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FIELD EQUIPMENT 

You’re out geologizing in a trackless wilderness or desert area, 

when at last you discover a fabulous vein of minerals. But in order 

to properly record the discovery, and find your way back to it, you 

must ask yourself an all-important question: ““Where, exactly, am I?” 

The accurate answering of this question has posed a problem for 

field collectors and exploration geologists for centuries. Normally the 

best way is to have yourself continuously pinpointed on a detailed 

topographic map during your entire time in the field. Now, however, 

modern technology can offer an alternative: the portable, hand-held 

global positioning system (GPS). 

Looking a bit like Mr. Spock’s tricorder, the GPS te//s you where 

you are at the push of a few buttons. The Motorola Commando SPS 

model, for example, will provide you with your first position fix in 

24 seconds, accurate to within 100 meters, and will update the fix 

every second thereafter. It does this using a six-track parallel receiver 

to simultaneously track six navigation satellites, providing latitude, 

longitude, altitude, etc. It can store up to 100 waypoints and ten 

different routes in its memory. The readout is a four-line, 20-character 

LCD display. The entire device fits in the palm of your hand for single- 

handed operation, weighs just over a pound, and runs on six AA 

batteries. The price: around $1,500. 

An even smaller model is the Ensign GPS model made by Trimble 

Navigation. It weighs under a pound, tracks up to eight navigation 

satellites, and gives your position to within 25 meters in about three 

minutes (updating every few seconds thereafter). Data can be entered 

and reviewed in English, Spanish, French, German, Italian, Nor- 

wegian or Japanese. It will run about five hours on four AA batteries, 

or twice that long on “power saving mode.” The price: about $1,000. 

These two remarkable gadgets are available through the mail order 

catalog of a company called U.S. Cavalry (‘“World’s finest military 

and adventure equipment”). To get a copy, send $3 (in the U.S.) or 
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$5 (international) to 2855 Centennial Avenue, Radcliff, Kentucky 

40160-9000, or call 1-800-777-7732. 

This is such a fascinating catalog that one can’t help browsing 

through it for other items of possible use to the field collector. Let’s 

see . . . how about the Litton Military Night Vision Goggle for after- 

dark collecting? ($5,000) Or the Maxa Beam Six Mil CP Searchlight, 

a hand-held (11.7 pounds) battery-powered light that will put out six 

million candlepower for illuminating those really big stopes under- 

ground? ($1,900) There is also a wide range of rappelling and mountain 

climbing equipment, utility belts, canteens, tents, packs, waterproof 

matches, knives, helmets, face shields (better than safety glasses for 

protection while hammering!), and so on. You can even get (for $40) 

a small portable “Instant Weather Radio” which will automatically 

supply updated weather forecasts for your area every 4-6 minutes. 

Now, if they will only miniaturize to.hand-size that ground-pene- 

trating radar (see vol. 20, no. 5, p. 322), for finding hidden pockets 

inpthestOCke-m ee. 

CUSTOM SPECIMEN MOUNTING 

For many years now, interior decorators have been using large 

mineral specimens in their decorating work. But the idea of “decorator 

specimens” does not always carry good connotations in the mind of 

the serious mineral collector because (a) decorators typically have no 

specimen sense, and often select badly damaged or extremely common 

pieces, and (b) many good specimens are too delicate to risk in such 

open exposure. 

This vaguely negative impression is easily dispelled, however. Col- 

lectors of cabinet specimens are coming to realize that they can increase 

their enjoyment of selected (high quality) pieces by giving them a 

more prominent place in their decor. The more delicate examples can 

simply be boxed in with clear plexiglas for protection. The critical 

element is presentation; the specimen which is to accent a decor needs 

to be mounted in an attractive, professional way so as not to scratch 

the furniture, and so that it will not appear haphazard. 

Bill and Elsie Stone of The Sunnywood Collection have been creating 

some wonderful examples of custom-fitted, highly finished hardwood 

bases, some with plexiglas boxes over the specimens, and some with 

ball-bearing roller mounts so that they rotate easily. As a nice option, 

an engraved brass plate can be affixed, carrying basic label infor- 

mation. Aside from the example shown here, the mountings for the 

big Alma rhodochrosites pictured in the previous issue (p. 228) are 

also their work, and their sales room in the Executive Inn during the 

last Tucson Show was filled to overflowing with elegantly mounted 

minerals. Write, call or visit (by appointment only): 12068 East Am- 

herst Place, Aurora, Colorado 80014, telephone/fax (303) 368-7497. 
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CORNWALL’S FAMOUS MINES 

Peter Bancroft 

3538 Oak Cliff Dr. 

Fallbrook, California 92028 

Sam Weller 

Lower Boscaswell, Pendeen 

West Cornwall, England 

For centuries, the copper and tin mines in 

Cornwall County, England, have proved to be as rich 

as any in the world. During the last 200 years this 

mining region has produced an incredible variety of 

spectacular crystal specimens, many of which today 

comprise the backbone of numerous private and public 

mineral collections around the world. 

INTRODUCTION 

This article will review the earliest days of mining 

in Cornwall and will include a brief description of 

Cornwall’s regional geology and mineralogy, de-. 

scriptions of a few of the more important Cornish 

mines, and notes about the lives and times of its miners. 

_ The Botallack mine was selected as the example to 

feature because of its interesting history, impressive 

production of minerals and fine crystals, and the fact that 

it was still operating under an exploration maintenance 

program that permitted the authors to investigate some of 

its oldest as well as latest underground workings. 

HISTORY OF CORNISH MINING 

Cornwall is the southwesternmost county in England, with an area 

of 1,356 square miles and a population (estimated in 1987) of 453,100. 

Cornwall is nearly surrounded by water—the Atlantic Ocean to the 

north and northwest and the English Channel to the south and south- 

west. Its only land connection is with the county of Devon to the 

East. Staunch Cornish loyalists will tell you, tongue in cheek, that 

the Tamar River, which separates the counties of Cornwall and Devon, 

really separates Cornwall from England. The many megalithic mon- 

uments throughout Cornwall, and especially at Lanyon, Mulfra, Chan 

and Zennor, as well as finds of a few Early Bronze Age implements, 

are evidence of extensive settlement, dating back possibly as early as 

4,000 B.C. 

It is not certain when mining first began in Cornwall, but probably 

as early as the third millennium B.C. Phoenicians or other explorers 

discovered and worked alluvial tin deposits along its cliffs and rivers. 

The oldest known archeological objects fashioned of tin are a ring 

The Mineralogical Record, volume 24, July-August, 1993 

Nees and a pilgrim bottle discovered in Egyptian tombs 

of the 18th Dynasty (1580-1350 B.C.). But tin ores 

are not found in Egypt, so it is at least possible that 

tin was being imported from Cornwall in Pharaonic 

times. 

Evidence of an early tin industry in Cornwall was 

provided by the discovery of tin scoria in excavations 

at Chin Castle near St. Just, dating from 300 to 200 

B.C. It is known that shipments of tin arrived in Italy 

about the time that Julius Caesar invaded Britain. A world- 

wide shortage of tin had existed for at least 2,000 years, and 

as primitive metallurgists discovered ways to alloy tin with copper 

to make bronze, new tin workings were opened in many districts 

throughout Cornwall. 

It was soon discovered that all of the mineral wealth in Cornwall 

was not concentrated only at grass roots and in stream beds. Tin 

orebodies dipped steeply below the surface, and in some cases ex- 

tended for miles under the sea. Working underground deposits meant 

digging in solid rock, a time-consuming, costly and dangerous process. 

The first “Stannary Charter” was issued by King John (of Robin 

Hood fame) on October 29, 1201. In addition to granting rights to 

mine tin ore, some charters also gave other privileges to tinners (miners 

of tin), such as “exception from all jurisdiction, with but few excep- 

tions.” This clause was included to attract miners and also to keep 

them happy and on the job. 

In the 19th century, many mines in the Gwennap, Camborne, Red- 

ruth and St. Just areas—notably the Dolcoath, United Mines, Botal- 

lack, Levant and numerous others—developed into major copper 

mines. By 1851, a third of all European copper was mined in Cornwall 

and Devon, and during the next 50 years Cornwall led the world in 
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Figure 2. Medieval deer antler mining pick, 

found in Carnon tin stream. Courtesy: Royal 

County Museum of Truro. 

tin production. Mineral wealth was so great that the favorite Cornish 

toast became, “Here’s to fish, tin, and copper.” 

As Cornish mines pushed deeper, larger pumps and more sophis- 

ticated machinery were required. Possibly of equal importance were 

the skills developed by miners working in dangerous, wet, dimly-lit 

tunnels and stopes, whose services were in demand in hard-rock mines 

throughout the world. During the middle of the 19th century, partic- 

ularly in slack times, hundreds of Cornish miners (known in America 

as “Cousin Jacks”) emigrated to the United States and other countries 

in search of mining work. 

In the late 19th century, increasing costs as mines went deeper, 

fiscal depressions, dwindling ore deposits, and cheaper foreign com- 

petition forced many Cornish mines to shut down. Higher and cheaper 

foreign tin production in Malaysia and Bolivia was the death knell 

for Cornish tin mines, most of which were closed by 1932. 

Unemployed miners were offered some relief by the discovery of 

large areas of kaolinized granites, which when refined produced high- 

quality kaolin known as china clay. This material found a ready market 

in the ceramic, chemical, textile, and paper industries. Hundreds of 

tons of refined clay were shipped in 1937 alone. Important new deposits 

of china clay are being mined today at Dartmoor, Bodmin Moor, ‘and 

the St. Austell area, known as Hensbarrow Moors. 

GEOLOGY 

The county of Cornwall, and the western portion of Devonshire 

which borders Cornwall, form a major metallogenic region that has 

a distinguished geological history. Devon is, of course, the classic 

type area for Devonian age rocks. Since the 18th century, Cornwall 

has been the subject of much of the classic work on metalliferous 

mineralization. For several hundred years, mines in this peninsular 

region have produced rich ores of copper, tin, lead, zinc, arsenic, 

antimony, manganese, tungsten, cobalt, nickel and uranium, as well 

as significant quantities of fluorite, barite and some gold. During the 

19th century, however, except for the years when England was at 

war, there has been a steady decline in the region’s mining activities. 

Today, only the South Crofty mine is operating, and even this operation 

is fighting for survival. 

Regional Geology 

At the close ofthe Carboniferous Period some 290 million years 

ago, .a long period of sustained sedimentation in the Devonian/Car- 

boniferous sea closed with the Armorican Orogeny. Great thicknesses 

of sediments were upfolded along an east-west axis to produce the 
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Cornubian mountain range. The enormous tectonic forces created 

overfolding, faulting and thrusting, plus the general development of 

slaty cleavages, as well as permitting the intrusions of a major granitic 

batholith. The batholith is continuous for some 100 miles and was 

produced over a lengthy period by a series of pulses of chemically 

similar magma. Today, exposed by erosion, several plutons form a 

range of granitic hills extending from Dartmoor in the east (the highest) 

to Haig Fras, the submarine exposure west of the Isles of Scilly. The 

remnants of the original overlying sediments, now metamorphosed 

into a series of slates and shales, comprise most of the remaining 

lowland that encloses the granitic highlands. 

Despite two centuries of intensive mining and geological investi- 

gations in Cornwall, the precise origins and mineralizing mechanisms 

that account for the region’s enormous mineral wealth are still im- 

perfectly understood. But there is a consensus that the metalliferous 

elements provided rich and diverse mineralization, at least in part, 

through magmatic differentiation. Following a long period of mag- 

matic cooling, hot aqueous fluids filled the peripheral network of joints 

and fissures, thermally and chemically altering country rocks and 

creating mineral lodes of economic importance. 

To complete this oversimplified picture of the region’s geology, 

two other distinctly different areas must be mentioned. First, the rocks 

forming the Lizard Peninsula complex are the oldest in the region, 

possibly containing fragments of the lower Palaeozoic ocean floor. At 

the surface of the complex is an assemblage of gabbros, peridotites, 

dolerites, amphibolites, gneisses and altered sediments. Extensive 

serpentinization of the ultrabasic rocks has produced some spectacular 

coastal scenery, as well as attractive rocks that are utilized by the 

local craft industry. Substantial copper mineralization, mostly in the 

form of native copper, was extensively exploited in the 19th century, 

both at coastal and inland mines. 

The other area that should be mentioned is the coastal area northwest 

of Wadebridge, which exposes a series of volcanic and intrusive ig- 

neous rocks that seem to-be responsible for mesothermal minerali- 

zation. The district, centered in the parish of St. Endellion, was an 

important source of lead and antimony ores; it includes Wheal Boys, 

the type locality for bournonite (originally called “endellionite”). In 

this instance, the source of the mineralization appears to be ancient 

mafic and ultramafic rocks. 

Lodes and Mineralization 

Probably governed by the axis of earlier tectonic movements, the 

lodes in each district generally run in approximately parallel directions. 

These directions coincide with the major joint systems of the granite 

that trends northeast-southwest in central Cornwall and that corre- 

sponds to the earlier Caledonian orogeny. The lodes are referred to 

by the miners as “normal” lodes, and typically carry tin, tungsten 

and copper. Lodes usually dip at angles greater than 70°. Another, 

later lode system, probably resulting from the Alpine orogeny, is at 

near right-angles to the normal lode system. These cross-lodes, known 

locally as “caunter” lodes, are frequently barren or clay-filled but 

where mineralized they carry a lower-temperature lead-zinc suite. 

Other primary lode structures, including pipes, floors, stockworks, 

and vein-swarms, are commonly encountered. Quartz, chlorite and 

tourmaline are frequently seen as examples of replacement, appearing 

singly or in concert. 

Secondary enrichment and oxidation, especially in the copper lodes 

in the Redruth/Gwennap area, are responsible for the formation of 

secondary minerals and large economic deposits of bornite and chal- 

cocite. It can be inferred from the frequent occurrences of supergene 

enrichment that the region was formerly oxidized and leached above 

the water table, but that in most areas subsequent erosion has planed 

off the upper oxidized zones. Nevertheless, an enormous legacy of 

fine mineral specimens remained. Fortunately for collectors, several 

hundred vertical feet of the oxidized zone survived intact in the Gwen- 

nap district. Numerous 17th, 18th and 19th-century mines in the 
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Figure 3. Mineral lodes in the Land’s End area 

of Cornwall. Courtesy of the Royal Geological 

Society of Cornwall. 

Gwennap field, including Wheal Gorland of immortal fame, yielded 

rich harvests of oxidation-zone minerals. The list of species found 

there as world-class specimens includes azurite, malachite, cuprite, 

copper, olivenite, clinoclase, liroconite, cornwallite, cornubite, li- 

bethenite, pharmacosiderite, and many more. 

MINING 

Mining Districts 

The great majority of Cornwall’s mines (J. H. Collins gives details 

of more than 2,000 past and present mines in Cornwall and West 

Devon in an incomplete list) were grouped in seven mining districts. 
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These districts were: (1) St. Just in Penwith, (2) St. Ives-Helston (a 

broad band linking St. Ives to Helston), (3) Camborne Redruth (the 

central mining district), (4) St. Agnes, (5) the Wadebridge area (in- 

cluding the St. Endellion district and a coastal strip to the east), (6) 

the St. Austell area (which is also the major china-clay producing 

area), and (7) the extreme eastern district around Callington that 

geographically extends across the Tamar River. 

Although the majority of the Cornish mines are located within these 

mining districts, other important major producers occurred in isolation 

or in small groups outside the listed districts. For example, the cel- 

ebrated 19th century classic source for bournonite and tetrahedrite is 

the Herodsfoot mine located southwest of Liskeard. 
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Figure 4. Mine Captain Morcom of the Wheal 

Towan mine showing a copper specimen to fi- 

nancier Thomas Daniel of Truro. Painting of 

‘Gentleman and a miner” by John Opie, 1786. 

Courtesy: Royal County Museum of Truro. 

Mine Management 

Today, much of Cornwall’s landscape in the old mining districts is 

littered with crumbling granite engine-house shells that once sheltered 

hundreds of beam-engines. Many of the winding, heather-lined, one- 

lane roads are silent and nearly unused. But during the 19th century, 

scores of engine-house chimneys emitted clouds of coal-fired gases, 

and mule-drawn wagons and surface workers moved everywhere. Most 

mines were independent of one another but seemed to function with 

considerable efficiency. Each process and each employee was given 

a typically Cornish name or title. 

Mineral rights to-a sett or set (property) were held by mineral-lords 

(landlords). The property could be a newly discovered and unworked 

mineral lode, or it might be a working and productive mine. Mineral- 

lords granted rights to work and develop a mine within a specified 

set of bounds for a given period of time (usually several years) at 

specified dues, typically 1/12th of the mine’s production, the so-called 

lord’s-dish or lord’s share. These mining-right leases often carried 

minimum numbers of miners to be employed. In the major fields 

literally every square foot of ground was leased, so cases of accidental 

or deliberate mining beyond the sett boundary into adjacent territory 

were frequent and interminable, and expensive litigation often ensued. 
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Mineral-lords of prosperous mines were always anxious to add to their 

setts. Less effective neighboring mines were frequently purchased and 

added to their mine lease area. Thus, flourishing mines grew at the 

surface as well as underground. 

If the successful pitch (lease) was on a previously unworked prop- 

erty, a vertical shaft was usually sunk from grass (the surface) to give 

access later to a series of horizontal levels. 

Ground was “won” by hand-drilling and subsequent gunpowder 

blasting. Until the end of the century, men and boys climbed to and 

from grass on the ladder roads (vertical ladders), which in the deepest 

mines could be up to 3,000 feet long! Expensive Welsh coal (Cornwall 

had none) was reserved for firing the engines to pump water out of 

the workings, to “wind ore” (hoisting), or drive stamp-mills used in 

ore-dressing. Each mining site was developed in accordance with its 

specific needs. On a coastal mine, for example, a pumping machine 

could be placed below cliff tops, but just above the surf, which 

shortened the lift and reduced pumping costs. 

Some mines achieved immense profits, but most operated in the 

red, supported by clever advertising that caused otherwise level-headed 

investors to pour fortunes into large numbers of dubious prospects. 
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Figure 5. Engraving of a mine steam fire engine, 

published in Pryce’s Mineralogia Cornubiensis (1778). 

Cornubia was the ancient name for Cornwall. Cour- 

tesy: Royal County Museum of Truro. 

Many mines were small; some were part-time family ventures. The 

part-time farmer or fisherman who indulged in occasional mining was 

a familiar figure who varied his calling according to season and 

weather. 

Beginning in the 17th century, surface mines were called bals, but 

by the latter part of the century, the term referred to all mines, both 

surface and deep. For no known reason, bal was changed to the Cornish 

word huel, and later in the mid-1850’s to wheal, which meant a hole — 

any hole, including an ear-hole. Today many Cornish mines still bear 

the title wheal, as Wheal Boys, while others have modern names such 

as West Phoenix mine. Some mines were named consols (a short form 

of “consolidated mines”). 

The Miners 

During the first half of the 19th century, a miner’s life was, for the 

most part, short and cruel. A typical underground shift was eight hours 

of crawling on hands and knees along narrow galleries and, in a 
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cramped position, hammering through a foot of granite each day by 

the light of a tallow candle. In the days before the man-engine (re- 

ciprocal-moving platforms), a miner could use one-fifth of his energy 

climbing in and out of the mine. In a deep mine he might have to 

climb for an hour up vertical ladders that were wet, slimy and often 

had broken rungs before he could reach grass. 

Miners tended to be sickly, with bad lungs and poor hearts. The 

miner’s working life was over before he was 40, and he probably 

would not live to be 60. Living in damp mud-and-stone huts, many 

of his children would not reach puberty. A study at St. Just in the 

years 1840-49 revealed that a quarter of all males buried and half of 

all females were under the age of five. The average miner received 

wages of about two pounds a month, forcing everyone in the family 

to work. At age seven most boys and girls began work at the mines, 

receiving a few pennies for a 10-hour shift. Some boys were assigned 

the job of retrieving wooden wedges used to shore up loose rock in 

abandoned mine tunnels. While girls never worked underground, ado- 

The Mineralogical Record, volume 24, July-August, 1993 
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CORNY ALa Be 
Valuable Tin and Copper Wine, Sicam=Engine, 

AND OTHER 

MACHINERY AND MATERIALS, 
In the Parish of Gwinear, Cornwall, 

FOR SALE. 

TO BE SOLD, 
By Messrs. SHUTTLEWORTSH & SONS, 

Atthe WUart, Bartholomeav-lune, 
Opposite the Bank of England, London, 

ON THURSDAY, THE 8th DAY OF JULY NEXT, BY TWELVE O'CLOCK AT NOON, 
ALL THAT EXTENSIVE 

TIN & COPPER MINE, 
CALLED 

TREVASKUS 
Situate in the Parish of Girwinear, 

IN THE COUNTY OF CORNWALL, 

Worked and carried on under or by virtue of several Setts or Licences for several terms of 21 years, of which 
16 are unexpired, and the liberties, licences, powers, and authorities thereby granted. 

AND ALSO, THE 

Steam-Engine, 
WHICH IS NEARLY NEW, 

‘And of the best construction, and having a 60-inch Cylinder, together with the Stamps and the various other 
Machinery, Materials, Halvans and effects, now being, upon, and belonging to the said Mine, and together 
with the use of the Burning-House and other Buildings, which have been erected for the use of the said Mine. 

And at the same time, will be offered for Sale, the SETT or LICENCE of the PROMISING PIECE 
of GROUND which adjoins the Trevaskus Mine on the East, but is ‘as yet unworked by the Adventurers, who 
have only recently obtained the Sett which is granted for a period of 21 years. 

This Piece of Ground is considerable in extent, and as regards its appearance and situation, is a desirable 
and valuable appendage to the Treveskus Mine. 

That the Ore which has been produced from this Mine is of a superior and the finest quality, is well 
mown and its yalue is fully appreciated at the public Ticketings, where it always fetches a high price. 

The Mine has been worked by a highl seepociaele and responsible Company of Adventurers, at an 
outlay of upwards of £32,000 ; and £16,000 worth of Ore and upwards have been raise within about a period 
of five years. 

Several of the present Adventurers consider the investment so desirable, that they are anxious to 
continue their interest in the Mine, and they will take shares in any Company that may be formed. 

Further particulars may be obtained on application to Capt. JOHN LEAN, on the Mine, and at the 
Offices of Messrs. SHUTTLEWORTH & SONS, No. 28, Poultry, London; or from 

Messrs. PAUL, SMITH, §& ROBERTS, 
SOLICITORS, TRURO. Dated June 14th 1841 
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Figure 6. Winding machine engine house, Le- 

vant mine, 1894. Collection of the Royal County 

Museum of Truro. Photo by Hebert Hughes. 

lescents of 12 or older were hired as bal-maidens to hammer rocks 

into half-inch pieces. The Consolidated Mines in the parish of Gwen- 

nap paid 12 to 14-year-old girls 12 shillings a month. 

By the late 1850’s, high-grade copper was pinching out in Cornish 

mines, while at the same time vast copper deposits were being dis- 

covered on Lake Superior and in Chile. Adventurers thought tin pro- 

duction would see them through, but the discovery of extremely rich 

tin deposits in Bolivia and Malaysia brought Cornish mining to its 

knees. As hundreds of mines in western Cornwall shut down, miners 

had but two options—stay in misery and unemployment, or emigrate 

to countries rich in minerals and in need of trained miners. L. L. 

Price of the Royal Statistical Society stated that by 1888, “one-third 

of all miners had left Cornwall for good.” 

The majority of miners were full-time professionals within whose 

ranks a two-tiered hierarchy existed. The largest group was the trib- 

uters, a corps of elite, self-employed miners whose reward was a 

fraction of the ore they extracted. They paid mine management for 

the powder (explosives), dips (tallow candles) and other materials 

they used. These fiercely proud individuals would climb to grass each 

night carrying heavy drill-steels to be sharpened by the tool-smith at 

the miners’ expense. 

Miners were also required to make monthly contributions to the 

mine surgeon and to the welfare fund. Some mines had a death club 

that paid a miner’s widow one shilling from every man working in 

the mine. The accident club, financed by miners, paid five shillings 

a week until the injured miner was determined fit, or for life if he 

Figure 7. Broadsheet of the pending sale of the 

Trevaskus tin and copper mine and its steam 

engine, June 14, 1841. Courtesy: Royal County 

Museum of Truro. 
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Figure 8. Cathedral Room in the South Con- 

durrow mine, 460 fathoms (2,760-foot level), 

1890’s. Collection of the Royal County Museum 

of Truro. Photo by J. C. Burrow. 

was blinded. Should the mineral lode lean-out (become unprofitable), 

the miners could well end the month in debt. 

The second group of mine workers were the tut-workers, who were 

paid weekly as laborers. These men ranged from underground laborers 

to specialists at sinking shafts, raising winzes and timbering. As 

contract workers, they were certain of payment for their efforts, quite 

in contrast to tributers, who depended upon good fortune for income. 

Other important mine employees included the aforementioned bal- 

maidens or spalling girls. These young women worked at the surface, 

usually on ore-dressing floors, breaking down rocks to smaller sizes 

acceptable to mills and smelters. Some bal-maidens cobbed ore by 

breaking off richer pieces from the gangue waste. These “comely” 

young girls wore large, floppy white bonnets that were tied at the 

throat with a bow, black long-sleeved blouses, and white skirts to the 

ankle. Depending upon the assignment, the girls used short-handled 

hammers, shovels, or wheelbarrows. Mines hired as many as 100 

girls from lists of eager applicants. Bal-maidens were said to be 

healthy, reliable and hard-working. 

Health of Miners 

The health of Cornish miners, working in what was called the 

“sunless hell,” became so bad that a number of doctors made studies 

to determine the exact causes of their poor health. Eventually remedies 
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were effected that greatly improved life in the mines. About 1885, 

Dr. A. E. Permewan issued a report to the Cornwall County Council, 

that included the following observation: 

Doctors had claimed that 600 out of every 1,000 Cornish miners 

died of consumption; the Cornish miner was exposed to certain 

evils which shortened his life; one special illness was “miner’s 

complaint” which combines bronchitis, emphysema, and loss 

of elasticity of the lung, fostering tubercular disease which ends 

quickly in death; before the man-engine and gig [small man- 

elevator] were invented our Cornish miners were constantly out 

of breath from climbing; many miners walked in wet clothes 

from the shaft to the changing house in the teeth of the keen 

ocean air; it was frequently too expensive to pump fresh air 

into the ends of long tunnels. Some air was so bad that candles 

repeatedly went out; miners ate poor-quality food, heavy hog- 

gans [vegetable and fish or meat and potato pies] that could 

fall ten fathoms without breaking. 

