Museum (#DM 1975,
390)

Photo by F. G.

AUSTINITE var. cuprian

Color: dark olive green
Size of aggregates: 2 mm
Collection of USNM.
(#R11191)

Photo by W. W.

SOHNGEITE

Color: pale brown. Size: 6§ mm
Collection of Hugo Strunz
Photo by W. L.

ARAGONITE var. tarnowitzite
Color: white. Size: 0 cm across
Collection of Hugo Strunz
Photo by O. M.

ARAGONITE var. nicholsonite
Color: pale brownish yellow

Size: 8.5 cm across
Collection of USNM. (#1236060)
Photo by W. W.




PYROMORPHITE

Color: very pale brown

Size of specimen: 3.5 cm wide

VANADINITE Collection of USNM. (#¥D13472)

Color: brownish red Photo by W. W.
Size of crystals: 7 mm
Collection of USNM. (#R15374)

Photo by W. W.

DESCLOIZITE (above left)

Color: dark brown

Size: 9 mm

Collection of €ric Offermann
Photo by €. O.

DESCLOIZITE (above)

Color: dark brown

Size of crystals: 8 mm

Collection of US.NM. (#119713)
Photo by W. W,

MIMETITE

Color: yellow

Length of large crystal: 6 cm
Collection of Keith Proctor
Photo by W. W.



QUARTZ
Color: white. Size: 10 cm across
Collection of USNM. (#C5562)

Photo by W. W. CERUSSITE

Color: white. Size: 6 cm
Collection of Walter Kahn
Photo by O. M.

LEADHILLITE with small

black KEGELITE crystals
Color: light gray

Size: 3 cm tall

Collection of Walter Kahn
Photo by O. M.

CERUSSITE var. schwarzbleierz

Color: black. Size: 8 cm
Collection of M. & J. Zweibel

Photo by W. W,

63



- L2 o
— F =

AURICHALCITE needles (pale sky-blue)
with HEMIMORPHITE (colorless) (above left)

Size: 1 cm across
Collection of US.NM. (#B20593)
Photo by W. W,

CERUSSITE

Color: colorless with brownish red phantoms
Size: 6.5 cm tall

Collection of M. & J. Zweibel

Photo by W. W.

CERUSSITE (left)

Color: white

Size: 5.2 cm

Collection of M. & J. Zweibel
Photo by W. W.

CERUSSITE

Coldr: white

Size: 30 cm tall

Collection of the Sorbonne
Photo by N. B.
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CERUSSITE
Size: 4.5 cm wide

Collection of Walter Kahn
- Photo by O. M.

+

TSUMCORITE

Size: 1.2 cm wide
Collection of Walter Kahn
Photo by O. M.

TSUMCORITE

Color: yellow

Size: 2.5 mm across |+
Collection of Gunther Keller |
Photo by €. O.
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CALCITE var. plumbocalcite
Color: white

Size: 11 cm across
Collection of M. & J. Zweibel
Photo by W. W.

CALCITE

Size of Crystal: 2.5 cm
Collection of Hugo Strunz
Photo by O. M.

- CALCITE
i Color: white

Size: 15 cm across
Collection of M. & J. Zweibel
Photo by W. W.
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WILLEMITE

Size: 9 cm across
Collection of Paul Patchick
Photo by P. H.

WILLEMITE

Color: pale green

Size: 6 mm across

Collection of €ric Offermann

- Photo by €. O.

WILLEMITE

Color: colorless

Size of crystals: 8 mm long
Collection of Richard Haug
Photo by R. H.
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ADAMITE var. cuproadamite

with schultenite

Size of crystals: 1 can long

Collection of Walter Kahn

Photo by O. M.

ADAMITE var. cuproadamite

Size: 3.9 mm

-

i

Collection of Gunther Keller
Photo by €. O.
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ANGLESITE

with inclusions of greenockite
Size: 2.6 cm wide

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

-

ANGLESITE
Color: pale yellow

Size: 4 cm wide

Collection of USNM.[#121122]
Photo by W. W.

ADAMITE

Color: yellow

Size: 3 cm across
Collection of USNM.
[#135246)]

Photo by W. W.
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ANGLESITE

Color: white

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

BARITE

Size: S mm

Collection of the Sorbonne
Photo by N. .

CHUDOBAITE

Size: 5 mm

Collection of Technical University of Berlin
Photo by W. L.




DIOPTASE on conichalcite
Size of crystal: 1.3 cm tall
Collection of Olaf Medenbach
Photo by O. M.

DIOPTASE

Color: dark green

dize of crystal: 2 cm tall
Collection of Tom Gressman
Photo by W. W,

DIOPTASE

Color: dark green

Size: I cm tall

Collection of M. G J. Zweibel
Photo by W. W.
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CUPRITE on cakite
Size of crystal: 5 mm
Collection of €. Heinrich
Photo by O. M.

CUPRITE

Size of crystal: 2 mm
Collection of Werner Lieber
Photo by W. L

CUPRITE var. chalcotrichite -
Size: 11 mm across

Collection of Wolfgang Bartelke
Photo by O. M.




MALACHITE on cuprite
Color: pale green

Size of lerge crystal: 1 cm
Collection of Julius Weber
Photo by J. W. [from The
Encyclopedia of Minerals)

CUPRITE

Size: 3 cm

Collection of Richard Kosnar
Photo by R. K.

MALACHITE after azurite
Size: 1 cm wide
Collection of Wermer Lieber
Photo by W. L.

MALACHITE on cakite

Size of group: 2.5 cm wide
Collection of Olaf Medenbach
Photo by O. M.



AZURITE [above left]
Color: black

Size: 3 cm tall

Collection of M. & J. Zweibel
Photo'by W. W,

AZURITE [above right]
Color: black

Size of crystal: 5 mm
Collection of €ric Offermann
Photo by €. O.

AZURITE

Size: 1 cm tall
Collection of €ric Offermann
Photo by €. O.

AZURITE
Color: bluish black

Size: 22 cm tall
Collection of USNM. [#C5546]
Photo by W. W,

74



AZURITE

Color: black

Size: 3 cm wide

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

STOTTITE [red]

on BRUNOGEIERITE [black]

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

LUDLOCKITE with
zincian siderite

Size: 4 cm wide

Collection: British Museum

[#DM 1969,215]

Photo by F. G.

7S



SMITHSONITE
Color: pale brown

Size: 2 cm tall
Collection of Olaf Medenbach
Photo by O. M.

SMITHSONITE var cuprosmithsonite

Size: 7.4 cm tall
Collection of M. & ). Zweibel

Photo by B. J.

SMITHSONITE

var. cuprosmithsonite

Size: 10 cm wide

Collection of M. & J. Zweibel
Photo by W. W.
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SMITHSONITE var. cobaltosmithsonite
; Size of lerge crystal: 2.2 cm

Collection of USNM. [#135008]

Photo by W. W.

SMITHSONITE

Color: yellowish green
Size of crystals: 1 cm
Collection of Wemer Lieber
Photo by W. L.

SMITHSONITE
Color: white

Size: 2.5 cm across
Collection of €ric Offermann
Photo by €. O.
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BAYLDONITE after mimetite
Size . of crystals: 2 cm

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

BAYLDONITE
Color: blackish green

Size of crystals: 7 mm
Collection of USNM. [#135015])

Photo by W. W.

Size: 3 mm wide

Collection of M. & J. Zweibel
Photo by J. W.




WULFENITE
Size: 8 mm
Collection of €ric Offermann
Photo by €. O.
]
WULFENITE

Size of top crystak 1.2 cm across
Collection of Wolfgang Bartelke
Photo by O. M.

WULFENITE var. chillagite
Size of crystal: 1.3 cm across
Collection of Walter Kahn
Photo by O. M.
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WULFENITE

Size of large crystal: 3 cm across
Collection of Walter Kahn
Photo by O. M.

BEUDANTITE
with CARMINITE [needles]

Size of beudantite crystals: 1 mm
Collection of Walter Kahn
Photo by O. M.

LAVENDULAN [dark blue]

Size: 0.1 mm
Collection of M. & J. Zweibel
Photo by J. W.
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WULFENITE
Color: bright yellow. Size of large crystak 5 cm

Collection of USNM. (#115725)
Photo by W. W.

WULFENITE
Color: sherry brown

Size: 3.5 cm wide
Collection of USNM. (#115726)
Photo by W. W,

WULFENITE ~
C_olor: gray Color: pale purplish brown
Size of large crystal: 9 mm Size: 8 cm tall
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 cm wide

Collection of USNM. (#121119)
Photo by W. W.




PLANCHEITE

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

WULFENITE

Color: very dark blue

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

PLANCHEITE coating on
malachite after azurite

Color: very pale blue

 Size: 6.5 cm across

Collection of US.NM. (#B109084)
Photo by W. W.

DUFTITE-ALPHA

Color: dark green DUFTITE-BETA on calkite

Size of crystals: 0.3 mm Color: yellowish green

Collection of US.NM. (#R4101) Size of crystals: 0.2 mm

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




GOLD in quanz

‘ Color: golden yellow CHRYSOCOLLA in chalcedony

Size of gold mass: 1 cm across Color: bluish green. Size: 7.5 cm wide

Collection of USNM. (#R8638) Collection of US.NM. (#817037)
Photo by W. W. Photo by W. W.

BINDHEIMITE
) Color: yellow
Massive ore minerals: g‘zﬁi J cm *’;31‘;";5”“ PRBSED) e KAOLINITE
CHALCOPYRITE; red [ OUSCIREE Sy W g olor: white. Size: 4 cm
&) dhenis, USNM. 759925 T 0" Photo by W. W. Collection of USNM. (#R0649)
(b) FAMATINITE; sooty black: Photo by W. W.

USNM. #D3690
() GERMANITE; pinkish purplish
gray; US.NM. #ROB685

(d) DJURLEITE; gray:
USNM. #C387

(e) CHALCOCITE; gray;
USNM. #C5577

) BORNITE; pale blue and yellow
tamish: 10 cm wide; USNM.
#BJ3255

Photo by W. W.
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BROCHANTITE
Color: very dark green
Size of crystals: 1 mm
Collection of US.NM. (#B8145)
Photo by W. W,
LINARITE with cerussite
Color: deep blue
Size of crystals: 2 mm
Collection of US.NM. (#R8639)
Photo by W. W,

DUNDASITE
Color: very pale blue
Size: 1 mm
Collection of

Olaf Medenbach
Photo by O. M.

ARSENTSUMEBITE

Color: medium green. Size of crystals: 0.5 mm
Collection of USNM. (#C6651)
Photo by W. W.
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FLEISCHERITE (pink, radiating)

with MELANOTEKITE (black spherules)
Size of fleischerite spray: 8 mm
Collection of Olaf Medenbach

Photo by O. M.




COPPER on calite

Color: copper-red
Size: 5.5 ¢cm across

Collection of US.NM. (#115743)
Photo by W. W. -

PHOSGENITE cleavage fragment
Color: dark brown. Size: 3.5 cm
Collection of USNM. (#¥B11901)
Photo by W. W.

WITHERITE
Color: white. Size of crystals: 0.9 mm
Collection of Julius Weber

Photo by J. W.

SIDERITE

Color: reddish brownish yellow
Size of crystals: 3 mm

Collection of USNM. (#R11313-2)
Photo by W. W.

LEPIDOCROCITE (black)

with smithsonite crystals

Size of smithsonite crystals: 2 mm
Collection of Dwight Weber
Photo by D. W.
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RGSGARC H: TSUMEB MINERALOGY

Blue wulfenite from Tsumeb

by
Peter G. Embrey*, Pete ). Dunn**, and Andrew M. Clark*
(*Dept. of Mineralogy, British Museum (Natural History ),
Cromwell Road, London SW7 5BD, England.)
(**Dept. of Mineral Sciences, Smithsonian Institution,
Washington, D.C. 20560)

Crystallized specimens of dark blue sub-transparent wulfen-
ite, from Tsumeb, Southwest Africa, have recently been
brought to the authors’ attention by Charles Key and William
Larson (independently of each other). The specimens were
said to be of high tungsten content, and were tentatively named
“chillagite.” This note combines investigations carried out
separately at the British Museum (Natural History) and the
Smithsonian Institution.

“Chillagite™ (Ullman, 1912) was found as tabular, translucent,
orange crystals at the Christmas Gift north mine, Chillagoe.
Queensland, Australia, associated with cerussite, It is a tungsta-
tian wulfenite with 28.22% WO, subsequent analyses on lemon-
yellow material (Mingaye, 1916) showed a variation from 21.10
to 29.52% WO, with a corresponding inverse variation in
MoO; content. Our studies of pyramidal-prismatic crystals
(Figure 1) from Tsumeb show that they are in no way com-
parable to “chillagite” in color, habit, or WO, content. Blue

wulfenite of tabular habit (photo, P. 79) has also been found
at Tsumeb, but we have neither seen nor studied such material.

We have studied five of the pyramidal-prismatic crystals,
two of which are shown in Figure |, and their unusual habit
resembles none of the figures in Goldschmidt's Atlas nor
of any others that we have seen in the literature (compare
Williams, 1966). The length of the crystals is from 6 to 15 mm.
and the diameter is from 3 to 11 mm, with roughly equal lengths
of prism and pyramid: the development i1s essentially polar,
with good pyramidal faces at one end only. Three crystals
were measured on a two-circle goniometer for identification
of the forms present, and on a large single-circle goniometer
(Fuess, model 1a) for an accurate determination of the axial
ratio because of the perfection of the pyramid faces m{011)
ande{l112}. Prism forms are @{010}, with dull faces, and m (110},
with rounded and deeply pitted faces: neither gave measurable
signals. The dominant pyramid forms are {011} and {111},
with narrow strips of e({112}. Some of the edges are rounded
and stepped. but no trace was found of any forms other than
X {121}*, and that only on the crystal on matrix (BM 1976,108)

*The same ass{131} of Bach (1926).




(Figure 1). Form {121} is a rare form, of rank 21 in order of
increasing rarity (Bach, 1926), and is only mentioned here
because the faces are comparatively large, give good signals
on the goniometer, and would have been expected to demon-
strate the tetartohedrism of wulfenite. However, instead ol
occurring on alternate corners only, it is present on all five
corners of the measured crystal (the remaining three corners
are not present, being in contact with the matrix); a possible
explanation is that both right- and left-handed forms are repre-
sented. of equal perfection and development. Tetartohedrism,
as illustrated in the figure, is shown by the shape of the pits
onm (110}, and by small dull areas on the facese(l12).

Measurements of the angles, 10 in all, between faces of {011}
and between faces of (112}, lead to values of 65°49.5' *+ (.5,
65°49.3" = 0.3, and 65°49.2' = 0.6’ for the fundamental angle,
and 2.2275 = 0.001 for the axial ratio ¢ /a. Williams (1966) has
plotted values of ¢/a against content of Cr, As, V, and W in
wulfenite, and shows it rising slowly from 2.2268 to just over
2.228 as the W content arises to 1.1%, thereafter (perhaps)
dropping very rapidly with further increase in W content. Our
value is entirely consistent with Williams’ results. X-ray powder
photographs of the Tsumeb material are a perfect match for
wulfenite, and do not show the strong line at 4.96A which
serves to distinguish stolzite (PbWO,) from wulfenite, and
which is present as a weak line in the pattern of a specimen
of “chillagite™ from Chillagoe.