Dr. Permewan concluded his report: 

Working conditions today have greatly improved; most mines 

now have clothes-changing houses called “drys” which are 

connected to the shaft so that wet miners no longer walk in the 

wind. 
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Figure 9. Worker loading a wheelbarrow with 
arsenic crystals at Tolvadden, Cornwall, 1890. 
Note cotton swabs in worker’s nose for pro- 
tection against deadly dust. Collection of the 
Royal County Museum of Truro. 

Figure 10. Cornish bal-maidens (women who 

crushed ore by hand with bucking hammers), 

1890’s. Collection of the Royal County Museum 

of Truro. 

ie 

cad 

Before the introduction of dynamite, many miners were seriously 

injured or killed by premature explosions. One culprit was the pro- 

hibited practice of tamping black powder into drill holes by using the 

reverse end of a drill-steel instead of the prescribed copper tamping 

bars. Miners made fuses by filling straws or goose quills with black 

powder. (Where formerly miners suffered fractured skulls and many 
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were blinded, now the more stable dynamite either kills or does no 

hurt, and injuries to eye and head have been greatly reduced.) Sick 

clubs to which the miners contributed were established in every mine. 

Dr. Permewan considered it a point in favor of the miners in that “as 

a class they are temperate, and cases of drunkenness are rare.” 
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Figure 11. Miners deep in the Cook’s Kitchen 

mine, Camborne, ca. 1910’s. Collection of the 

Royal County Museum of Truro. 

Poisonous Arsenic 

As early as the 1810s, Cornish mines began producing ores rich in 

arsenic. An arsenic works was established at Falmouth in midsummer 

1812 by Dr. Richard Edwards, a physician and chemist. By 1844, 

four arsenic works were active in the Carnon Valley. The largest works 

had seven large chimneys and two very high stacks to help carry away 

the extremely poisonous and voluminous white smoke and the ac- 

companying stench, said to be like garlic. A celebrated legal case was 

tried in 1851 (verdict unknown) because of the deaths of cattle and 

other animals from eating poisoned herbage downwind from the stacks. 

In 1874 the Botallack Arsenic Works was built, consisting of a half- 

dozen circular kilns, each 3 feet in diameter. The ovens were connected 

to 72 arched chambers with many orifices in their connecting walls, 

giving the deadly fumes a distance of 374 yards in which to deposit 

white arsenous oxide crystals. After the crystals had cooled, workers, 

“protected” by wads of cotton stuffed into their nostrils, dismantled 

sealed doors and entered the chambers. Using shovels to knock the 

arsenous oxide crystals from walls and ceiling, they shoveled the 

white powder into wooden wheelbarrows. It is said that arsenic workers 

lived no more than two years after employment. 

The destructive Mexican boll weevil invaded the United States in 

1892, laying waste to large cotton-farming areas in the southern and 

southwestern states. Arsenous oxide powder from Cornwall was 

widely used as an insecticide in combating the weevil. No arsenic 

flues are operating in Cornwall today. 
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Mine Accidents 

During the 19th century, serious mine accidents occurred with 

distressing frequency. Those involving only injuries or a few fatalities 

are largely unreported in the literature. The following incidents are 

some of the more unusual or spectacular: 

On April 10, 1863, a serious accident occurred in the Botallack 

mine’s Boscawen’s shaft. At that time, gig rails descended to the 190- 

fathom (1,140-foot) level in the shaft inclined at 32°. With eight men 

and a boy aboard, the hauling chain broke, sending the gig to the 

bottom of the shaft and killing all aboard. A contemporary broadsheet 

of the time wrote: 

Each one was injur’d fearfully. 

Bruis’d, broken, smash’d and dead; 

A sickening spectacle! For some 

had lost part of the head. 

On January 5, 1872, a newly greased tram-wagon at the Botallack 

mine was set in motion by violent winds above the cliffs, causing the 

wagon to run away down a near-vertical ore-haulage incline, smashing 

into a small shed and seriously injuring three bal-majdens. Post- 

accident regulations must have been effective, for no additional ac- 

cidents to trams were reported. 

A “disastrous calamity” took place on February 29, 1875, at the 

Unity Safety Fuse Works at St. Day, Cornwall. In an explosion, five 

The Mineralogical Record, volume 24, July-August, 1993 



Figure 12. Bournonite with quartz, 6.7 cm, 
from the Herodsfoot mine, Liskeard. Collection 
of the Natural History Museum, London (Lud- 
lam collection). Photo by Frank Greenaway. 

Figure 13. Metatorbernite on altered granite, 

10 cm, from the Old Gunnislake mine, Cal- 

stock. Collection of the Natural History Mu- 

seum, London (Russell collection). Photo by 

Frank Greenaway. 

Figure 15. Cassiterite on topaz, 5.5 cm, from 

Trevaunance, St. Agnes. Collection of the 

Royal County Museum of Truro (Philip Rash- 

leigh collection). Photo by Frank Greenaway. 

Figure 14. Connellite needles up to 8 mm, from 

the United mines, St. Day, Gwennap. Collec- 

tion of the Natural History Museum, London. 

Photo by Frank Greenaway. The furious blast of death did come, 

To haste their souls away; 

Their mortal frames lie in the tomb, 

Sleeping till the last day. 

But the fire made them a grave, 

What horror and what woe. 

people were killed and a number injured. The following verse was 

written by Thomas Morris as a memorial to the dead: 

Again we’ve heard of saddening news, 

And five have lost their breath; 

At the factory of the safety fuse, 

They met with sudden death. 

In 1888 the Old Wheal Drea mine filled with water to the collar 

and was abandoned. Richard Boyns, surveyor for the neighboring 

Wheal Owles mine and also purser of Botallack, attempted to keep 

newly developed workings at Owles a safe distance from Drea, now 

Last Saturday it did take place, the “house of water.” His mine plans showed that 16 fathoms (96 

The powder it did explode; feet) of solid rock protected his mine from Drea’s nearest approach. 
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Figure 17. Fluorite on quartz, with chalcopy- 

rite, 13 cm, from the West Caradon mine, St. 

Cleer, Liskeard. Collection of the Natural His- 

tory Museum, London. Photo by Frank Green- 

away. 

Figure 18. Chalcophyllite, in hexagonal plates 

up to 5 mm, from Wheal Unity, St. Day, Gwen- 

nap. Collection of the Natural History Mu- 

seum, London (Talling specimen). Photo by 

Frank Greenaway. 

Figure 19. Chalcocite on calcite, 7.1 cm, from 

the Levant mine, St. Just. Collection of the 

Natural History Museum, London (Semmons 

collection). Photo by Frank Greenaway. 
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Figure 20. Liroconite on strashimirite, 2.1 cm 
(largest known crystal of species), from Wheal 

Gorland, Gwennap. Collection of the Royal 

County Museum of Truro. Photo by P. Ban- 

croft. 

But on January 19, 1893, at 8:45 a charge was fired on the Owles’s 

65-fathom level, which accidentally holed into the water-filled Drea. 

Instantly a vast body of water burst into Owles, where 40 men were 

at work, and then cascaded down shafts to lower levels. The Owles 

was completely flooded to the collar in 30 minutes. Survivors reported 

a thunderous noise and hurricane of wind that blew out candles. In 

darkness and terror men raced for their lives, some attempting the 

ladder-roads to the surface 390 feet above. Twenty miners died in the 

flood and their bodies have never been recovered. The Wheal Owles 

remains their grave. In the trial that followed, it was shown that Boyns, 

a self-educated surveyor, had, over the years, failed to make allowance 

for magnetic variation. The continuing error had kept miners off course 

until they holed into the “house of water” with disastrous results. 

Boyns, by now a very sick man, was found guilty and fined 15 pounds 

sterling (about $500 in today’s money). 

The Levant mine had a man-engine that was a German invention, 

akin to a pump rod (see vol. 17, page 8, for an illustrated example). 

Miners using a man-engine ascended and descended by stepping onto 

and off platforms of a reciprocating engine rod. In 1919, the fitting 

at the top of the rod broke and 31 men were killed when they plunged 

to the bottom. 
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Figure 21. Ludlamite on quartz; the largest 

crystal is 1.2 cm, from Wheal Jane, Kea. Col- 

lection of Paul Lowe. Photo by Arnold Fisher. 

Figure 22. Cuprite on goethite, in crystals up 

to 1 cm, from the Phoenix mine, Linkinhorne. 

Collection of the Natural History Museum, 

London. Photo by Frank Greenaway. 

Figure 23. Calcite on galena, 13 cm, from 

Wheal Wrey, Liskeard. Collection of the Nat- 

ural History Museum, London (Talling speci- 

men). Photo by Frank Greenaway. 



Figure 24. Sketch of Botallack mine as it prob- 

ably looked in the 1860’s. By Nick Talbott, geo- 

logical draftsman for South Crofty mine. 

The Botallack Mine 

Cornwall has many great mines, and Botallack was one of the most 

famous. Botallack was selected as the example to feature in this article 

because of its history, ore production, machinery, and exceptional 

crystals and because the mine was, until recently, still open, permitting 

us to investigate some of its underground workings. 

LOCATION 

The Botallack mine is located north-northwest of the town of St. 

Just, on the western tip of the Cornish peninsula. The mine is situated 

near the prominence called Botallack Head, which projects into the 

ocean about a mile north of the town of St. Just. The immediate district 

includes the Levant mine (to the north), the Geevor mine (to the 

northeast), the Carnyorth mine (to the east), Wheal Owles (to the 

south) and the St. Just United mine (to the southwest). Specific sites 

along the coast include Jowl Zawn, Wheal Cock Zawn, The Crowns, 

De Narrow Zawn, and Zawn a Bal. 

HISTORY 

Probably the first mining at the Botallack cliffs was during medieval 

times, but the oldest surviving record is a letter dated January 1754. 
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It was written by John Maddern of St. Just to William Usticke at 

Castle Yard in London, to say: “Botallack adit goes on pretty well.” 

During Botallack’s early years, especially when the world market 

was depressed, mine management used every possible scheme to sell 

tin. One of the more interesting occurred in 1843, when Stephen 

Harvey James and Richard Davey instructed Dixon & Company of 

Sheffield to make a dinner service of pure tin (the exact words were 

“as full of tin as possible consistent with hardness”). The intention 

was to induce mine agents and others to follow the example and so 

to stimulate the demand for tin. A Botallack Plate service cost less 

than 50 pounds sterling. One service that had been in almost constant 

use for thirty-four years showed no scratches, antimony having been 

used as a hardener. Stephen James claimed the tin dinner sets were 

“clean and sweet, and serviceable in every respect; and that they were 

undoubtedly a good investment if only for the saving of crockery.” 

During the 18th and 19th centuries, rich Botallack lodes produced 

enormous quantities of tin, copper and arsenic. Collins noted that, by 

1865, miners were working 220 fathoms (1,320 feet) below adit. The 

Botallack became one of the most colorful mining scenes in the British 

Isles. Its pumping engine perched atop Crowns Rock. On the side of 
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PENDEEN 

BOYALLACK 

Figure 25. The Botallack mine area (from Bar- 

ton, 1963). 

the cliff, another engine operated the whim-winder that ferried men 

and ore in an iron gig up and down the Boscawen’s incline shaft. The 

shaft’s entrance was but 30 feet above tide level and was frequently 

flooded by the sea during winter storms. 

A fascinating description of the Botallack mine was published in 

1855 by J. N. Leifchild in his Cornwall, Its Mines and Minerals. The 

following excerpts are presented exactly as they were written. 

Botallack mine is really one of the greatest sights in Cornwall 

in connection with bold scenery and magnificent marine views. 

It is a copper mine; but tin and iron are found there. It is 

established at the western extremity of the great copper and tin 

lodes, running eastward through Cornwall as far as the Dartmoor 

Hills. If you know veins by sight, you may trace them running 

along the rocks into the sea. 

When first established, the capital expended must have been 

very large, since the natural difficulties greatly increased the 

ordinary expense of erecting mining machinery and mining gear. 

The separate parts of an enormous steam engine were lowered 

200 feet down the almost perpendicular cliff. 

To gain entrance to the sub-oceanic excavations in this ex- 

traordinary mine is no slight matter. You have to pick your way 

down to a small counting-house, erected on a cliff half-way 

between the summit and the ocean. Having obtained permission 

and guidance, you attire yourself in woolen mining dress, and 

putting on a large felt hat, and tying three or four candles to 

your buttonhole, while you will have to carry another lighted 

in the hand, you enter the trapdoor entrance to the mine. Over 

the dark vacuity beneath, you see the loaded kibble [bucket] 

rushing past its descending companion. As you descent, you 

depend upon candles alone, which throw but a faint and mocking 

light into the gloomy abyss below. Down the ladders. Another 

ladder? Yes, another and another! At the bottom you are in one 

of an apparently endless series of galleries terminated by dismal 

trap-holes, which lead to nothing but headlong destruction. 
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Your progress in a mine is never equal or familiar, but is 

ingeniously compounded by walking, stooping, crawling, 

crouching, descending, climbing, creeping, and grumbling. 

Pray, have no fear of those unknown abysses, but thinly 

covered over with planks, which you must cross now and then 

in these levels. True the planks are shaky and slippery and 

slight, but the quicker you get over them the better. And now 

you see miners with short pickaxes labouring at the ore. 

Your guide informs you that, “Proud moment, you are now 

four hundred and eighty feet under the ocean—why, boats and 

vessels are sailing over our heads—a situation never to be 

enjoyed in any other mine.” 

Let us look at our metallic ceiling—lift up the candles that 

are going at a galloping consumption. What makes the rock so 

damp and dripping here? Pray, guide, how many feet, do you 

think, of thickness of rock we have between us here and the 

sea? “Why, gentlemen, I should say about three or four feet 

where that wooden plug preserves the development of a positive 

hole upward to the ocean.” But listen—yes! It comes, the heavy 

roll of the large boulders, the ceaseless grinding of the pebbles, 

the fierce thundering of the billows, placed a tempest in its 

most appalling form too vividly before us ever to be forgotten. 

We retreated affright. The miners seem to have perfect confi- 

dence that the rocky shield, thin as it is in some parts, will 

defend them against the incursion of the Atlantic. 

At the counting-house, gallons of water are awaiting us, and 

tallow, mud, ooze, and iron-rust all give way to the application 

of soap. Off go our miner’s caps, and woolen jackets, and wide 

inexpressibles, and away we go, fanned by the refreshing breeze 

of that ocean, the echo of whose sound we have fearfully heard 

under its depths. 

Until the middle of the 19th century, the Botallack mine was rel- 

atively isolated from the rest of the world. The trip from London by 

stage took 12 days. Then, in 1859, Brunel’s Great Western Railway 

was built into Cornwall, and London was just one day away by train. 

Botallack rapidly became one of Cornwall’s greatest attractions, and 

over the following years, thousands of tourists took the “joy ride” in 

the mine’s gig down the shaft and then trammed in mine cars through 

tunnels out under the sea. 

Of great local interest was the visit of the Prince and Princess of 

Wales (later to be King Edward VII and Queen Alexandra) to Botallack 

in 1865. When the royal party alighted at the bottom of the shaft to 

begin its tour, Mine Captain John Boyns remembered to his dismay 

that he had forgotten his gloves. He knew it would be unthinkable to 

offer his bare hand to the royal lady in time of need. When that time 

arrived, he wrapped his hand in a piece of newspaper and hastily 

offered her assistance. Thinking he was presenting her something to 

read, she attempted to scan the paper. Captain Boyns was forced to 

explain his difficulty, upon which the Princess burst into laughter, 

threw away the paper, and took the ungloved hand of her loyal but 

embarrassed subject. 

Records of Botallack production during its long periods of operation 

are very incomplete. Frequently, ore tonnages and records of em- 

ployment that supposedly referred to Botallack, were, in fact, com- 

posite figures that included other nearby mines under the same own- 

ership or management. 

J. H. Collin’s statement of Botallack production seems to be ac- 

curate. From 1836-1895, mined ore brought the following sums: tin, 

£829,664; copper, £220,701; and arsenic, £6,481. 

Mining continued at Botallack with varying degrees of success until 

June 1895, when the combined effects of mine flooding from the 

influx of seawater and low world metal prices caused its closure. As 

a sign of poor times, the adventurers had received no dividends in 

the last 22 years. During the next decade, unemployed miners hand- 

picked the dumps and upper levels of the mine, earning an estimated 

£30,000. 
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Figure 26. Surface plan of the Botallack mine (Noall, 1972). 

In 1908 a new, modern mining company was formed to exploit 

greatly increased metal prices and the remaining metalliferous riches 

in the sett. The new company, The Cornish Consolidated Tin Mines, 

Ltd., under the directorship of Francis Allen, was floated with a capital 

of £150,000. It was not a success, and ceased trading in March 1914, 

just prior to World War I. Most of the new venturer’s capital was 

dissipated in the mis-sited and costly Allen’s shaft. 

In recent years, Geevor Tin Mines, Ltd. acquired a mining lease 

on the Botallack mine. Work was commenced on clearing and refur- 

bishing the Allen’s shaft and sampling the mine’s ore. The intention 

was to raise an inclined shaft from the bottom of Botallack to the 

surface near the operating Geevor ore-dressing mill. Geevor Tin 

Mines, Ltd., also acquired rights to the old Levant mine complex 
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located between Geevor and Botallack. More than 500 miners worked 

the three mines vigorously, and good production, plus a high tin price, 

brought the company record profits. But in 1985 the world tin crash 

dropped tin prices by nearly half overnight, ending any possibility 

that Geevor had much of a future. The only good news was that, at 

least for mineral collectors, some excellent.mineral specimens were 

salvaged before the mines closed. 

OUR VISIT 

Underground at Geevor 

We spent a day in the Geevor mine, accompanying mine Captain 

Alan.Brewer on his daily rounds. Knowing of our desire to visit old 
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Figure 27. Section through the workings of the 

Crowns Lode, Botallack mine; orebodies are shown 

cross-hatched (from Embrey and Symes, 1987). 

underground workings, Brewer modified his routine so we could ex- 

plore some of the more remote sections of the mine. 

Captain Brewer knew the Geevor mine like a book, having spent 

more than 30 years in and about the premises. He had survived many 

close calls, but nearly lost his life in 1970. With shift boss Garfield 

Geach, Brewer had entered a crosscut on the 19th level (1,300 feet 

down) to detonate a hung (misfired) round left from the previous shift. 

He successfully shot the round, and the blast breached into the flooded 

Boscaswell mine nearby, releasing a nearly disastrous torrent of water 

into Geevor. The two men were swept three-quarters of a mile down 

the tunnel by waist-deep water to the old Wethered shaft, where they 

were able to grab onto ladders and climb to safety. No lives were 

lost, as the two men were the only ones underground at the time. 

For six hours we followed our fast-moving guide through a labyrinth 

of shafts, tunnels and stopes. We climbed over piles of blasted debris 

and scrambled down slippery galleries, steadying ourselves on im- 

provised wooden platforms while hanging a tentative boot over a jet- 

black abyss to gain a foothold on an iron chain or slimy rope ladder. 

Occasionally we entered small stopes where men were operating pneu- 

matic drills that produced noise levels well above the threshold of 

pain. Some miners worked more than a mile from the nearest shaft 

station, carrying their drill-steel, blasting materials and mining equip- 

ment with them and then manhandling it up into the working stopes. 

After walking through more than 2 miles of mine tunnels, back we 

came to a great black steel door weighing many tons, which once 

effectively sealed off Geevor while Levant was being dewatered. The 

rusty door was seldom used, so we had to locate a drill-steel to pry 

it open before we could advance into Levant country. We were now 

1,400 feet below the surface and out under the bed of the Atlantic 

Ocean. On the way back, we came to the old Levant shaft. Leaning 

out into the shaft and looking upward, we could see the faint glimmer 

of the sky 1,400 feet above. Brewer soberly reminded us that until 

the 1880’s, Levant miners climbed to and from grass each day on 

ladders in this shaft. 
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Back in Geevor, we entered the “old men’s” section, which was 

last worked in the mid-1860’s. There the ladders were so bad we 

began using our safety ropes. In many areas it was necessary to move 

through small, twisting passageways on hands and knees. All surfaces 

were coated with wet, reddish Geevor slime. At one place progress 

could only be made over a huge rock by climbing hand over hand up 

a thick 60-foot rope bolted to the ceiling above. At the top, a tunnel 

exited into a huge chamber, perhaps 80 feet high and at least 50 feet 

wide, with part of its floor filled with a black pool of water of unknown 

depth. 

While waiting for the cage to return us to the surface, we discussed 

places in Geevor that had produced fine crystals. The Coronation lode 

around levels 9 to 18 is interlaced with limestone lenses in which 

were found large numbers of fine calcite specimens, some in asso- 

ciation with ferruginous quartz. In various levels, especially level 17, 

many interesting calcite crystals were discovered associated with pyrite 

or marcasite in a wide range of crystal habits and colors. The North 

Pig lode recently contributed a number of attractive, steely lustered, 

elongated hexagonal twin crystals of chalcocite. In 1979, the Grenville 

lode produced some superb hexagonal chalcocite plates with beveled 

edges. More recently, the North Pig lode yielded chalcocite specimens 

associated with bornite and tennantite, some of them also coated with 

black, powdery uraninite. 

The Botallack Surface Works 

The old horse-drawn tramway, which connected the cliff-top mines 

of Wheal Edward, Wheal Drea, Wheal Owles, Wheal Hazzard, Bo- 

tallack, Parknoweth mine, Wheal Cock and others, also passed the 

charming granite Botallack manor farmhouse. Though the tram no 

longer operates, the manor house with its door lintel dated 1642 still 

stands, along with other old buildings, some in sad need of repair. 

At Botallack mine, Allen’s shaft is topped by a modern steel head- 

frame that stands ill at ease among the mining relics of yesteryear. 

Nearby, open and still explorable, is a multi-layered labyrinth of 
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medieval-age tunnels known locally as “tin floors.” Walking toward 

the cliff on a narrow trail, we passed over an unroofed concrete floor, 

the remains of the ore treatment buildings, and under the central arch 

flue that carried poisonous arsenic waste gasses to the 100-foot-high 

terminal stack perched high on the cliff’s edge. To the west beyond 

the stack are a series of old granite engine-houses of the Owles, 

Edward, and Drea mines. Beyond is the solitary stack of Cape Corn- 

wall United Mines, and another a few miles farther west is the Long- 

ships Lighthouse resting precariously on a pile of phonolite (green 

volcanic rock). Thirty miles farther west are the Isles of Scilly, and 

another 3,000 miles farther is the Statue of Liberty. 

The path dips steeply downward past great, jagged wreaths of 

hornfels and metabasite showing interesting effects of metasomatism 

and metamorphic alteration. We finally reached the old whim steam- 

engine house that, until 1885, alternately wound either the man-gig 

or an ore tram to and from the famous diagonal (inclined) Boscawen’s 

shaft. Around the cliff we came to the Crowns, the site of a mid- 

19th-century pumping engine. 

In the same area there are numerous lenses and veins containing 

streaks of pure copper. Inside the Wheal Hazzard adit, crystalline 

paratacamite and good quality heulandite specimens are found in 

treacherous ground. Seen along the cliff face are well-developed ex- 

posures of prehnite, axinite, and various altered silicates, as well as 

pillow lavas, volcanic bombs, invertebrate fossil debris and amygdules 

of calcite and zeolite material—a strange assemblage! Just above 

Crowns, 19th-century miners earned “beer money” risking their necks 

to hammer out splendid gemmy almandine garnets. 

Underground at South Crofty 

The last of our underground mine visits in Cornwall was at South 

Crofty. This mine is not open to tourists, so we felt privileged by the 

invitation to “go down South Crofty.” Our guide was Nick Talbot, a 

personable mine surveyor, local mining historian, advanced mineral 

collector, and unusually talented artist. 

The South Crofty, located between Camborne and Redruth about 

25 miles northeast of Botallack, was formerly known as the Huel 

Longclose and Huel Dudnance copper lodes. It later became the New 

Cook’s Kitchen mine and in 1894, was acquired by South Crofty. 

Today, the bottom operations in South Crofty are at 510 fathoms 

(3,060 feet) and are as deep as Dolcoath— “deepest and queen of 

Cornish mines.” During its 300 years of operation, South Crofty 

developed an underground maze of tunnel with a total length of more 

than 100 miles. 

After donning work clothes, gum boots, hard hats, electric lamps, 

catalytic breathing units and safety lines, as well as picks and collecting 

bags, we boarded the Robinson’s shaft cage. We shared our cramped 

space with a maintenance crew, feeling much like tightly packed 

sardines as we dropped into blackness. For the next few minutes our 

cage jerked and rattled as we were subjected to repeated blasts of cold 

air and a steady shower of water spraying through our overhead safety 

screen. 

Our cage stopped at the 2,280-foot level in an uncomfortably hot 

and humid atmosphere. We immediately removed our work coats and, 

following Nick Talbot, walked out into an area of the mine known 

as the Roskear lode. Our tunnel led us to a well-lighted station that 

also was the top of a long, steep incline. On slippery steps we walked 

down to the 2,520 level, which is actually in the old Dolcoath sett. 

About 300 feet from the bottom station, we came to the end of a 

tunnel where miners were drilling in the face. High temperatures, 

dripping water, and a constant din from rock drills produced working 

Conditions that seemed nearly unbearable. Miners were stripped down 

to red-stained undershirts, ““Y-front” pants, ear protectors, hard hats 

and gum boots. Everything was covered with a red hematitic slime, 

creating an eerie scene in the semi-darkness. We were told that the 

long-hole drilling technique being used required large amounts of 

powder (dynamite), which when detonated rattled cups and saucers 
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alarmingly in the homes of Tuckingmill and Camborne half a mile 

above. In the ceiling of a side tunnel we discovered clusters of sparkling 

cassiterite crystals, which we barred down with drill-steel. It wasn’t 

long before our eyes were filled with red sweat. 

Next, Talbot led us up and down through levels that in years past 

had produced notable specimens of copper, bismuthinite, cassiterite, 

cuprite and chalcocite. It was especially interesting to crawl into some 

of the more ancient parts of the mine in ground belonging to past 

mines with names immortal to mining history, such as Dolcoath and 

Cooks Kitchen. 

Six hours later we were hoisted to the surface. Within minutes we 

entered the change room and took a hot shower, that in the parlance 

of local miners, magically “transformed red Indians into white men.” 

We were now ready to relax with a cup of hot, sweet tea. 

MINERALS 
The Botallack sett, together with its closely associated mines, such 

as Wheal Cock, Wheal Owles and Wheal Edward, plus the cliff 

exposures, have produced a large range of mineral species, many of 

them found as high-quality specimens. The suite includes rare species 

as well as others that are interesting for their unusual crystallizations. 