The crystals are strongly, but irregularly, zoned. A brown
core i1s overlain by blue wullenite around the prism and lower
pyramid, while the tups ol the crystals and perhaps the whole
outer surfaces are essentially colorless. Internal reflections
show flaws round the core material, but the detail of the color
distribution is obscured by ihe high refractive index and the
brilhant luster of the faces. Small rough crystals on the matrix
are pale blue or coloriess. The matenial has been examined
by electron microprobe in both laboratories and, although Ca,
As, Cr, V, Ti, and W were looked for as minor constituents,
only W was detected. About 1.3% WO, was found in the Smith
sonian specimen, and 0.25% WO, in a fragment of BM 1976,
108. The latter, about 10 x 8 mm, showed all three colors but
there was no detectable difference in composition between
them. It seems probable that the blue color is caused by partial
reduction of Mo®* 1o Mo** (compare ilsemannite)

We thank Paul Hicks, BM(NH), for the crystal drawing
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Keyite: 8 new mineral from Tsumeb

by
Peter G. Embrey, Eva E. Fejer, and Andrew M. Clark
Department of Mineralogy
British Museum (Natural History)
Cromwell Road
London SW7 SBD, England
Abstract

Keyite, (Cu,Zn,Cd)J{AsO,),, occurs as small blue prisms
in cavities in tennantite ore from Tsumeb, Southwest Alfrica,
associated with cuproadamite (Cu:Zn 3:2) and schultenite.

Microprobe analyses gave CuQO 1881, Zn 17.90, CdO 14.08,
PhO 0.63, CaO 0.80, MnO 1.07, As,0, 45.36 (means of 6 anal-
yses on 5 crystals), Sum 98.66%. Dobs n.d., but 4.2. Cell
contents for 48 oxygens 6[(Cu,. 620,11 Cdg.ssMng. oCag. r Pbg. o1 -
sum 3-01A8.9e05], ideally 6[(Cu,Zn,Cd)4 AsO,);) with Cu:Zn:Cd
near 2:2:1, for which Decalc = 4.95. Soluble in conc. HCI or
HNO;, no water detected. blackens on heating. Monoclinic
12, Im, or 12/m: a 11.65, b 12.68, ¢ 6.87A(=x 0.01), B 9895
(= 0.05%), V 1002.5 A%, Strongest powder lines 3.29 vs(2), 2.876
vs(3), 2.795 vvs( 1) (Cu-Ka):; 48 lines recorded.

Crystals prismatic [001] to tabular {010}, commonly tapering
or showing sub-parallel stacking on {010}. Dominant forms
observed on SEM photos {010}, {110}, (210}, {011}, and perhaps
201}. Cleavage (001}, good. No twinning observed. Color deep
sky-blue, streak pale blue. H 3'2 - 4, Biaxial, sign and 2V nolt
determined., optic axial plane [010}. a 1.80, B n.d. | b).
y L8/, Strong dispersion of indicatrix: a:(001] 10'2° (Cd
red), 11

(Hg yellow), 12'2° (Hg green), 9'2° (Hg violet).

Named for the mineral dealer Charles L. Key, who supplied
the mineral for investigation. Name approved by IMA Com-
mission in 1975. Type specimens in BM(NH).

Occurrence

Keyite was brought to our attention by Charles Key, who
submitted for identification some minute blue crystals nestling
at the base of much larger (<< 2 mm) crystals ol cuproadamite
on a matrix of tennantite. Since the specimen was from Tsumeb,
we at first suspected the crystals of being stranskiite (triclinic
Culng AsO,),: Strunz, 1960), for which no powder data have
yvet been published. However, on discovering major cadmium
in our mineral and establishing its symmetry as monoclinic
we became convinced that we were dealing with a new species.
Stranskiite occurs on chalcocite at the 1000 m level at Tsumeb,
but we have no information about which part of the mines our
specimens came from.

Cuproadamite, the copper-rich variety of adamite, as small
but abundant green prisms. has been associated with keyite
on all the specimens we have seen, and it was the only other
arsenate present on our original specimen (BM 1973.236). A
subsequent specimen (BM 1975,660), first loaned by and later
acquired from Mr. Luis Teixeira-Leite, carried large (ca. 2 cm)
prisms of schultenite as well. The unusual habit of this new
schultenite i1s the subject of a short note elsewhere in this
volume. Keyite and cuproadamite appear to have crystallized
more or less at the same tume, since the keyite sometimes sits
on and 1s sometimes partly enclosed by cuproadamite




Table 1. Keyite: microprobe analyses

Cul
In0)
CdO
PhO
Cal)
MnoO

As.(0)
| otal

20.22

] 7 =L}
1364
lf.l'._-|I

()83

15.57

Uy 54

Cations calculated to 8 oxygen atoms

1.2089
1.102
().544
(0.003
0.098
().08Y
1. 982

3.045

1.18Y
1.124

B |

1).5.45%

1.271
1.076
().531
0.014
0.073
0075
1.

0.008
0.082
0083
1.992

-
3.020

Mn
As
(Sum)

UR3

1.084
1.169
(). 596
(0.0033
(.037
0.068
2.006
2 987

-

Mean

18.81
17.90
14.08
0.63
0.80
1.07
45.36

U8 .65

19,80
1678

14.59

LD

.97

.21
14 96
s 9hH

S.D.

0.070
0.047
0.026

1.258
1.04]
().574
0.015
(0.087

1.148
1.147
0.544
0.013

1.193
1.110
0.554
0.014
0.072
0.076
1.992
3.019

U.0O8b
1.976
3 (61

0.015
6l

Columns | & 2, one crystal from BM 1973,236: columns 3 - 6, four crystals from BM 1975.,660.

5.D.

Chemistry

There is too little keyite for a full wet microchemical analysis.
so all the analytical work has been done on a Geoscan electron
probe microanalyzer. Element scans on a grain from the orig-
inal specimen showed the presence of major Cu, Zn, Cd, and
As, with minor amounts of Pb, Ca, and Mn: this was confirmed
later on grains taken from four other specimens loaned to us.
Six quantitative analyses were performed, two on opposite
ends ol a single grain from the original specimen and the re-
mainder on four separate grains from a second specimen (table
1). Anglesite and wollastonite were used as standards for Pb
and Ca, and pure elements for the others. Assuming Z = 6
(see below), the mean of the six analyses leads to the formula
61(Cuy.\oZn,.,Cd 5sMng. o Cag o:Pb. o ) sum 5.00A8,.9605], ideal-
izing to 6{(Cu, Zn, Cd);(AsO,),), with Cu:Zn:Cd nearly 2:2:1.
The three principal cations show only a 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 crystallized at about the same time, optical
spectrography of the cuproadamite showed no trace of cad-
mium. [his suggests that cadmium cannot be accommodated
in the cuproadamite structure. A survey of several different
specimens ol cuproadamite shows considerable variation in
the Cu:Zn ratio, but the crystals associated with keyite have
Cu:Zn near 3:2; we are continuing work on this problem.

Keyite is readily soluble 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
the arsenic.
Crystal geometry

Single crystal rotation and Weissenberg X-ray photographs
show keyite to be monoclinic, with a body-centered unit cell
(systematic absences for h+k -+l odd). The space group pos-
sibilities are thus 12, Im, or 12/m. but we have not tested for
centrosymmetry. Unit cell dimensions are given in Table 2, and

88

standard deviation imajor cations onlv).

were refined from the powder data in the same table using the
Weissenberg data in the indexing. Calculated d-spacings are
not listed, but they are in close agreement for the assigned
indices.

Figure I. ldealized drawing of keyite. showing forms h 1210,

m (110}, b [010], and q (011].
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Figure 2. Keyite crystals showing forms h|210), m(110], bj010), Figure 3. Keyite: a typical sub-parallel group of crystals, The

and q(011); the largest crystal shows the terminal form |201) apparent size of (011 ):(011) is increased by divergence. SEM, 500x
(7). SEM, 500x.

The specific gravity is greater than 4.2, shown by crystals
sinking in Clerici solution, but we were unable to measure 1t
more accurately than this. To obtain a density of this order,
bearing in mind that the possible space groups require an even
number of formula units in the unit cell, we are proposing
that Z = 6 leading to a calculated density of 4.95. A second
approach to the estimation of the unit cell contents was made
using the average value of 20 A? for the volume occupied by
oxygen atoms in other copper arsenates of known structure.
The unit cell volume is 1002 A%, so we get about 50 oxygen
atoms, and the nearest multiple of 8 to this (there are eight
oxygen atoms in two AsQO, groups) is 45, once again suggesting
that Z = 6.

Crystal morphology

Keyite crystals are as large as 0.25 x 0.1 x 0.04 mm, but are
usually much smaller, and it may be seen from the scanning
electron microscope (SEM) photographs (Fig. 2-5) that the
larger ‘crystals’ are aggregates of tablets in sub-parallel posi-
tion.. We had no success in trying to measure crystals with the
optical goniometer. but comparison of calculated angles with
the SEM photographs shows the dominant forms to be b {010},
m {110}, h(210}, ¢{011), and perhaps 201} (seen only on the
largest, tapering crystal in Figure 2). An idealized crystal is
drawn in Figure 1. Under the microscope separated tablets lie
flat on {010}, and give a measured value of § 9Y8°50'. There
is a good [001) cleavage. No twinning has been observed, re-
entrant angles being caused by the sub-parallel growth. Cal
culated mterfacial angles are (110):(110) 84.45°; (O11):4011)
56.31°,

Physical properties

Keyite appears to scratch adamite, but not fluorite, so H
312 - 4, The color is deep sky-blue, and thg streak is pale blue;
on hand specimen, green light reflected from the associated
cuproadamite tends to mask the color of keyite. There is no
fluorescence in U.V. radiation.

Optical properties

Keyite is strongly pleochroic in shades of blue: y (deep

blue) B (greenish blue) a (pale blue). The optic axial

plane is {010}. Refractive indices for sodium hght are a 1.80
B not determined, y 1.87. There is strong dispersion ol the
imdicatrix, and crystals lving on {010} show purple and greenish
extinctions in white light. Extinction angles a:[00]
(Cd red). 11

(Hg violet). Interference fligures

all in the
g, are 10
(Hg green). and back to 9

acute iil'l!l_'lL" IHT_* vellow), 12
showing the optic axes and their dispersions have not been

observed, and 2V and the optic sign have not be determined

Discussion

I'he superficial resemblance between keyite and stranskiite
1s stnking, and it 1s unfortunate that we have not been able to
obtain any of the latter for study. Apart from the cadmium and
the Cu:Zn ratio, the simple formulae and the refractive indices
are much the same. The crystal symmetry, however, is entirely
different and there is no integral ratio between the unit cell
volumes. The higher symmetry of keyite, and the non-integral
numbers of the cations in the unit cell, taken in conjunction
with a larger oxygen volume (20.9 A?) than for stranskiite (19,1
A %), lead us to speculate that keyite may be a disordered poly
morph of stranskiite, possibly stabilized by the cadmium
Sidney Williams has recently sent us for comparison a powder
photograph of a fragment of the type specimen of stranskiite,
given to him by the Tsumeb Corporation. The strongest lines
are 3.131 (10), 2.789 (5), and 2.505 (5); neither they nor the

pattern as a whole show any resemblance to those of kevite

We are working to complete our description of the morphology
and optical properties of kevite.

Name and type specimens

Keyite was approved by the LM.A. Commission on New
Minerals and Mineral Names in March 1975, The name is for
Charles L. Key, mineral dealer ol Canton, Connecticut. who
has supplied the Museum with many fine and rare specimens
over the last few years. Holotype specimens. BM 1973.236 and

BM 1975660, are in the mineral collection. British Museum
( Natural Historv).
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Figure 4. Keyite: composite crystal showing typical roughness of Figure 5. Keyite: composite crystal lying on and in a ‘cuproa-
faces. SEM, 500x damite’ crystal. SEM, 500x
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the loan of his powder photograph of stranskiite, and Henry Plieth and G. Sanger, Zeits. Krist. 124, 91-100 [Mineral.
Buckley for the SEM photographs. Absir. 19,2711
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Abstract

Ludlockite, (Fe,Pb)As, 0, was found as red needles in a
cavity in sulfide ore from the ‘germanite section’ of the mines
at Tsumeb, Southwest Africa, associated with zincian siderite.
Analysis gave Pb0 9.32, Fe,0; 21.63, As, 0, 70.82, less ‘oxygen
deficiency’ 1.69, sum 100.08 percent. Empirical cell content
Pb,..FelsAs) | As,i 30550 for Dobs.4.40, simplifying to nearly
91{Fe,Pb)As;Og). Fe** >> Fe!* by Mdissbauer and E.S.R.
Readily soluble in conc. HC1 or HNO;, more slowly in dilute
acids. On heating turns yellow, then black, losing As,O,; DTA
curves given. Infra-red and Raman show no As-O bonds of
AsO} or AsOY anions. Triclinic, P1 or P1, a 1041, b 11.95,
c 986 A (+ 0.02), a 1139°, B 99.7°, y 82.7° (= 0.2°),
V 1103 As, Strongest powder lines (Co-Ka) 8.81 vvs(1), 3.330
ms(3), 2.935 vs(2). Crystals elongated [100), flattened (011},
other prominent forms {021}, terminal faces not determined.
Cleavage {011) micaceous, {021} perfect. Twinning lamellar,
composition plane {011}, twin law not established. Color red,
streak light brown, lustre sub-adamantine. No fluorescence.
Biaxial positive a 196, g 2.055, y >2.11; y near [100],
optic axial plane / {011}. Pleochroic y (orange yellow) > B
(deep yellow) > alyellow). Named for mineral dealers Fred-
erick Ludlow Smith and Charles Locke Key who found and
supplied specimens for investigation. Name approved by IMA
Commission in 1970. Type specimens in BM(NH).

Occurrence

Ludlockite was first observed in 1968 by Smith and Key,
as an orange-brown earthy mass on the surface of a lump of
ore that they had obtained from the ‘germanite section’ of
the mines at Tsumeb, Southwest Africa. On splitting the lump
they found a cavity lined with sharp brownish-yellow, 1 - 3 m
rhombs of zincian siderite, from which grew slightly diverging
bundles of red-brown needles up to 4 mm long. These needles,
the subject of this paper, have not been observed in contact
with the sulfide ore. Siderite rhombs also occur singly and in
groups on and impaled by the ludlockite needles (Fig. 3). An
electron microprobe scan, by S. J. B. Reed, of a section of a
siderite rhomb showed about 9% zinc at the surface, falling
irregularly to about 5% zinc at the core, with corresponding
variation in the iron content. An X-ray powder photograph
confirms the identification as zincian siderite, and a bulk
chemical analysis yields the formula (Feg;.sZn,, Ca; Mn, .-
Mg,.sPb, . )CO; with 3.6% admixed Fe,0, Textural relation-
ships have not been determined in the sulfide matrix, but the
following species have been identified: tennantite, chalcocite
pyrite, bornite, germanite, siderite, and quartz.

Chemistry

Ludlockite is readily soluble in concentrated nitric or hydro-
chloric acids, more slowly when they are diluted. On heating
it remains unchanged up to 400°C: between about 550° and

¥ Note: the pale yellow product is unoriented with respect to
the original fibers, and is fine-grained. It has not been identi-
fied. The three strongest powder lines are 3.10A (1), 3.02 (2),
and 3.33 (3), and the highest observed spacing was 8.3 A,

Figure 1. Ludlockite: D.T.A. curves in air and in nitrogen
(marked L). The bottom curve (marked K) is of karibibite in

argon (after von Knorring er al, 1973).

Figure 2, Ludlockite: composite drawing on (011} showing traces

of terminal edges, and the possible zones to which they may be
referred.




640°C, it becomes khaki and then pale yellow, losing nearly
29% of its weight in 20 hr.+ In the closed tube a sublimate of
As.0O, is formed. Above 780°C it becomes brownish black,
with the formation of Fe.,O,. It was not observed to fuse be-

fore decomposition.

Qualitative optical spectrography showed major lead, iron,
and arsenic, with mmor amounts of germanium and aluminum
that were not detected chemically nor by microprobe. Elec-
tron microprobe analyses at 30 points on three crystals showed
no sign ol inhomogeneity: they have not been repeated since
1909, when methods of accurately determining lead and
arsenic in the presence of each other had not been perfected
(their spectra contain overlapping lines), and the results are
not given here.

Wet microchemical analyses were made on several portions
varying from 4 to 16 mg, to develop the method of separation
and to determine the state of oxidation. Briefly, the mineral
was dissolved in a mixture of conc. HC1 and IC1, and titrated
with K10y solution to obtain the ‘oxygen deficiency’ or overall
state ol oxidation (Hey, 1974). The resulting solution was then
reduced with hydrazine hydrochloride, the arsenic precipi-
tated and separated as As,S;, and finally weighed as am-
monium magnesium arsenate. Iron was extracted from the sol-
ution after acidification with HC1, and weighed as the 8-
hydroxyquinolate. After removal of chloride, lead was pre-

cipitated from nitric acid solution as the ‘thionalide’ complex,
and weighed.

The average ol the results considered to be most reliable is
given in table 1. Wet chemistry did not distinguish between
Fe?" and Fe’*, nor between As’™ and As**, but the determined
‘oxygen deficiency corresponds to 10.4% As,0O, Semiquanti-
tative Missbauer measurements by A. D, Law, and electron
spin resonance measurements by J. R. Thyer, showed Fe'* (0
be considerably in excess of Fe**, so part of the arsenic is pres-
ent in ludlockite as As**. The analysis i1s presented with all the
iron expressed as Fe'*: to do otherwise at this stage would be
an empty exercise in numerology.

Unit cell contents based on the measured specific gravity of
4.40 and cell volume 1103 A? are given in table 1. Since these
can only be a guide, in the absence of a full structure deter-
mination, we have recalculated to a basis of 54 oxygen atoms
per unit cell in order to obtain a provisional simplified formula
(fand for no other reason): 9(Fe**.Pb)As * As'*)L0:]. The
reduction to 34 oxygen atoms, etc.. leads to a calculated speci-
fic gravity 4.32.

Q)

[
L] A'
* o

Figure 3 and 4. Ludlockite: crystal laths

on (011}, showing terminal edges and
twinning. SEM, 1000x

Differential thermal analysis (in air and in nitrogen) curves
were obtained by B. D. Mitchell on 10 mg samples, and are
reproduced in fig. 1 together with that of karibibite in argon
(von Knorring er al., 1973, p. 270). The exothermic peak
(563°C) in air may be due to oxidation of the small amount of
Fe?*. and the endothermic effects (530 - 580°C) in nitrogen
may be connected with the loss of As;O, but since we have
done no further work in this direction any interpretation must
remain speculative.

Preliminary attempts were made to synthesize ludlockite.
without success.

Crystal geometry

Ludlockite is triclinic, Laue class 1, space group P1 or Pl
(centrosymmetry not determined). Unit cell dimensions and
angles were obtained from precession photographs, and are
given for the Donnay-Nowacki reduced (primitive) cell in table
2. The powder data were obtained on a Philips 114.6 mm cam-
era (Co - Ka radiation) and are given in table 4. These data,
together with Guinier data, were used in the refinement of the
cell dimensions: details will be given in another paper, to be
published elsewhere. dealing with the twinning geometry and
morphology at greater length.

The structure has vet to be determined. Unit cell contents
are given in table 1.

Crystal morphology

Ludlockite crystals are commonly lath-shaped, but a few are
almost equant in cross-section. Most of them are 15 - 40 mm
long, 0.05 - 0.1 mm wide, and 0.008 - 0.025 mm thick. Many
taper slightly, some have a twist about the needle axis, and the

Table 1. Ludlockite: Chemical analysis and cell contents
Cell contents
_.Al-—
-
PhO 0.04175 1.22 1.20
Fe,O 21.63 ‘e 0.2709 791 1.77

H;ilin\

As.O, 70,82 : 0.6163 1800 176
101.77 O 1.8833 S55.00 154

less O  1.69 Sum of cations 2713 26.64
Fotal  100.08% Dobs.  Deale 4.40 .32
Empirical formula Pb,..Fe" As . As, ;.0 (assuming all

iron to be ferric)
Note: water was sought. but not found: minor Ge and Al were
detected spectrographically, but not chemically.




I nclinie,

Table 2. Ludlockite: crystallographic data

Pl or Pl a 1041 A *= 0.02

h 11.95 = 0.02

Cell volume 1103 = 3 AS c Y86 = 002
Dobs 4.40
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I able 3. Ludlockite: morphological data - some possible angles
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Table 4. Ludlockite: X-ray powder data
icamera dia. 1146 mm: Co-K a radiation
hkl di A s hkl diA)]
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Figure 5. (top left) Ludlockite: crystal on
011}, showing multiple twinning. SEM,
2000

Figure 6. (above) Ludlockite: crystal with
bruised point, showing [011) (broad), (021
(narrow), and unindexed terminal [aces:
tapering edges ol the latter suggest that
the twin plane may not be the plane of
composition. SEM, 2000x

Figure 7. (below) Ludlockite: crystal lath
distorted by handling, demonstrating flexi-
bility and the two perfect cleavages. SEM,
1000x




only reflections we have been able to get on the optical gonio-
meter have been very poor and confined to the prism zone
[100]. Scanning electron micrographs, fig. 3 - 6, show that the
terminations of the needles are variable and that all crystals
are multiply twinned.

The crystals are all elongated along the a-axis [100], and
are flattened on {011} ; the only other face that we have identi-
fied with certainty is {021). It is a feature of the geometry of
ludlockite that some of the angles are close to 90°, making for
difficulty in identifying unambiguously the inter-edge angles
measured from SEM photographs. Thus (011):(021) is 90.6
and [100]:1011) is 90.7° (Fig. 2); further, the face normal (021)
and the zone axis [011] are within 0.9° of each other so that
we can say no more at present about the twinning than that the
composition plane is 011). Some relevant comparisons be-
tween calculated and observed interfacial and inter-edge angles
are given in Table J.

Cleavage on {011) is perfect and micaceous, and on [021)
perfect, with the result that the crystals readily fray at the ends
to a bunch of cleavage fibers (Fig. 7).

Infra-red and Raman spectra

Infrared spectra have been recorded for us by C. J. Elliott,
and Raman spectra by W, P. Griffith, but the curves are not
reproduced here. The infrared spectrum is very similar to that
of karibibite. Neither type of spectrum shows any sign of As-O
bonding, with the oxygen atoms attached singly to arsenic as
in compounds containing isolated As( ), or AsO! anions.
Instead. both show strong bands at around 480 cm-' which
are characteristic of -As-O-As- ‘stretches’, and which are shown
by arsenolite and claudetite (minerals with structures known
to contain fully-shared oxygen atoms).

Physical properties

Crystals of ludlockite are very flexible and sectile, and cleave
readily. The color is a rich red (R. H. S. 182A), and the streak
is light brown (R. H. S. 172C). There is no fluorescence visible
in either long- or short-wave U.V. (compare karibibite, which
fluoresces yellow). The lustre is sub-adamantine. The hardness
- 2. The
specific gravity was determined on samples of about 10 mg,
using a Berman balance and ethylene dibromide as immersion
liquid; values of 4.40 to 4.33 were obtained, and it was assumed
that the higher value was more reliable with an estimated ac-
curacy of about 1%. We may be wrong, and the true value may
prove Lo be lower (see Table 1).

is difficult to determine, but appears to be about 1%

Optical properties

Ludlockite has near-orthorhombic optics, and laths are
length-slow with straight extinction. An obtuse bisectrix inter-
ference figure is to be seen through the laths, with the optic
axial plane perpendicular to the plane of flattening and parallel
to the length. The optic sign is positive, but the optic axes were
not observed on the universal stage even at the limits of tlt;
sections were cut across the crystals (embedded in resin), but
no acute bisectrix figure was seen. Thus 2Vi(+) and the dis-
persion are not known. An extinction angle of about 3° (y:
[100]) was observed on a few laths with J,HTI; vertical, but the
sense was not determined. Attempts were made to ‘un-twin'
the crystals by pulling off {011} cleavage flakes. but the extinc-
tion remained straight. Refractive indices for sodium light were
obtained by immersion in Cargille liquids: a = 1.96, nearly
[1011): B 2.055 0.005, nearly [011); 3 2.11, with
y:[100] = 3°, The pleochroism scheme is y (orange-yellow)
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B (deep vyellow) >a (yellow), and all colors deepen rapidly
with increasing thickness.
Name and type specimens

Ludlockite was approved by the L M.A, Commission on New
Mineral Names in February 1970. The name is for Frederick
Ludlow Smith Il and Charles Locke Key, who found the
mineral and presented it to the Mineral Depariment, British
Museum (Natural History). Type specimens are numbered BM
1969.215 and 216.
Discussion

I'he only other species that are essentially arsenates or arsen-
ites of iron and lacking structural water are angelellite (Fe ,Ass
0,,: 1959), karibibite (Fe;AsdO.OH)y: 1973) and schneider-
hohnite (FegAs,;Oss: 1973). Karibibite comes closest to lud-
lockite in appearance and Fe:As ratio, but the possibility of
identity was disposed of in correspondence with Professor
Sahama before its description was published (von Knorring et
al., 1973); the quickest field distinction between the two is that

karibibite fluoresces yellow in short wave U.V., whereas lud-
lockite does not fluoresce at all.

Despite the As:O ratio of 1:3, most of the As in ludlockite is
present as As*". Pending determination of the structure, the
evidence that we have given above and its physical resemblance
to claudetite suggest that ludlockite contains sheets or bands
of AsO; octahedra sharing the corner oxygen atoms with each
other. The volume per oxygen atom is a measure of the close-
ness of packing of a structure, and for ludlockite is 20 A* (1103

55). This value is about the same as those for scorpdite (19)
and for parasymplesite and symplesite ( 20 £ ); claudetite
(25% ), arsenolite (28), schneiderhthnite (25% ), and karibibite
(24)% ) are more loosely packed, and angelellite (17) is more
closely packed.
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ABSTRACT

Lewteite ("la'-ut) 1s a new zinc arsenite found associated with
tennantite, chalcocite, smithsonite, and schneiderhGhnite at
Tsumeb (Southwest Africa). It occurs as cleavable masses to
/ ¢m in greatest dimension, colorless to brown and transparent:
the Mohs hardness is 1'2 - 2 and the observed density is 4.3(1).
The cleavage lamellae on {100} are flexible but inelastic and
have a pearly lusier. Leiteite i1s optically biaxial positive with
a=187(1), B=1880(5), ¥=198(1). and 2V =26'2(1)
XAa =11°, Y = b, ZAc +10°; r < v, very strong. X-ray
diffraction shows space group P2,/a witha = 17.645(5)A . b
S.0192), ¢ 4.547(2). and B 90° 39(4)'. The most intense
powder diffraction lines (in A) are 3.133 (100) (211), 3.163 (76)
(211),1.685(49)(911),3.320(39)(111), 3.302(32) (111), 4.833(31)
(110), but strong preferred orientation due to perfect cleavage
can change this order. Wet chemical analysis vields the formula
(Zn, Fe, - )As. 0, with four formula units in the cell. The
name is for Luis Teixeira-Leite, mineralogist, of Pretoria,
Republic of South Africa.

INTRODUCTION

The new mineral leiteite was discovered some years ago by
Luis Teixeira-Leite among specimens from Tsumeb (Southwest
Africa); unfortunately it 1s impossible to determine from the
miners the exact location in this deposit from which the spec-
imens were obtained. The leiteite was found as a single
specimen, 7 x 4 x 0.3 cm., which was subsequently divided into
several pieces for mineralogical studies and museum specimens
(one of these is shown as figure 1). Parts of the original spec-
imen have been deposited in the Smithsonian Institution
(National Museum of Natural History), Washington, D.C., in
the British Museum (Natural History), London, and in the
Mineralogical Collection of the P. and M. Curie University,
Paris. Leiteite (pronounced “la’ tit”) is named in honor of its
discoverer.

The name and species have been approved by the Commis-
sion on New Minerals and Mineral Names, . M.A.

OCCURRENCE

Leiteite occurs as colorless to brown cleavable masses: one
of the larger fragments of the single known specimen i1s shown
as Figure 1. Although the study of leiteite did not begin until
after it had been brought from the mine and broken into several
pieces. we can make some fairly good guesses as 1o its location
in the mine and its paragenesis based on the minerals associated
with it. Almost all of the fragments we examined were leiteite
only, but on one piece we found platelets of leiteite with smith-
sonite on a matrix of tennantite. Most fortunately, at a later
date. Peter [:_mhn“_l. sent us a description of the leiteite Spec-
imen in the Mineralogical Collection of the British Museum
(Natural history) “Specimen B.M. 1976.235. Several bruised

and cleaved crvstals 4 1o 10 mm across, near 6 mm and smaller
cleaved black egrains of schneiderhdohnite on a matrix of mixed
sullides. mamly chalcocite

Schneiderhohnite, BiFeq eof Ng e

NO ]]hhl!;\hn!ng!. 1s observable.
WS5As.), IS a4 rare ar

senite known so far only from a single occurrence in the 1Tsumeb
mine (Otteman er al.. 1973). It was discovered here a few
metres below the 29 level (YO8 m) in a small druse in the
dolomite-chert breccia near its contact with pseudo-aplite in
the “deep oxidation zone.” The schneiderhOhnite was asso
crated with chalcocite and zincian stottite with traces ol relict
pyrite, tennantite, and galena as accessory minerals, According
o Outeman er al. (1973) schneiderhtOhnite 1s a secondary
mineral which probably formed at a temperature of 40°(

'hus, while the schneiderhShnite found on the leiteite spec

imen in the British Museum may be a second occurrence of the
mineral at Tsumeb. it seems likely that it came from the vicin
ity of the oniginal discovery and that lentente formed under the
same conditions. It 1s worth noting that the zinc orthoarsenite
reinerite, 3Zn0r- As,O,, was found in cavities about 10 metres
below the 29 level associated with bornite and chalcocite
(Geler and Weber. 1958).

PHYSICAL AND OPTICAL PROPERTIES

Leiteite exhibits no crystal forms, but a perfect {100} cleavage
was observed. The cleavage lamellae are flexible, inelastic
and somewhat sectile. The mineral has hardness between |
and 2 (Mohs). Density. measured with a pycnometer on an
uncrushed 500 mg sample, was 4.31): the value is shghtly low

due to air entrapped between cleavage surfaces

Leiteite is colorless to pale brown and transparent, with a
pearly luster on the cleavage. Optically it is biaxial positive.
Accurate determination of indices of refraction with high im
mersion media is difficult as the mineral is slowly attacked by
these liquids. Leiteite 1s nonfluorescent. Optical data and ornen
tation are given in table 1 and figure 2.

X-RAY DIFFRACTIONSTUDY

A small cleavage [ragment, carefully squeezed between two
glass slides to flatten it, was examined by precession techniques
using MoK a (A = 0.7107 A) radiation. Leiteite is monoclinic
pseudo-orthorhombic, and systematic absences show the space
group to be P2,/a.

Unit cell parameters, alter least-squares refinement of the
powder diffraction data, are a 17.645(5) A, b 5.019(2).
( 4 547(2), and B = 90° 594)'. The calculated density with
H(Lng.gebFeq ) As Oy 154,61 g/cc

A powder diffraction pattern was obtained using a Nonius
Guinier camera and quartz as the internal standard. Relative
intensities were obtained by measuring the film with a Joyce
microdensitometer. X-ray powder data for leiteite are given n
table 2. Because of its perfect {100} cleavage, diffractometer
traces of leiteite show strong preferred onentation: the diffrac
tometer intensities (lpy are compared in table 2 with those
measured from the Guinier film (1)

CHEMICAL COMPOSITION

Leiteite was analyzed by two different methods. (1) Samples
were analyzed with an ARL EMX-SM electron microprobe

using an accelerating voltage of 15 KV and a specimen current
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Figure I. Leiteite fragment in (above) transmitted and (below)
reflected light. The fragment is 22 mm long.