Botallack is the type locality for stokesite and botallackite, as well 

as the unique or first British location for several rare species. Numerous 

native metals or their compounds are reported, including arsenic, 

beryllium, bismuth, cobalt, copper, iron, lead, manganese, silver, tin, 

tungsten, uranium and zinc. 

Any listing of mineral species found in certain mines is bound to 

be incomplete. In the case of minerals from Botallack, several species 

reported in various journals now seem unlikely to have occurred there 

at all, and have been omitted. The following list comprises only extant 

Botallack material or species reported by accepted authorities. 

Actinolite Ca,(Mg,Fe** ),Si,0,,(OH); 

Numerous cliff and surface exposures, usually occurring as dark- 

green bladed to fibrous crystal aggregates. It is a common metamorphic 

mineral in this classic contact zone. 

Almandine Fe3* AL(Si0,), 

Fine, deep red, translucent trapezohedral almandine crystals oc- 

curring in a metamorphosed greenstone matrix have been collected 

from the mines and adjacent cliff exposures (Alderman, 1935). 

Analcime NaAlSi,O,-H,O 

Analcime was reported in the 19th century from cliff exposures 

(Collins, 1892); but Russell (1910) considered it unlikely. 

Aragonite CaCO, 

Aragonite was a fairly common local species, found in a very wide 

range of habits. It occurred as white, gray, red or bluish green globular 

concretions, and also in acicular or fibrous habits and fine hexagonal 

prisms, typically doubly terminated. 

Arsenopyrite FeAsS 

Arsenopyrite was found abundantly as an ore species (Greg and 

Lettsom, 1858), but few fine specimens seem to have survived in 

collections. The finest example, to our knowledge, consists of sharp, 

silvery, repeated twins (about 1.5 cm in size) intergrown with dark 

brown cassiterite on slate-hornfels matrix. This was a mid-19th century 
specimen from the John Jago Trelawney collection. 

Atacamite Cu,Cl(OH), 

Atacamite specimens commonly exhibit a misleading range of both 
colors and habits. Well-crystallized examples were commonly found, 
especially in the submarine sections of all of the district’s coastal 
mines. Exceptionally fine and well-crystallized specimens were noted 
at Botallack, Wheal Hazzard and Wheal Cock. 
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Augite (Ca,Na)(Mg,Fe,Al,Ti)(Si,Al),0, 

Augite occurs as small, dark greenish black crystals in the cliffs, 
and also in the Wheal Cock (and formerly the Parknoweth mine) dump 
materials. 

Axinite Ca,Fe** Al,BSi,O,.(OH) 

Large, choice, clove-brown, near-gemmy crystals of axinite that 

compare favorably to the classic Bourg D’Oisans material, occur in 

the cliffs at Stamps and Jowl Zawn. It is also reported from the 

Botallack mine and the Wheal Cock section (Greg and Lettsom, 1858). 

The material is notable for the range of crystallographic forms ex- 

hibited. Goldschmidt (1913) figures 16 Botallack axinites. 

Bismuth Bi 

Bismuth, in silvery metallic masses and sometimes small, crude 

rhombohedral crystals, usually occurs in a limonitic jasper (Greg and 

Lettsom, 1858; Wolloxall, 1989), 

Bismuthinite Bi,S, 

Tarnished dull-gray, lath-like crystals and acicular sprays of bis- 

muthinite, very inferior to the classic Fowey Consoils specimens or 

the recent bright South Crofty material, were found at Botallack and 

Wheal Cock. Specimens are preserved in the County Museum, Truro. 

Bornite Cu,FeS,, 

Numerous good specimens of bornite, some exceptional, are often 

associated with chalcocite, though, surprisingly, not tennantite, which 

was abundant at the Levant mine. Old specimens are labeled “eru- 

bescite.” 

Botallackite Cu,Cl(OH), 

Botallackite, which is trimorphous with atacamite and paratacamite 

(Hawthorne, 1985), was first described by Professor A. H. Church 

in 1865. The specimens were supplied by the Cornish dealer Richard 

Talling. Jealous of his source, Talling gave the location as Botallack 

mine, but in fact it was Wheal Cock, which later became part of the 

Botallack sett (Kingsbury, 1954). Botallackite forms thin crusts of 

pale green microcrystals. 

Brochantite Cu,(SO,)(OH), 

Brochantite is rare at Botallack, not having been reported in the 

earlier literature. However, a specimen is recorded in the catalog of 

the Natural History Museum, London. 

Brushite CaHPO,:2H,O . 

Small, white, monoclinic crystals of brushite are found associated 

with siderite at Wheal Cock (Wolloxall, 1989). 

Calcite CaCO, 

In general, calcite is a surprisingly uncommon species in Cornwall 

(Collins, 1892), no doubt due to the area’s paucity of fossil carbonate 

debris to supply the carbonate radical building blocks. The mines of 

the St. Just district, together with the nearby Levant mine at Trewell- 

ard, were celebrated for the beauty and diversity of their crystalline 

calcites. A noteable form, often in pale pink, rose or orange tones, 

locally called “roses,” was abundant. Frequently calcite was found 

at Botallack in association with crystalline chalcocite, chalcopyrite, 

pyrite or marcasite. 

Cassiterite SnO, 
Cassiterite occurs abundantly in many habits and associations, in 

all parts of the Botallack sett. It is typically brown to black, in crystals 

up to 5 mm (Russell, 1920). In general, the crystalline cassiterites 

from the St. Just mining region are inferior in both size and quality 

to the St. Agnes district. 

Chalcanthite CuSO,°5H,O 

This brightly colored secondary copper species occurs abundantly 

in the altered sections of all the area’s mines. Old specimens are 
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labeled as “cyanosite.” Since part of the copper can be replaced by 

cobalt, iron, manganese and zinc, visual identification is unreliable. 

Random P.D.X. examination of numerous locally collected specimens 

suggests a complete series, at least between chalcanthite and melan- 

terite (the iron analog). Recently collected, well-crystallized examples 

from old underground workings in Botallack, Wheal Edward, Wheal 

Hazzard, Wheal Cock and the nearby Levant mine demonstrate how 

quickly these species can form in a post-mining environment. 

Chalcocite Cu,S 

Numerous splendid specimens of chalcocite (usually labeled “cop- 

per glance”) were obtained from several of the lodes in the Botallack 

sett. A wide variety of habits, including prisms, unusual pseudo- 

hexagonal lenticular crystals and rarer twined forms, have been ob- 

served. 

Chalcopyrite CuFeS, 

Chalcopyrite is an abundant ore mineral, but surprisingly infre- 

quently encountered in old specimens from this area. This may be 

due to the early period of the mine sett’s primary copper production 

and also, perhaps, because collectors of the period preferred the very 

high-quality crystalline examples, in association with quartz from the 

Gwennap and St. Agnes areas. Most surviving Botallack specimens 

are of the “blister copper” type. 

Chlorite (Mg,Fe**),Al(Si,A1O,,.(OH), (?) 

Often a gangue mineral locally, the most interesting specimens of 

chlorite are those where it is an inclusion in quartz crystals (Russell, 

1910). 

Cobaltite CoAsS 

Sparse, massive, submetallic inclusions of cobaltite occurred in the 

skarn assemblage below the Crown’s engine house (Kingsbury, 1954). 

Connellite Cw Cl (SO) (OH), sr 

The 19th-century specimens of connellite were acicular to botry- 

oidal, bright blue to turquoise-blue and were misidentified as “tallin- 

gite” (Church, 1965b). Three years ago, during the Geevor Mines 

reprospection of Botallack, one of us (SW) collected choice, rich 

crystalline examples consisting of thick silky crusts of dark blue crys- 

tals overgrowing well-crystallized botallackite. 

Copper Cu 

Copper occurred abundantly in all parts of the Botallack sett. It is 

especially well known as mossy, arborescent and sheet-like masses 

(Wolloxall, 1989). It has also been found rarely as pseudomorphs 

resulting from the reduction of cuprite. 

Cuprite Cu,O0 

Many good cuprite specimens were obtained, especially in the 

mine’s earlier (shallower) period as a copper mine. Fine examples 

from the Rashleigh and other early collections were exhibited in the 

Royal Institute of Cornwall’s collection at the County Museum, Truro. 

Danalite Fe;* Be,(Si0,),5 

This rare beryllium silicate occurs sparsely in the cliffs of Chy 

Cornish Cove at Botallack, as resinous, reddish brown masses. It is 

almost indistinguishable from the associate skarns, and was found by 

accident by the geologist John Hart, who generously communicated 

his discovery to one of us (SW). Wolloxall (1989) reports masses in 

the cliffs at Wheal Cock Zawn. 

Devilline CaCu,(SO,),(OH),-3H,O 

Devilline is known from a recent rare find, though probably pre- 

viously overlooked, in association with other, more frequently oc- 

curring species in local mines. A specimen is recorded in the catalog 

of the Natural History Museum, London. 
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Figure 28. Malachite-coated copper wires, 15 

cm, from the Botallack mine, St. Just. Collec- 

tion of the Natural History Museum, London. 

Photo by Frank Greenaway. 

Digenite Cus; 

As with devilline, digenite is a recent rare discovery at Botallack, 

but again, probably previously missed. A specimen is recorded in the 

catalog of the Natural History Museum, London. 

Djurleite Ces 

Djurleite was previously thought to be an uncommon associate with 

chalcocite in Botallack and Wheal Cock specimens. However, a sub- 

stantial find of excellent supposed chalcocites during the Geevor re- 

prospection proved on investigation to be djurleite and/or djurleite 

pseudomorphs after chalcocite. 

Dolomite CaMg(CO,), 

Dolomite is an uncommon local species, but old specimens are 

known, often labeled as “pearl spar.” The best, in association with 

specular hematite, are very reminiscent of the North British material. 

Epidote Ca,(Al,Fe** ),(SiO,,),(OH) 

Well-crystallized specimens of epidote as thin, light green, radiating 

groups of crystals on dark hornblende rock in the Crowns rock are 

reported by J. H. Collins (1892). In fact, there are several local surface 

and cliff exposures, but they tend to be massive. Even today, crys- 

talline epidote is found exposed intermingled with garnet on Crowns. 

Erythrite Co,(AsO,),°8H,O 

Erythrite is rare at Botallack. Recently one of us (SW) collected a 

sample of massive cobaltite with powdery dustings from the Crowns. 

It is mentioned by Greg and Lettsom (1858). 

Fluorapatite Ca,(PO,,),F 

Fluorapatite has been found as small, prismatic, semi-transparent 

crystals in colors ranging from white through creamy to yellowish 
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green (Collins, 1892). The specimen in the Royal Institute of Corn- 

wall’s collection is embedded in chloritic gangue and is from the 

Wheal Cock section. 

Fluorite CaF, 

Fluorite was found relatively infrequently in all the local mines, 

but not as a common gangue species. 

Goethite a—Fe** O(OH) 

Goethite is an abundant and frequently well-crystallized species in 

all of the mines in this area. Botallack, and in particular the Parknoweth 

section, yielded particularly fine, lustrous, jet-black, botryoidal 

groups. Another local delight is the splendid, small radiating golden 

sprays of acicular goethite crystals extending from water-clear quartz 

found in cavities in the limonitic jasper. Also frequently encountered 

in matrix cavities are goethite pseudomorphs after sharp, well-crys- 

tallized siderite “bow-tie” twins. 

Hematite a-Fe,O, 

Hematite occurs at Botallack in the botryoidal (“kidney ore”) habit 

as well as specular hematite (Greg and Lettsom, 1858). Fine specimens 

also exist of the “nail head” habit, in association with crystalline 
aragonite. 

Herderite CaBe(PO,)F 

Herderite has been found just recently at Botallack, as rare, small 
specimens. One is in the collection of the Natural History Museum, 
London. 

Heulandite (Na,Ca), ,Al,(AISi),Si,,0,,:12H,O 
Heulandite commonly occurs in the rocks at cliff base, and is 

especially abundant in the Wheal Hazzard section, where it forms 
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small, translucent, pearly surfaces and clear to lemon-yellow colored 
crystals richly coating altered hornfels matrix. 

Langite Cu,(SO,)(OH),:2H,O 

Langite has, until recently, been a reported but not confirmed Bo- 
tallack species. Numerous good specimens were found during the 
Geevor reprospection in association with connellite, often overgrowing 
botallackite. 

Malachite Cu,(CO,)(OH), 

Malachite seems to have been mainly present during Botallack’s 

earliest pre-19th century working period as a copper mine. A nice 

botryoidal crystalline specimen labeled “green carbonate of copper” 

exists in the Royal Cornwall Geological Society’s collections. 

Magnetite Fees), 

Well-crystallized specimens of magnetite consist of small, octa- 

hedral crystals in hornfels. These are usually labeled “oxidulated iron” 

in 19th century collections. Less well-crystallized material occurring 

as veins and bands is fairly commonplace in the cliffs about Botallack 

and in the Crowns Rock, often in association with garnet, epidote 

and axinite (Robson, 1949). 

Manganite MnO(OH) 

Manganite was reported by J. H. Collins (1892) as occurring at 

Botallack in brilliant crystals. Only dump-collected examples from 

Botallack, Parknoweth and Wheal Cock have been seen by us. 

Natron Na,CO,:10H,O 

There is a specimen of Botallack natron listed in the catalog of the 

Natural History Museum, London. 

Orthoclase KAISi,O, 

Well-formed orthoclase phenocrysts are abundant in the dump ma- 

terial from the 1908-1914 Allen shaft. Occasional well-formed crystals 

in association with schorl and quartz may be found in vugs occurring 

in the pegmatitic phases of this material. The varietal form adularia 

occurs as small, sharp, lustrous crystals in the hornfels below Wheal 

Owles (Russell, 1910). 

Paratacamite Cu,(OH),Cl 

Good specimens of paratacamite were frequently found in crystals 

up to 1.5 cm, especially in the mine’s submarine copper lodes. In the 

past, atacamite and paratacamite were commonly confused due to 

their variability of color (Kingsbury, 1954). Excellent material, though 

not of comparable quality to the former Burra, Australia, or Atacama, 

Chile, specimens, was recently recovered from the Wheal Hazzard 

section during the reinvestigation of the Geevor mine. 

Pharmacosiderite KFe?* (AsO,,),(OH),:6-7H,O 

Pharmacosiderite occurred as infrequent apple-green to yellow 

cubes usually in association with arsenopyrite. 

Phenakite Be,SiO, 

Phenakite, a very rare Cornish species, was first mistakenly reported 

by Sowerby (1811) as “Argilla Electra” (white tourmaline). It occurs 

rarely as opaque white, small extended prismatic crystals associated 

with scheelite, cassiterite, chlorite and orthoclase below Wheal Cock. 

It has also been collected from the cliff section below Wheal Cock, 

and from the cliff section below Wheal Owles, where it occurs as 

brilliant, long prismatic crystals from 8 to 10 mm in size formed on 

quartz in association with adularia in cavities in veins of hornfels/ 

slates (Russell, 1920). 

Pitticite amorphous hydrous ferric arsenate-sulfate 

A specimen of Botallack pitticite is recorded in the catalog of the 

Natural History Museum, London. 

Prehnite Ca,AI1,Si,0,,.(OH), 

Translucent, pale green crystalline crusts of prehnite occur on horn- 
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fels in association with stilbite. It has been found in a cliff vein between 

Botallack and Wheal Cock and at the cliff base near Wheal Button 

(Greg and Lettsom, 1858). 

Pyrrhotite Fens 

Pyrrhotite was reported by Collins (1871) without giving further 

data. 

Quartz SiO, 

Quartz in numerous habits is plentiful in all of the mines of the 

Botallack sett (Collins, 1892). A fine-textured, quartz-rich jasper, 

frequently of lapidary quality, and ranging in color from yellow 

through chocolate-brown to black seems to be a gangue in this area. 

Splendid quartz crystals line numerous vugs. Frequently these crystals 

have imbedded goethite pseudomorphs (after siderite), specular hem- 

atite and, more rarely, surface schorl and/or chloritic inclusions. Veins 

and pockets occur with yellow or pale amethystine to violet-colored 

quartz in ferruginous-jasper. Opal of the non-gem “wood opal” variety 

has been reported. 

Rhodochrosite MnCo, 

Rhodochrosite is known from a recent surface find, but manganoan 

calcites (usually in association with iron/manganese jaspers) were 

commonplace, suggesting the presence of a continuous series between 

the formerly abundant red-colored manganoan calcite and rhodochro- 

site. The older specimens are labeled “diallogite” or “carbonate of 

manganese.” 

Schorl NaFe3* Al,(BO,),Si,0,,(OH), 

Schorl is acommon accessory mineral in the local granites. Pleasant 

specimens of schorl encapsulated in water-clear quartz, often extend- 

ing from the host prism, may still be collected from the Botallack 

dumps. 

Scheelite CaWO, 

Scheelite was formerly regarded as a rare species at Botallack, 

although collector Arthur Russell (1920) found excellent crystals to 

1.5 cm embedded in chloritic matrix at the Stamps and Jowl Zawn. 

In recent years one of us (SW) and the late Richard Barstow collected 

numerous crystalline and massive specimens from the Wheal Cock 

dumps at night with the aid of a portable ultraviolet lamp. Scheelite 

has also been collected most recently from the cliffs about Wheal 

Button. 

Siderite FeO: 

Siderite is a common mineral at Botallack, Wheal Owles and Park- 

noweth. Old specimens are usually labeled as “chalybite” or “spa- 

those” iron ore. It occurs in many habits including botryoidal, simple 

rhombohedrons (often with curved faces), and in complex aggregations 

of offset crystals. The color ranges from pale lemon-yellow to bright 

brownish red. 

Silver Ag 

Silver from Botallack is recorded in the catalog of the Natural 

History Museum, London. We are not aware of the present-day lo- 

cation of a definite Botallack specimen, or indeed of galena, which 

is also recorded. 

Skutterudite CoAs, 

Skutterudite was reported as a rare species by Collins (1871) but 

he may have confused it with cobaltite. 

Sphalerite (Zn,Fe)S 

Few extant specimens of Botallack sphalerite are known. The spec- 

imen in the Royal Cornwall Geological Society’s collection is very 

dark, possibly the ferroan variety. 

Stannite Cu,FeSnS, 

Stannite is found only infrequently now on the dumps, but was 
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Table 1. Important British collectors and dealers in 

Cornish minerals (listed chronologically). 

. Dr. Johann Joachim Becher (1635-1682) 

. Sir Hans Sloane (1660-1753), collector 

Dr. John Woodward (1665-1728), collector, author 

. Rev. William Borlase (1695-1772), collector, author 

. Robert Hoblyn (1710-1756), collector 

Dr. William Hunter (1717-1793), collector 

. William Pryce (1725-1790), collector, author 

. Philip Rashleigh (1729-1811), collector, author 

. John Stackhouse (1741-1819), collector 

. Rt. Hon. Charles F. Greville (1749-1809), collector 

. Count Jacques de Bournon (1751-1825), collector, author 

. Sir John St. Aubyn (1758-1839), collector 

. John Hawkins (1761-1841), collector 

. Charles Hatchett (1765-1847), collector 

. John [IV] Williams (1777-1849) and descendants, collectors 

. Edward Pendarves (1778-1853), collector 

. Sir Humphrey Davy (1778-1829), collector 

. Sir John Heuland (1778-1856), dealer 

. Joseph Carne (1782-1858), collector 

. George Croker Fox (1784-1880), collector 

. Robert Were Fox (1789-1874), collector 

. Alfred Fox (1794-1874), collector 

. John Lavin (1796-1856) 

. Robert Hunt (1807-1887) 

. John Garby (1812-1864) 

. Baroness Burdett-Coutts (1814-1906), collector 

. Thomas Light Richards (1816-1887), part-time dealer 

. Richard Talling (1820-1883), dealer, collector 

. Clement le Neve Foster (1841-1904) 

30. William Semmonds (1841-1915) 

31. Sir Arthur Russell (1878-1964), collector 

32. Arthur Kingsbury (1906-1968), collector 

33. Richard Barstow (1947-1982), dealer 
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reported as an uncommon ore species in the 19th century (Collins’s 

papers; Russell and Vincent, 1952). 

Stilbite NaCa,Al,S1,,0,,:14H,O 

Stilbite is mentioned in the early literature on the district (Carne, 

1822), but we have thus far failed to rediscover the presumed lost 

location. It is probably rare, but, in view of the existence of other 

zeolite species, it has a reasonable probability of occurrence. 

Stokesite CaSnSi,O,:2H,O 

Botallack is the type locality for stokesite, specifically Wheal Cock 

Zawn of Rose common cliffs. Stokesite was first described by Hutch- 

inson (1899) while researching the Joseph Carne (1782-1856) col- 

lection at Cambridge. The original single specimen is a crystal oc- 

curring On axinite and was cataloged as “selenite on axinite.” In 1975 

another specimen was found at Wheal Cock Zawn (Couper and Bar- 

stow, 1977). 

Torbernite Cu(UO,),(PO,),:8-12H,O 

Few known specimens of Botallack torbernite survive, although it 

was common at nearby Wheal Edward, and uraninite was, at one 

period, mined in Botallack (Collins, 1892). 

Tremolite Ca,(MgFe** ),Si,O,,(OH), 

Tremolite was reported by Collins (1871). 

Vivianite Fe;* (PO,).°8H,O 

Vivianite was reported by Collins (1871). 

Wolframite (Fe,Mn)WO, 

Wolframite at Botallack is not abundant or well-crystallized, but 
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Table 2. English museums having significant 

Cornish collections. 

. Natural History Museum, London 

. Royal County Museum of Truro 

. Camborn School of Mines 

. Penzance Geological Museum 

. Plymouth City Museum 

. University Museum, Oxford 

. Sedgewick Museum, Cambridge NDNA HBWN 

occurred massive and, infrequently crystalline, in association with 

crystalline cagsiterite in all parts of the sett. 

Woodwardite Cu,A1,(SO,)(OHO,,-24H,0 

A specimen of Botallack woodwardite is recorded in the catalog of 

the Natural History Museum, London. 
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Famous Mineral Localities 

THE RUSH CREEK DISTRICT, 
MARION COUNTY, ARKANSAS 

Dale Alan Richards 

7582 Quarry Road 

Alburtis, Pennsylvania 18011 

The miners of Rush Creek discovered smithsonite 

crystallized in an amazing variety of forms. According to 

one local journalist, “not a week passes that does not bring 

in [a smithsonite sample] different in color, texture, or 
weight from anything that has been found” (Shiras, 1916). 

INTRODUCTION 

The mountains surrounding Arkansas’ Rush Creek 

mining district are rich in zinc and history. At the 

center of the district lie the ruins of Rush, a mining 

town that grew, prospered, and eventually per- 

ished with fluctuations in the price of zinc. Those 

who lived and worked there always believed that 

the local mines were destined to become as fa- 

mous and prove as rich as the great deposits of 

Joplin, Missouri. Actually, the town found itself 

isolated within the Ozark Mountains, constantly fight- 

ing obscurity: The main product of the Rush Creek mines 

was zinc carbonate (smithsonite), which was removed in 

rather pure and colorful masses up to several tons in weight. During 

the boom years it was common to see smithsonite specimens lining 

shop windows, decoratively arranged on porches, and perched on tree 

stumps in miners’ front yards. 

Rush is located along the southern edge of the Ozark Plateau in 

north-central Arkansas. The White and Buffalo Rivers and their trib- 

utaries have slowly incised the plateau, carving a dendritic pattern of 

hollows into the land. River valleys are narrow and sinuous, with 

outer banks of meander bends often bounded by bluish gray limestone 

and sandstone bluffs up to 75 meters in height. Although relief is less 

than 250 meters, the hillsides are steep, bluffs numerous, and flood- 

plains small to absent, giving the area a rugged appearance. Valleys 

and ridges are covered by a thick forest consisting largely of white 

oak, hickory, walnut, pine and cedar. 

Although zinc and lead mineralization is widespread across the 

Arkansas Ozarks, mining activity was especially concentrated along 

the Buffalo River in southern Marion County, where the mineral- 

bearing Everton Formation has been exposed by erosion. As delineated 

by McKnight (1935), the Rush Creek district includes 15 producing 
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mines and numerous prospects lying within the lower 

Rush and Clabber Creek Valleys and along the Buf- 

falo near its confluence with these streams. Zinc 

was mined intermittently between 1886 and 1962, 

with activity reaching a peak during World War 

I. Over this time an estimated 47,000 tons of 

concentrates were shipped from the area (Stroud 

et al., 1969), accounting for about 40% of the 

total zinc output of northern Arkansas. Although 

such production figures didn’t often raise an eyebrow 

outside of Arkansas, the Rush Creek district was widely 

known as a producer of very pure oxidized zinc ores, es- 

pecially zinc carbonate. It has been estimated that 80% of the 

district’s output was smithsonite (Brichta, 1949). 

During the 1960’s and 1970’s many of the mines were under private 

ownership and collecting was tolerated. However, most of the Rush 

Creek district has since been included within the boundaries of the 

Buffalo National River. Both entry into the mines and mineral col- 

lecting are now prohibited. Between 1985 and 1987 fences were 

installed at the remaining mines as a safety precaution. 

HISTORY 

The early settlers of the Arkansas Ozarks overlooked zinc for quite 

some time. Aside from the fact that zinc had few practical uses in 

pioneer life, its ores carried low market values and were difficult to 

smelt. A small-scale smelting operation had been attempted at Cal- 

amine, Sharp County, in 1857 and again in 1871, but with little 

commercial success. Lead, on the other hand, was of great utility for 

the manufacture of ammunition. Galena had been identified in Marion 

County as early as 1818 (Schoolcraft, 1819), was locally mined and 

smelted before and during the Civil War, and was even used as a form 
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Figure 1. Mines and transportation facilities of 

the north-central Arkansas zinc and lead re- 

gion. Rush is located in the southeastern corner 

of Marion County. Dates denote the arrival of 

regular railroad service. 

of currency in some areas. 

Likewise, the prospectors who began to work their way across 

northern Arkansas in the 1870’s and 1880’s were largely indifferent 

to base metal ores. They had been lured by colorful legends describing 

lost Spanish and French mines of.silver and gold (which persist to 

the present day). Because the zinc and lead ores of the region have 

an extremely low precious metal content, most prospectors eventually 

moved on in disappointment, while others resorted to fraudulent 

schemes to make a living. 

Prospectors first became interested in Rush Creek in the late 1870’s, 

perhaps enticed by rumors of a lost Spanish silver mine in the vicinity 

(Hand, 1940). At this time, Rush was inhabited by a handful of 

pioneers farming small plots of bottomland and operating a grist mill. 