Figure 2. (right) Edge view of plate showing optical orientation
for leiteite.

of 2 x 10* amperes on benitoite. The Ka lines of both As and
Zn were analyzed using LiF crystals. (The La line of As, though
exhibiting a better peak-to-background ratio as analyzed by an
ADP crystal, encounters heavy absorption by Zn that is appar-
ently overesiimated by Hemrich (1966), and consequently
overcompensated by FRAME., the theoretical data reduction
program utilized.) Recrystallized reagent grade As,O; and Zn0O
were used as standards. Because As,O4 1s noticeably affected
by even a defocussed beam, counts were taken on it with a
beam 10 microns in diameter, whereas the fine-grained ZnO
standard and micaceous plates of leiteite required a well-
locussed beam. Two independent analyses of the new mineral
were made. each relying on 10 counts of 10 seconds each for
both the standards and the mineral. Count termination was
made in the fixed beam current mode to compensate for
possible fluctuation in beam energy. Count data were corrected
by the computer reduction scheme, FRAME, of the U.S. Nat-
ional Bureau of Standards (Yakowitz er al., 1973). Assigned
error limits represent one standard deviation as determined
from counting data on the new mineral. (2) Samples were also
analyzed by wet chemical analysis. Arsenic, after oxidation
with HNO,, was determined by the molybdenum blue colori-
metric method. Both zinc and iron were determined by atomic

absorption spectrophotometry. Leiteite dissolves slowly in cold
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Table 1,
Optical properties
ol leiteite.
| 871(1)
| R8N S)
: | USi1)
( +)2\ 26 241)

XAa =11
ALY =10

Y b

r<_ v, very strong

optic axial plane {010

Indices determined in
both sodium light and
white hght.

Table 2. Indexed powder pattern for leiteite (Cuk
radiation, \ - 1.5405981 X),

hkl d caiclA) d absitA) G
8818
4 828
4.409
3.369
3.318
3.302
3.162

2(0)
110
300
(1]

5, UM
4.833
4.405
31.369
3.320
3.302
3.163
3.135 3.133
941 940
940 --

U(s OO
887 Ratal
HYS 6HY4
661 66l
S10 510
452 452
414 414
273 273
210 211
192 193
A81 A80
053 0353

N R RN IR REBERE R R R N

053
035
07
856
K35
64
HXS

134
AN
856

)
8l
511
1 0=0)=()
Uil

2
)
2
2
2
2
2
Y
3 |
)
.
§ |
I
§ |
)
.
.
1
1

1.685
1 .666
1 .666
1.565
1

1.565 6
1.547 I18broad

Intensity measured from Guinier film,

547
W)

(D). Intensity measured from diffractometer trace.



Table 3. Chemical analyses of leiteite.
H'h .I'n!'irufu'

Calculated
Composition
for ZnAs,O,
236 =04 % 236 03 % 2341 °
327 = 1.) 234 = 1.7 53.84

Analysis | Analysis 2

) 75

—

Wer Methods

Calculated

Analysis Molecular Ratios

Composition
for ZnAs,O,
Zn0) 28.5 % 03503 0971 2914

().99

FeO 0.5 0.007 0.019
As,0O, 71.4 0.3609 1| 70.86

Total 100.4 100.00

1:1 HCI. Analytical data are presented in table 3. The wet
chemical analysis yields the formula (Zn,Fe)O-As,O; or
(Zn,Fe)As,0,, with Zn:Fe =98:2,

Leiteite is a zinc metaarsenite: the compound was first syn-
thesized by Avery (1906) and has some industrial importance
as a wood preservative. Chemically it can be related to
trippkeite, CuAs,O,, but trippkeite is tetragonal (Zemann,
1951). As noted above, zinc orthoarsenite, Zngd AsQ,),. rein-
erite, is also found at Tsumeb and apparently formed under
similar conditions.

THERMAL BEHAVIOR

The thermal behavior of leiteite is shown in figure 3 by the
thermogravimetric (TGA), differential thermogravimetric
(DTG), and differential thermo-analysis (DTA) curves pre-
sented. At first there is a major loss of As,O,, followed by the
oxidation of a part of the remaining As,O, to As,O;: the A
position on the TGA curve corresponds to the temperature
(507°C) where the increased weight induced by oxidation
equilibrates the loss of weight due to sublimation of As,O,.

When oxidation is complete (position B, 839°C), the compo-
sition Zny AsO,), is obtained, following the reaction

3ZnAs,0,+0, = ZndAsO,), +2As.0 1

A chemical analysis of the resulting product gave (wt. %):
As;O5 47.9, Fe 05 0.84, and ZnO 49.9: this, disregarding the
Fe 0,4, yields the formula 2.94Zn0.As,0; or Zng AsO,),.

Figure 3. (far left) Thermogravimetric
(TGA), differential thermogravimetric
(DTG), and differential thermo-analysis
(DTA ) curves for leiteite.

Figure 4. (left) DT A curves for leiteite in
normal atmosphere (“A”) and in nitrogen

“H“
| N

Between 900° and 1000°C., incongruent melting occurs with
additional loss of As;O; due to partial reduction; a chemical
analysis of the sample at position C (1007°C) gave (wt. %)
As,0; 428, Fe;0; 1.18, and Zn0O 56.2.

The endothermic peak (507°C) on the DTA curve corre
sponding to the loss of As,0O,, i1s very small and suggests that
oxidation (exothermic) begins earlier than expected: when
oxidation becomes preponderant, it gives a large exothermic
peak (355°C). There is a small endothermic peak at 839°C and
a more important one at 1007°C, corresponding to the melting
pt}iﬂl,

The DTA curves of figure 4 represent behavior in normal
and inert atmosphere. Curve “A” shows the thermal behavior
ol leiteite in normal atmosphere: the large exothermic peak at
576°C corresponds to the oxidation of As,O, Curve “B" shows
the behavior of leiteite in an inert atmosphere (nitrogen); the
two definite endothermic peaks at 500° and 546°C correspond-
ing to the loss of As;O4: oxidation does not occur.
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Schultenite from Tsumeb: a note on its morphology

by
Peter G. Embrey and R. Paul Hicks
Dept. of Mineralogy, British Museum (Natural History)
Cromwell Road
London SW758D, England

Abstract

A new occurrence of schultenite, PbHAsO,, is reported
from a different part of the type locality, Tsumeb. Cleavages
and prisms up to 25 x 8 x 5 mm lie on dark red tennantite, as-
sociated with cuproadamite (the cupriferous variety of ada-
mite) and the new arsenate kevite. Type schultenite crystals
were plates flattened on A{010}. with [{130}, m{140}, {001},
elO11}, p{111}, g{111}, u{121}. s{211} and other less common
forms. The new crystals are prisms elongated parallel to [001)
and flattened on A(210}, with narrow b{010). Terminal forms
were observed on one crystal only, with prominent ¢{001},
pilll}, {121}, e{O11}, and the new forms y{101} and z{113};
smaller faces of the other forms were observed.
Introduction

Schultenite, PbHAsO,, was described fifty vears ago by
L. J. Spencer as a new mineral from Tsumeb. Until now the
type specimen (BM 1926,205) has remained the only one re-

corded in the literature, although Spencer was of the opinion

\

that “doubtless there are others in collections amongst the
rich series of crystallized material that has come from the
locality.” The artificial compound is the common “lead ar-
senate” of commerce, and its crystallography was studied by
Baron de Schulten for whom the mineral was named.

I'he original specimen of schultenite was obtained from the
Munich mimneral dealer Wilhelm Maucher, who had labelled
it “lanarkite.” The largest crystal on it is shown in figure 1. We
now have two more specimens, obtained from the mineral
dealers Luis Teixeira-Leite and Charles Key, on which the
schultenite had already been identified. On both specimens
the schultenite crystals are associated with and partly sur-
rounded by massive and crystallized cuproadamite (the cupri-
ferous variety of adamite), close to patches of the new species
keyite, on a matrix of massive dark-red tennantite and (on one
specimen) milky quartz.

Morphology

Artificially prepared schultenite forms crystals of platy or
tabular habit, showing the forms b {010}, /{130} and p{l111}. The
type schultenite crystals are of similar habit, with the addition
of a prominent ¢ {001} face and smaller faces of n {140}, u {121},
el011), s(211}, q:_]'ll} and other less common forms (Fig. 2,
and inset drawing with Fig. 1). The association of these crystals
with anglesite and bayldonite, and the absence of sulfides,
indicates that they came from near the surface of the deposit
in the oxidized zone.

'he new specimens, in different association, clearly came
from a deeper part of the deposit and are of very different
habit. One specimen, BM 1975,399, has rough cleaved prisms
lying on the matrix and a complete but deeply etched crystal
13 x 13 x 8 mm too enclosed by cuproadamite for examination.
The other specimen, BM 1975,660, one of the two keyite holo-
types, has parallel groups of prisms elongated [001], up to 25 x
8 x 5 mm, lying on edge on cuproadamite; most are cleaved
on {010} by previous handling, and have broken ends. One
termination only was found and, although broken, had re-
mained loosely attached and was removed for goniometric
measurement,

Figure 1. Schultenite: the largest crystal
on the type specimen, BM 1926,205.
Length of crystal, 8 mm. Inset drawing
shows the forms present: b (010}, n (140},
130}, m{110}, {001}, p(111}, q(111},
u {121} and s (211}. Photograph by Frank
Greenaway, BM(NH).




Figure 2. (above) Schultenite: plan and elevation of a crystal of habit

similar to that in figure 1.

Figure 3. (right) Schultenite: plan and elevation of a measured crystal
from BM 1975,660. Forms: & (210),5 (010}, c (001}, p (111}, (121}, 2 (011},

y (101} and z (113).

The prominent prism zone on these crystals, as for the orig-
inal crystals, is the ¢-axis [001), the axis of elongation, but the
plane of flattening is now one of the {210} faces and b {010)
is reduced to a pair of narrow strips (Fig. 3). The resulting
prisms. of acute-lozenge cross-section, are reminiscent of
anglesite prisms with dominant /{101} and elongated along
1010], although the angles are different: schultenite, (210):(210)
66°50"; anglesite, (102):(102) 44°38'. The faces of h{210} are
striated. more so than we have shown, and apart from b{010)
the only other forms seen in this zone were single, very narrow
strips of k{120} and m{110}. Two tapering faces, not quite in
the zone, were high-index vicinals near the {410).

The development of the terminal faces is also different, as
are their shapes, because of the changed direction of flattening.
The ¢ {001} is the largest face; p{111} and »{121} are also large.
with ¢{011} small but perfect. Of the other forms reported by
Spencer, only r(122) was seen as a single minute reflection.
On the other hand, in addition to poor point reflections from
(112) and (203) which may be ignored. the new forms y{101)
andz {113} are clearly developed and are shown in the drawing:

y is heavily striated, and z forms stepped strips along the edges

betweenc {001} andp(111).

Since we have seen and measured only the one crystal, we
can draw no conclusions about the constancy of this new habit,
apart from the dominance of the prism A (210} which also occurs
on the broken prisms. Suffice it to say that we would not have
recognized the mineral by visual mspection alone, and the
forms developed are such that goniometric measurements
would not have suggested schultenite on companson with the
classification angles in the Barker Index (where it is entered
for artificially prepared PbHAsO, under M.797 A & B). The
identification has been confirmed by X-ray powder photo
graphs: powder data and angle tables are well established in
the literature and so are not repeated here. The lettering ol
forms follows Spencer's usage

Relference

SPENCER, L. J. (1926) Schultenite. 2 new mineral. from South
West Africa. Mineral. Mag, 21, 149 - 155. 1also Dana's Sysi
Min., 7th edn. 2. 661




Malachite inclusions in Cerussite from Tsumeb

by
Ed Ruggiero
13438 Noel Rd.
Dallas, Texas 75240

Recently there have appeared on the mineral market a few
specimens of transparent cerussite crystals with inclusions of
a green acicular mineral (see photo) from Tsumeb, Southwest
Africa. The author received two specimens and a portion of
a third from Miriam and Julius Zweibel, of Mineral Kingdom,
with the request that the unknown green mineral be identilied.
Suggestions for what it might be included tsumebite, bayldonite,
brochantite, malachite, or possibly even a new mineral.

The unknown mineral could be seen without magnification
as bright green needles or felt-like aggregates within trans-
parent, terminated cerussite crystals. The vivid green color of
the samples suggested that a high percentage of the green min-
eral might be present. However a point count taken on a
crushed portion of a specimen showed the unknown to con-
stitute only one or two percent of the sample.

Mechanical or chemical separation of the unknown from
the cerussite was not feasible. Both the unknown and the cerus-
site are soluble in acids. A wet chemical analysis showed the
presence of copper and lead. The copper i1s obviously present
in the unknown while the lead is part of the cerussite and could
possibly have been present in the unknown as well.

An X-ray diffraction pattern was obtained for the specimen.
However, because the concentration of unknown was so low
relative to the cerussite, essentially only the peaks for cerussite
appeared, and nearly all those of the unknown were lost in the
background. One minor peak at d 2.85 not belonging to
cerussite did appear, and this corresponds to the principle
peak of malachite. However a positive identification could not
be made on this point alone.

Finally an ARL electron microprobe was employed. A sec-
tion of a cerussite crystal was lapped down to expose some of
the unknown green needles at the surface. Though these were
minute, they were large enough to focus the electron beam
upon without interference from the surrounding cerussite.
Use of the scanning electron microscope on the probe was an
aid in locating the unknown and in assuring that the beam was
centered on the unknown.

A complete elemental scan was performed using LIF, ADP,
RAP. and Pb-S-D analyzing crystals. Only copper, carbon,
and a minor amount of lead were found.* Suspecting a car-
bonate in general and malachite in particular, quantitative
data were taken using a known malachite standard. The results
showed essentially the same copper and ¢arbon counts in the
unknown as in the malachite standard thereby positively iden-
tifying the unknown as malachite. This identification was

repeated on all of the specimens in my possession.

This is not to say that all of the specimens of this type on the
market are malachite. However it is likely that they all came
from a single pocket and, if so, they would probably all be
malachite.

Although neither cerussite nor malachite can be considered
rare, the occurrence of malachite crystals as inclusions within
transparent cerussite crystals is uncommon and this may well
constitute a first occurrence. In addition, the attractiveness
of the specimens should make them highly desirable to col
lectors.

*The electron microprobe is relatively insensitive to most
elements lower in atomic number than sodium (carbon i1s some-
what of an exception) and totally insensitive to elements lighter
than boron. As such, hydrogen and oxygen are essentially
undetectable. Oxygen, if present, is determined by assigning
standard oxides to the elements present. Water is either
assigned or determined by difference.

Figure 1. Cerussite (transparent) with inclusions of bright
green malachite (dark felt-like aggregates). Tsumeb, South-
west Africa. Overall size: 3 x 2 em. Ed & Jeri Ruggiero speci-
men. Photo by Ed Ruggiero.




ETIMINERALS:

Dy

A REVIEW
OF THE LITERATURE

Dwight Weber

he minerals described in the accompanying tables and
reported from Tsumeb are taken almost exclusively

from the professional literature. In many cases the more
important minerals (especially the sulfides) are either men-
tioned or discussed in a large number of papers. Only principal
references for the former are listed. and many of these contain
little, if any, discussion of the secondary minerals. Many ol
the very rare species (or those rarely found at Tsumeb) may
be mentioned only once. All references are histed by number
in the tables to aid the reader who may wish to investigate
further. The underlined reference number is either the one
which describes the mineral for the first time or, in the case of
the better known minerals, contains more details than usual
with respect to its occurrence at Tsumeb. All the known rel-
erences on the rarer minerals are listed, except some abstracts.
The latter have been deleted entirely for the commoner min-
erals. because these in particular are adequately described n
such works as Roberts, Rapp. and Weber (1974), Ramdohr
and Strunz (1967), Kostov (1968), or Palache, er al. (1944 &
1951). Other such texts have been omitted from the bibliog-
raphy either because they are in foreign languages less known
to the average reader or, if in English, add essentially nothing
to the references already listed except for the manner ol pre
sentation of the subject of mineralogy or the classification ol
minerals rather than the description of mineral properties
(e.g.. Betekhtin, 1967, Fovarennykh, 1972, or Dana, as revised
by Ford 1966). Though some of these books have much useful
information, many which have been considered standard in
the English language are (unfortunately) rapidly becoming
obsolete, as far as mineral descriptions and the removal of
discredited species are concerned. Other possible relerences
are deleted because lht}. are Iil'rj-Jt'|j. piL‘lLlrt) books containing
photographs of Tsumeb minerals among others. While in a
few cases these are very fine (e.g.. Lieber, 1972), they are not
sulliciently pertinent to be included in this review.

Formulas are. for the most part. taken from Fleischer (1975),
except for a few found only in Strunz (1970) or Roberts, er al
(1974), or new minerals not vet listed. It should be emphasized.
however. that in the case of certain minerals, especially those
with the more complex formulas, a degree of “disagreement”™
may be observed among various professional authors.

Unfortunately little reference is made in the literature to
pseudomorphs. except malachije after azurite. Because pseudo
morphism i1s a subject of t,‘t‘ll‘ll-il.]l.,'l';ll"h‘ interest to many col
lectors in particular, a separate table of what is known to the
author regarding the existence of these at Tsumeb is included
Ihis list was compiled from Observations of the Pieters col
lection, other large collections and those acquired personally
Wendell Wilson added a sigrificant number of observations
through a study ol the extensive Smithsonian Institution collec-

tion. It is highly probable that many other types of pseudo

morphs exist in a mine with the complex assortment of minerals
contained at Tsumeb

The level in the mine 1s histed for those species which are
generally found in one small area or for which this data may
be available. Regarding the levels where the minerals have
been found, it should be made clear that there is considerable
overlap between the main sullide zone and the two oxidation
zones at each end of it, and that some sulfides exist at all levels,
whereas the occurrence of secondary minerals is minimal or
even nonexistent in parts of the largely unoxidized zone be

tween levels 12 and 24

In addition to the minerals and subspecies from Tsumeb
listed or described in the relerences, specimens which have
been seen in collections or upon which unpublished work has
been done (but not mentioned in the literature examined) are
also noted. Of course, just being mentioned in print or found
written on a label does not guarantee that a specimen was
correctly identified. and numerous mistakes have been made
by professional mineralogists, as can be determined from the

long list of discredited mineral names to date

In addivion to imcorrect dentification, another ol

error can sometimes occur when an old collection ends up In

SOUTCOC

an estate to be sold by one who knows or cares little or nothing
about minerals, or in a museum where, for example, the curator
is a paleontologist. Labels can be easily mixed up or lost, and
in the case ol some species a good deal of work may be required
to correct the error, if that i1s possible. European collections
have been particularly subject to a special hazard, namely the
two World Wars, during which many collections or specimens
were lost, stolen. or partly destroyed. For example. it is known
that one of the larger and finer early collections of Tsumeb
de
stroved by the Americans when they bombed the University
of Freiberg in 1944 (Schneiderhohn, 1958)

minerals (collected by Schneiderhhn) was completely

Another possible error can arise from a source which many
collectors do not usually consider: carelessness or downright
misrepresentation on the part of some miners, who frequently
are the prime source ol supply for specimens to both collectors
and dealers. While there i1s not much difficulty with Tsumeb
minerals i this regard. specimens of such common species

as desclozite. mottramite. have

malachuite, and a others
been lound at Otavi, Berg Aukas, Untsab, Abenab
other mines and prospects in the Otavi Highland, in addition

10 Tsumeb

lew

and several

I he tables include, where possible, data on the

secondary minerals have been found in the hirst or the second

whether

oxidation zones. or both. based lareel upon information In

two papers ( Strunz, 1967, and Strunz, SGhnge. and Geier, 1955)

I mentuoned in early

papers. it may be reasonably assumed

that the upper (lirst) zone alone 1s considered




As early as 1916 Wagner reported. alter hsting the quantity
of minerals already found there: “"Beautiful specimens of all
of these minerals are obtainable, and many of them occur in
large. perfectly formed crystals, so that Tsumeb is a veritable
paradise for the specimen hunter. Indeed. it i1s doubtful if
is rivalled in this respect by any other ore-deposit. As the
title of this book indicates (TSUMEB! The Worlds Greatest
Mineral Locality), Wagner's observation was accurate.

he Tsumeb mine has probably been more fortunate than
some other famous localities in having retained the interest
of several prominent mineralogists and geologists over the
vears, especially in Germany., who have collected there, have
worked for the Tsumeb Corporation, have written many papers
and reports, and probably have had some influence on com-

pany management to permit the preservation of a fair number

ol the fine specimens lor posterity which might otherwise have
been destroved. It is to be hoped that future discoveries ol
fine specimens from deposits of the quality of Tsumeb will
not be completely destroyed just to produce more metals for

industry and governments.
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MINERAL TABLES

Abbreviations used:
vC Very Common
C Common
MC Moderately Common *
MR .\ltuit‘r;llt‘h Rare
R Rare
VR Very Rare
ER Extremely Rare

Primary (relatively unoxidized) zone, see p. 16, Fig. 5.

Secondary (oxidized) zone #1 (upper oxide zone), see p. 16, Fig. 5.

Secondary zone #2 (lower oxide zone), see p. 16, Fig. 5.
Minerals of the country rock
** Minerals first reported from Tsumeb

Numbers in the REFERENCES column refer to numbered references at the
end of this chapter.

Mineral species are in bold: varieties are in italics.

TABLE 1. VERIFIED SPECIES REFERENCES.

SPECIES REFERENCES
Acanthite (alter argentite)
Adamite
Cuproadamite (Cu-var.)
Cobaltoadamite (Co-var.)
Alamosite
Albite*
Algodonite
Anglesite
Ankerite
Aragonite
Nicholsonite ( Zn-var.
Farnowitzite (| Pb-var.
Arsenbrackebuschite**
\rseniosiderite
Arsentsumebite™™
Ashestos
Atacamite
Aurichalcite
Austinite
Cu-Austinit

Arzurite

Barite
Bavldonite
Beaverite
Betekhtinite
Beudantite
Bindheimite

102

RARITY LEVEL

39, 51, 52




SPECIES REFERENCES RARITY LEVEI]
Biotite* IR M (

Bornite 7.9, 11, 12, 13, 14, 15, 26
38, 39. 42, 44, 50, 51, 52
Briartite** 9. 11, 12, 13, 52
Ge-Briartite 11. 13
Brochantite 2.9, 23, 51. 52
Brunogeierite** 9. 28
Calcite 7, 27, 38, 44, 51, 52
Cobaltocalcite (Co-var.) 3b
Cuprocalcite (Cu-var.) 3b
Plumbocalcite (Pb-var.) 31b, 27
Caledonite 7. 23 51. 52
Carminite 9. 10, 52
Carrollite 9
Ni-Carrollite 12
Cerussite 7.8.9, 15, 23, 27. 28. 38,
39, 51, 52
Chalcanthite 9, 51, 52
Chalcocite 7.9. 11, 12, 13, 14, 20, 23, 26. 28,
29, 38, 39. 42. 44, 46, 0. 51, 52

Chalcophanite

Chalcophyllite (“erinite™)

Chalcopyrite . 12, 13, 15, 26, 28, 38, 39, 42,

Chenevixite

Ph-Chenevivite

Chlorite*
Chrysocolla
Chudobaite**
Cinnabar
Claudetite
Clinoclase
Conichalcite
Parabavldonite

Copper

20

15, 23, 51, 52
8. 46, 52

9, 51, 52
9. 4§, 46. 51, 52
23, 52

1,9, 15, 23, 45, 46, 51, 52
15b

9, 23, 26, 27,

Corkite 31b
Coronadite Y
Covellite 9, 26, 38, 42, §
Cubanite
Cuprite

Chalcotrichite (acicular-var.)
Descloizite

Cuprodescloizite (Cu-var.)
Devilline
Digenite
Dioptase
Djurleite**

Dolomite

.9, 20, 23. 26, 38. 39. 40.

Co-Dolomite
Mangandolomite (Mn-var.)
Plumbodolomite (Pb-var.)
Zn-Dolomite
Duftite-alpha™*
Duftite-beta




SPECIES REFERENCES
Dundasite la, 31b
Enargite 7,9, 14
40, 42, 44, 50, 51, 52
Stibioenargite (Sb-var.) 23
Epidote* 2
Famatinite (stibioluzonite) 26
Fleischerite** 8, 24, 25, 52

Co-Fleischerite 11b

Fluorite 31b
(Galena 7.9, 11, 12. 13, 14. 20, 23. 2

29. 38. 42. 44. 50. 51. 52
Gallite*™ 8.9.11. 12. 13. 28. 44. 45. §0. 52

Germanite*™ 9. 11, 12, 13, 14, 15, 26, 28, 33
39, 40, 42, 44, 50, 51, 52

W-Germanite 9,11, 23
V-Germanite A 11,9, 12
V-Germanite B 11. 9, 12

Glaucodot la, 31b

Goethite 9

Gold 26

Graphite®*
Shungite (organic var.)

Gratonite

Greenockite
Zn-Greenockite

Gypsum

Hedyphane

Hematite

Hemimorphite

Heterogenite

Hidagoite

Hydrozincite

Idaite

limenite*

ltoite

Jarosite (Pers. obs.)

Kaolinite 20, 38, 44

Kegelite* 24, 25

Revite** S¢

Kottigite la

Langite 20b

Lavendulan 9, 51
Zn-Lavendulan

Leadhillite

Leiteite*™

Lepidocrocite

Linarite

Linnaeite

Ludlockite™*

Luzonite

Magnesite*

Magnetite*

Malachite 7.9, 15, 20. 23, 27. 32. 38.

39, S, 32

Mangan-Stottite*™ 9. 11

14

RARITY

LEVEL




SPECIES REFERENCES
Massicot lc, 32, 51
Mawsonite la
Melanotekite 24,
Metacinnabar la,
Microcline* 38, 5.
Millerite 9
Mimetite 4. 7. 8.9, 10, 15,
39. 46, 51, 52

Minium lc. 52, 51
Mixite 31b
Molybdenite 9, 11, 44, 51, 52
Mottramiie 4.7.9.15.23. 34. 38. 19, 41. ¢
Muscovite* 2. 26. 39. 44. 51
Oligoclase®
Olivenite

Fe-Olivenite

Zincolivenite (Zn-var.)

Olivine* ). 38. 44

Orthoclase® 8. 44

Otavite™™ 7, 23, 51, 52
Patronite 9, 54
Pharmacosiderite 9. 10
Phosgenite 7
Plancheite 9
Plattnerite 9, 51
Plumbojarosite 8
Posnjakite la, 18b
Powellite 31b

-

- ik e 8|
Psilomelane (“wad™) 9. 52

Pyrite 7.9, 12, 13, 14, 16, 20, 23, 26, 28,

38, 39, 40, 42, 44, 50, 51, 52
Pyrolusite Y
Asbolane (Corvar.) la
Pyromorphite S5a,.7, 51,52
Quartz 7.9, 14, 20, 23, 26, 38, 39,
4,51, 5
Amethyst la
Realgar Ic

Reinerite** 8. 9, 15§, 45, 46, 51
Renierite 7.9, 11, 12, 13, 14, 28, 4. 42,
44, 45, 50. 51, 52
Rhodochrosite 7
Rosasite 7,
Paraurichalcite (Cu-var.)
Zn-Rosasite (Ln-var.,)
Rutile*
Schaurteite™
Schneiderhohnite™
Schultenite™
Scorodite
Seligmanite
Serpierite
Shattuckite
Siderite
Zn-Siderite

RARITY

LEVEI




SPECIES REFERENCES RARITY LEVEL S P

Silver 14, 26.51.52 MR S P
Smithsonite 1.9, 15, 23, 27. 28, 38, 39,51, 52 MC
Cadmiumzinkspath? (Cd-var.) 31b
Cobaltsmithsonite (Co-var.) la, 15 R S,
Herrerite (Cu-var.) la
Mangansmithsonite (Mn-var.) la
Sohngeite™™ 9, 12, 48, 52 FR 26 S,
Sphalerite 9. 11, 13, 14, 20, 23, 26, 28, 38,

39. 42. 44, 50. 51. 52
Pribramite?” (Cd-var.) 20 44

Stottite*™

8.9, 13, 15, 28, 29, 40, 45. 51 52

0. 47, 52

Stranskiite*®

Stromeyverite 9. 11, 14, 44, 51, 52 VR P

Sulfur 9, 31, 52 VR S, S,

Sulvanite 9,12 VR P
Ge-Sulvanite 12 VR P

Tale 44, 53 MC 28-30

T ennantite 7.8, 9, 11, 12, 13, 14, 26, 28, 29, 38,

J9. 40, 42, 44, 50, 51, 52

Tenorite 9. 51, 52 VR

Thaumasite la. 18b ER

Titanite*

Nourmaline®
Tremolite®
Tsumcorite™™

I sumebite™™

Tungstenite
Umangite 9 ER P
Vanadinite
Vanadinocker
Willemite 9, 15, 51, 52 MR Sy
I'roostite (Mn-var.) la R

Witherite 51, 52 VR

Wulfenite 5b, 7. 15, 51, 52 MC S
Chillagite \W-var.)

rm |r",1 1.'£ Vi 'iﬁ

Wurtzite
( Llfr' %! HH_"IIJ’:

Zeolites* 4
Linc-Stottite** 9.11, 29 ER S,

ER

Lircon*

REFERENCES TO INCOMPLETELY DESCRIBED SPECIES.
REIERENCES RARITY LEVEL
“Ag-Betekhtinite ™ la ER

SPECIES

“Carnevallite™* 9. 12 ER 29-34 P
“Ge-Zn-Mawsonite™™* I ER

“Maygreen™™* 9, 12 VR 29-34 P
“Mineral C™** 11 ER P
“Mineral D"** 11 ER P
‘Mineral E™* 11 ER P
“Mineral gamma™* Y ER P
“Mineral GF™* I8b S.
“Mineral Lu™** 12 ER 29-34 P
“Mineral S™* 11. 45 ER P
“Mineral TI™** I8b

“"Mineral TR™*
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BIEHL. K. (1919) Beitrige zur Kenntmis der Minerahien

der Erzlacerstitten von Tsumeb. Dissertation. Umi

TABLE 3. PSEUDOMORPHS REPORTED OR
OBSERVED FROM TSUMEB*

versity ol Munster, 58 p
Reference BOUCHER, M.L. and PEACOR. D.R. (1968) The crystal

) structure of alamosite. PbSi0.. Zeir. f. Krist. 126, 98
111

1. Anglesite after Schultenite .

2. Aurichalcite after Azurite S.L=: BRO92

1. Bavldonite after Dolomite pers. obs. BUSZ, K. (1912) Tsumebit, ein neues BlerKupler
1. Bavldonne after Azurite '\ Phosphat von Otavi, Deutsch Sud-West-Alnka
3. H;t;uhlunm' alter Mimetite S.1L.2: C4308 Festschr. med.-naturw. Ges. Miinster, 162-165
6. H;ilf'-hld.'-ﬂllt.‘ alter Wulfenite pers. obs. CALVO. C. and LEUNG., K. Y. (1969) Relinement ol the
7. Betekhtinite alter Chalcocite 14 structure of stranskiite. Zeir. f. Krise. 130, 231-3,
K. Brochantite after Azurite S.L&: BI2115 CESBRON.F. and VACHEY. H. (1974) The unit cell and
9. Cerussite after Anglesite S.L#%: BI1218 twin of bayldonite. Min. Mag. 39, 716-8

. Chalcocite alter Enargite ERD. R. C.. CZAMANSKE. G. K_. and
11. Chalcocite alter [ennantite S.LZ: B16181 VACHEY H
12. Chrysocolla after Azurite S.L&: C3868
13. Cuprite after Copper S.1.#: R8621
14. Desclowizite alter Calcite
15. Desclomzite after Pyromorphite pers. obs.