Several specimens of a glittering ore, known to the local residents as 

“flickers,” had been found around the Allen Setzer homestead. By 

one account, Setzer’s daughters came across the first “flickers” while 

searching for their cows (St. Louis Daily Globe-Democrat, 2 Septem- 

ber 1895). Setzer and several neighbors, including Andy George, Jim 

McCabe and Tom Alexander, teamed up with veteran prospector John 

Wolfer to work Setzer’s claim, dubbed the Morning Star. The ore was 

identified as zinc carbonate, but an assay incorrectly reported a sample 

to contain substantial amounts of silver. Based on this information, 

the group organized the Rush Creek Mining Company in 1886, and 
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contracted with two men from Joplin to build a small smelter on the 

site, which was completed in late December. A few days later a test 

charge was loaded in and the claimholders gathered around to watch 

the molten silver flow into the sand molds. According to local folklore: 

Old John Wolfer . . . was going around with his little bucket 

to catch the silver. The fumes riz up in the air and made the 

beautifullest rainbow you ever seed, but there wasn’t a drap of 

silver come out. (St. Louis Daily Globe-Democrat, 2 September 

1895) 

Wolfer recognized the brilliant display of multicolored fumes as zinc 

oxide vapor and cursed accordingly: “zinc, by thunder!” 

Not everyone looked upon zinc as an undesirable by-product. As 

the silver smelter was being constructed, two fledgling zinc mining 

firms were organizing within the district. By 1886 the Buffalo Zinc 

and Copper Company had sunk a shaft for the White Eagle mine at 

the mouth of Rush Creek. Sphalerite was encountered at a level 12 

meters below the Buffalo River, several tons of ore were piled up, 

and the small company town of Exeter was constructed. Organizers 

of the American Mining and Investment Company prospected the 

Clabber Creek Valley, opening the Philadelphia and Leader mines 

around 1887 and establishing a rival town, Rentschler. 

Meanwhile, Wolfer and the other claimholders of the Morning Star 
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Figure 2. Morning Star silver smelter in 1988 

following stabilization by the National Park 

Service. 

each sold their shares for several hundred dollars apiece. It was not 

long afterwards that the prospect came to the attention of a railroad 

survey party that had established a camp along Rush Creek. The 

engineer in charge, Captain George W. Chase, was very intrigued 

with the Morning Star and its colorful ore, and seeing more of an 

opportunity to make a fortune in zinc mining than in civil engineering, 

he sent in his resignation and purchased an interest (Kansas City, Ft. 

Scott & Memphis Railroad, 1899). Along with several associates, 

Chase organized the Morning Star Mining Company in 1891, and 

quickly developed the failed silver prospect into a promising zinc 

mine. A large opencut revealed rich replacement deposits of smith- 

sonite. Huge boulders of nearly pure zinc carbonate several tons in 

weight were removed intact. 

From the onset of mining it was evident that the lack of transportation 

facilities would be the principal factor limiting development of the 

region. The Rush camp was over 70 km from the nearest railroad, 

and the rugged terrain inhibited further railroad construction. Overland 

freighting was slow and difficult owing to the lack of passable roads. 

Even during the boom years, after three decades of mining and road 

improvements, a stage ride into Rush was an experience not soon 

forgotten: 

To get to Rush I crossed Rush Creek 43 times and when not 

in the creek was on the worst road ever, the ground being cut 
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hub-deep and frozen. A storm on the ocean was not a circum- 

stance to a ride in the stage. I walked three of the 12 miles and 

would have been pleased to have walked more, but the darned 

creek kept getting in the way. (Anonymous, 1916). 

Ore was loaded into canvas sacks and hauled by team 13 km over 

the mountains to Buffalo City on the White River, then transferred 

to barge or steamboat and shipped 110 km downstream to Batesville. 

At this point it would be loaded into railroad cars bound for smelters 

in Missouri or Wisconsin, or sent on to New Orleans for shipment to 

Belgium. The Arkansas Mining and Investment Company was the 

first to experiment with the use of barges on the Buffalo River, but 

this could only be attempted when the river was above normal stage 

and always carried with it the element of risk. Due to swift currents 

and treacherous rapids, some ore barges never made it to Batesville. 

In 1893 Capt. Chase organized an effort to send an exhibit of Rush 

Creek ores to the Chicago World’s Fair. Serving as the centerpiece 

was a 5700-kg boulder of smithsonite from the Morning Star which 

measured 2 meters in greatest dimension and carried only 10% gangue. 

It had been blasted off an immovable mass of zinc carbonate estimated 

at over 100,000 kg. With much difficulty, the specimen was rolled 

on skids at the mine, pulled by twelve teams of oxen to the riverbank, 

poled down the Buffalo on a barge, and eventually transferred to its 

own railroad car for a sidetrip to the state capital. Politicians in Little 
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Figure 3. An 1889 map of the lower Rush Creek 

district showing locations of zinc, copper and 

silver prospects (Anonymous, 1889). Although 

zinc is the only metal found in anything ap- 

proaching economic quantities, rumors of sil- 

ver and gold discoveries on Clabber Creek per- 

sisted until at least 1902. 

Rock, eager to tout the riches of their state, proclaimed it to be the 

largest piece of pure zinc ore the world had yet seen. The Morning 

Star boulder received much attention at the World’s Fair, and was 

awarded the gold medal premium for carbonate of zinc. However, 

Capt. Chase was upset that several sphalerite specimens intended for 

the exhibit had been stolen from the railcar enroute to the exposition. 

According to Chase, the judges felt that the Rush Creek sphalerite 

was of superior quality, but it did not receive an award due to the 

small quantity present (Mountain Echo, 29 September 1893). 

The World’s Fair exhibit was successful in providing much needed 

publicity for the fledgling mining region. The smithsonite nugget made 

such an impression that the Morning Star gained widespread recog- 

nition, becoming the first mine mentioned in any conversation about 

northern Arkansas, and the property to which all others in the region 

were compared. Optimism ran high. From southeastern Kansas and 

northeastern Oklahoma came frequent reports of the discovery of rich 

lead and zinc orebodies, as the famous mining region around Joplin, 

Missouri, gradually expanded westward. Northern Arkansas was seen 

by many as the southern extension of this huge Ozark zinc and lead 

field, and expectations were that it would prove every bit as rich as 

Joplin. 

Within a few years, all lands not previously occupied by home- 

steaders were staked and claimed. However, few claimholders were 

interested in producing ore; most intended to hold the land until a 

railroad built into the region and then sell out at a substantial profit. 

Assessment work requirements were often fulfilled by building roads 

or company townsites, while actual mining was carried out only “for 

the purpose of raising the hopes and expectations of the investors” 
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(Stacey, 1905). Many prospects were deliberately blocked out to 

display the largest face of ore, with care taken to place the highest 

grade material on top of the ore pile. At this point work would be 

suspended, the operators being hesitant to go farther into the mountain 

out of fear the orebody would pinch out. Even the Morning Star was 

no exception to this type of activity. As a result, a stalemate developed 

between mining and railroad interests; mine owners delayed devel- 

oping their properties pending the arrival of a railroad, while the 

railroads waited for increased mining activity and clear evidence of 

large reserves. As of 1898, very little ore had been shipped, and this 

only to test transportation methods and market conditions. 

The situation changed abruptly in early 1899 when zinc concentrate 

and spelter prices took a sharp upward turn. For a period of several 

months every conveyance in the region was filled to capacity (Branner, 

1900) and Rush, being one of the more established mining camps, 

soon found itself inundated by a steady stream of miners and spec- 

ulative investors. J. H. Hand resigned his position as a schoolteacher 

to prospect for zinc. He described the migration into northern Ar- 
kansas: 

They showed up suddenly and unexpectedly, ready to buy 

anything that showed a shine. Needless to say they found ready 

sellers. Due to overlapping of some local mining district bound- 

aries, conflicting claims to the same prospect arose innocently, 

while willful outright claim jumping became practiced to an 

extent that led to near mob violence and much litigation. (Hand, 
1940) 
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Figure 4. A 5700-kg smithsonite 

boulder from the Morning Star 

mine which received a gold medal 

at the 1893 Chicago World’s Fair 

(Kansas City, Ft. Scott & Mem- 

phis Railroad, 1899). 

Development was aided by a sudden influx of capital from East 

Coast and Joplin sources. This initiated an era of mill building, with 

the Morning Star Mining Company completing the first mill in the 

district in 1898. For the first time several mines, including the Morning 

Star, Red Cloud, Beulah and Silver Hollow, began to ship ore on a 

fairly regular basis. 

After two years of sustained mining activity, several plans were 

announced to build railroads across the Arkansas Ozarks. In February 

1901 the new owners of the Morning Star chartered their own company 

to build a 160-km line connecting Rush to Newport, the head of 

navigation on the White River. The Morning Star Railroad was a 

highly ambitious plan for such a small mine, although some felt it 

was no more than a bluff. Only a few weeks later construction began 

on the White River branch of the Missouri Pacific Railroad, and by 

the following year the St. Louis & North Arkansas (later to be the 

Missouri & North Arkansas) was at work on a route running roughly 

parallel. Faced with direct competition from two larger corporations, 

the Morning Star Railroad never made it past the initial survey stage. 

The two remaining railroads were completed by 1905, the Missouri 

Pacific passing 16 km north of the Rush camp and the St. Louis & 

North Arkansas passing 19 km to the south. This still left the Rush 

Creek producers with a costly wagon haul over poor roads. All attempts 

to lure a spur into the district were unsuccessful. 

Following a period of near inactivity between 1907 and 1914, the 

mines were quickly reopened and mills rebuilt when spelter prices 

tripled at the onset of World War I. As laborers poured in from the 

surrounding region, Rush expanded from a village of less than a 

hundred inhabitants to a disorganized town of 2,000 to 3,000, out- 

stripping Yellville as the largest community in Marion County. Much 

of the population lived in tents or makeshift shacks. There was much 

commotion in the spring of 1915 when work began on the Yellville, 

Rush & Mineral Belt Railway, a narrow-gauge line which was to 

connect Rush to the Missouri Pacific at Summit Junction. Work pro- 

ceeded on schedule, and within a year the route had been graded down 

the Clabber Creek Valley (Fair, 1969). 

John Conness Shepherd arrived in Rush in 1914 and quickly became 

one of the town’s most important citizens. Aided by experience in 

the Mexican mining industry and an ample supply of capital, Shepherd 
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was instrumental in increasing the productivity of Rush Creek by 

unifying several mines under one operation and applying an innovative 

approach to mineral processing. By 1916 the J. C. Shepherd Mining 

Company held leases to the McIntosh, Red Cloud, Philadelphia, Monte 

Cristo and Leader properties. The McIntosh concentrator was rebuilt 

as a gravity mill using concentrating tables instead of jigs, which 

proved much more efficient than the standard milling practices of the 

region. The Philadelphia mill was upgraded and used as a central 

milling facility in the Clabber Creek Valley, receiving ore from the 

Leader via a short ground tram, from the Philadelphia via a chute on 

the hillside lined with rail, and from the Monte Cristo via a 400-meter 

aerial tramway which carried ore 60 meters above Clabber Creek. In 

a region where most companies operated only one or two mines, the 

J. C. Shepherd Mining Company quickly became the largest producer 

in northern Arkansas. 

During the three-year period between 1915 and 1917 the Rush Creek 

mines yielded about 70% of their total production. However, the boom 

was not to last. By 1917 the demand for zinc was falling, and operators 

were unable to find a market for their ore. As the mines began closing 

a mass exodus of laborers and shopkeepers ensued which reduced the 

town to its pre-war size. The railroad was left unfinished, and by 1920 

all mines were closed. 

Mining activity since 1920 has been very limited. The Morning 

Star Mining Company reopened the Morning Star, Ben Carney and 

Capps mines in 1925. When these mines closed again in 1931 the 

unemployed miners took to ore-gouging to support their families 

through the Great Depression. Small-scale commercial mining re- 

sumed during World War II on the Edith, Leader and Silver Hollow 

properties. In 1959 a second Rush Creek Mining Company removed 

ore from the White Eagle, Monte Cristo, Philadelphia and Lonnie 

Boy mines, but the operation proved unprofitable and was abandoned 

in 1962. 

By the mid-1960’s Rush was referred to locally as Rush Ghost 

Town. Whereas visitors during World War I found a valley filled with 

the constant roar of concentrating mills and intermittent bursts of 

dynamite, today the Rush Creek Valley is quite peaceful, attesting to 

nature’s ability to recuperate from the destructive effects of man. The 

hillsides are again covered by dense vegetation which hides the mine 
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Figure 5. Facilities of the Morning Star mine 

(Adams, 1904). An elevated railway carried ore 

to the mill (center). The silver smelter, which 

was briefly put back into service to produce 

cement for construction of the mill in 1898, is 

visible in the lower right. 

portals and tailings piles for much of the year. All that remains of the 

townsite is a row of dilapidated houses and an abandoned facade- 

front general store. Ironically, it is the old Morning Star smelter that 

has proven to be the town’s most resilient structure. The silver smelter 

will probably remain standing long after the zinc boomtown has de- 

cayed away. 

PROSPECTING, MINING, and MILLING 

Prospects were opened simply by digging on surface outcrops of 

smithsonite or sphalerite. It was not difficult to find showings of zinc 

in ledges, streambeds, or “at the grassroots.” The early prospectors 

were quick to note that the Morning Star and several other mines on 

Rush Mountain were located at about the same stratigraphic level, 

ranging between 11 and 14 meters below a distinctive sandstone unit 

of 1 meter thickness (McKnight, 1935). This Key (or Ledge) sandstone 

served as an important guide to exploration and could be easily iden- 

tified by its “resemblance to coarse brown sugar and decomposed 

appearance” (Wittich, 1916). Due to the surficial nature of the ore- 

bodies and the extent of prospecting activity following the 1899 rush 

into the area, all of the major deposits were discovered prior to 1900. 

Diamond and churn drills were used only sparingly in exploration, 

but were successful in locating unoxidized ore horizons at depth on 

several properties. However, the economics of the region did not favor 

the excavation of deep shafts or inclines to mine sphalerite below the 

water table. Of the major properties, only the White Eagle, Beulah 

and Silver Hollow were known as sulfide mines, and none of these 

reached more than 20 meters below the surface. 
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Prospects were opened with little more than picks, hammers, hand 

drills and dynamite. It was not until World War I that compressed air 

drills began to see use. A prospect would be worked as a cut or shallow 

pit as long as topography permitted, and then continued as an adit 

following the ore-bearing horizon into the mountainside. Narrow ore 

runs were mined as adits with crosscuts as necessary. Blanket veins 

or multiple-fracture zones, such as the McIntosh, Capps and Red 

Cloud deposits, were worked with the room-and-pillar method. Where 

two ore horizons were separated by an interval of barren rock, the 

mine would be worked with underhand bench stoping (e.g. upper 

level of Monte Cristo) or, if the interval was greater than 8 meters, 

as separate adits connected by a winze (e.g. Silver Hollow and Mc- 

Intosh). 

Due to the nature of the zinc deposits, a large amount of capital 

was not required to start up a mine. Most were located well above 

the water table and could be mined as adits, thus avoiding the cost 

of machinery for ore hoisting and continuous water pumping. In the 

richer replacement deposits smithsonite could be removed as a free 

ore and marketed without crushing or cleaning. In addition, timbering 

of adits was rarely deemed a necessary expense due to the hardness 

of the country rock and the presence at many mines of a highly resistant 

sandstone caprock. 

Because the orebodies were small, numerous and relatively inex- 

pensive to work, the valley came to be populated by dozens of small 

operations rather than dominated by a few giant corporations. Someone 

interested in mining had only to find a landowner that would stake 

him a lease and put up an acceptable grubstake (Shiras, 1916). Two- 
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Figure 6. Main Street, 

Rush, Arkansas (En- 

gineering and Mining 

Journal, 19 August 1916). 

Figure 7. Morning Star 

concentrator in 1918 

after extensive wartime 

modifications (Engi- 

neering and Mining 

Journal, 16 February 

1918). 

man and three-man operations survived by mining free ore from near- 

surface replacement pockets—the ore was simply hand-cobbed and 

shipped as a pure product. If the accumulation of bucking (hand- 

processed) ore from such an operation grew to a size that warranted 

the purchase of concentrating equipment, a small crusher and hand 

jigs would be brought in, but any rock which ran less than 12% zinc 

was necessarily thrown onto the dumpsite. 

The first generation of concentrating mills (those erected between 

1898 and 1903) followed closely the mineral dressing technology 

employed in Joplin. These “flatland” mills did not take full advantage 

of the Ozark topography as an energy source, nor were they ideal for 

the mixed carbonate/sulfide ores of northern Arkansas. Ore was sep- 

arated by a series of steam jigs, but much of it ended up in the tailings 

which often assayed over 8% zinc. All steam engines were fueled by 

wood, as timber was plentiful and close at hand. 

During World War I more attention was paid to mill design and 
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recovery. The most radical change in processing technology was the 

introduction of concentrating tables, again following the lead of Joplin. 

It was found that if the ore was ground much finer, separation on a 

concentrating table could lead to a marked improvement in recovery, 

such that at some mills the jigs were completely dispensed with (Shiras, 

1918). In the early years tabling had been ignored because it was 

commonly thought that smithsonite did not have a high enough specific 

gravity to be properly differentiated. The J. C. Shepherd Company’s 

McIntosh concentrator served as a model mill during this period. It 

was the first true gravity mill in the district, built into the side of Rush 

Mountain so that elevators were only necessary to return middlings 

to the rolls (Wittich, 1916). Many concentrating plants were forced 

to convert from steam to oil engines during the war, as the immediate 

hillsides had been stripped bare of timber and there was a severe 

shortage of manpower to cut timber and oxen teams to haul the wood. 

At one point the Morning Star employed as many people cutting timber 
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Figure 8. Mines of the Rush Creek district. 

to feed the steam plant as there were mining ore. 

In 1959 the Rush Creek Mining Company brought in a mill from 

the Tri-State district and reassembled it near the site of the White 

Eagle mine. This mill operated for three years and was the only one 

to employ flotation methods to separate the ores. 

The north Arkansas smithsonite concentrates were nearly free of 

iron and lead impurities and produced a high-quality spelter. During 

the war much of the output was marketed to the St. Louis chemical 

industry, where it was converted to zinc oxide and used in the man- 

ufacture of rubber and paint pigments. “Mixed ores” containing in- 

tergrown smithsonite and sphalerite presented a difficult problem for 

several mines, because the two components could not easily be sep- 

arated by the jigging or tabling technology of the day. Smelters im- 

posed penalties for carloads which ran over 1% sulfur, so that mixed 

ores had to be sold at prices significantly less than that of pure carbonate 

concentrates (McKnight, 1935). 

NOTES on INDIVIDUAL MINES 

The Rush and Clabber Creek Valleys abound with prospect holes 

and abandoned adits, although the names of many have been lost with 

time. The major producing properties are described below. Several 

prospects in the headwater regions of the Rush and Clabber Creeks 

were included in McKnight (1935) within the Rush Creek district, 

but will not be discussed here. 

Ben Carney 

The Ben Carney adits lie between the Morning Star and Capps 

mines on the southwest side of Rush Mountain. The property was 
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worked as part of the Morning Star after 1894. 

Capps 

The Capps mine was opened in August 1915 by the Morning Star 

Mining Company and operated until the spring of 1928. This property 

adjoins the McIntosh, the two mines being interconnected by under- 

ground tunnels. McKnight noted the occurrence of smithsonite crys- 

tallized in visible rhombohedrons—the only known occurrence in the 

district. 

Leader 

The Leader mine consists of two short adits in Leader Hollow that 

were originally opened by the Arkansas Mining and Investment Com- 

pany. Smithsonite was the principle ore. In 1894 W. A. Chapman 

reported the discovery of a new mineral from the Leader and named 

t “brannerite” in honor of former Arkansas State Geologist John 

Casper Branner. However, Branner had the mineral reanalyzed and 

found it to be indistinguishable from smithsonite. 

Lonnie Boy 

The Lonnie Boy is located on the Buffalo River directly across 

from the mouth of Rush Creek. Two tunnels, the longer one 75 meters, 

follow brecciated fractures just above the normal water level. Most 

of the ore from this mine marketed during World War I consisted of 

free smithsonite. The adits have been under water several times, and 

are now mostly filled with sand. 

Mattie May 

An 80-meter adit on the Mattie May property follows a small 
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brecciated monoclinal fold. This mine was largely a smithsonite pro- 
ducer, from which it was reported that 150 to 180-kg masses were 
pulled out intact. Dolomite, calcite and gypsum are among the gangue 
minerals. 

McIntosh 

The McIntosh was discovered around 1888 by William McIntosh 
and veteran prospector Carter Guthrie. Smithsonite and sphalerite were 
produced from several interconnecting tunnels and stoped rooms fol- 
lowing fractures adjacent to the Rush Creek fault. 

was covered by an unsightly layer of calcium carbonate which was 

easily removed in hydrochloric acid. Scalenohedral calcite crystals to 
15 cm were also present. Although quickly gutted of prime specimens, 
the “cave” was continuously enlarged by collectors, breaking through 
to new chambers. It has since been fenced and posted by the gov- 
ernment. 

Morning Star 

The Morning Star was first prospected around 1886, and the property 

was operated intermittently until 1927. Ore was localized on several 

Figure 9. Upper portal of the Monte Cristo 

mine (photograph by the author). 

Monte Cristo 

The Monte Cristo property was prospected as early as 1899, but 

was not a steady producer until World War I. There are adits at two 

levels, the main (upper) level being worked as a bench. Due to the 

varied mineralogy and easy access, this mine was a favorite among 

collectors in the 1960’s and 1970’s. The principle ore is a gray to 

brown smithsonite, although turkey fat is also present. A distinctive 

red smithsonite variety known as “sealing wax” has been found only 

at the Monte Cristo (McKnight, 1935). In addition, the upper level 

has yielded fine scalenohedral calcite crystals and attractive thumbnail- 

size specimens of aragonite, hemimorphite and gypsum. 

Near the entrance to the main Monte Cristo adit a large solution- 

collapse breccia pipe has been exposed and partially mined out. This 

breccia is unique in that it is composed of boulder-sized limestone 

clasts covered by sheets of terminated quartz crystals 0.5 to 1.5 cm 

in diameter. There is little or no material filling the voids, so that 

enough room exists to crawl among the clasts. In the 1960’s mineral 

collectors opened a new section of the breccia (known as the “cave”’) 

and removed large sheets of quartz crystals on limestone and hemi- 

spherical quartz “snowballs” with sphalerite cores. Much of the quartz 

The Mineralogical Record, volume 24, July-August, 1993 

large fractures paralleling the Rush Creek fault, all evidence of which 

has since been removed by mining. The mine was worked as a series 

of opencuts following these fractures into the hillside, and was com- 

monly referred to as a great “zinc quarry.” Smithsonite was the prin- 

ciple ore, including much in botryoidal and stalactitic form. The 

Morning Star is renowned for the production of “turkey fat,” a variety 

of smithsonite having a bright canary-yellow color due to the presence 

of cadmium sulfide. Very little mineralization was left in the area. 

Philadelphia 

The Philadelphia and several nearby mines, including the Yellow 

Jacket and Last Chance, were originally worked by the Arkansas 

Mining and Investment Company as early as 1887. The main adit 

follows a brecciated monoclinal flexure for 350 meters into the moun- 

tain, the width of the brecciated zone varying from 3 to 6 meters. 

This mine was noted for its cadmian smithsonite, and McKnight (1935) 

reported the occurrence of large gray smithsonite stalactites with turkey 

fat smithsonite cores near the portal. 
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Red Cloud 

The Red Cloud workings consist of a labyrinth of stoped-out rooms 

and drifts which tend to follow a northwest-southeast structural trend. 

The perimeter walls were almost completely stripped of smithsonite 

and sphalerite before the operation was abandoned, but collectors have 

managed to obtain samples by robbing the pillars. Pink-spar dolomite 

and dogtooth calcite are plentiful, although much dolomite has been 

stained by iron oxides. Chalcopyrite and its alteration product, mal- 

achite, are often associated with the dolomite. 

Silver Hollow 

The Silver Hollow mine is located along a sharp bend in the Buffalo 

River about 2 km downstream from the confluence with Rush Creek. 

It lies in a highly vulnerable position, close to water level along the 

steep outside bank. Ore was discovered on two levels separated strat- 

igraphically by 15 meters. Both levels produced mainly sphalerite, 

although the quality of the sphalerite ore at this location was degraded 

by the presence of excessive pyrite. Workings at the lower level are 

quite extensive; an adit extends into the mountain for some 300 meters 

but is now partially flooded and filled with sand. The upper level 

opens into a large mined-out breccia chamber about 16 meters in 

height from which were removed large boulders of sphalerite up to 

one ton in weight that required no milling. Rust-colored calcite is a 

common gangue mineral in the upper level, and has been found in 

dogtooth crystals up to 20 cm. 

The Silver Hollow mine was quite active between 1903 and 1907 

and again during World War I. It formerly supported the small company 

town of Keystone, which was located directly across from the mine 

on the north bank of the river, and of which no evidence remains. As 

there was little space on the steep hillside to store large quantities of 

ore, a concentrating mill was built as soon as the property was de- 

veloped in 1903. The crushed limestone from the milling operation 

was simply dumped on the riverbank where it would be swept down- 

stream by floodwaters every few years. After the mill was abandoned 

at the end of the war the mill building and equipment suffered a similar 

fate. 

White Eagle 

The original White Eagle shaft of the Buffalo Zinc and Copper 

Company reached 12 meters below the nearby Buffalo River. One 
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drift reportedly ran directly under the river and eventually collapsed, 

flooding the workings. Several additional shafts were sunk on this 

property, and during the First World War ore was removed from three 

adits at the base of Rush Mountain, several hundred feet away. The 

White Eagle was one of the few efforts directed at working sphalerite 

below the water table, and for most of its history was operated by 

men from Joplin, Missouri, who were more familiar with this type 

of mining. Branner (1900) stated that the finest crystals of dogtooth 

calcite in the region came from the White Eagle. However, the pro- 

ductive adits have caved and all shafts have been filled in. 

Yellow Rose and Edith 

These two mines exploit the same deposit, located along fractures 

and shatter breccias which McKnight (1935) interpreted to be at the 

southern termination of the Rush Creek fault. A legal dispute over 

the exact position of a section corner resulted in the deposit being 

worked as two properties. The Edith was worked as a 15-meter shaft, 

formerly with two drifts running to the surface, while the Yellow Rose 

was worked as a small opencut. The primary ore mineral was a gray 

botryoidal smithsonite. 