(1977) Leiuteite. a new mineral from
T'sumeb. Min. Record 8, 23,9597

CLARK. AW, (1931) The ore-deposits of the Oravi
Mountains, South-West Africa. Mining Mag., 26572

Enareite v — Asuries pers. obs. DANA. ES. (1932) A Texthook of Mineralogy, 4th ed
. l'mtr:_'ih: after Tennantite S.L#&: 133655 rev. by W.E. FORD, John Wiley, N.Y.. 851 p
; Hum;uil:: after Magnetite S.L#: R12210 . DAVIS, RJ., EMBREY, P.G., and HEY, M.H. (1972)
ltoite after }-‘l.;i,.,,;h,;rih; R (discredited) Ludlockite: a new arsenate mineral. Am. Min. §7, 1003
Jarosite after Azurite pers. obs. 1004 Abstract. Also: Min. Soc. Japan Spec. Pap. 1, 264
Jarosite after Tennantite pers. obs. (1970)
Malachite after Azurite S.L#&: 94754 deJONG. W.F. (1930) Die Knstallstruktur von Germanit
Malachite after Aragonite pers. obs. Zeit. f. Krist. 2, 176-80
Malachite after Copper S.1.#7: RB682
Malachue alter Enargite S.L#: R11350
Malachite after Tennantite S.L#: B10701
. Mimetite after Cerussite S.L#: 113226
Mottramite after Waulfenite pers. obs.
. Olivenite after Bayldonite pers. obs. 63 243
. Planchene after Azurite S.L#: B10984 ek 4
G ey sl Asssonise S 12 R861 DRESCHER, F.K. (1926) Uber zonaren Pyromorphit und
- T—— il Au.uxrin: pers. obs. Mimetesit von Tsumeb. Zbl. /. Min. Abt. A, 257-70

DIEFENBACH, A. (1931) Mineralogische und chemische
Untersuchung von Descloizit und Mottramit aus dem
Otavibergland (Sidwestafrika). Zeir. f. Krist. 74, 155-88

DORNER, R..and WEBER, K. (1976) Dhe Knstallstruk tur
von Chudobait, (Mg.Zn);Hyd AsO)10H,0, Naturw

. Tennantite after Enargite S.L&: 134021 5. DUBIGK., H. (1913) Uber das Weissbleierz von Otavi bei
. Tsumebite after Mim;'lil:.‘ S 1.2 B1902? Tsumeb in Deutsch Sudwest Alnka. Neuwes Jahrh. |
5. Tsumebite after  Pyromorphite  S.1.#: 93854 Min. Beil. 36, 214-46

. Vanadinite after Pyromorphite S.L=: BLMIS EMBREY, P. G., DUNN, P. )., and CLARK. A. M. (1977)
Blue wulfenite from Tsumeb. Min. Record 8, 83, 86

*Pseudomorphs documented by actual samples in the Smith- .FEJER, E. E., and CLARK, A. M. (1977)
sonian Institution are indicated by their Smithsonian catalog h'h'?”“-_** new mineral from Tsumeb. Min. Record
numbers (S.1.#): others are relerenced by numbers found in 8, #3,.8790

the list of references cited: unreferenced pseudomorphs have . HEY. M. H.. and DAVIS. R. ). (1977)
been observed by the author. Ludlockite, a new mineral from Tsumeb. Min. Record

8 231 9194
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TSUMEB NOTES TO BE PUBLISHED IN FUTURE
ISSUES OF THE MINERALOGICAL RECORD

Work on the minerals of Tsumeb, and studies of the geol-
ogy there. as well as news items ol interest, will be pub-
lished on a continuing basis in the Mmneralogical Record
magazine under the heading of Tsumeb Notes. The notes
will be arranged on full pages suitable for xeroxing and
including with this present work.

Articles and notes on Isumeb mineralogy are solicited
for this continuing feature. Manuscripts should be sent 1o
Wendell E. Wilson, Editor, the Mineralogical Record, P.O,
Box 783, Bowie, Maryland 20715 U.S.A. Foreign language

manuscripts can be translated for publication if necessary.

Photographers are invited to submit photos (black &
white) ol any species or habit not pictured here: appropriate
credit will be given upon publication. Please indicate size,
color, and owner of the specimen photographed. Color
slides can be used if B&W is not available but reproduction
in B&W from color is not as 2o,

Naturally, with a work of this size and complexity, there

are bound to be errata. Readers are encouraged to bring
any errors o our attention.




DEALERS

Collectors often mourn the passing of long-dead famous
mineral localities. They point to ads in old magazines and 1o
old price hists, marvelling at what low prices and what abun
dance prevailed for the minerals of famous localities many
vears ago. At one ume English barites and calcites were so
common on the market as to be scoffed at by many short
N:I_L‘]"Hl.'t! collectors of the Llil}: A. E. Foote once offered _]LIIH-
nese stibnite crystals at $1 per inch. “Had | been around then,”
you say, "1 would have really stocked up on the superb things
ol the day that are now so rare on the market. How | envy

those collectors alive then who could obtain such treasures
sO eastlvy from th‘Il' LiL'illL'T'\."

But time passes on. In 50 years, what are collectors liable
to be thinking of our generation? They will say, “How | envy
those collectors who were alive when Tsumeb was in its hey
day. when dealers had ample supplies of the superb Tsumeb
minerals.” H’lt'_\ will doubt that we realzed how lucky we
were...do we?

It 1s still possible today to build an excellent Tsumeb collec
tion represented by a very large number of species and habits
in nearly all ranges of quality and price. Virtually none ol us
can personally collect at Tsumeb: that means that we must

obtain our specimens solely from dealers (or trade with collec
tors who obtained rheir specimens from dealers). The following
pages put you directly in touch with most of the dealers in the
world who handle 1sumeb specimens...these people are all
al vour service and are anxious 1o help yvou build the kind ol
collection vou would hke. Write to them asking for their price
list (if they oller one), send them vour want-hist, visit them
personally at home or at shows and look over their stock fos
vourself. It may help to refer 1o photos or descriptions in this
1ssue when discussing vour wants, but remember that we have
had access 1o the himest collections in the world: it mayv be
very difficult or very expensive to obtain pieces as fine as those
pictured in this issue. Nevertheless. extremely high quality
specimens are still available for those who seek them out be
cause Isumeb 1s stll producing them: il such pieces are your
goal vou have a fair chance of encountering them while Tsumeb
lives. li vou are nor necessarily after that one-in-a-milhon piece
a vast array ol many thousands ol e specimens 1s avallable
to vou through the following pages. We suggest that you build
vour Tsumeb collectton now, and take advantage of being

alive while Tsumeb i1s alive

Ed

Back issues of

the RECORD

ALLBACKISSUES ARES2EACH exceptV.8 #3

AVAILABLE ISSUES:

VOL. 11 (1972) (#1,23,45,6)
VOL. IV (1973) (#1,2,3,45,6)
VOL.V (1974) (#2,345,6)
VOL. VI (1975) (#123,45,6)
VOL. VII (1976) (#1,234)
VOL. VIl (1977) (#1.2)

#3(TSUMEB ISSUE) $5.50 each
to subscribers and dealers.
$8.45 1o

all others.

Don't delay. Order from: Mineralogical Record

P.O. Box 783—H
Bowie, MD 20715

NOTE: Si & Ann Frazier (see their ad) are now
handling all out-of-print issues of M R.

Glossary of Mineral Species

by Michael Fleische:

PUBLICATION

AUTHORIZATION
BY THE DIRE(

T'OR US. GED
LOGICAL SURVEY

(postage Tree
4\:&”! prre praiad

wrilers|

(ASK ABOUT DEALER S DISCOUNT!

send to: T
1975
Glossary . Glossary of

P.O. Box 10404 ineral Species
Alexandria, VA 22310 pEsie

Every mineral species known to man.. 2357 of

them
f'hrmwc:h ﬂﬂ'lrlﬂi.'f'u-n ol & ery Species

CLUBS
NOTE:
83 cach
The best reference in english for many spwscies for 1D

Crystal system of every species

1 group nami arvetal  mam dsireedited Copies
names and synonyms MF e
Notations regarding analogous species prre pranal

Separate tabulations of all the species i each
of 33 mineral groups

A table of the elements and their chemaical svm
bols for reference

Coming in the next issue: BINDERS for the Record available at last!




Cerussite
Tsumeb, SW.A.

EXCEPTIONAL MINERAL SPECIMENS FROM WORLDWIDE LOCALITIES
FOR DISCRIMINATING COLLECTORS
SPECIALTIES
COLOR BEAUTY PERFECTION
THE AWARD WINNING "PROCTOR COLLECTION"
(FOR SALE BY OWNER)

Few collections in history have received as many major awards as this superb collection of

museum quality pieces. The most recent is the McDole Trophy — "Best Mlnerols at Tucson Gem
G Mineral Show—1974",

(Private shows by appointment only)

| 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 a showing
when | am in your area. Of course, all of us occasionally like to "window shop”
s0, in looking, there is no obligation whatsoeveér to buy. Just seeing other peo-
ples collections is adequate reward for me.

KEITH PROCTOR

1422 N. HANCOCK, SUITES 1, 2 & 3, COLORADO SPRINGS, CO. 80903
PHONE (303)-471-2544




SEARCHING FOR FINE MINERALS??

KRISTALLE

2

b
‘u\ L=}

Wayne and Dona Leicht

332 Forest Avenue, # 8

Laguna Beach, Calif. 92651

(714) 494-7695

Hours: Wed.-Sat. 10:00-5:00
Sun. 12:00-5:00

(Evenings by appointment only)

113
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Mottramite after wulfenite —Tsumeb

Pala Properties 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 suit the most discriminating in-
dividuals; our most recent acquisition: outstanding pieces from
the John Sinkankas collection (at our Fallbrook shop). Our trained
personnel can offer investment counseling too. Visit us when
youre in Southern California.
The Collector, 912 So. Live Oak Park Rd.,

Fallbrook, California (714-728-9121)
The Collector, 9484 Brighton Way,

Beverly Hills, California (213-274-5161)




Tennantite — Tsumeb

Cerussite — Tsumeb




120 GEARY STREET

(between Grant Avenue & Stockion Street)
SAN FRANCISCO, CALIFORNIA 94108
(415) 391-2900

OPEN TUESDAY THRU SATURDAY
9:30-5:30,
CLOSED SUNDAY & MONDAY

A UNIQUE GALLERY FOR THE
DISCRIMINATING COLLECTOR OF
MINERALS, FOSSILS, CARVINGS,

JEWELRY, SEASHELLS,
BUTTERFLIES AND OTHER
WONDERS OF NATURE.

Mineral World

Amethyst — Las
of Vera Cruz, Mexico, 2 x 3 x 2

Vigas, state

four large xls. and several smaller

ones radiating from a base ol

drusy quartz and chlorite. Very
fine display specimen $75.00
Pencil
Montgomery County, Arkansas.
Ix3x 1l
diating xls. on exposed seam In

novaculite $32.00
Tsumeb. near Otavi.
(South .\\'L'Hl "\|.T"IU.I|.
material. 1'2 x

Wavellite — near

brecciated
Dioptase
Namibia
Great  display
I X pearly dolomite base
covered with small bright green

xls. S47.00

Dioptase — Tsumeb, near Otavi,
Namibia (South West Alrica)l. 2 x
112 x | matrix of white calcite

xls. L'n.IIL‘ti with
xls. S47.00

bright green
Dioptase — Tsumeb, near Otavi.
Namibia (South Waest
2 x 192 x | cluster of large
showy als. S125.00

\damite

state of Duraneo. Mexico., 243 x

Africa).

Ojuela mine, Mapimi.

149 x 24 hght green xls. on a base
of white adamite and lhmonite
S34.00

Adamite — Ojuela mine, Mapimi,

state ol I}lll'.1T1_-_'H. Mexico., g x
2 Xx | motnix of hhmonite cov-
ered with _I_fp.hh.” hrown xls. of

various sizes $65.00
Adamite
stalte ol I)LII'.IH_‘JH. .\h‘\u'n. .1 ) X

Ojuela mine. Mapimi.

195 x 194; blue xls. covering brown

adamite xls. on limonite matrix

S100.00

Bluff,

» good showing of ra-

Gold — Farncomb Hill, near

Breckenridge, Summit County,

Colorado. 1¥8x 28 x '8 thin plate
with c.-_||.1'||.'||-:|'.'tl triangle markings

$67.00

Galena — Naica, state of Chi
huahua, Mexico. Extremely showy
with pale blue fluorite and minor
amounts of pyrite, 3 x 3 x 112

592.00

Galena — Tulsa Quapaw mine,
Ireece. Cherokee County. Kan-
sas. 2'4 x 194 x 112: two steel grey
interlocking xls. $12.(0
Rock quartz
mine, near Ouray, Ouray County,

Colorado. 4 x 4 x 1

crystal Idarado-
r Cluster
coated grey and dusted with
pyrite $32.00

Rock crystal quartz — near Char-
cas, state of San Luis Potosi,
Mexico. 5 x 42 x 3 matrix of
|;Il'j_'L' cream colored danburite
xls. coated with small brilliant

quartz xls. $400.00

Smoky quartz — Hot  Springs,
Garland County, Arkansas. 2'4 x
1'2 x 1, showing fine phantom
zoning and no matrix on two
sharp single attached xls. $67.00
Calcite — Egremont, Cumberland
County, England. 4 x 2'2 x 14
group of clear xlIs. on a grey and
white matrix S180.00

Calcite — San Carlos, state of
Chihuahua, Mexico. 2'2 x 212 x
2 bright red xl. cluster containing
inclusions of hematite $67.00

Aragonite — Krupp Iron mine,
Erzberg, near Eisenerz, state of
Carinthia, Austria. 5 x 312 x 2%
flos-ferri type with no

$40.00

malrix

Copper & silver — Painesdale,
Keweenaw Peninsula, Houghton
County, Michigan. Half— breed
type with no matrix 2 x 1'2 |
$37.00

Copper

ganja,

Emke mine, near On-
Namibia (South Waesl
Africa). 194 x 1 x | superb little
dendritic specimen with attached
calcite xlIs. $18.00
Copper — New Cornelia pit. Ajo,
Pima County, Arizona. 3'4 x
2'4 x 14 bright, clean specimen
with no matrix, fine xl. definition
$32.00

Amethyst — Denny Mountain,
King County, Washington, 17%

x "2 x 2 single scepter xl. resting

on a single milky quartz xI. $45.00

Rose quartz— Island of Lavra da
Ilha, Jequitinhonha River, near
Taquaral, state of Minas Gerais,
Brazil. 194 x 112 x 18 excellent
display specimen with no matrix.

brilhant xls. S175.00

Enargite & pyrite — Quiruvilea
mine. near Truillo, o Libertad
Department, Peru. 24 x 1'2 x

112 with minor amounts of quartz
$52.00

Pyrite — region of Tuscany. laly.
'sumeb, Namibia (South 212 x 24 x 134; very well xid.
West Africa). 5 x 4'2 x 32 mass
1 twasted of xls.

mass with no matrix $120.00

Gold

ince ol

Pilerim’s Rest mine. Prov- Calcite
| ransvaal, RU]HI'"IH' Ol

South Afnca. '2x '2x

show winning type of specimen
with no matrix, truly
piece ST00.00

contairing red colored
hematite $125.00

a superb
inclusions ol

- 8

PLEASE INCLUDE AMONEY ORDER OR CHECK WITH YOUR ORDER. CALIFORNIA RESIDENTS PLEASE ADD
6% SALES TAX (SAN FRANCISCO, ALAMEDA AND CONTRA CCSTA COUNTIES 6-1/2%) TO ALL ITEMS. ALL
SPECIMENS ARE WELL PACKED, INSURED AND SHIPPED POSTPAID. YOUR PURCHASE MAY BE RETURN-
ED FOR CASH OR CREDIT IF YOU ARE NOT COMPLETELY SATISFIED.