GEOLOGY 

The geology of northern Arkansas was first investigated in 1857 

and 1858 by state geologist David Dale Owen (1858). Although there 

was no active zinc mining at this time, Owen did collect samples of 

zinc ores from the lead prospects in northern Marion County. After 

mining commenced, field surveys were conducted by the Arkansas 

Geological Survey (Branner, 1900) and the United States Geological 

Survey (Bain, 1901; Adams, 1904). Both the Branner and the Adams 

reports include descriptions of the early Rush Creek workings. The 

definitive study of the region, albeit over a half-century old, was 

compiled between 1927 and 1930 by Edwin T. McKnight of the USGS 

(McKnight, 1935). 

The Rush Creek ores occur as stratabound deposits in a carbonate 

host rock. Sphalerite, the primary ore mineral, was epigenetically 

emplaced within the carbonates by heated fluids of non-magmatic 

origin. These basic characteristics are common to numerous other 

orebodies of the American Mid-continent region which are collectively 

referred to as Mississippi Valley-type deposits. Various geological 

Figure 10. Diagrammatic cross-section of an 

ore run formed along a small monoclinal flex- 

ure. Dark areas represent ore and gangue filling 

open space between the brecciated rock 

(McKnight, 1935). 
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and geochemical lines of evidence suggest that the north Arkansas 
ores are genetically related to those of the Tri-State district, Viburnum 
Trend, Old Lead Belt, and other Mississippi Valley—type deposits 
of the Ozark Plateau (Leach and Rowan, 1986). Mineralization is 
believed to have been a product of a regional-scale hydrothermal 
System active during the final stages of the late Paleozoic Ouachita 
Orogeny (Bethke and Marshak, 1990). Lead and zinc were leached 

from sediments of the Arkoma Basin and transported by geothermally 

heated brines to the basin perimeter. As the mineral-bearing brines 

were driven into the Ozark Plateau, zinc and lead precipitated as 

sulfides where the necessary physical and/or chemical traps existed. 

The Arkansas Ozarks are composed of nearly flat-lying sedimentary 

rocks, ranging in age from Cambrian to Pennsylvanian, which thin 

northward and gradually pinch out over the Ozark dome. Disseminated 

mineralization can be found over a large interval of the stratigraphic 

column, but commercial lead and zinc production has been limited 

to the Lower Ordovician Everton and Mississippian Boone Formations. 

In the Rush Creek district all mining has taken place within the Everton, 

a 120-meter sequence of shallow-marine sandy limestones and dol- 

omites. Many of the mines were opened on the same stratigraphic 

level, which ranges from 11 to 14 meters below the Key Sandstone 

unit and 45 to 70 meters below an unconformity with the St. Peter 

Sandstone. The rock at this level is a fine-grained to medium-grained 

dolomite. Within the district the ore-bearing interval varies in thickness 

from less than a meter up to 6 meters. 

Most of the productive orebodies are irregularly shaped runs, lenses 

and blanket veins that tend to parallel bedding. Often these ore runs 

are concentrated around zones of slight structural deformation which 

has brecciated the rock over the narrow interval, providing a channel 

of high permeability for mineral-bearing fluids. Such breccias have 

been referred to by various authors as shatter breccias or tectonic 

breccias. At the center of the district, shatter breccias are associated 

with the Rush Creek, Monte Cristo and Silver Hollow faults. Although 

the faults themselves are seldom mineralized, deposits may occur to 

either side along parallel fissures and flexures. The individual ore- 

bodies are rather small. The Red Cloud is the largest mine in aerial 

extent, at which tunnels totaling 750 meters in length have been 

excavated within a 120 by 180-meter area. 

In several of the Rush Creek mines solution collapse breccias occur 

in close association with tectonic breccias; the two have been shown 

to be physically and mineralogically continuous at the Monte Cristo 

(Long et al., 1986). However, many of the solution collapse breccias 

have a rock matrix that was lithified prior to mineralization, leaving 

little open space for dolomite and sphalerite. As a result, solution 

collapse breccias were not as important as ore receptors in this district. 

Wall-rock alteration consisted of the silicification of limestone in 

the outer margins of breccia chambers and immediately surrounding 

the ore channels, and was accompanied by the precipitation of drusy 

quartz on open surfaces. Sphalerite then crystallized as open-space 

filling in shatter breccias and cross-cutting veins, and also as a re- 

placement of country rock. The deposition of “pink-spar” dolomite 

was nearly contemporaneous with that of sphalerite; dolomite crystals 

occur both intergrown with and on top of sphalerite. Similarly, chal- 

copyrite can be found growing on top of sphalerite and pink-spar 

dolomite or embedded within either mineral. Coarsely crystalline 

quartz precipitated as a late-stage gangue and was followed by calcite 

in the form of euhedral crystals and large cleavage masses. 

Most of the exploited deposits have undergone extensive oxidation, 

during which zinc was leached from sphalerite and reprecipitated as 

smithsonite and, less commonly, as hemimorphite, hydrozincite and 

aurichalcite. The oxidation products occupy vugs and pockets re- 

- maining after primary mineralization, fill voids created upon disso- 

:Jution of sphalerite, and replace limestone and dolomite. Additional 

“*7inc was retained as “tallow clay” or “buck fat,” a white to reddish 

brown clay that may fill pockets and veins, carrying up to 22% zinc 

(McKnight, 1935). 
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Mississippi Valley-type deposits are noted for their simple min- 

eralogy. The Rush Creek mineralogy has been further simplified by 

the absence of lead ore minerals and the gangue minerals barite and 

fluorite, all of which are common constituents of other Mississippi 

Valley—type deposits. Galena and cerussite occur in economic quan- 

tities less than 20 km away, but have not been encountered within 

the Rush Creek district. 

Figure 11. Prismatic aragonite crystals to 6 

mm, on smithsonite (collected by Gay Rich- 

ards). 

Aragonite CaCO, 

Aragonite has been found in the upper level of the Monte Cristo 

mine as radiating sprays of clear columnar crystals on smithsonite. 

Aurichalcite (Zn,Cu?* ).(CO;).(OH), 

Aurichalcite is occasionally present in association with sphalerite 

and chalcopyrite. It has been reported from the Ben Carney, Beulah 

and Red Cloud mines. 

Calcite CaCO, 

Calcite is common as both a primary and secondary constituent of 

the Rush Creek ores. Primary calcite includes large cleavable vein- 

filling and vug-filling masses and singly or doubly terminated sca- 

lenohedral crystals modified by small rhombohedral faces. Dogtooth 

points to 20 cm have been recovered from the Silver Hollow mine, 

and McKnight (1935) reported crystals to 30 cm from the Philadelphia 

mine. Primary calcite is typically transparent with a pleasant amber 

to rust coloration. Pockets containing large calcite points are often 

filled by a reddish clay. 

Secondary calcite usually occurs in the form of flattened (disk- 

shaped) rhombohedrons of a milky white color. These grow together 

to form spheres, rosettes and botryoidal to stalactitic aggregates that 

have been compared to hailstones. McKnight (1935) reported seeing 

“hailstone calcite” on an ore pile at the Monte Cristo mine, where it 

had evidently been mistaken for smithsonite by the miners. Secondary 

calcite crystallized later than smithsonite, and is often found perched 

on smithsonite. 

Chalcopyrite CuFeS, 

Although chalcopyrite is found throughout the district, it is nowhere 

abundant. It occurs as small tetrahedra, up to 3 mm on edge, perched 

on sphalerite or dolomite. Sharp, brass-yellow crystals have been 

found, but more often the crystals are tarnished or in the process of 

oxidizing to malachite and/or limonite. 

295 



Figure 12, Radial arrangement of wheat-sheaf 

crystals of smithsonite; 5 mm in diameter. 

Figure 13. Rounded trigonal aggregates of ‘‘turkey fat”’ 

smithsonite on drusy quartz; 2.5 cm. 

Figure 14. “Turkey fat’’ smithsonite coating 

dolomite; 11 cm. All specimens collected by the 

author at the Monte Cristo mine and photo- 

graphed by the author unless otherwise noted. 

Figure 15. Calcite scalenohedron with quartz 

and dolomite; the crystal is 7 cm long (collected 

by Ed and Gay Richards). 

Figure 16. Single saddle of smithsonite pseu- 

domorphous after dolomite, perched on sphal- 

erite; the saddle is 1.3 cm in height. 
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Figure 17. Rice-grain crystals of 

“turkey fat”’ smithsonite (to 6 mm) 

on drusy quartz; 6 cm. 

Figure 19. ‘‘Turkey fat” smithsonite in rice- 

grain crystals; 1.8 cm. 

Figure 18. Brown smithsonite hemispheres on 

drusy quartz; 2.8 cm. 

Figure 20. Veneer of eggshell smithsonite on 

botryoidal brown smithsonite; 10 cm (collected 

by Ed and Gay Richards). 
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Dolomite CaMg(CO,), 

Dolomite is ubiquitous in the Rush Creek district and occurs in 

close association with sphalerite, a fact that was utilized by early 

prospectors. The most common habit is saddle-shaped aggregates of 

curved rhombohedrons. Much dolomite has been stained by iron- 

bearing solutions, or even replaced in part by limonite, leaving a 

brown pseudomorph. 

Greenockite CdS 

Greenockite is present as a minor constituent of turkey fat smith- 

sonite and possibly as a bright yellow powder in open vugs. Individual 

crystals are unknown. 

Gypsum CaSO,-2H,O 

Gypsum occurs as clear to white tabular crystals on smithsonite. It 

has been identified from the Monte Cristo, Red Cloud and Mattie May 

mines. 

Hemimorphite Zn,91,0,(OH),-H,O 

Hemimorphite is present as thin tabular crystals, ranging from col- 

orless to pale brown. Crystals are usually quite small, occurring as a 

druse on sphalerite or smithsonite. Hemimorphite is often found in 

association with tallow clay. Although not abundant within the Rush 

Creek district, other mines in northern Arkansas reportedly marketed 

hemimorphite as an ore. 

Hydrozincite Zn.(CO,),(OH), 

Hydrozincite is not a common oxidation product, but is believed 

to be present in some workings as a chalky white powder (Branner, 

1900). There has been much debate as to the appearance and abundance 

of hydrozincite in the Rush Creek mines. Elderhorst (in Owen, 1858) 

introduced the name “marionite” to a variety of hydrozincite which 

he incorrectly suspected to be a new mineral. McKnight (1935) pointed 

out that “flour carbonate,” a dull white veneer of smithsonite which 

forms a late coating on other varieties of smithsonite, may have been 

mistaken for hydrozincite in earlier surveys. Hydrozincite may be 

distinguished by its fluorescence. 

Marcasite FeS, 

Both Potter (1971) and Long et al. (1986) mention the presence of 

minute subhedral inclusions of marcasite within sphalerite. However, 

marcasite has not been noted in crystals of any significance. 

Malachite Cu,(CO,;)(OH), 

Malachite is common at the Red Cloud mine as 2 to 4-mm anhedral 

to subhedral crystals on dolomite, derived by the in situ alteration of 

chalcopyrite. Elsewhere, at the McIntosh mine and others, it is often 

associated with black smithsonite. 

Pyrite FeS, 

Pyrite is of widespread occurrence throughout the district, but is 

only occasionally found as euhedral crystals. Cubic crystals modified 

by octahedral, trapezohedral and pyritohedral forms are found in the 

upper level of the Silver Hollow mine, but are limited to microscopic 

size (McKnight, 1935). 

Quartz SiO, 

Quartz is a common gangue mineral associated with each deposit 

in the district. A post-ore phase was deposited as sheets of terminated 

crystals lacking prism faces. Terminal faces range in diameter from 

microscopic up to 5 cm at the McIntosh mine. 

Smithsonite ZnCO, 

The habits, textures and colors of smithsonite vary from mine to 

mine and from pocket to pocket, such that the locality of some spec- 

imens can be inferred based on their distinctive appearance. This 

diversity was apparently a source of much confusion to the Ozark 

frontiersman, who was largely inexperienced in matters of mining and 

often had difficulty distinguishing ore from gangue. Many local res- 
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idents never did add smithsonite or sphalerite to their vocabulary, 

preferring instead to refer to both as “min’ral.” The most abundant 

varieties of smithsonite were given additional nicknames such as turkey 

fat, sealing wax, eggshell and honeycomb—terms almost as colorful 

as the ores themselves. 

Although pure zinc carbonate is white, smithsonite commonly ex- 

hibits allochromatic coloration due to the presence of transition metals 

and their compounds. Shades of gray and brown are the most abundant, 

although white, black and yellow are all common. Occasional pockets 

tend toward orange, red or reddish purple. The most sought-after 

specimens have been stained bright canary to lemon yellow by the 

presence of greenockite inclusions (Schaller and Fairchild, 1938). In 

the vernacular of the day, yellow smithsonite was known as “turkey 

fat” and a pocket of yellow smithsonite was said to have been “tur- 

keyfied.” More attractive specimens of turkey fat were spared from 

the mill crusher and sold for ornamental purposes at $5 per pound. 

The luster ranges from dull to vitreous. McKnight (1935) compared 

the bloom on a fresh botryoidal surface to “that on a grape before it 

has been destroyed by handling.” 

Zinc which has been transported in solution and precipitated as a 

carbonate is most commonly deposited as a crustiform or colliform 

coating on sphalerite, pink-spar dolomite or limestone. These in- 

crustations may have botryoidal, reniform or mammillary free sur- 

faces, and can reach 2 cm in thickness. Thicker incrustations often 

display concentric banding of contrasting colors when viewed along 

a broken edge. As oxidation proceeds, sphalerite underlying the smith- 

Figure 21. Botryoidal gray smithsonite; 5 cm. 

sonite may completely dissolve away, leaving the incrustation sup- 

ported by a fragile boxwork of black smithsonite platelets (honeycomb 
carbonate) that have formed along grain boundaries. Where large 
sphalerite crystals have dissolved, the smithsonite remains as a mold 
which may be botryoidal on both inside and outside surfaces. Stalactitic 
smithsonite is less common, although several workers reported en- 
countering pockets of large stalactites during the early days of mining. 
Delicate stalactites of only 2 to 3 mm in diameter can reach several 
centimeters in length. These tend to break under their own weight 
and can accumulate in small piles which become incorporated into 
smithsonite at the base of the pocket. 

Individual crystals include both scalenohedral and rhombohedral 
forms and often exhibit curved faces. Scalenohedral varieties include 
rounded dogtooth points which grade into more elongate rice-grain 
crystals, and bow-tie or wheat-sheaf aggregates composed of tightly 
packed scalenohedrons. These may reach 8 mm in length. Simple 
thombohedrons are known only from the Capps mine (McKnight, 
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1935). Many of these forms display a characteristic three-fold sym- 
metry in cross-section. Globular smithsonite occurs as hemispheres 
and nearly perfect spheres up to 1.5 cm in diameter, and also as 
teardrop shapes. Both crystals and globular forms are more likely to 
be found on a matrix of fine-grained to medium-grained quartz; on 
this surface the mineral has tended to nucleate and grow as isolated 

crystals rather than as massive incrustations. In some cases these 

crystals may grow together to form a thin shell on the quartz. 

Interesting pseudomorphs are created when zinc replaces calcium 

and magnesium in carbonate rocks and minerals. It is common to find 

brilliantly colored smithsonite that has replaced aiid preserved the 

form of saddle-shaped dolomite crystals. A complete continuum exists 

from smithsonite covering dolomite to total pseudomorphic replace- 

ment. Where zinc has replaced calcium in the wall rock, the resulting 

ore (“rock bone”) closely resembles the original limestone in texture 

and color, and is identifiable only by its density. McKnight (1935) 

also noted an occurrence of smithsonite pseudomorphous after sca- 

lenohedral calcite at the Monte Cristo mine. 

Of course, not all zinc carbonate is vitreous in luster and aesthetically 

pleasing to the eye. Most of the ore marketed was massive, cellular, 

earthy or granular. 

Sphalerite ZnS 

Sphalerite occurs in association with dolomite and quartz as fine 

disseminated grains and as coarse-grained, vug-filling masses with 

cleavage faces up to 4 cm in diameter. Where crystals have developed 

they are often highly modified. Color ranges from a translucent rosin- 

yellow (“rosin jack”) to an opaque black (“black jack”) with in- 

creasing iron content. Brownish red (“ruby jack”), yellow and dark 

green sphalerite are also known. Owing to the extent of oxidation 

within the accessible mines, specimens exhibiting resinous, euhedral 

crystal faces are not abundant. 
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Geology Museum 
Colorado School of Mines 

Curator: Virginia A. Mast 
Tel: (303) 273-3823 

Golden, Colorado 
Hours: 9-4 M-Sat, 1-4 Sun. 

(closed on school holidays & 
Sundays in the summer) 

Specialties: Worldwide 
minerals; Colorado mining 
& minerals 

Museums listed alphabetically by city 

* 

THE MUSEUM. DIRECTORY 

A. E. Seaman 
Mineralogical Museum 

Curator (mineralogy): 
Stanley J. Dyl II 

Adjunct Curator: 
Dr. John A. Jaszczak 
Tel: (906) 487-2572 

Michigan Technological Univ. 
Houghton, Michigan 49931 
Hours: 9-4:30 M-F 
Specialty: Michigan minerals, 

copper minerals & 
~ worldwide minerals 

Houston Museum of 
Natural Science 

Curator (mineralogy): 
Joel Bartsch 
Tel: (713) 639-4673 
Fax: (713) 523-4125 

1 Hermann Circle Drive 
Houston, Texas 77030 
Hours: 9-6 M-Sat; 12-6 Sun 

Specialty: Finest or near-finest 
known specimens 

Natural History Museum 
of Los Angeles County 

Curator (mineralogy): 
Dr. Anthony R. Kampf 
Tel: (213) 744-3328 

900 Exposition Blvd. 
Los Angeles, CA 90007 
Hours: 10-4:45 Tu-Sun. 
Specialties: Calif. & worldwide 

minerals, gold, gem crystals, 
colored gemstones 

Support organization: 
The Gem and Mineral Council 

Sterling Hill Mining 
Museum 

Curators: 

Robert Hauck 
Richard Hauck 
Tel: (201) 209-7212 

30 Plant Street 

Ogdensburg, NJ 07439 
Hours: 10-5 M-Sun, Mar.—Dec. 

Specialty: Local mining & minerals 
——._eewa‘wa—s—waeasoaoweews=ee=aoOoO=oO0@omo ee eo 
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THE MUSEUM DIRECTORY 

Carnegie Museum of 
Natural History 

Collection Manager: 
Marc L. Wilson 
Tel: (412) 622-3391 

4400 Forbes Avenue 
Pittsburgh, PA 15213 
Hours: 10-5 Tues-—Sat, 

10-9 F, 1-5 Sun, 
closed Mon. & holidays 

Specialty: Worldwide 
minerals & gems 

Musée de géologie 
de |’Universite Laval 

Curator: 
André Lévesque 
Tel: (418) 656-2193 

Geology Dept., 4th floor 
Adrien-Pouliot Building 
Québec, Que., Canada G1K 7P4 

Hours: 8:30-5 M-—F 

Specialties: Quebec and 
worldwide minerals and 
fossils; Miguasha fishes 

Museum of Geology 
Director: 

Philip R. Bjork 
Tel: (605) 394-2467 

South Dakota School of 
Mines & Technology 

501 E. St. Joseph Street 
Rapid City, SD 57701-3995 
Hours: 8-5 M-F, 9-4 Sat., 1-4 Sun. 
Specialty: Black Hills minerals, 

esp. pegmatites 

Jurupa Earth Science 
Museum 

Curators: 
Dr. Jack Nieburger 
William Hudson 
Tel: (714) 685-5818 

7621 Granite Hill Dr. (Hwy 60) 
Riverside, CA 92509 
Hours: 1-4 Tues-F, 10-5 Sat. 

Specialty: Crestmore & 
worldwide minerals & fossils 

Penn State Earth & 
Mineral Sciences Museum 

Curator: 
Andrew Sicree 
Tel: (814) 865-6427 

Steidel Building 
University Park 
State College, PA 16802 
Hours: 9-5 M-F & by Appt. 

(closed holidays) 
Specialties: Mineral properties 

exhibits; “velvet” malachite; old 
Penna. minerals; mining art 

M.Y. Williams 
Geological Museum 

Curator: Joe Nagel 
Tel: (604) 822-5586 

University of British Columbia 
6339 Stores Road 
Vancouver, B.C., 

Canada V6T 1Z4 
Hours: 8:30-4:30 M-F 

1:30-4:30 W (Collector Shop) 
Specialty: B.C., Pacific NW, 

Canada; Exhibit Quality 

Private Museums 

Hampel Mineralogical 
Museum 

Curator: 
Lance T. Hampel 
Tel: (414) 255-4540 

P.O, Box 39 
Germantown, W/I 53022 

Hours: by Appt. 
Specialty: Midwest minerals 

Additional listings welcome! 

Museo Mineraldgico 
M. Romero 

Curator: Jorge Diaz de Leén 
Tel: (238) 3-00-07 

7 Norte #356 
Tehuacan Puebla, México 75700 
Hours: 10-12 noon M-Sat 

4-6 p.m. M-F & by Appt. 
Specialty: Mexican Minerals 

Europe 

Museu de Geologia 
“Valenti Masachs”’ 

Curator (Mineralogy): 
Joaquim Sanz i Balagué 
Tel: 34-3-877-2088 

Polytechnical University 
of Catalonia 

Av. de Les Bases de Manresa, 61-73 
08240 Manresa (Catalonia) 
Spain 
Hours: 11-2 p.m. Sundays, 

and by Appointment 
Specialties: Catalonia, 

Spain & worldwide minerals & 
Fossils 

Sorbonne Mineral 
Collection 

Curator of Mineralogy: 
Pierre Bariand 
Tel: (33) 144-275288 

Univ. Pierre et Marie Curie 
(entrance: 34 Rue Jussieu) 
Lab. de Minéralogie 
4 Place Jussieu 
75252 Paris Cedex 05, France 
Hours: 1-6 W-M 
Specialty: Worldwide minerals 

Send vital information, as shown, to the editor. There is a 

modest annual fee (lower than our regular advertising rates). 

— SSS c0_00—~0waoaT——ou«4owurmnr,-,0€@€@——0 
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Jalifornia 
Bourget Bros. 

Anthony Chavez, Leonard Bourget 
1636 11th Street 

Santa Monica, California 90404 
Tel: (213) 450-6556 

FAX: (213) 450-2201 

Wholesale and Retail 

Coogan Gold Company 
Ed and Kay Coogan 
P.O. Box 1631 
Turlock, CA 95381 
Tel: (209) 634-5222 
Micromounts, TN’s, Min., Cab. 

Si and 
Ann Frazier 

Si and Ann Frazier 

Suite 306, 6331 Fairmont Ave. 

El Cerrito, California 94530 

Galas Minerals 

Chris and Agatha Galas 
6000 Fulkerth 

Turlock, California 95380 

Tel: (209) 634-4292 

The Gemmary Rare Books 
Rick and Faye Blankenhorn 

P.O. Box 816 
Redondo Beach, CA 90277 

Tel: (310) 372-5969 (Ans. & FAX) 
(310) 372-6149 

Call for Appointment 
Specialties: Rare Books and 

antique scientific instruments 

Cal Graeber Minerals 

Cal and Kerith Graeber 

P.O. Box 47 

Fallbrook, California 92028 

Tel: (619) 723-9292 

By Appointment Only 

Jewel Tunnel Imports 
Rock H. Currier 
13100 Spring Street 
Baldwin Park, CA 91706-2283 
Tel: (818) 814-2257 
FAX: (818) 338-4617 
Wholesale Only 

Kassionas 

John and Dolores Kassionas 

P.O. Box 578 

Alviso, California 95002 

Tel: (408) 263-7784 

Kristalle 

332 Forest Avenue, #8 

Laguna Beach, California 92651 

Tel: (714) 494-7695 

Pala International & 

The Collector 

912 So. Live Oak Park Road 

Fallbrook, California 92028 

Tel: (619) 728-9121 

US Wats 1-(800)-854-1598 

{ 
mw) ers 

D. J. (Doug) Parsons 
1119 S. Mission Road 

Suite 243 

Fallbrook, CA 92028 

Tel: (619) 728-8251 

FAX: (619) 728-8255 

TELEX: 710 111 5543 

Roberts Minerals 

Ken and Rosemary Roberts 
P.O. Box 1267 

Twain Harte, California 95383 

Tel: (209) 586-2110 

Silverhorn 

Mike Ridding 
1155 Coast Village Road 
Montecito, California 93108 

Tel: (805) 969-0442 

Weber’s Minerals 

Ed & Naomi Weber 

605 San Dieguito Drive 
Encinitas, California 92024 

Tel: (619) 436-4350 

Irregular hours; please call 
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CLINOMIMETITE 

The History and Substantiation of the 
Natural Monoclinic Dimorph of Mimetite 

Yongshan Dai* 

Department of Mineral Sciences 

The American Museum of Natural History 

Central Park West at 79 Street 

New York, New York 10024-5192 

*Current address: Dept. of Mineral Sciences, Smithsonian Institution, Washington, DC 20560 

ABSTRACT 

Clinomimetite, space group P2,/b (pseudo P6,/m), a= 10.189(3), 
b=20.372(8), c=7.46(1) A, y=119.88(3)°, V= 1342(2) A,, Z=4, 
is a monoclinic dimorph of mimetite, Pb.(AsO,),Cl, which has long 
been known to exist in nature. It occurs as barrel-shaped or short- 
prismatic euhedral crystals at Johanngeorgenstadt, Erzgebirge, Sach- 

sen, Germany. Clinomimetite has a pale greenish yellow color, density 

of 7.36(1) g/cm’, and hardness (Mohs) of 4. Optically it is biaxial 

negative, 2V=8(+3)°. The five strongest diffraction lines are: 

[d,(hkl)] 3.048,,(221), 3.008,(122), 2.947,(300), 2.106,(242), and 

1.903,(402) A. Clinomimetite is extremely similar to mimetite, but 

its biaxial optics and superstructure diffractions on over-exposed pre- 

cession photographs are the definitive criteria for distinguishing the 

two species. The locality and the Ca content may be indicative of 

species, but morphology and color are not reliable distinguishing 

criteria. 

INTRODUCTION and HISTORY 

Although mimetite is very popular with collectors as a display 

mineral, prized for its intense colors, high luster and various crystalline 

forms, “mimetite” specimens. may actually represent two distinct 

mineral species, mimetite and clinomimetite. Mimetite, Pb,(AsO,),Cl, 

was first recognized as a transparent green-yellow lead-arsenate-min- 

eral by Wallerius (1747); it is probably the most common secondary 

lead arsenate mineral to be found in the oxidized zone of base metal 

orebodies. By analogy with other apatite-group minerals with space 

group P6,/m, mimetite was presumed to be hexagonal by Hendricks 

et al. (1932). More than thirty years later, a monoclinic superstructure 

with space group P2,/b(b=2a, y=120°) was reported for both syn- 

thetic and natural samples of “mimetite” by Keppler (1968, 1969), 

Brenner et al. (1970), and Fortsch and Freiburg (1970). Using both 

furnace-equipped X-ray precession cameras and optical microscopes 

with heating stages, these investigators found that the phase transition 

between the monoclinic and hexagonal dimorphs is rapid and reversible 

at temperatures ranging from 98 to 120° C in different samples. By 

analogy with the Cl disordering in chlorapatite (Mackie et al., 1972), 

all of these researchers arbitrarily attributed the low-temperature phase 

transition of mimetite to the order-disorder transition of Cl atoms in 

the [00z] anion columns, that is, the difference between the hexagonal 

and monoclinic dimorphs is due to the ordering of Cl in the half- 

occupied (0,0,z) position which causes the symmetry reduction from 

hexagonal to monoclinic. Nevertheless, Fortsch and Freiburg (1970) 
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and Brenner et al. (1970) also indicated some uncertainty about their 

conclusion regarding the cause of the phase transition and suggested 

that superstructure diffractions may result from polycrystalline twin- 

ning because different superstructure diffraction patterns were ob- 

served in their quenched “‘mimetite” samples. Their uncertainty arose 

also from the structure model of vanadinite (isostructural with mim- 

etite) proposed by Hendricks et al. (1932) and later refined by Trotter 

and Barnes (1958) using visual estimates of intensities from films. 

The vanadinite structure accommodates Cl atoms in the fully occupied 

(0,0,0) position, in which disordering is impossible, rather than in 

the half-occupied (0,0,z) site in hexagonal chlorapatite (Hughes er al., 

1989). Resolution of the uncertainty has not been easy, as experimental 

difficulties of X-ray diffraction studies are more than trivial for mim- 

etite in which the scattering is so dominated by a single, highly 

absorbing element (Pb). A further delay in the resolution of this 

problem might have been caused by the incorrect structure model of 

hexagonal mimetite of Sokolova et al. (1982), who refined the Cl at 

the (0,0,z) site, analogous to the Cl in hexagonal chlorapatite structure. 

Thus, this twenty-plus-year-old question remained unanswered until 

the recent study of Dai et al. (1991) who refined the three-dimensional 

atomic arrangements of both hexagonal and monoclinic dimorphs of 

“mimetite” with great precision and established the mineralogical 

status of this monoclinic phase. 

My entry into the topic came through a study of the crystal structures 

and crystal chemistry of minerals in the vanadinite-pyromorphite- 

mimetite ternary system (Dai, 1990). As a part of this work, ten 

mimetite samples from various localities were examined at room tem- 

perature by optical microscope and long-exposure precession photo- 

graphs taken along a, b, and [110] directions. Recently, four additional 

samples were examined, and all of the results are summarized in Table 

1; hexagonal mimetite seems more common than the monoclinic phase 

in nature. In the course of the examinations, at least five crystals from 

each specimen were examined—specimens from the same locality 

possess the same symmetry. This observation suggests that the locality 

may be an indicative (though not definitive) criterion for the two 

species. The crystal structure of the monoclinic dimorph from Jo- 

hanngeorgenstadt, Germany, was refined using single-crystal X-ray 

intensity data by Dai et al. (1991). The structure data indicate that 

the hexagonal-monoclinic phase transition is caused by the relocation 

of the 6s* lone-pair electrons of Pb(1)?* from the three-fold axis in 

the hexagonal space group, rather than by order-disorder transition of 
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Cl in the [00z] columns. The refined hexagonal structure accommo- 

dates Cl at the fully occupied (0,0,0) position. In the hexagonal 

mimetite, the 6s? lone-pair electrons of Pb(1)?* are restrained along 

the three-fold axis by the symmetry, whereas, in the monoclinic struc- 

ture the lone-pair electrons move away from the pseudo-three-fold 

axis into a direction nearly perpendicular to the axis. The new phase 

was named clinomimetite reflecting its monoclinic structure (Dai et 

al., 1991; Dai, 1990). The mineral and name have been approved by 

the Commission on New Minerals and Mineral Names of the Inter- 

national Mineralogical Association. The type specimen is preserved 

at Smithsonian Institution (NMNH B13647); the mineralogical de- 

scription of this new mineral species follows. 

OCCURRENCE 
The type specimen of clinomimetite, NUNH B13647, was collected 

from Johanngeorgenstadt, Erzgebirge, Sachsen, Germany, a note- 

worthy locality for mimetite (Palache et al., 1951). A historical over- 

view of this classic locality was given by Quellmalz (1990). In addition 

to the type locality, monoclinic mimetite has been reported from 

Eureka, Utah, USA (Keppler, 1968); Horhausen, Westfalen, Germany 

(Keppler, 1968); and the Black forest region, Germany (Fortsch and 

Freiburg, 1970). 

Clinomimetite from Johanngeorgenstadt occurs as barrel-shaped or 

short-prismatic euhedral crystals elongated parallel to the c-axis. Three 

clinomimetite specimens (NMNH B13647; AMNH 15037; AMNH 

15039) from the type locality exhibit two distinct mineral associations: 

(1) greenish yellow, short-prismatic clinomimetite crystals (Fig. 1) 

coexist with black romanechite and red hematite coating a weathering 

surface of quartzite matrix, and (2) pale greenish yellow, barrel-shaped 

clinomimetite crystals (Fig. 2) embedded in a marly matrix on quartz- 

ite. The mineral assemblage and bulk texture of the samples strongly 

suggest that the clinomimetite is a secondary mineral crystallized in 

the oxidation zone of base-metal deposits. 

This study confirms that white, transparent and spindle-shaped 

“mimetite” from Eureka, Utah (AMNH 15041) is clinomimetite (Fig. 

3). Two mimetite samples (Table 1) from Mount Bonnie, Australia, 

exhibit different habits but both have hexagonal symmetry; one spec- 

imen (Table 1, No. 9) displays prismatic and colorless crystals, and 

a museum sample (Table 1, No. 14) has thick tabular/short prismatic 

and greenish yellow crystals. Apparently, morphology and color are 

not reliable criteria for distinguishing mimetite and clinomimetite. 

PROPERTIES, CHEMISTRY, and CRYSTALLOGRAPHY 

Clinomimetite from the type specimen (NMNH B13647) is pale 

greenish yellow and has a hardness of 4 (Mohs) and a density of 

7.36(1) g/cm? measured with a micro-pycnometer in H,O at 20° C 

and 7.37 g/cm? calculated based on the measured formula. Optically, 

clinomimetite is biaxial negative with 2V = 8( + 3)° and all three indices 

of refraction higher than 2.0. Because of the extremely similar internal 

atomic arrangements and essentially identical chemical composition 

of mimetite and clinomimetite, the indices of refraction of the two 

species must be closely comparable; 11.~€mimetite (2.129) and y,= 

Ny~Wmimerite (2.144; Mason and Berry, 1968). Using the measured 

2V=8° and assuming 7, = 2-129 (Emimerite)» and N, = 2.144 =e) 

the y, can be calculated using the equation (Wright, 1951): 

cos*(V.) = 7.7(n,7-Np )/IMe (n,n. ))- 
The calculated 1, is 2.1439, which differs from 1, by at most 0.0001. 

. Thus, it is practically impossible to measure the difference between 

the y, and 7, using immersion oils. Consequently, the crystallographic 

orientation of the indicatrix axes is tentative: X=c, and YAD or 

ZAb = 29.88°. x, 
Clinomimetite was chemically analyzed on the JEOL electron mi- 

croprobe at the University of Colorado using an operating voltage of 

15 KV and a sample current of 10 nA. Except for those reported here, 

no other elements were detected with an energy dispersive analyzer 

and none with atomic number 9 or greater were significantly above 

the detection limit in wavelength-dispersive quantization. The stan- 

dards used are NaCl (Cl), Garnet P130 (Mn), InAs (As), galena (Pb), 

barite (S), kyanite (Si), fluorapatite (P, Ca). Data were corrected for 

ZAF effects using Magiv V. Ten analyses yielded the following com- 

position of clinomimetite (weight %): PbO=74.61 (73.47-76.28), 

CaO=0.00 (0.00-0.01), SiO,=0.14 (0.13-0.15), As,O,=22.05 

(21.98-22.18), Cl=2.58 (2.56-2.61), SO,;=0.15 (0.12-0.20), 

P,O;=0.33 (0.27-0.39), Total =99.86, and the empirical formula: 

Pho ooLAS5.74510.0790.06F0.14]6.01Cl2.13023.01 on the basis of total 50 neg- 

ative charges per formula. Using the same analytical conditions and 

standards, Dai (1990) analyzed at least six crystals from each of four 

hexagonal and one monoclinic samples; all mimetite crystals contained 

0.4 to 1.4 weight % of Ca, but Ca contents in all clinomimetite crystals 

were undetectable. Thus, Ca content can be used as an indicative 

criterion to distinguish the two species. 

The reader is referred to Dai et al. (1991) and Dai (1990) for detailed 

crystal structure and crystal chemistry data for clinomimetite. The 

systematic absences on the over-exposed precession photographs of 

clinomimetite are consistent with space group P2,/b. The unit-cell 

parameters [a= 10.189(3), b=20.372(8), c=7.46(1) A, 

y = 119.88(3)°], refined from diffraction angles of 25 reflections au- 

tomatically centered on a CAD4 diffractometer equipped with graphite- 

monochromated MoKa radiation, are closely comparable to those of 

mimetite [space group P6,/m, a= 10.211(2), c=7.419(4) A, y= 120°; 

Dai et al., 1991]. The first setting of the monoclinic cell is used to 

facilitate the structural comparison between clinomimetite and mim- 

etite. Powder X-ray diffraction data (Table 2) were obtained using a 

114.6-mm Gandolfi camera with CuKa (Ni-filtered) radiation. The 

Table 1. ‘‘Mimetite” samples examined. 

Location Symmetry Source Habit 

1. Tsumeb mine, Namibia Hexagonal Limper Museum, Miami University Spindle-shaped or prismatic 

2. Tsumeb mine, 8 level, Namibia Hexagonal NMNH R18603 Prismatic 

3. Gweunag, Cornwall, England Hexagonal NMNH 103833 Prismatic 

4. Mapimi, Durango, Mexico Hexagonal David Crawford Prismatic or spindle-shaped 

5. Durango, Mexico Hexagonal David Crawford Wheat-sheaf polycrystalline 

6. San Pedro Corallitas, Chihuahua, Mexico Hexagonal Limper Museum, Miami University Ball-like polycrystalline 

7. Los Lamentos, Chihuahua, Mexico Hexagonal Limper Museum, Miami University Spindle-shaped or prismatic 

8. Los Lamentos, Chihuahua, Mexico Hexagonal David Crawford Spindle-shaped 

9. Mount Bonnie, Australia Hexagonal David Crawford Prismatic 

10. Johanngeorgenstadt, Germany Monoclinic NMNH B13647 Short-prismatic 

11. Johanngeorgenstadt, Germany Monoclinic AMNH 15037 Short-prismatic 

12. Johanngeorgenstadt, Germany Monoclinic AMNH 15039 Barrel-shaped 

13. Eureka, Utah Monoclinic AMNH 15041 Spindle-shaped 
14. Mount Bonnie, Australia Hexagonal AMNH 48684 Thick-tabular/short-prismatic 

308 The Mineralogical Record, volume 24, July-August, 1993 



Figure 1. (right and below) Short-prismatic 

clinomimetite crystals to 9 mm from Johann- 

georgenstadt, Germany. The American Mu- 

seum of Natural History collection (AMNH 

15037). Photo by Jacklyn Beckett. 

Figure 2. Barrel-shaped clinomimetite crystals to 6 mm from Johanngeorgenstadt, Germany. 

The American Museum of Natural History collection (AMNH 15039). Photo by Jacklyn Beckett. 

indexing of the powder diffractions is comformable with the single- 

crystal diffraction data collected on the same crystal. The reflections 

with k=odd are too weak to be visible on the Gandolfi film, although 

there are 265 k=odd reflections with I>3o, in the single-crystal dif- 

Figure 3. Spindle-shaped clinomimetite crystals fractometer data set used for the structure refinement, which violate 

to 8 mm long from Eureka, Utah. The Amer- the P6,/m symmetry (Dai et al., 1991). Thus it may require a Rietveld 

ican Museum of Natural History collection refinement of accurate diffractometer data to identify clinomimetite 

(AMNH 15041). Photoby Jacklyn Beckett. with powder methods. 
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Table 2. X-ray powder diffraction data for clinomimetite. 

Ie)- de (Ay de®) hkl* 

20 4.418 4.417, 4.416 (200), (040) 
20 4.210 4.212 (121) = 
30 3.433 3.436, 3.436, 3.435 (102), (022), (122) 
50 3.342 3.337, 3.336, 3.340, 3.341 (320), (160), (140), (220) 
100 3.048 3.049, 3.049, 3.046, 3.045 (221), (141), G21), (161) 
70 3.008 3.011, 3.010, 3.009 (122), (222), (142) 
70 2.947 2.945, 2.944 (300), (060) 
60 2.106 2.106, 2.104, 2.103 (242), (442), (282) 
20 2.051 2.047, 2.047, 2.048, 2.048 (422), (182), (162), (322) 
40 1.995 1.995, 1.995, 1.994, 1.994 (223), (143), (323), (163) 
50 1.961 1.957, 1.957 (341), (261) 
40 1.928 1-928. 1.928 (420), (180) 
50 1.903 1.900, 1.900 (402), (082) a 
10 1.Fler 1.718, 1.718, 1.718, 1.716 (204), (044), (244), (5,10,1) 
10 1.663 1.670, 1.670, 1.668, 1.668 (440), (280), (2,12,0), (640) 
20 1.629 1.628, 1.628, 1.628, 1.628 (224), (144), (164), (324) 
20 1.596 1.597, 1.596, 1.594 (502), (0,10,2), (5,10,2) 
40 1.595 157601 51575 (304), (064), (364) 
40 1.554 12552) 1551. e552 5S2 (621),. (0,12, 2G4210.1),-621) 
10 1.375 1.370, 1.369, 1.373, 1.373 (602), (0,12,2), (344), (264) 
10 1.341 1.341, 1.340, 1.340, 1.340 (424), (184), (1,10,4), (524) 
10 1.328 1.323, 1.323, 1.326, 1.326 (542)) 2-10-20), (62D i.) 

* The unit cell is defined by the monoclinic first setting; c is unique. 

REMARKS 

Clinomimetite is extremely similar to mimetite in terms of physical 

and optical properties because of their similar internal atomic arrange- 

ments and compositions. Based on the studies of Dai (1990), mimetite 

appears more common than clinomimetite in nature; this may be 

because the hexagonal structure of mimetite can be stabilized by either 

minor deficiency of PbCl, or Ca** substitution for Pb** at the Pb(1) 

site (Dai et al., 1991). Although it is impossible to distinguish the 

minerals in hand-specimen or by Gandolfi X-ray film techniques, there 

are some criteria useful for distinguishing the two species. The locality 

is a preliminary indication of species; Table 1 shows that samples 

from the same locality appear to consistently exhibit the same sym- 

metry. Chemically, minor amounts of Ca substitutions for Pb tend to 

correlate with hexagonal symmetry. However, the definitive criteria 

for distinguishing mimetite and clinomimetite are the biaxial optics 

and superstructure diffractions on over-exposed precession photo- 

graphs exhibited by clinomimetite. 
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icrominerals 
Bill Henderson and Marcelle Weber 

Solid Inclusions 

Years ago, the European gentry were generalists. They could speak 

intelligently on a great variety of topics, as the world’s body of 

knowledge was a minute fraction of what it is today. Many maintained 

“cabinets” in which they displayed curios and natural objects. Next 

to a bird’s nest might be a fossil; beside that a stuffed animal and a 

specimen of quartz from the Alps. Over the years, as knowledge 

accumulated, more people felt it necessary to specialize in a single 

area and collect only one type of object. We, of course, collect min- 

erals. Of late, though, even greater specialization has become the 

vogue. Those warped individuals to whom this column is dedicated 

collect primarily microminerals. Others collect pegmatite phosphates, 

minerals of New England, twinned crystals, or even specimens from 

a single locality. 

One attractive specialty is collecting solid'and/or liquid inclusions 

in minerals. This column is devoted to photos of microcrystals included 

within larger crystals; in most cases, both the host and guest crystals 

can be seen in the photos. 

The first two specimens shown (Figs. 1 and 2) are of goethite in 

quartz from a roadcut on Route I-95 in East Haven, Connecticut. The 

roadcut is just east-of the point where the highway passes over the 

south end of Lake Saltonstall. The cut passes through one of three 

Triassic lava flows which trend north-south along the Triassic Basin 

in Connecticut. Goethite occurs there as attractive sprays of brown 

to gold-colored needles in colorless, smoky or amethystine quartz. 

Approximately 1.3 miles north of the above locality and just off 

Laurel Street is the Cinque quarry. It is located in the same Triassic 

flow. Besides blue and green quartz micro-crystals, it is possible to 

find remarkably good amethyst crystals in attractive druses, and goe- 

thite again as inclusions in colorless to amethystine quartz. Figure 3 

shows quartz phantoms delineated by iron oxides. 
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Completely different is the fluorite with a dark purple phantom from 

Mantena, Minas Gerais, Brazil, shown in Figure 4. Besides the phan- 

tom, there are included a number of minute pyrite crystals. Of course, 

as inclusions go, these are not the greatest, but the specimen is so 

beautiful that we could not resist showing it. This specimen and others 

like it were obtained from Carlos Barbosa, a well-known Brazilian 

dealer. 

Native copper is frequently seen as inclusions in other minerals. In 

Figure 5 it appears within natrolite crystals in a specimen from the 

Mass mine, Mass, Ontonagon County, Michigan. 

Transparent gypsum is a very satisfying host for inclusions because 

its transparency and single perfect cleavage make photographing or 

viewing of inclusions relatively easy. An example is the dendritic 

copper in gypsum shown in Figure 6. The specimen is from the Mission 

mine, Pima County, Arizona. 

We think of realgar as a mineral crystallizing in equant or reasonably 

equidimensional crystals. In Figure 7 is shown realgar as acicular 

crystals included in colemanite. This illustrates a fairly common phe- 

nomenon among included crystals; they are frequently acicular, even 

though their normal free-growing habit is equant. The specimen is 

from Boron, Kern County, California. 

Several minerals are found as ring-shaped inclusions. The boulan- 

gerite ring within a calcite crystal shown in Figure 13 is an example. 

Such rings are also found at the same locality (Rogers mine, Madoc, 

Ontario) enclosed in fluorite. Not shown are similar rings of rutile 

within topaz from Tetapati, San Luis Potosi, Mexico. The inclusion 

examples shown thus far are of low-temperature minerals within a 

low-temperature host. The rutile inclusions in topaz were formed at 

a much higher temperature. 

Many sulfide minerals occur frequently as inclusions. One such is 

millerite, shown as inclusions of typically acicular crystals in calcite 

(Fig. 14). The specimen is from Coralville, Johnson County, Iowa. 

Another such sulfide mineral is marcasite, also included within calcite, 

shown in Figure 15. This is from Pint’s quarry, Raymond, Black 

Hawk County, Iowa. Both of these specimens were photographed 

using a polarizing filter, without which the strong double refraction 

of calcite would have produced the usual confusing double image. 

Pyrite is a third sulfide commonly found as inclusions. In Figure 8 is 

shown a complex pyrite crystal in quartz, from Spruce claim, Gold- 

meyer Hot Springs, King County, Washington. That it is an inclusion 

SHEL 
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Figure 1. Radiating brown goethite in quartz; 
field of view 2 mm. From roadcut on Rt 95, 
East Haven, New Haven County, Connecticut. 
Marcelle Weber specimen and photo. 

Figure 2. Golden brown needles of goethite in 
quartz from the same locality as in Figure 1. 

Width of quartz crystal 4.5 mm. Bill Henderson 
specimen and photo. 

Figure 3. Quartz crystals with yellow-brown 

inclusions of goethite delineating phantoms; 

from the Cinque quarry, East Haven, New Ha- 

ven County, Connecticut. Size of crystal group 

3 mm. Marcelle Weber specimen and photo. 

Figure 13. Boulangerite ring in a 2.5-mm 

calcite crystal from the Rogers mine, Ma- 

doc, Ontario, Canada. Marcelle Weber 

specimen and photo. 

Figure 4. A fluorite phantom with pyrite in- 

clusions from Mantena, Minas Gerais, Brazil. 

Size of crystal 1.5 mm. Bill Henderson speci- 

men and photo. 

Figure 5. Native copper inclusions in natrolite, 

from the Mass C shaft, Mass mine, Mass, On- 

tonagon County, Michigan. Field of view 1.5 

mm. Marcelle Weber specimen and photo. 

Figure 6. Dendritic copper inclusions in cleay- 

age fragment of gypsum; field of view 7 mm. 

From the Mission mine, Pima County, Arizona. 

Bill Henderson specimen and photo. 

Figure 7. Colemanite with inclusions of acicular 

realgar, from Boron, Kern County, California. 

Field of view 2.2 mm. Bill Henderson specimen 

and photo. 

Figure 8. Pyrite inclusions and veil of liquid 

inclusions in quartz from the Spruce claim, 

Goldmeyer Hot Springs, King County, Wash- 

ington. Size of pyrite crystal 1.2 mm. Bill Hen- 

derson specimen, photo by Omer Dean. 

Figure 9. Bright red inclusion of hematite in 

quartz from the Gobabor Mountains, Namibia. 

Height of quartz crystal, 1.6 cm. Bill Hender- 

son specimen and photo. 

Figure 10. Metahewettite inclusions in gypsum; 

size of largest crystal 2.8 mm. From the Hum- 

mer mine, Montrose county, Colorado. Bill 

Henderson specimen and photo. 

Figure 11. Griceite on and included in villiaum- 

ite from the Poudrette quarry, Mont Saint- 

Hilaire, Quebec, Canada. Field of view 1 cm. 

Marcelle Weber specimens and photo. 

Figure 12. Red inclusions of pseudobrookite in 

pale yellow roedderite crystal, from Bellerberg, 

Eifel District, Germany. Size of crystal 0.9 mm. 

Bill Henderson specimen and photo. 
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Figure 14. Millerite needles in calcite; size 

of crystal group 3 mm. From Coralville, 

Johnson County, Iowa. Marcelle Weber 

specimen and photo. 

Figure 15. Dendritic needles of marcasite in 

calcite, from Pints quarry, Raymond, Black 

Hawk County, Iowa. The field of view is 2.3 

mm. Bill Henderson specimen, photo by Dan 

Behnke. 

and not a free-growing crystal is shown by the veils of liquid inclusions 

within the quartz, one of which partially covers the pyrite in the lower 

left corner of the photograph. 

Liquid inclusions, by the way, can make fascinating microscopic 

specimens themselves. Picture, for instance, a single fluid inclusion 

within quartz, the fluid inclusion in turn containing liquid, a large 

vapor bubble which disappears on heating, and solid inclusions of 

halite, hematite and potassium-iron-chloride minerals, all as free float- 

ing, euhedral crystals! Liquid inclusions can be used to determine the 

approximate temperature and pressure at which mineral deposits 

formed, and to investigate the composition of the fluids from which 

the minerals were deposited. They are so important to economic 

geologists and others that there is even a Journal of Liquid Inclusion 

Research. 

Perhaps the most colorful inclusion shown here is the one in Figure 

9, of hematite in quartz. The hematite inclusion is so thin that the 

true blood-red color of the mineral is revealed. The specimen is from 

a new locality in the Gobabor Mountains, Namibia. 

We turn finally to some more exotic species. After all, it is not just 

common minerals which can occur as inclusions. In Figure 10 are 

shown brick-red crystals of metahewettite, a rare calcium vanadate 

mineral, enclosed in gypsum. It appears that the metahewettite crystals 
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acted as nuclei, encouraging the growth of gypsum crystals around 

themselves. The specimen is from the Hummer mine, Paradox Valley, 

Montrose County, Colorado. 

A doubly rare combination is the white griceite in and on red 

villiaumite from the Poudrette quarry, Mont Saint-Hilaire, Quebec, 

shown in Figure 11. The specimen is nice in another way—griceite 

has the formula LiF, while that of villiaumite is NaF; both these cubic 

fluorides are present in the one specimen. Mont Saint-Hilaire is the 

type and only locality for griceite. 

Figure 12 shows a specimen which is one of our favorites for its 

beauty and for the rarity of the host mineral. It is composed of red, 

radiating crystals of pseudobrookite within roedderite, and is from 

Bellerberg, Eifel District, Germany. Roedderite is found at this locality 

in silicate xenoliths. It and eifelite, also found in the same area, are 

members of the osumilite group. 

There must be literally thousands of different mineral combinations 

of inclusion and host, and many are available in attractive micromineral 

specimens. Obviously, most, including such popular combinations as 

rutile in quartz, are not shown here. A collection of the little beasties 

would clearly be very interesting, as well as scientifically valuable. 

Certainly, we take delight in adding to those which we already have. 

Finally, one of us (WAH) would like to make a plea for help. Very 

rarely, certain acicular minerals such as the acicular variety of cuprite, 

some pyrite, and millerite, while remaining straight, form twisted (not 

bent) crystals like a perfectly uniform screw. Crystals which do this 

are always extremely thin, and there may be only one or two such 

crystals among hundreds without a twist. I am very interested in such 

crystals of any mineral for use in a future publication. Would readers 

of this column please tell me of such crystals they may have? I would 

’ like to borrow, exchange for, or purchase them for photographing. 

Wm. A. Henderson, Jr. 

47 Robin Ridge Drive 

Madison, CT 06443 

Marcelle H. Weber 

1172 West Lake Avenue 

Guilford, CT 06437 
© 
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Smithsonian gets $3 Million 
for New Mineral Hall 

Mrs. James Stewart Hooker has donated $3 million toward the 

renovation of the Hall of Geology, Gems and Minerals at the Smith- 

sonian’s National Museum of Natural History. This is the largest cash 

gift in the museum’s history. 

To commemorate her generosity, the museum will name the 20,000- 

square-foot exhibit hall the Mrs. James Stewart Hooker Hall of 

Geology, Gems and Minerals. 

A total of $5.25 million has been raised toward the $10 million 

renovation, including $1 million from the Harry Winston Research 

Foundation and $1.2 million from American Mining Congress member 

companies. 

“It gives me great pleasure to help further the educational goals of 

the National Museum of Natura] History by supporting this monu- 

mental renovation,” Mrs. Hooker said. “I am delighted the museum 

is continuing its active interest in our Earth and in the discovery of 

its many treasures.” 