MINERAL KINGDOM OF

WOODMERE

Miriam & Julius Zweibel

We specislize 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

New York ares,

see us at

shows, or just

give us a call;

we may have

what you're | L3 CERUSSITE
looking for. | AN IR TSUMED, S.WA,

769 Arbuckle Ave.
Woodmere, N.Y. 11590
Tel. 516-295-3050

SHOW SCHEDULE

May 19-22 Washington, D.C

May 28-29 Lancaster, PA

June 10-12 Rocky Mtn. Fed. Show, Salt Lake City, UT
June 17-18 California Fed. Show, Reno, NV

July 1-3 Eastern Fed. Show, Newport News, VA
August 18-21 Ogden, 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 VISITTO 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".

Cleveland

Andrew J. Love
GEOLOGIC CONSULTANT

Hours: M-F 1-8
Sat 10-8
Phone: 216-758-3185 Pittsburgh

YOUNGSTOWN
OHIO

8391 Market St. Youngstown, Ohio 44512

/18




vright

We specialize in thumbnails and miniatures
as well as larger sizes
Over 50,000 mineral specimens in stock
Collections or single specimens purchased.
frm* i‘d!d/ng

New shipment of vivianite and pyrite from Bolivia; Orpiment, huebnerite and
tetrahedrite from Peru: Azurite and vanadinite from Arizona:
Red beryl from Utah:; Vanadinite from Morocco:
New find of Arkansas smithsonite —brown, gray, vellow, and “turkey fat”; Tsumeb minerals;
Master Charge and BankAmericard accepted:
write if you need specific minerals.

QUARTZ
HOT SPRINGS
ARKANSAS

SHOW SCHEDULE

N
Hampton, Virginig

-~ " HOT
H hlg} h | Were pre— 2F SPRINGS

ouston, exasfit,, o8sY 00 WRIGHT'S qﬁ?
: ROCK

SHOP

find
at home
or

Al .\huu'u
WONDERLAND

Route 4, Box 462, Highway 270 West
near Animal Wonderland. Tel. 501-767-4800

Hot Springs, Arkansas Bz




Valuable protection for INVALUABLE COLLECTIONS!

PERMANENT ,.
SPECIMEN PRESERVATION |

AL P

Geology & Mineralogical

SPECIMEN CABINETS

Double Wall Construction
Pest-Proof and Air Tight Seal

Lane Science Equipment Corp., Dept. MR
DUUME PBHEI DBDT 105 Chambers St., New York, N.Y. 10007

Lift-0ff Safe T)"pe Hiﬂge | Please send complete details on Lane Geology and Minera |
* logical Specimen Cabinets 1o

Name

—

SCIENCE EQUIPMENT CORP.
105 Chambers Street. New York. NY 10007

1 JAMESONITE

= SUCCOR CREEK, MALHEUK COUNTY, OREGON
- HYDRATED SODIUM SILICATE. member ZEOLITE GROUP
= Small sharp, colorless, well-formed crystals lining
volcaniC geodes
up to 25¢m 290 . 500 25 x 5cm B9° - 2000
= ZACATECAS, MEXICO 25cm 3.50 = 700 Sx Scm 1099 = 3000
= LEAD IRON ANTIMONY SULFIDE 2.5 x 25cm 590 = 1099
- Extremew COARSE BLACK CRYSTALS a few larger display specimens available
2.5cn., B00 =16°0 5 x 5cm 1090 = 12000
25 x 25cm 500=2000 §x7.5cm 20-150°9°
2.5 x 5cm BP0 - 000 7.5x 10cm 8000
one exceplionally fine 3cm 3500

dealers in:

_ ‘ -~ RARE MINERALS
please request our new arrivals list - FINE MINERALS

s'&Ann Frazier

- GEM & MINERAL BOOJOKS
1724 UNIVERSITY AVE.— BERKELEY, CALIFORNIA 94703 = 415-TH3-7564




RUSTAM KOTHAVAILA'S
CRYSTALS OF INDIA

featuring exquisite mineral specimens personally
selected at the source on the Indian subcontinent.

. Lo~ '
nest seciion o

green Apophvllite
exceptional Mesolite sunbursts
exXIri 'rr,'r'.ll_ rare cmn stals i ) ,|[}r i t','l,":,,ft' 4 ',”I, ZE0) ites
shinv crustals of Babingtonite
slices of r!’-.'r OCNTroi _*'\rr.-q'fllsL <l
Heulandite, Calcite, Scolecite. Corundum. Zircon
maline. Stilbite. ”um'rr'f.'h‘ (;l,'.?'{l,'l_'ft' Prehnite
tite, Epidote
From Russia rare specimens 0Of Datolite, llvaite, f‘ra;r..:

Meet us at the Intermational Show, Washington D.C.,
May 18 - 22: and at the Rochester Symposium (probably)
in April

Mail: 1034 Carleton St., Berkeley, Calif. 94710
Telephone: 415-236-9264 or 415-841-4492
By appointment. Please write or call any day
10 am to 8 pm., but remember we re sometimes out
on the road for weeks or months at a time
Sorry, no mail-order business

ANNOUNCING: NEW LOCATION

DR, DAviD H GARSKE, MNERALOGIST
195 N. York St., Ebmmst, Iiinors, 60126
(JusT soutH OF O'HARE AIRPORT)

TeL. (312)-833-5688

MOW ON CONSIGNMENT:

EXCEPTIONAL: THOUSANDS OF GOOD TO SUPERB SPEC-
IMENS, MANY FROM CLASSIC LOCALITIES, FROM

GLENM D. COMMONS, AURORA, ILLINOIS

EXIRADRDINARY: By THE TIME THIS AD IS PRINTED,
| HOPE TO HAVE ONE OF THE BETTER RARE AND
REFERENCE COLLECTIONS FROM A PROFESSIONAL MIN-
IST, MANY SPECIMENS PERSONALLY COLLECTED,
SO AM EXPECTING TO PICK UP A LARGE HORDE OF
DAYBREAK MINE AUTUNITE CRYSTAL GROUPS

SOON: EXPECTING AN EXCELLENT SELECTION OF
MINERALS FROM BOLIVIA, PERU, & CHILE

PLUS: My owN STOCK OF RARE, REFERENCE, & DIS-
PLAY SPECIMENS, SOME FROM THE COLLECTIONS OF
GUNNAR BJUAREBY, DR. ROBERT COOK,

RUSSELL P. MACFALL, DR. PAUL B. MOORE, ROBERT
THOMPSON, & MANY OTHERS

FREE LIST INFORMATION: MicROMOUNTS THROUGH
LARGE CABINET SPECIMENS

Genuine 01d Mining Stock
certificates from classic mining areas
.« perfect for framing -’

[51.50 to $17.50 ]

«%a TR ‘N CHrren Farici A e |

-"u \

l ~ho

| }’ I'Ht'}‘d/_; ﬁl lernal :'omz [

304 w vernook lane

HANNSEN
SMINERALS

Dr. Gary R. Hansen
1223 Port Royal, St. Louis, Missouri 63141

Mineralogical specimens
for museums, private collectors
Reference sets

Investment Gemstones

New Find!
Gem Green Uvarovite,
ishestos, Quebec

OR

- CALL WHEN
Office — 314-569-0842 O

Residence — 314-432-2882 ST. LOUIS




LA JOLLA

GEMSAOMINERALS| | MINERAL
“PECIMENS

Visit Our Booth at
MAJOR WESTERN
U. S. SHOWS

New Selections Available:

Dioptase, South West Africa

_ | _ _ Melanite Garnet, California
Fine Mineral Specimens — Worldwide Locations Lazulite, Wardite, Augelite, Canada

Cut Stones — for Collectors, for Jewelry Rare Sulfosalts, Republic of China
Pala Specimens, European Specimens Pyromorphite, France
Jewelry from Idar-Oberstein Silver Mexico

Rare Species and
SELECTED FINE MINERAL SPECIMENS
from Worldwide Locales

USCHI ROHRL SEND 26¢ POSTAGE FOR LISTS
635 Pearl Street

LaJolla, California 92037 MINERALOGICAL RESEARCH COMPANY
714-454-1323 14470 Whipple Court, SAN JOSE, CALIFORNIA 95127

Fine Mineral ROCHESTER

Soecimens from || PARE SPECIES? LAPIDARY

Localities || BASIC MINERALS? %Um A

t. Obodda | || COMMON ROCKS? || 172 i oo ionwer

Roch
P.O. Box 51 IF YOU ARE SIMPLY FASCI- ochester, Minnesota 55901

. NATED WITH MINERALS Thousands of fine
Short Hills, NJ. 07078 YOU SHOULD HAVE OUR

LISTS mineral specimens on
(201) 4670212 OUR CUSTOMERS SAY display at all times.

QUALITY MATERIAL BERNIE KIRCKOF
| ACCURATE LABELS, EX

TATE MINERALS CELLENT WRAPPING". FIND Phone 507/202-3233
833 E. 38th Street OUT WHY

~ Select quality micromounts Rare and well crys-
AHSt'n' Texas 78705 26': STFEMPS BR'NGS ED tallized specias from all over the world. Com-

(512) 478-4713 PAGES OF LISTINGS. $1 .00 plete listing 1 Dollar KUMINERAL. 1. ch. Aug
by appointment only PUTS YOU ON OUR MAILING Vilbert. 1218 Grand-Saconnex Geneva, Switzer-
—_— LIST FOR A YEAR o

- SCHNEIDER'S
BOOKS SEITNTOF Minerals Unlimited, Dept. MR rocks & minerals

P.O. Box 877 (127 No. Downs) 1
Send $1.00 for latest catalog Ridgecrest, California 93555 3021 Poway Road

listing 100's on minerals min- Poway, California 92064
ing. geology, fossils, gems Phone (714) 748-3719

10 to 5 Wed. thru Sun.
PERILITHON BOOKS sssss

P.O. Box 9996 please visit our shop in the
5372 Van Nuys Court San Diego area or see our
San Diego, Calif. 92109 booth at major shows




WANTED TO BUY

DAVID NEW - Minerals
P.O. Box 38

Stevensville, Montana 59870

Moy list
bul wrile o
INe e a3 i

oy see what s W

i 70394 1-“‘14_%-
Route |. Box 222

b Afton. Vireima 229X)

Specualizing in
minerals from Morocc
Spain, Peru, & morn

‘I i '“K'er-lh !rt'\.1|"-|

will trade Tor line pacg

VICTOR YOUNT

FINE MINERALS

Richard W Barstow

Dealer m high quality British & World
Mmeral Specimens

lomr rh. .1.frnrlu'J uﬁr': lor

Bi nmrr.fhf_\' lists of e specimens

sent free on application

Callers Welcome

2 TREGESEAL. ST IUST, PENZANCH
CORNWALL ENGLAND

RICHARD A. KOSNAR
“Minreral Classics

“Specializing in fine quality
mineral specimens from Colorado
as well as worldwide localities™.
(Investment consulting services available)

“Presently we have a selection
of the finest quality
dark blue-green amazonite
some with smoky quartz or albite.”

Special requests and desiderata invited.

T R Y 8 T
(IRl PRl L L

2749 South Lake Ridge Trail
Boulder, Colorado 80302
(303) 443-3085
(By appointment only)

%

CRYSTAL
SHOWCASE

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
Tsumeb Minerals

e.g. Tsumcorite xls,
Ludlockite,

Schaurteite, Keyite,
Scorodite, Olivenite a.o.m.

Quality Mineral Specimens
New List Available

Alpine, .
10N
106 Maroon Box 227 Crested Butte, Co. 81224

PETROLOGICAL THIN
SECTIONS

Send us the rocks and we’ll prepare
the sections mounted on 30x40mm
slides. Individual sections 34.25; 5
from one sample, $3.50 each; 10
from one sample, $2.75 each, in-
cluding airmail postage (we do
not return the surplus rock). Indi-
vidual quotations given for soft or
friable rocks which require impreg-
nation.

We hold in stock thin sections of
over 40 British rock types «@$2.50
each, inc. airmail postage. Write
for list or send $3.00 for our full geo-

logical catalogue (refundable on
first purchase)

LYTHE MINERALS

Geological Suppliers

36-38, Oxford Street,

Leicester LE1 5XW
England

MINI MINER
INDOOR FIELD TRIP

Series =1
Fiwe Pounds of Crystal
Bearmg Mine Rock
FOR $10.00 From

.|| TheFamous“79” Mine

Hayden, Arizona

DIRECTIONS

Caretul breaking of roch will produce mecro
thumbnail snd mmiasture e1amples of st least
four of the following minerals

Aurchakne Hemmorphae

Calkcte Malachne

Cerussae Rosaste

Chrysocolla Smahsonde
Wultende

FOR MAIL DRDER SEND
$10 plus postage and 5% N. J Sales Tax

To Dick Hauck

8 Rowe Place
Bloomfield, New Jersey 07003

COLLECTION OF A LIFETIME:
750 display quality mineral specimens,
including 160 barites from 100 localities.,
81 chowce MNuorescents, and Spec ahized
groups from Tsumeb, fluorite, apatite,
pseudomorphs. fully cataloged. suitable
lor museum or private advanced col
lector. I was unexpectedly called away
the last time this ad ran, and could not
answel .'.-;ra’uw however | am now ai

and available. Russell MacFall.
21 Foster. Evanston. 11l. 60201. Phone

J13-869-0331 for appointment

MINERAL
DISPLAY BASES

ESP BASES & MINERAL NAME
TRANSFERS SEE “MOUNT
SPECIMENS PROPERLY" IN
AUGUST 1971 LAPIDARY JOURNAL

BLAKELY MINERAL GEMS

607 Hwy. 82 E£E. Greenville
hh"l 55 i}'.l .";'; -'1
Write for Info and Prices

home

bentley’s minerals

Distinclive specimens—
for museums and colleclors
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SALAS MUMERALS

MOST PREFERRED
MINERAL SPECIMENS

SPECIAL
on California, Nevada minerals

Retail Wholesale

Foreign inquiries invited
Show room hours by appointment

B37T7 S. Palm Delhi, CA 95315
Tel. (209) 632-1341

GALAS MINERALS

PHILADELPHIA AREA

CAROUSEL

Gems and Minerals

FINE
MINERAL
SPECIMENS

SIZES
TN'S
TO

> T
’,Z CABINE

2579 HUNTINGDON PIKE
HUNTINGDON VALLEY, PA. 19006

TUES - SAT
10:30 - 4:30
FRI EVE 7-9

SEND SASE FOR LIST

215-947-5323

» Cabinet specimens
+ Miniatures
* Thumbnails

6451 West 84th Place
Los Angeles, Cal. 90045
Telephone: 213-645-1175

W.D. CHRISTIANSON MINERALS

200 Napier St.
Barrie, Ontario, Canada

HAND SPECIMENS & MICROMDUNTS
Why not give us a try. Write for free lists of com
mon and wnusual minerals

a new shop in
Banff featuring

handcrafted jewellery - gemstones - mineral specimens

Mike and Carol Ridding

4 .

pstern
Minerals

1260 E. Edison

[ucson. Arizona 85719
602-792-4854

Efficient storage for vour
collection. Wheat color
F ormica-laminate finish.
Inside dimension of drawer:
153, x 131,"
30 W 4160

X 1%/ .

Fine mineral

and fossil specimen
lists available
Special requests

Ward s Nalural Science Establishment, Inc
PO Box 1712 Rochesler. New York 14503

invited

215 Banff Avenue
P.O. Box 1407

Banff, Alberta, Can.
(403) 762-3918

Alla

MEL AND JOAN REID

Crystal Gallery

-
FINE MINERAL SPECIMENS
FOR COLLECTORS
FROM WORLDWIDE LOCALITIES

L

Open Tuesday thru Saturday
9am.t05 p.m.

or call for appointment
L

Special requests invited
No mineral lists available
-

(303) 985-2212
3110 South Wadsworth Blvd. —Suite 306
Denver, Colorado 80227

DIOPTASE XL CLUSTERS

MINERAL SPECIMENS
WHOLESALE

PERUVIAN SULFIDES
TSUMEB SECONDARIES
INDIAN ZEOLITES
CALIFORNIA BORATES
many other crystal specimens

GERMAN STYLE BPXES FOR
UNMOUNTED GEMS AND AGATE
EGGS-CHEAP!