In 1977, Mrs. Hooker donated the exquisite 75-carat Hooker Em- 

erald to the museum. The gemstone is cut in an elegant beveled square 

measuring 27 mm (1.06 inches) on each edge. The gem, set in a 

brooch, surrounded by 109 round diamonds and 20 baguettes was 

designed by Tiffany & Company. 

The Mrs. James Stewart Hooker Hall of Geology, Gems and Min- 

erals will incorporate the most up-to-date earth science information 

and will highlight dynamic earth processes including crystal and ore 

formation, volcano and earthquake origins, the theory of plate tectonics 

and the formation of the solar system. 

Exhibit areas will include a number of special displays. The intro- 

ductory “Harry Winston Gallery” will highlight the Hope Diamond— 

the most popular icon of the Smithsonian. “Mineral and Crystal Trea- 

sures” will emphasize the importance of minerals in our everyday 

lives. A walk-through two-story mine exhibit will feature actual crystal 

pockets and ore veins embedded in rocklike walls. The “rock pro- 

cesses” section will feature large touchable specimens and computer 

interactives demonstrating how rocks recycle, melt and freeze, bend 

and break and cook under pressure. The innovative “plate tectonics” 

section will incorporate a “shake theater”in which visitors will have 

the opportunity to experience the simulated tremors of an earthquake. 

The “planetary origins” area will explore the evolution of the solar 

system. 
“Mrs. Hooker’s philanthropic gift symbolizes yet another invaluable 

public/private partnership with the museum—one that will allow us 

to explore and present the beauty, complexity and magnitude of earth 

sciences,” Museum Director Frank Talbot said. 

The current gem, mineral and earth science halls will close in June 

1994, and the renovated complex will re-open in early 1996. 
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S. R. Perren Gem and Gold Room 

Nearly 1,000 gems and 70 gold specimens light up the Royal Ontario 

Museum (ROM) in Toronto this summer when the S. R. Perren Gem 

and Gold Room opens to the public Saturday, July 3, 1993. In an 

intimate setting, this permanent gallery houses the finest pieces in the 

ROM’s renowned gem and gold collections. 

The gems are arranged according to their mineralogical and gem- 

mological groups with special attention to colors and varieties. A few 

gem crystals show what gems look like in their natural state before 

they are cut and polished. Lit by state-of-the-art and energy-efficient 

fibre optics, each gemstone interacts directly with the light to bring 

out its individual characteristics. Colorless and frosted acrylic plat- 

forms are used in the displays so as not to detract from the color and 

dazzle of the gemstones. Detailed information about the gems is — 

provided in a series of booklets outside the cases, leaving the interiors 

relatively free of labels. 

Most of the gold specimens are housed in a single wrap-around 

case. The central area is devoted to spectacular specimens of Ontario 

gold. Large gold nuggets, probably from the California gold rush 

days, and six gold medals awarded to well-known Canadians for 

achievements in geology are included in the display. The exhibit is 

enhanced by the neighboring interim exhibit Magnificent Minerals: 

Building the ROM Collections, which features over 200 outstanding 

mineral specimens from all over the world. 

The Gem and Gold Room also caters to children: eight displays 

are positioned close to the floor so that youngsters can easily see into 

them. Highlights include a deep amethyst geode from Brazil and a 

large “fake diamond” cut from cubic zirconia. 

Just outside the exhibit room, two interactive, multimedia videos 

provide more information about the properties of gems. By manip- 

ulating “buttons” on the screen visitors can view gems from different 

angles, alter the shape of a variety of gems, discover why diamonds 

sparkle and how accurate cutting can enhance the brilliance of a gem. 

The S. R. Perren Gem and Gold Room is named after Dick Perren 

(1907-1986), an internationally known gem dealer who was a mentor 

to many young jewelers and gemologists. The generosity of the Perren 

family and their friends helped to make this gallery a reality. It is the 

first phase and the centerpiece of the new Earth Sciences Gallery 

which will display the Museum’s collections of minerals, rocks and 

meteorites. The Museum is currently seeking funding to develop the 

Earth Sciences Gallery. 

The S. R. Perren Gem and Gold Room is included with Museum 

admission which, as of Saturday, May 22, 1993, is $7 for adults, $4 

for seniors and students; $3.50 for children, and $15 for family groups. 

For 24-hour information in English and French call (416) 586-5551. 

The Mineralogical Museum of 
Wroclaw University 

We would like to supplement the excellent issue on mineralogical 

museums in Eastern Europe (vol. 19, no. 1, 1988) with information 

on the largest mineral collection in Poland, housed at the Mineralogical 

Museum of the Wroclaw (Vrotslav) University. The Museum was 

founded in 1812 but it received a real impetus three years later with 

the purchase of the Mender collection from Freiberg, reportedly second 

only in excellence to the famous collection of Abraham G. Werner. 

Of special value was a set of proustite crystals from Saxony. Unfor- 

tunately, those and other superb specimens were lost in the course of 

history. A beautiful, 1.5-cm transparent crystal of scheelite from the 

Mt. Sniezka (Sudety Mts.), still on display, is a reminder of the high 

quality of that collection. Many eminent mineralogists worked as 

curators of the Museum, among them Professor Carl Hintze (carlhinze- 

ite) author of the monumental Handbuch der Mineralogie. During 

World War II the most precious part of the collection was stored 
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outside Wroctaw for safekeeping. That was fortunate because the city, 

declared by Nazis a Fortress, was destroyed, including the building 

of the Mineralogical Museum. After the war, a major part of the 

mineral collection returned to Wroclaw due to the efforts and enthu- 

siasm of Professor Kazimierz Maslankiewicz, gemologist, promoter 

of mineralogy, and for many years a curator of the Museum. 

Today, the collection numbers 35,000 registered specimens orga- 

nized into four sections: (1.) systematic collection (15,000 specimens 

from all over the world); (2.) meteorites (153 specimens—largest 

collection in Poland); (3.) minerals of Poland; (4.) gemstones. The 

Museum preserves a few holotypes and cotypes, including stilpno- 

melane, sarcopside, tarnowitzite, and jaskolskite. Among curiosities 

there are small but well-developed crystals of vivianite in the hollow 

of the bone of a fifteenth-century miner who died in an accident in a 

galena mine in Bytom. A special attraction is a recently excavated 1- 

ton block of serpentinite with several centimeter-long radial crystals 

of aragonite from Naslawice. 

The Museum specializes in minerals from Lower Silesia—an old 

mining region once famous for superb quality chrysoprase and nephrite 

(a large boulder of nephrite from Jordansmuhle, now Jordanéw, is on 

display at the Natural History Museum in New York). The southern 

part of Lower Silesia still attracts mineral collectors hunting for peg- 

matitic minerals, agates, transparent barite crystals and other minerals. 

For them a visit to the Wroclaw Museum is a must before or after 

field trips. The Museum treasures a collection of minerals from old, 

abandoned Silesian mines like Ztoty Stok (Reichenstein)—once the 

world’s largest producer of loellingite and arsenopyrite. 

Because of the limited space, only a small part of the collection is 

on display. Meteorites, for instance, are shown by request only. Be- 

sides the permanent exhibits (mineral systematics, gemstones, min- 

erals of Lower Silesia) there are also temporary exhibits: currently 

minerals of the Kola Peninsula. 

A visitor to the Museum is greeted by a friendly staff fluent in 

English and German. True mineral lovers may count on a cup of tea 

or coffee and a chat on mineral wonders. The visit to the Museum 

may be combined with a visit to the neighboring Geological Museum 

that hosts a large collection of fossils and rocks. 

Michal Sachanbifski, curator 

Muzeum Mineralogiczne 

Uniwersytetu Wroctawskiego 

Cybulskiego 30 

50-205 Wroclaw, Poland 

and 

Janusz Janeczek 

Dept. of Earth Sciences 

Silesian University 

Miekzarskiego 60 

41-200 Sosnowiec, Poland 

Uzbek Science Education Center 
(Geological Museum) 

The Republic of Uzbekistan in central Asia (until recently part of 

the Soviet Union) is at the crossroads between East and West. Both 

Alexander the Great and Ghengis Khan made their headquarters in 

Uzbekistan during their military campaigns along the ancient Silk 

Route. Uzbekistan is known for its cotton, bountiful agricultural prod- 

ucts, and a wealth of mineral resources. Some of the largest copper, 

molybdenum and gold mines of the former Soviet Union are located 

in Uzbekistan. Other metals produced are silver, tin, tungsten, tel- 

lurium, selenium and cadmium, as well as evaporite minerals, gem- 

stones and decorative building stones. 

All geological activities in Uzbekistan, including mineral explo- 

ration, come under the direction of the Institute of Geology and Geo- 
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physics, headed by Director Ibrahim Kh. Khamrabaev. Dr. Kham- 

rabaev is also a Lenin Prize winner (1966), in recognition of his role 

in the discovery of major gold deposits in western Uzbekistan. For 

the results obtained from his genetic modeling, in 1990 he was awarded 

the Republican Premium Prize for the discovery of extensive tungsten 

deposits. The mineral khamrabaevite is named in his honor (see Amer- 

ican Mineralogist, 70, 1329). 

Figure 1. Dr. I. Kh. Khamrabaev in his office 

by a geologic map of Uzbekistan. 

The Science Education Center (Geological Museum) in Tashkent 

is part of the Institute of Geology and Geophysics. Funding for the 

museum is also provided by the Uzbek Academy of Sciences. The 

Director of the museum is Rustam G. Yusupov. As implied by its 

name, the museum’s major function is education. There, classes are 

given to high school students, and university researchers attend the 

center to upgrade their degrees through post-graduate research. 

The center’s museum is in a new facility that was dedicated in 

1990. Unlike American museums that specialize in displaying indi- 

vidual world-class crystal groups, the Geological Museum in Tashkent 

emphasizes economic geology and historical geology. In the main 

display hall, mineral exhibits are grouped by mining district, metal- 

logenic type, and commodity. There are also extensive displays of 

industrial minerals, mineral products, and a wide array of building 

stones. 

Only 15% of the collection of 60,000 specimens is on display. The 

remainder are housed in a section of the building reserved for instruc- 

tion and research. In the Academic Hall all geological materials that 
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Figure 2. Science and Education Center (Geological Museum) Tashkent, Uzbekistan. 

are used for research leading to a publication are deposited. It is where 

minerals first described from Uzbekistan can be seen. These include 

native chromium, khamrabaevite, kuramite, chatkalite, nekrasovite, 

mohite, kyzylkumite, vyacheslavite and others. 

The two separate galleries in the museum feature paleontology and 

the life of dinosaurs. The Fauna and Flora Hall contains the Uzbek 

historical paleontological study collections from the Proterozoic to 

Recent in age. 

The Science Education Center (Geological Museum) is located at 

1 Prospect Furkat, Tashkent, 700027. It is open to the public from 9 

am to 4 pm, Monday through Friday. For those wishing to call the 

Director Rustan G. Yusupov (who speaks French), the phone number 

is: (3712) 45-08-66. 

Raymond Lasmanis 

Division of Geology and Earth Resources 

Washington State Department of Natural Resources 

4224 6th Avenue SE ; 

Lacey, Washington 98503 

Figure 3. The 

Highland 

Centennial 

nugget. 
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Stolen Nugget Recovered 

On December 11, 1992, a 27.4-ounce gold nugget was stolen from 

the Mineral Museum at Montana Tech, in Butte, Montana. The 11.4- 

cm nugget, known as the Highland Centennial Nugget, was discovered 

in 1989 (Montana’s centennial year) in the Stratton family placer mine 

on Cooley Gulch in the Fish Creek area of the Highlands near Butte. 

The Stratton family had mined the deposits since Fred Stratton’s initial 

claim in 1892. 

Two larger Montana nuggets were once known: a 15-pounder was 

found at Deadwood Gulch near Marysville in 1865, and a 7-pounder 

was found at Nelson Gulch near Helena a few decades later. Both 

have since disappeared. The 2-pound Highland Centennial Nugget, 

worth about $8,700 in bullion value but perhaps as much as $40,000 

to a collector (according to Montana Tech President Lindsay Norman), 

is thus the largest surviving gold nugget from Montana and is a 

significant piece of Montana mining history. 
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According to the Montana Standard (January 7, 1993), thieves 

attacked the museum vault over lunch hour, extracting some 60 screws 

to remove the metal bars supporting a thick Plexiglas window. Passing 

up a number of valuable gemstones, they took the big nugget and 

ran. 

The break in the case came on the evening of January 1, when 

Highway Patrol Officer Bob Toombs arrested a man for driving under 

the influence on Iron Street near Interstate 15. The suspect attempted 

to trade information for his release, claiming to have held the nugget 

in his hand just prior to his arrest. This double-cross of his friends 

backfired, and he was locked up in the Butte jail, where he was 

questioned by detective Tom Green of the Butte Sheriff’s Department. 

Acting on the information obtained by Green, and from other local 

tips, Anaconda-Deer Lodge police raided an Anaconda home and 

recovered the nugget. 

The nugget will remain as evidence in the safe at the Anaconda 

jail until the legal proceedings have been concluded. Montana Tech 

President Norman says that security will be improved at the museum 

before the nugget is again placed on display. 

Carleton College gets Kennedy Collection 

Carleton College in Northfield, Minnesota has been given the ex- 

tensive species collection of Fred C. Kennedy of Rochester, Min- 

nesota. The collection consists of 3,593 specimens representing about 

3,500 species, 96% of all the known mineral species. 

Torino! 

Kennedy spent more than 50 years building the collection, which 

contains more species than either the Harvard or the Smithsonian 

collections. Despite its comprehensive nature, the Kennedy collection 

occupies a surprisingly small amount of space: four metal cabinets, 

each about the size of a double-drawer file cabinet. The largest spec- 

imens are no more than an inch or two in size, and many are micro- 

scopic. Shelby Boardman, Carlton professor of geology noted that, 

“to the naked eye, most specimens look like nothing; but others are 

quite spectacular.” 

To help organize the collection, Kennedy has also provided Carleton 

with a computerized data base listing species, locality, replacement 

cost and other information. Although he has given over the bulk of 

the collection to the college, Kennedy plans to continue acquiring new 

species, and wYll periodically turn over these additions to Carleton. 

Because of the generally small size of the specimens, the collection 

will probably not be widely used for teaching purposes in Carleton 

geology courses. However, students will have access to the collection 

for study, and Boardman hopes to open the collection to outside 

researchers. 

“We have to decide on the ground rules,” said Boardman, “but 

one of the things I would like to do is let mineralogists and crystal- 

lographers examine the collection and perhaps, under special circum- 

stances, be allowed to ‘check out’ some of the materials. There may 

be a substantial number of people who are interested in having access 

to a resource such as this.” 

Carleton College is located at One North College Street, Northfield, 

Minnesota 55057. 

22nd 
YEAR 

Visit the World-famous Torino Show 

October 1-3. ITALY’S premier gem & mineral show 
is held each year at Torino (Turin). Why not come to 
Europe for a week and visit one of the biggest shows of 
the year? Information: APMP % Scuola Gabelli, 
Via Monterosa 56, I-10154, Torino, Italy. 

HAWTHORNEDEN 

We Have Moved: 

We are now located 

3 miles south of 

Bancroft, Ontario, 

on Highway 62 
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FINE MINERAL SPECIMENS 

Micromount to Cabinet Size 

WANTED TO PURCHASE—OLD COLLECTIONS 

Open Mid-May to September 
(Otherwise By Chance or By Appointment) 

Wendy & Frank Melanson (613) 332-1032 
Mailing Address: P.O. Box 100, 
L’Amable, Ontario KOL 2L0 
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MORE ON EARLY COLLECTIONS 

Our mineralogical memorabilia include a few 

antique collections contained in a trunk or box, 

and one of them (Fig. 1) is very similar to that 

owned by the Department of Geology of the 

Rand Afrikaans University, Johannesburg, and 

described by Dr. Bruce Cairncross in his letter 

to the Mineralogical Record (v. 23, p. 445). 

Our collection is housed in a fine wooden 

box measuring 16.5 x 26 x 39 cm, slightly 

larger than the metal trunk described by Dr. 

Cairncross. It contains three trays, two of them 

holding 20 specimens each in 7 x 5 x 1.5-cm 

cardboard boxes, and one holding 30 speci- 

mens in 6 x 4 x l-cm boxes. There are 70 

specimens all together, some of them minerals 

and some of them rocks. 

The Mineralogical Record, volume 24, July-August, 1993 

The label on the lid (Fig. 4) is similar, but 

not identical, to that described by Dr. Cairn- 

cross: the reference to the 1884 exhibition 

award is there, but the name of the company 

is “Thomas D. Russell” rather than “Russell 

& Shaw,” and also the street address and a few 

other details are different. 

A label with each specimen (Fig. 5) shows 

the firm’s name and address. All labels are in 

the same handwriting, which is different from 

that in the Rand Afrikaans University collec- 

tion. 

Some of the labels bear notes written in 

French by a different hand. Since we purchased 

this collection in Germany, one can see it has 

traveled somewhat across Europe, while its 

companion traveled all the way to South Af- 

rica! 

Another collection in our possession (Fig. 

6) is housed in a wooden box measuring 37 x 

29 x 12 cm; it contains four cardboard trays 

with 64 specimens each in 4 x 3-cm partitions 

(256 specimens in total). The specimens have 

no labels; a number on each of them relates 

the specimen to a list glued to the inside of the 

lid. The list is handwritten in English and gives 

the name of each mineral. Locality information 

is scarce or absent. 

A third collection (Fig. 2), also in a wooden 

box, 36 x 28 x 11 cm, includes 100 mineral 

specimens (50 in the bottom of the box and 50 

in a wooden tray). A companion collection 

consists of 25 isolated crystals, mounted on 

wooden pegs glued to the bottom of a 24 x 20 

x 7-cm box (Fig. 3). 
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Figure 1. Thomas D. Russell mineral and rock collection. 

Figure 2. Austrian collection of Figure 3. Austrian collection of 
200 minerals (label printed in Graz). 25 single crystals. 
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HEALTH EXHIBITION, 1884.—DIVISION, EDUCATION. 

PrRiz= MEDAL AWARDED FOR 

GEOLOGICAL OR SCIENCE 

COLLECTIONS TEACHING. 

PON Oo KO SOL LL, 

Geologist and Mineralogist, 
78, Newgate Street, London,.E.C. 

Figure 4. Label from inside the lid of the box in Figure 1. 

The Mineralogical Record, volume 24, July-August, 1993 

T. D: RUSSELL, 78, Newgate St., London, E.C. 

Figure 5. Specimen labels from 

Russell Collection. 

Figure 6. Victorian mineral 

collection. Can anybody shed 

any light on this and the other 

collections? 

The specimens in both of these col- 

lections are numbered but, unfortu- 

nately, no mineral or locality list has 

survived along with them. An amusing 

color lithograph inside the lids reads in 

English, German and French: “Collec- 

tion of Minerals—Trade Mark.” The 

name and address of the printer (Lith. 

Th.Schneider’s Weu  Preshun, 

Gratz) indicates that these sets were 

assembled in Austria. 

All of the specimens in the four col- 

lections described above are relatively 

unspectacular, but they allow a fasci- 

nating glance at 19th century mineral- 

ogy, old localities, and old mineral and 

variety names. We feel that they deserve 

preservation, as an interesting historical 

footnote to our mineral collecting her- 

itage. 

We too would appreciate any further 

information which readers may have on 

the Russell Company and on the other 

such collections. 

Renato & Adriana Pagano 

P.O. Box 37 

I-20092 Cinisello, Italy 

OZ 



DAMAGED ISSUES 

As a charter subscriber to your excellent mag- 

azine, I look forward to each new issue for its 

content and the always outstanding photogra- 

phy. It is regretful, however, that on several 

occasions your publication is received in de- 

plorable condition. Not only is your magazine 

treasured as an information source, it is also 

held in high esteem for its resale value, es- 

pecially considering that each issue forms part 

of a valuable complete set. I don’t know who 

is to blame for such damage, but I feel you 

should be made aware of what is happening, 

and take whatever steps may be necessary to 

correct it. David S. Mudry 

Amherst, Virginia 

Today I received the Minerals of Greenland 

issue, which unfortunately arrived damaged. 

Within the last year or so, all issues that I have 

received have suffered damage of some sort — 

usually bent and creased corners, or cuts and 

scratches on the magazine surface. I consider 

each issue of the Mineralogical Record almost 

as valuable as each specimen in my collection. 

Can I have the Record mailed to me in a more 

protective wrapper? Would having it mailed 

first class (at additional cost) protect it better? 

Please let me know what options are available. 

John King 

Bowling Green, Ohio 

Each time an issue is mailed out we shortly 

thereafter receive around ten or twelve re- 

quests for replacement of damaged copies. 

That’s not bad on a mailing of over 6,000 

copies, and certainly not enough to justify the 

thousands of dollars it would cost to mail all 

copies in a cardboard envelope. 

Most damaged issues are the victims of 

postal system sorting machinery, or the indi- 

vidual mail carriers. A few are sometimes dam- 

aged by the machine at our printer’s plant 

which bags each issue for mailing. If you have 

repeated problems with damage, it is most cer- 

tainly due to your local post office. 

Of course, different people have varying 

ideas of what constitutes significant damage. 

We cannot guarantee delivery of all regular 

subscription copies in super-mint condition; 

that is beyond our control, and beyond what 

anyone should reasonably expect in the deliv- 

ery of a periodical. 

Nevertheless, we have a great deal of sym- 

pathy for subscribers who love and collect the 

Mineralogical Record so enthusiastically. 

Some people have suggested we should offer 

a custom-packaged subscription at twice the 

regular rate, using a heavy cardboard package 

for maximum protection. Better yet, you could 

wait until the end of the year and order a second 

(mint) set of the previous six issues at the cover 

price, to be shipped in a cardboard box. Or 

you could hand-select six mint copies when you 

visit our booth at the Tucson or Denver Shows, 
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and hand-carry them home. What would be 

best and least expensive for the really metic- 

ulous collector would be to order a two-year 

subscription every year, with instructions to 

the Circulation Manager to mail out one sub- 

scription as usual, and then send to you a boxed 

mint set of the previous six issues every De- 

cember. Then you'd have a working copy of 

each issue arriving when published, and a pris- 

tine collector set of each volume arriving at 

year-end. (Many people already do maintain 

a double subscription for a working set and a 

saving set.) So this is what we will offer. Call 

it the Perfectionist’s Special: a double sub- 
scription for one year, the second set shipped 

mint at year end. The regular price of a two- 

year subscription will apply, giving significant 

savings over the cover price on the second set. 

The Editor 

MICROMOUNT BOOK 

While the help of many people is acknowl- 

edged in my book The Complete Book of Mi- 

cromounting, nowhere does it mention the con- 

tributions made by Dr. Wendell E. Wilson as 

editor. I would like to correct that omission. 

Dr. Wilson spent many hours of labor in editing 

and laying out the volume, and its finished 

appearance says a great deal for his patience, 

perseverance and expertise. I owe him a debt 

of thanks for his help and for his dedication to 

quality in the final production. 

Quintin Wight 

Ottawa, Ontario 

I’m ecstatic that Neal Yedlin’s book on mi- 

cromounting has been completed. Please hurry 

my copy to me. Enclosed is my personal check 

in the amount of $65.00. 

I had written to you several years ago in- 

quiring as to the status of Neal’s unfinished 

book and you were kind enough to explain the 

circumstances. Mr. Desautels was still with us 

at the time, but it was unknown if the book 

would ever be completed. I am sure that the 

combined efforts of three outstanding micro- 

mounters will provide a lasting resource for 

the mineral collecting community. Please ex- 

tend my thanks to Quintin Wight for his efforts 

and I look forward to receiving his book. 

Somewhere, Neal must be smiling. 

Lloyd Kleist 

Alta Loma, CA 

KIPUSHITE 

I received a letter recently from Dr. Pete J. 

Dunn of the Department of Mineral Sciences 

at the Smithsonian Institution, who nicely ex- 

plained to me that I had incorrectly stated in 

my Black Pine mine article (vol. 23, p. 477) 

that kipushite equals veszelyite. Dr. Dunn 

points out that kipushite is a valid, established 

mineral species and is isostructural with phil- 

ipsburgite, not with veszelyite, as I had written. 

Dave Waisman 

Republic, Washington 

MINERAL COLLECTORS’ 

COMPUTER FORUM 

We mineral collectors on CompuServe would 

like others to join us and discover a new kind 

of communication and its power. Learn faster, 

cheaper, and easier many things you most want 

to know about earth sciences and hobbies, and 

most any other subject as well. Arrange spec- 

imen trades and sales with economical speed 

and ease. Enjoy chatting with fellow collectors 

around the globe. 

On CompuServe, we have recently started 

meeting in the Geology section of the SCI- 

ENCE forum. We range from novice collectors 

to professional scientists. Among us are a wide 

variety of interests, including minerals, fossils, 

gems and geology. We are from all over the 

nation, and looking for more members, es- 

pecially among CompuServe’s rapidly growing 

overseas membership. 

This is a truly unique communications me- 

dium. It is as fast as faxing, can be cheaper 

than ordinary mail, and if you want, it is “on 

display” like a classified ad in an instantaneous 

worldwide newspaper. Programs, documents, 

databases, and spreadsheets can be transmitted 

in ready-for-computer-use form. Messages can 

be directed to a person, not a place, so travelers 

can receive it anywhere they have the use of 

a computer with modem and a phone line. This 

medium is uniquely ideal for trading, buying, 

and selling specimens as well as exchanging 

information. In the short time since we became 

active, we have arranged numerous cross- 

country trades, given and received directions 

for collecting sites, helped each other identify 

minerals, made available free mineral/locality 

identification databases with instructions, and 

answered newcomer questions from “does heat 

turn topaz blue?” to “how can I help teach my 

new geology class without much money?” 

Computers are growing cheaper and easier 

to use all the time. Have you priced them 

lately? CompuServe is also rapidly growing in 

ease of use, range of services, and member- 

ship, especially overseas membership. If you 

have not tried it within a year, you have not 

tried it. Computers have other uses for many 

purposes, including more uses for the rock- 

hound in identifying specimens, locating them, 

and organizing a collection. Join our group and 

learn these and other uses for your computer 

as well! CompuServe has unique uses in many 

other areas as well. If you have a problem, you 

can at the press of a button join a worldwide 

club of people who know about the subject and 

ask the entire membership your question in a 

Single step, often getting several answers 

within hours. 

A computer forum is a sort of electronic 

meeting area, including electronic equivalents 

of (1) bulletin boards where conversations can 

take place with (optionally) anyone in the world 

able to look on and join in, (2) libraries of 

“reference book” files and programs available 
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for anyone to get a computer-ready copy over 

the phone, and (3) conference rooms where 

groups of people can “meet” for real-time con- 

versations, like a conference call (but cheaper). 