See me in Wholesale
section at

RENO JUNE 17-19, 1977
HAMPTON, VA JULY 1-3, 1977
OGDEN. UTAH AUG. 18-21, 1977

JEWEL TUNNEL IMPORTS

ROCK H. CURRIER
Box 8252
San Marino, Calif. 91108

PHONE 213-287-6352

.'/Z_f‘ /.:.-’/‘\/H/ E}F/HA!./

Minerals from the Midwest

BARITE, CALCITE, GALENA
FLUORITE, WITHERITE, ETC

| currently have in stock excellent
material from the Sweetwater
Mine, Missouri

SPECIFIC INQUIRIES INVITED

PO BOX 4041 PORTLAND, MAINE 04101




Hlle [T1ERALS
HIlD
GEITISTONES

Direct from Brazil

UGEATSIOE GEN ATIPORTS, I

P.O. Box 222
Oceanside, N.Y. 11572

Phone (516) 678-3473
Hours by Appointment

MATHIASEN
MINETALS

11149 St. Anthony Dr.

Fremont. Calif. 94538
FINE MINERAL
SPECIMENS FROM
WORLDWIDE LOCALES
“Micro to cabinet size”

Send for current list or
call 415-657-01994,

WILSON HOUSE

Specializing in

Crystals & Minerals
From Tsumeb

6622 Duffield
Dallas Texas 75248
(214-239-8740)
by appointment

ITY. Mlﬂ:oum 5414

MICROMOUNTS

Are our specialty.

Our current catalog contains
about 400 listings of quality

micro crystal specimens both
mounted and unmounted. Also
included are reference collections
supplies and a discussion of mi

cCromount preparation

Catalog 30 cents

HATHFIELD GOL DEY
| 145 West 3]st Avenu
San Mateo, Cal

FINE STIBICONITE SPECIMENS
from new location in Mexi
thumbnail to museum, crystals are not etched
Fine calcite and galena specimens
from the Viburnum Trend

McGregor & Walkins, Route 8, Box 487
Hot Springs Arhnsu 71901

T miles West or

—M’CROMINERALS'I
Dnternational

P.O. Box 649
Gatlinburg, Tennessee 177138

Micromount
Specimens,

Mounting
Material
And
Equipment
Exclusively

LISTS UPON REQUEST

A/

fredo
ferr

Fine mineral specimens
from Europe and worldwide
locales

Dr Alftredo Ferri

Show room
C so Vercell. 7
20144 Milano. Italy

tel 435000

s FINE

#‘9 MINERAL
wa
SPECIMENS

We invite you to consider
our detailed listing oj
excellent specimens from
world wide locales.
Satisfaction guaranteed

of course

Write for our list

EARTH FORMS

Box 5157
LITTLE ROCK. ARK. 72205

URES TREAS(p/.

P.O. Box 982
Hawthorne, CA. 90250

Fine world-wide minerals
in all sizes and prices

wide varety
rare minerals
MuSeum pieces
single crystals

Specialist in the
Minerals of Tsumeb
Southwest Africa
Representing in the U.S
Kahn Mineralien of Germany

Send us your want list
Hours by appointment

(213) 373-3601

F. CURETON 11
& SONS
Wholesale Minerals
6211 E. Highway 26
Stockton, Calif. 95205

Mineral specimens & teaching gradse
rocks and minerals. Inventory
inCludes,. Lin Koettegils
Karpathite. Proustite, Zinnwalcite
Aluminite, Wodginite, Rosenhahnite
Reevesite, Schuetteite, Niocalite
Howieite. Deerite, Cyrtolite
Coalingite, Ajoite, continued nex
ISSue

NO CUTTING MATERIALS HANDLED
CATALOG TO DEALERS ONLY
CATALOG PRICE $1.00

WHOLESALE ONLY

aarenite

BRIAN LLOYD

14 PALL MALL
LONDONS.W.1
ENGLAND

tel. 839-5233

L
Classic British and

) Minerals

€ Urope:

™ oOnNe r or an

appointment

Please telep
\.'\l‘hl.?f_ ':,-"I:JI__:
are next in London




GUSSEN'S
MINERALS

Over 5,000 thumbnail to mu-
seum size specimens in stock.
Individual price lists are available
for mineral specimens from;
British Columbia, Canada, Frank
in & Ogdensburg, N.J., Missounri,
World-Wide Specimens or a Fluo-
rescent Mineral List. Send 26¢€
in stamps for each individual
list. SOC credt on your first
order. Specific inquiries always
welcomed

TOM DAUGHERTY
1021 LAWTON ROAD

COVINGTON, KY. 41011

GEMS - MINERALS

IMPORT - EXPORIT
WHOLESALE - RETAIL

8892 SHOWS - MAIL ORDER

Wash-

sShop and Display Hoom
Vinup Road, Lynden,
ington 98264.

PHONE (606) 291-4427

Davis Minerals Inc.

Division of DMI
We have moved

FINE MINERAL
SPECIMENS

We specialize in old Bisbee, Tiger
and other Arizona material. Also
crystals and crystal groups from
all over the world. We also handle ®
rare minerals, domestic and
foreign. Azurite, wulfenite, kino-
ite, native copper, cuprite and , _
many others available. Send mers. Call on us for vour needs.

us your wants, sizes, price range, 181 S. Tyndall Ave.
etc Tucson, AZ 85719

note our new address.

e Mineral Specimens

e Cutting material & Slabs

e Lapidary Equipment & Supplies
Specializing in Malachite jewelry

With our move, we hope to make this a
one stop service for our dealer custo-

(602)
624-2346

BIDEAUX MINERALS

Telephone 624-2132
117 W. WASHINGTON ST.,
TUCSON, ARIZONA

85701

AUSTRALIA

offers some of the rarest and
most colorful minerals in the
world; so why don't you add a
piece of Australia to your col-
lection. We are Australia's
oldest established dealers in
quality mineral specimens from
MICROMOUNTS to ONE-OF-
A-KIND Museum specimens.

KOVAC’'S

Gems & Minerals Pty. Ltd.,
120-122 Commercial Road,
Prahran, 3181,

Melbourne, Vic., Australia.

Phone: 51 2021

PROSPER ). WILLIAMS

Minerals for Connoisseurs
70 Sutherland Drive. Toronto, Unt
Canada MAG 113 Phone | 116G) 421 -0858

| sumeb. Ongamia & other [ine S. W

specimens including ki

ind Boltwood

Alrnican
¢ Cupntes, Dhoptase

Blue JEREMEIEVITE 1terminated crvsials
from Ml Yonorth of Swakopmund
5. W. Alric;

It vou want complete intormation about 1SUMEB
G. Sohnge: Tsumeb, a historical sketch SB 11
Bartelke-Fahle: Tsumeb, list ot minerals (17 1N

airmail

airrmail

OKNNANGO

Put the money in an envelop
Klenzestr.-4, D-8 Mui

and send to
K. Fahle wchen 5. West-Germany

Specialist in information and minerals from TSUMEB

Brazilian
Minerals

I WILL BE

IN BRAZIL
DURING JUNE,
JULY & AUG.

Specializing in Pegmatite Specimens

Colorado Gem & Mineral Co.
Post Office Box 424 Tempe. Arizona X525

Jack Lowell (602)966-6626

LIDSTROMS

P . O Box 518
Prineville. Ore 97754
See us at

Denver May 7-9
San Francisco July 2-4
Dayton July 21 24
ot. Louis July 22-25

Seattle Sept. 18-19

Call us for an appointment at home
(503-447-7104). or visit our
shop 1n Carmel, California

WE HAVE MOVED- 300 rare species in steck, micro to

cabinet, including augelite, baricite, biphosphammite,

bustamite, calaverite, ceruleite, clinobisvanite, colorado-

ite, nllhrrlu uluulnl Lﬂiﬂlinﬂll “H holm-

guistite, kulanite, and more. Micromount boxes 8.95/100

5Iu postage. Stamp for list. EXCALIBUR MINERAL CO.,
Grover Road, Dover, NJ 07801.

Pink apophyllite, St. Andreas-
berg, Harz: raspberry red rhodo-
chrosite, “Wolf” mine, Herdorf,
Siegerland, brown pyromorphite,
“Friedrichssegen” mine, Bad Ems:;
brillant manganite, Ilfeld, Sax-
ony: stephanite, “Himmelsfurst”
mine, Freiberg, Saxony: prous-
tite, Niederschlema near Schnee-
berg/Erzgebirge: and other rare
minerals from classic localities
in Europe.

Please write us or drop in
when in Europe:

DIE KRISTALLDRUSE
D-8000 Miinchen 2

Oberanger 6, (near Stadtmuseum)
West Germany

Tel. 089260-3662

BANCROFT AREA

BANCROFT

BANNOCKBURN

ELDORADO

MADOA

HWY 401
BELLEVILLE
FINE MINERALS

HAWTHORNEDEN

';R =1 E_I [-_:||1r11'{1-.
Ontario. Canada KOK 1YD
613-473-4325) Frank & Wendy Melanson

TORONTO MONTREAL




INCORPORATING
THE

To supplement vour reading... THE AUSTRALIAN

MINERALOGIST

Other fine mineral
Magazines

from around the world:

LOOK FOR
43D MAGAZINE

ROCKS AND MIN § For all

ROCKHOUND

READER SATISFACTION GUARANTEE

SURSCRIBE TODAY !
To:ROCKHOUND P. O. Box 328 M
Conroe Texas 77301
go to the hills OK! Enclosed is $ for
' : . ROCKHOUND ftor the term indicoted
Hgiur= of the ol WORLD NEWL OF WINER&L O i N - ¥ C
e o P T = T o e o ot s and fields to | ONE YEAR (6 Issues) - $4.50
SUBSCRIBE TODAY ' collect their : TWO YEARS (12 lssues) - §7

b7 00 ey sl i 10 D0  wedud

LOOK FOR THESE SPECIAL FEATURES rDCthU”{i‘J

Y e ageeal artien by Tee BN ae ey oo e Temkel  COMETRGL S

MV gt e P who like to

"5 i o
Tmmety 8 e @t e P gl et e T

)
ROCKS AND MINERALS own rocks Gems, i nmawm

ADDRESS
cImy

T'T'III"'IET'D]‘.': STATE I CODY

4000 Albemarie 51.. N. W.. Washington, D. C. 20016 {'DSEII‘S Dﬂd

The MINERALIENFREUND...

a Swiss publication dealing mammly with alpine 1

®
curope’s
new journal for

minerals and gems

erals. Each issue contams excellent colo

Five 1ssues per vear

Articles on Minerals, gems and their lo
calities all over the world—with special
emphasis on Germany, Austria and Swit
zerland
Articles on the fundamentals and met-
hods of mineralogy and gemmology
Monthly information for the Dana collec-
on all thats new in the mineral and
agem market. on books. and on the latest

ni<

Lapis helps establish business and trad

ing contacts all over Europe through

one year subscription DM 58
Christian Weise Verlag

D-8 Munchen 2
Oberanger West Germany

JEWELRY MAKING JMAGAZINE

$10 ULS. per vear,

Make checks pavable to

URNER MINERALIENFREUNDI
Postiach 219

6460 Altdori-Uri, SWITZERLAND

Le Monde et les Minéraux
A French bimonthly iournal for mineral colls

s O worldwide interest

Le Monde et les Minéraux
4. Ave. de la Porte de Villiers

75017 PARIS. FRANCI]

SUBSCRIBE NOW!

GEMS AND MINERALS is the “HOW TO" magazine that has been serving jewelry

makers, rockhounds, gem cutters, mineral collectors, and rock hobbyists around

the world for more than 29 years. Over 95 pages monthly, 4-colo wers and colo
AND MINERALS inside SUBSCRIBE TODAY!

1 YEAR—$6.50, 2 YEARS—$12.00, SINGLE COPY—70c
Dept. MR 3

** Please add 75c per year for Canadian and Foreign Postage
P.O. BOX 687 . FREE!
GEMS AND MINERALS Book Department stocks
MENTONE' CALIF. ing all interests: Jewelry Making » Casting » Miner
92359 U.S.A.

F e |-.: C':_'! lectin '\::

- =3 r
- i BH




BENITOITE —NEPTUNITE

BRUCE & JO RUNNER

13526 First Ave. South
Delhi, Ca. 95315
Ph. (209)634-6470

Dyck’s Minerals
95-719 Kipapa Drive No. 37
Mililani, Hawaii 96789

(808) 623-2322
Lists 25€C

l{\}u;rl T"P‘-.i:l:'l"x LIHI. ff’j.lrf"h”
VICROMOUNTS
Free list available

3 r

fr?: gesedl

N

Mineralogical Record
PO Box 783
Bowie, Md. 20715

MINERALS Irom
| stamp lor current price
| Hrs. b
1 & Center

HOICE CRYSTAI

FlelwW bl TR R T

LIZED
T ST
st ol ndividuoally SO TIT
ippointment. K. H. HOLLMANN
i":_.ll:"l-i \ of

l
W

1 SPDECImMens

FMIINERAL AND GEMSTONE EXPLORATION

HENRY L. TRUEBE
Goealogist

(30:3) 319-6507

| By 227, 1006 Maroon Ave.. Urested Butte
L {olorada 812213

MICROMOUNT BOXES
THUMBNAIL BOXES

Plastic. for visible storing, hand
ng and displaying of specimens
Ideal for Gemologists
gists. Geologists and Lapidares
Write for tree list MR
ALTHOR PRODUCTS

202 Bay 46 S1
Brooklyn, NY 11214

Minaeralo

The Crystal Pocket of Juneau

FINE MINERAL & CRYSTAL
SPECIMENS

Free mineral lists

CALLAHANS GEMS & MINERALS

(Miwr Box ¥ - 0

DALTON'S MINERALS

e e e e ————————————— —
fine mineral specimens
free lList
P.O. Box 17232
Tucson, Arizona 85731

ADVERTISERS INDEX

Althor Products

Australian Gems i

Barstow, Richard

Bentley s Minerals }
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Minerals International
Minerals Unlimited
Mature's Treasures
New, David
Obodda. Herb (201-467-0212
Oceanside Imports (516-678-3473
Okavango (089-222524
Orbetz Showcase (913-648-3083
Pala Properties International
714-T28-9121
Peri Lithon Books
Proctor, Keith
A03-471-2544
Rochester Lapidary Supply
507-282-3233
Rockhound Magazine
Rocks and Minerals Magazine .
Runner, Bruce and Jo (209-634-6470
Shannon, David (602-962-6485
Schneider's Rocks and Minerals
714-T48B-3719
Silverhorn (403-T62-3918
Tate Minerals (512-478-4713
Truebe Henry (303-349-6507
Wards Natural Science Establishmenl
Western Minerals (602-792-4854
Williams, Prosper J. (416-421-0858
Wilson House (214-239-8740
Wright's Rock Shop (501-T67-4800
Yount. Victor (T03-943-16T73

213-373-3601

714-488-6904

William W. Pinch
82 Kensington Court
I{Ut.'h'-,"'xh‘l : \.\ < “"|:

Wendell E. Wilson

Editor. the Mineralogical Record
P.O. Box
Bowie. MD. 20715

TR3

CHAPTER AUTHORS' ADDRESSES
Dwicht Weber
P.0O. Box YK2

Hawthorne. CA. Y250

Paul Kelle
Institun (i
Universitit Stuttgart
Plalfenwa

dring 55

TINN) \Hj[l:,_'dll o). W est Germany

Mineralogie und Kristallchemie

Charles L. Key
16 Pond View Drive

Canton, CT. 06019

John Sampson White
Associate Curator,

Dept. of Mineral Sciences
Smithsoman Instnution
Washington, D.C.

HI56()
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OTHER TITLES OF INTEREST

R'?Iinrruh eical Record magazine, the magazine for mineral
collectors. $10 per year
the Glossary of Mineral Species . by Michael Fleischer
lists every mineral species known to man; includes composition
crystal system, best reference in English $4
order both from Mineralogical Record, P.O. Box 703, Bowie, Maryland 20715
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