When our mineral collectors’ forum grows 

up, you might see a member in Australia in- 

forming a mineralogist in the U.S. about a new 

mineral find, and someone else in Germany 

joining in unexpectedly to ask about trading 

for specimens from the new find. If you will 

6 
| ee next time 

you're traveling in 
Germany, visit us 
for some German 
hospitality & see 
some exceptional 
specimens! 

Baumstark 

Mineralien & 
Edelsteine 

Dipl. Min. M. Baumstark 
Geppertstr. 20 
D-7580 Biihl/Baden 
Tel:- 07223-1503 
Fine Worldwide Minerals — 

esp. Bulgaria & USSR 

Bode-Verlag GmbH 
Rainer Bode 
Diirnberg 2 
D-4358 Haltern 4 
Tel: 0049-2364-16107 
Emser Hefte, Mineralien-Welt, 

Fine Books 

Exclusive Mineralien 

Briickner 
G. Briickner 
Box 1342 

D-7840 Miillheim-Britzingen 
Tel: 07631-12801 
Fine Classic Minerals, 

By Appt. Only 
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be traveling, post a message asking what min- 

eral-collecting opportunities are available 

where you are going and see if some locals 

answer. 

You can call these numbers for information 

about CompuServe: 

From within From nearby 
Nation nation nations 

Argentina 01-322-1864 (+54) 1-322-1864 
Australia 008-023-158* (+61) 2-410-4555 

02-696-8807 (+ 56) 2-696-8807 Chile (other) 

erman_ Dealers 

FREISING @ sae 
MUNICH @ ¢ 

TEGERNSEE®@—¢ 
Se te ie 

Kristalldruse GmbH 
Christian Weise 
Oberanger 6 
D-8000 Munich 2 
Tel: 089-260-4018 
FAX: 089-260-3499 
Over 1,000 species; Rarities 

Bought & Sold; All German 
Books on Minerals, etc. [List]; 
M-F, 9:30-6, Sat., 9:30-1 

Publisher of Lapis, number one 
mineral magazine in Europe 

fee gebirge 

€ — czecHostovAs* 
M 

Chile (Santiago) 696-8807 
Germany 0130-86-4643* (+49) (89) 66 55 0-222 
Japan 0120-22-1200* (+81) 3-547-5806 

Korea 080-022-7400* (+82) 2-569-5400 
New Zealand 0800-441-082* (+61) 2-410-4555 

South Africa (012)841-2530 (+27) (12) 841-2530 
Switzerland 155-31-79* 
Taiwan 02-515-7035 (+886) 2-515-7035 

Uike 0800-289-458* (+44) 272 255 111 
U.S.A. 800-848-8199* (+1) 614-457-8650 
Venezuela 2-793-2984 (+58) 2-793-2984 
*toll-free phone 

Doug Mitchell 

Irvine, CA (CompuServ 70621 ,702) 

C) Id classics & 

recent discoveries, 

display specimens 
& rare species, 
fossils, meteorites, 

books & other 

collectibles. 

Kristallkeller- 
Nurnberg 

Ulrike Buchner-Endres 
Stralsunder Str. 50 
D-8500 Niirnberg 90 
Tel: 0911-383680 
Aesthetic Minerals for 

Collectors and Museums— 
By Appt. Only 

Mineral Exquisit 
Karin & Uli Burchard 
Schlosstrasse 6 
D-8050 Haindlfing-Freising 
Tel: 08167-8567 
Top-quality minerals, antique 

mineralogical instruments 

Wilke Mineralien 
Dr. H. J. Wilke & Else A. Wilke 
Handelstr. 5 
D-6116 Eppertshausen 
Tel: 06071-31394 
Exclusive Minerals, Classic 

Localities, Rare Species 

AS 
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The 
Micbigan Mineralogical Society 

HOSTS THE 

Greater Detroit 
Gem & Mineral Show °93 

OCTOBER 8, 9, 10 
FRIDAY 9-7 @ SATURDAY 10-9 @ SUNDAY 10-5 

Outstanding displays from the Smithsonian Institution 
and other renowned Museums. 

The finest mineral, fossil, gem & lapidary dealers. 

Lecturers @ Wholesale @ Swapping 

For Information call (313) 398-6693 

COLTZOK OT 



326 

1993 
Koll Out the Ceryls, Well 

Have a Ganel of Ful 

OVER 500 QUALITY 
DEALERS 

FREE SHUTTLE SERVICE 
Join us as we "Roll out the Beryls" for the AFMS-RMFMS Show and 
Convention. The Denver show is bigger and better than ever before! 

DENVER GEM & 

MINERAL SHOW 

September 16-19 
Denver Merchandise Mart 

1-25 & Exit 215 

Greater Denver Area Gem 

& Mineral Council, hosting 

the American Federation and 

the Rocky Mountain 
Federation of Mineralogical 

Societies. 

More than 200 exhibits. 

More than 100 dealers. 

P.O. Box 621444 

Littleton, CO 80162 

(303) 233-251 6 

Pe 

COLORADO 

MINERAL & FOSSIL 

SHOW 
September 14-19 

Holiday Inn, Denver North 

I-25 at I-70 

160 Top Quality Dealers 

Open to the public 

Satellite parking lot 

P.O. Box 999 
Evergreen, CO 80439 

DENVER EXPO ’93 

September 14-19 
The Travelodge 

1-25 & 48th Ave. 

Wholesale Satellite Show 

Gems, minerals, & fossils 

Satellite parking lot 

U.S. Gem Expos 

P.O. Box 8862 

Tucson, Az 85738 

(602) 791-2210 

‘THE GREAT 

AMERICAN GEM, 

MINERAL, FOSSIL & 

JEWELRY SHOW 

September 14-19 
The Regency 

I-25 & Exit 213 

Retail and wholesale dealers 

Open to the public 

KAK Management 
P.O. Box 81607 

Cleveland, OH 44181-0607 

(216) 779-9509 

GEM & LAPIDARY 

WHOLESALERS INC. 

September 16-19 
Holiday Inn, Denver 

I-70 East at Chambers Rd. 

"Business to Business” 
Gem Trade Show 

P.O. Box 98 

Flora, MS 39071-0098 

(601) 879-8832 

Fly Continental to Denver -- the Official Airline of the Denver Show 
For special discount rates, call Continental at 1-800-468-7022 

Event code ZI30 
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COLORADO MINERAL & FOSSIL SHOW 
Holiday Inn - Denver North 

4849 Bannock Street @ (where I-25 meets I-70) 

SEPTEMBER 14 - 19, 1993 

Tuesday thru Saturday 
10:00 a.m. to 8:00 p.m. Daily 

FREE ADMISSION @ OPENTOTHE PUBLIC @ 200 TOP QUALITY DEALERS 

FREE SHUTTLE BUS TO OTHER SHOWS @ WHOLESALE & RETAIL 

1993 DEALERS ARE on 4 Floors of the Hotel ... 

ABOUT LAPIDARY 
ACE MINERALS 
AESTHETICS UNDERGROUND 
AJS ENTERPRISES 
ALPHA MINERALS 
PEDRO ANSORENA - JOSE CHAVER 
ANTERO MINERALS & JEWELRY 
APACHE VANADINITE MINE 
ARIES ART FORMS 
ARIZONA CRYSTAL 
ARTIFACTUAL IMPORT 
AURORA WEST 
AUSROX 
AVERY-REMMEN MINERALS & ROUGH 
BEIJA FLOR GEMS 
MIKE BERGMAN MINERALS 
BITNER’S, INC 
BLACK HAWK FOSSILS 
BOULDER MINERS 
BRIGHTART & GEMS 
DAVE BUNK MINERALS 
H. BURKARD MINERALIEN - Germany 

CAVIANO MINERAL GALLERY : 
CHATTA - MALACHITE - ZAIRE 
CLASSIC MINERALS 
COAST TO COAST RARE STONES 
COLLECTOR'S CHOICE 
COLLECTOR'S STOPE 
CONTINENTAL DRIFTER 
COOGAN GOLD COMPANY 
COPPER CITY ROCK SHOP 
CRISTA-GALLI 
CRYSTAL CITY, INC. 
CRYSTAL SPRINGS MINING & JEWELRY 
CURETON MINERAL CO. 
D & J RARE GEMS, LTD 
D.J.MINERALS 
CLAUDE BEN DAVID - Canada 
DE NATURA : 
DELTA BRAVO 
DEN’S PETRIFIED CRITTERS 
DENVER BOX COMPANY 
DOUG DeROSEAR 
DREAMSTAR PRODUCTIONS 
DYCK'S MINERALS 
EARTHLIGHT CRYSTALS AND MINERALS 
EARTHLIGHT GEMS & MINERALS 
ELDORADO ENTERPRISES 

ELK CREEK FOSSILS 
EM'S GEMS PLUS THREE 
EXCALIBUR MINERAL CO 
EXPLORER'S EXCHANGE 
FACOP’'S (JAVIER VAL) - Spain 
FENN'S GEMS & MINERALS 
FERSMAN MINERALOGICAL MUSEUM - Russia 
FLEDGELING MINERAL COMPANY 
FOOTHILLS MINERAL BOXES 
FOSSILSOURCE - LARRY MARTIN 
FOX HILLS FOSSILS 
FRANKLIN ENTERPRISES "FOSSILS" 
FREEDOM VALLEY GEMS 
GALERIE FOSSIL - Germany 
GALLERY OF GEMS 
GEM CITY LAPIDARY, INC. 
GEM TECHNOLOGY INDUSTRIES 
GEMINI MINERALS 
GEMOLOGICAL CENTER/GEMAS do BRASIL 
GEMS & MINERALS OF DALLAS y 
GENESIS EPOCH 
GENUINE STONE CO. 
GLACIER PEAK ART, GEMS & MINERALS 
GOLDEN MINERALS 
GOLDEN TRADING - MALACHITE 
CAL GRAEBER MINERALS 
GRAHAM SUTTON MINERALS 
JACK & ELLAINE GREENSPAN 
HALLELUJAH MINES 
HANK SMITH STONE SCULPTURE 
BILL HAYWARD CRYSTALS 
RICHARD HECK MINERALS 
PAT HENDRICK MINERALS 
HOLGUIN MEXICAN MINERAL CO. 
1.C. MINERALS 
IKON MINING & EXPLORATION 
INDIA NATURE'S STATEMENT 
INTERNATIONAL MINERAL EXCHANGE 
IRISH ROVERS 
JAVED'S 
JEANNE’S ROCK & JEWELRY 
JEFFREY MINING CO., INC. 
JENDON MINERALS 
JEWELRY & MINERAL OF LAS VEGAS 
TOM JOHNSTON MINERALS 
JMK ENTERPRISES 
JULE - ART 
KEWEENAW GEM & GIFT INC. 

KORITE MINERALS - Canada 

ENRIQUE KUCERA - Spain 

L & T CREATIONS 

LANG'S FOSSILS & METEORITES 

LAPIDARY JOURNAL MAGAZINE 

LE MINERAL BRUT - France 

LOMBARDO MINERALS 

LUIS LEITE - Portugal’ 
LUSTIG INTERNATIONAL 

M.K. GEMS & MINERALS 

MALACHITE STONE, INC. 

MAPLE HILL STUDIOS 

MATRIX INDIA 

LUIZ MENEZES MINERALS - Brazil 

METRO MINERALS 

MICHAEL'S MINERAL EXCHANGE 

MILLENNIUM INC. 

MINERAL GALLERY 

MINERAL KINGDOM 

MINERALIEN-FOSSILIEN-GALERIE 

MINERALS AMERICA 

MINERAUX du CLARIDGE - France 

MONO INTERNATIONAL 

MORGAN-MARCUE 

MOUSSA MINERALS & FOSSILS - England 

MT. ROYAL 

PETER MULLER STONECARVINGS - Brazil 

MURPH'S 

NATURAL CONNECTION 

NATURAL HISTORY BOOKS 

NATURES ART 

MICHAEL & ANDREA NISBET 

NORTH STAR MINERALS 

OBENICHE MINERALS - Madagascar 

HERB OBODDA MINERALS 

DONALD K OLSON & ASSOC 

ORION MINERALS & EXPLORATION 

OUT OF THIS WORLD MINERALS 

PALA INTERNATIONAL'S THE COLLECTOR 

PALCOM INTERNATIONAL CO. 

PALEO IMPRESSIONS 

PALEOFACTS 

D.J. ‘DOUG’ PARSONS 

PICKENS MINERALS 

PLANET EARTH RISING 

PRECIOUS EARTH CO. 

PYRAMID IMPORTS 

BLAINE REED METEORITES 

CARTER RICH FINE MINERALS 

RINCON MINERAL CO. 

ROCK ART ENTERPRISES 

ROCK ART OF THE UK - England 

ROCK SHOP OF EL PASO 

ROHSTEINQUELLE 'GEM ROUGH’ 

MARTIN ROSSER MINERALS 

ROUGH & READY GEMS 

S.T.D. MINERALS CO. 

SAHARA SEA COLLECTION 

HOWARD SCHLANSKER 

DAVID SHANNON MINERALS 

SCOTT'S RED ROSE QUARTZ 

ST, PAUL GEMS y MINERALS 

ST. PETERSBURG MINING INST. - Russia 

STARFIRE MINES 

GEORGE STEVENS MINERALS 

STONE FLOWER CO. - Russia 
TETLA SEPTARIANS 

THE CAVEMAN (ROBERT LANE) 

THE SUNNYWOOD COLLECTION 

WAYNE & LAURA THOMPSON 

TRADEWELL 

TRANSGEM CORPORATION 

TRILOBITES UNLIMITED 

TUCKER GEMS 

TYNSKY'S FOSSIL FISH 

UNIQUELY CRYSTALLINE 

USMAN IMPORTS 

VALADARES MINERALS - Brazil 

VAN SCRIVER'S MINERALS 

VICJON ENTERPRISES-PERU MINERALS 

VIRGIN MINING COMPANY 

LOU WACKLER 
DAN WEINRICH MINERALS 

WEST COAST MINING 

WESTERN HILLS 

WIESNER MINERALS 

WILLIAMS MINERALS 

SCOTT WILLIAMS MINERAL CO 

WILLIS EARTH TREASURES 

TOM & PAT WITHERSPOON FOSSILS 

WRIGHT'S ROCK SHOP 

WYDAR CO., INC. 

XTAL - DENNIS BEALS 

ZAIRE MINERALS EXPORTATION 

ZEE'S 

ZEOLITES INDIA 

FOR SHOW INFORMATION: P.O. BOX 999, EVERGREEN, CO 80439-0999 
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David Bunk Minerals 
David Bunk 
9240 W. 49th Street, #317 
Wheat Ridge, CO 80033 
303-421-3646 (by appointment) 
Colorado & Worldwide Specimens 

Caviano Mineral Gallery 
5910 South University 
Littleton, CO 80121 
303-798-6696 
Mon-Sat 10-5:30, Sun call first 

Quality Minerals from the 
Ray Thompson Collection 

Collector’s Stope 
Jim & Patti McGlasson 

7387 S. Flower Street 

Littleton, CO 80123 

303-972-0376 

Fine Minerals, Species, Micromounts 

Columbine Mineral Shop 
Benjy & Liz Kuehling 

633 Main Street, Ouray, CO 81427 

303-325-4345, 9 a.m. to 9 p.m. 
Open 7 days, May 1-Oct. 31 

Off-season by Appointment 
Fine Minerals for Collectors 

Genesis Epoch 
Mel & Pam Bersch 

2417 Sandridge Court 
Grand Junction, CO 81503 

303-242-3134 (call for appt.) 

Fine Minerals & Fossils 

Glacier Peak Gems & Minerals 
Joseph & Susan Dorris 
P.O. Box 413 
Manitou Springs, CO 80829-0413 
719-685-4479 (by appointment) 
Top Minerals—Colo., Pakistan, Mex. 

os DOSS 8 8222222225 

=o2 i) 

Golden Minerals 
Don E. Knowles 
13030 West 6th Place 

Golden, CO 80401 

303-233-4188 
Largest Comprehensive Stock in Colorado 

Green Mountain Minerals 
Stanley Korzeb 
13812 W. Dakota Avenue 

Lakewood, CO 80228 

303-988-2642 (Call for Appt.) 
Species, Fine Minerals, write for List 

COLORADO 
MINERAL 

AND FOSSIL 
SHOW 

SEPT. 14-19, 1993 
Holiday Inn Denver North 
(where I-25 meets I-70, exit 214C) 

10 a.m. to 8 p.m. Daily 

Shuttle Bus 
to Other Shows 

INFO: P.O. Box 999 * Evergreen, CO 80439 

Bill Hayward Minerals 
Bill & Christopher Hayward 

3286 Quitman Street 

Denver, CO 80212 

303-455-1977 (Call for Appt.) 

Colorado & Pikes Peak Minerals 

ey ys 
—) 3 ~) 

Trish Rovers 
John & Gerry Shannon 
7319 W. Cedar Circle 
Lakewood, CO 80226 
By Appt. Only: 303-232-1534 
Items unique and antique for 
the mining & mineral collector 

L&T Creations 

Lee A. McKinney 
1800 Winfield Drive 

Lakewood, CO 80215 
By Appt. Only 303-232-6451 

Colorado Amazonite 

L]P—Colorado 
Larry & Carmen Piekenbrock 

P.O. Box 1758 

Boulder, CO 80306 

303-666-6926 (by Appt. only) 

Colorado & Western Minerals 

Mountain Minerals 

International 
Dudley Blauwet 

P.O. Box 302 

Louisville, CO 80027-0302 
303-665-0672, Buy/Sell/Trade 
Minerals, Gems, Gem Rough 

ked & Green Minerals, Inc. 
Denzil Wiggins 

7595 W. Florida Avenue 

Lakewood, CO 80227 
303-985-5559 
Custom Jewelry, fine mineral 

specimens, lapidary & jewelers’ 
tools & supplies 

The Sunnywood Collection 
Bill & Elsie Stone 

12068 E. Amherst Place 

Aurora, CO 80014 

303-368-7497 (by Appt. only) 
Fine Minerals & Fossils, 

Mounted on Exotic Hardwoods 
Custom mounting available 



ALAIN CARION 
Docteut en Goiences - Haculté de Patio AISLVERHORN 

@ MICHAEL J. RIDDING 

Puyers and Sellers 

of fence gem cuyblals 
and gem materials 

RARE SPECIES © MUSEUM PIECES e TN’S 
METEORITES @ OLD SPECIMENS e@ NO LISTS 

92 rue St. Louis en Ule 
75004 PARIS, FRANCE 
_TEL: 33(1) 43260116 

1155 Coast Village Road 
Santa Barbara, California 93108 

Tel: (805) 969-0442 

1993 SHOWS 

Tucson, AZ Exec. Inn 202 

New Location! Feb, 3-13 

Jackson, MS Feb, 27-28 

Raleigh, NC Mar, 26-28 
New Orleans, LA April 16-18 
New Jersey April 25-26 

1993 SHOWS 

Houston, TX May 7-9 

Arlington, TX June 18-20 
Springfield, MA Aug, 13-15 

Denver, CO Sept. 14-16 
Detroit, MI Oct. 8-10 

3612 ALBERT PIKE, HOT SPRINGS, ARK. 71913 

VALADARES 
minerals 

Edson & Laercio Endrigo 
* fine mineral specimens from Brazil 
* Wholesale & Retail 
* No Wholesale List 
* Call or write for information 

RUA CAPOTE VALENTE, 513 
AP. 133 CEP 05409 PINHEIROS 
SAO PAULO-SP, BRAZIL 
Tel: (011) 64-5317 

Dan & Jill Weinrich 
16216 Copperwood Lane 

Grover, MO 63040 (St. Louis Area) 

314-230-8323 * Fax: 314-256-6540 

RARE SPECIES 
@ free list @ 

P. B. Scortecci 
Via G. Leopardi, 61 
52100 Arezzo, Italy 

Dealers in fine mineral specimens 
Showroom open by appointment 

Free quarterly lists * Rarities, Aesthetics, micro to 
cabinet, Wholesale and retail. 

SEE US AT THE HOUSTON SHOW 
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Oysong 
fine mineral specimens 

Rod & Helen Tyson|j 
10549 133rd Street 
Edmonton, Alberta 

Canada T5N 2A4 

(403) 452-5357 

Fine Australian & Worldwide 
Minerals, Fossils, Rare 
Australian Species, Meteorites 

& Tektites. Retail & Wholesale 
supplier since 1984. 

°o 

AUSROX 

Robert Sielecki 
exploration geologist VU Denver 

Janine Rea Munich 
mine geologist Paris 

42 Hex St., Tottenham Tucson 

Melbourne, Victoria 3012 Tokyo 
Australia (phone (61-3)314-961 2) 1993 
FAX: (61-3)315-1819 

See You In: 

MENEZES 
HAS 

MOVED! 
We are now in Belo 
Horizonte, closer to the 
pegmatites, to offer you a 
larger selection of Brazilian 
minerals, including: rutilated 
quartz, rutile on hematite, 
amethyst rosettes, 
Diamantina quartz, pegmatite 
minerals, rare minerals. 

e 
Main Showroom—R. Prof. Antonio Aleixo, 

650 Belo Horizonte - 30180 - Brazil 
Phone and Fax: (031) 337-3929 

—Our Sao Paolo showroom will remain open, 
Phone and Fax: (011) 521-0538 

—See us at the Denver Show—Sept. 14-19 
Holiday Inn-Denver North - room no. 210 

— SORRY, NO MAIL ORDERS — 
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Paul Lowe at A Vince 
Dealing in aesthetic world miniatures, 

small cabinet mineral specimens 

and rare gemstones for collectors 
~~ 

Buying in quality Old Cornish 

and British Specimens 
~~ 

Paul Lowe Minerals - ‘Endsleigh’ 

50 Daniell Road - Truro - Cornwall 

TRI 2DA - ENGLAND Tel: GB 0872 223227 

Kristalldruse is the largest mineral shop 
in Munich. 

Send us your want list or visit us 
when you're in Munich. 
Mon.-Fri. 9-6, Sat. 9-1 p.m. 
Downtown Munich near the 
Stadtmuseum, 2 minutes from 
the Marienplatz in the Dultstrasse 

OBERANGER 6, D-8000 MUNCHEN 2 
Tel. 089-260-4018 

Looking for 

Meteorites? 
Swiss Museum offers free sales list. 

Swiss Meteorite Lab. 
Museum Bally-Prior 

P.O. Box 126 

CH-8750 Glarus 
Switzerland 

FAX: 41-58-618638 

TEL: 41-77-572601 

We also buy meteorites! 

15 MILES, DULLES AIRPORT 
+ PROMPT RESPONSE TO INQUIRIES 
* BUYING FINEST ONE-OF-A-KINDS FOR 

THE ADVANCED COLLECTOR 
* CASH FOR YOUR COLLECTION NOW! 

C. CARTER RICH 
— FINE MINERALS — 

* ROCHESTER, CLIFTON, SPRINGFIELD 
EFMS (HAMPTON) IN 1993 

* TUCSON AT El; DENVER AT HI NORTH 
¢ WANTED: OLD PENNA. MINERALS! 

P.O. Box 69 
Aldie, VA 22001 (703) 327-6373 

ABOU ES WDA 
Specializing in GREEN APOPHYLLITE, MESOLITE 
sprays and sunbursts, NATROLITE in vugs, CALCITE 
varieties, CAVANSITE, STILBITE bow ties, OKENITE 
geodes, PREHNITE statactites, colorful GYROLITE 
balls, HEULANDITE, SCOLECITE, MORDENITE, 
THOMSONITE, EPI-STILBITE, AMETHYST, QUARTZ, 
RUBY in matrix. 

Rarities: POWELLITE, YUGAWARALITE, GOOSE- 
CREEKITE, ILVAITE, LEVYNE. 

Zeolites India ¢ D-311 Manju Mahal, 
35 Nargis Dutt Rd., Bandra (West) 

BOMBAY 400 050, INDIA. 

FAX/PHONE: 91-22-6462284 & 6271102. 

fine minerals & gems 
Direct from Brazil 

OCEANSIDE GEM IMPORTS, INC. 
P.O. Box 222 

Oceanside, N.Y. 11572 

Phone (516) 678-3473 

Hours by Appointment 
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1202 Perion Drive 
Belen, New Mexico 87002 

505-864-2145 
1-year subscription to our mineral listings: $1 

Schooler’s 
Minerals & Fossils 

Quality Specimens 
for the Collector 
At Shows & By Appointment 

P.O. BOX 1032, BLUE SPRINGS, MO 64015 
(816) 931-1576 

Understanding 
Crystallography 

Written Expressly for the Amateur Mineral 

Collector and Student of Mineralogy 

Includes Detailed Explanations of: 
The Six Crystal Systems * Twinning 

Miller Indices * Stereographs 

$20.00 Postpaid 
overseas add: $3.00 surface, $5.00 airmail 

Send check or money order to: 

Crystallography Dept. C 
Box 12 « Fairfax, VA 22030 

Ve! WESTAUS 
: Mineral Museum 

Rare Species 
. Mainly from Western Australia 
The NEW MINERAL Widgiemoolthalite is 
now available in limited quantities. It is the 

Ni analogue of Hydromagnesite. 
Also available Danielsite, Aheylite, Arsenocrandallite, Ash- 
burtonite, Cechite, Arsentsumebite, Bavenite, Bayldonite, 
Chenevixite, Cornwallite, Dussertite, Gartrellite, Gaspeite, 
Hydrohonnessite, Lavendulan, Wodginite, Plus many more> 

Send for list 
P.O. Box 116, Beverley, 

Western Australia, Australia 6304 

Russell E. Behnke 

A full-time mineral dealer offering 

world-class quartz, tourmaline, beryl, 

topaz, garnet, brazilianite, chryso- 

beryl, and other choice mineral spec- 

imens to both collectors and dealers. 

Mail orders and phone inquiries are 

warmly invited. 

161 Sherman Avenue 

Meriden, Connecticut 06450 

Tel: (203) 235-5467 

P.O. Box 6214 
Rome, Georgia 30162-6214 

Tel: 706-291-4618 
No List. Please write for specific requests. 
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>) THUMBNAIL CASES ine 
Per 10 Per100 Per case (672)* Mineral Specimens 
$3.00 $24.00 $130.00 (19.4¢ each) With Styrofoam Inserts 

N/A $19.20 $104.00 (15.5¢ each) W/O Styrofoam Inserts 

Thumbnail Case plus shipping 
1-1/4” Cube hes 

Over 900 Mineral Listings plus Boxes & Supplies 
— Send three stamps for complete catalog — 

DAVID SHANNON MINERALS 
6649 E. RUSTIC DR., MESA, AZ 85205 (602) 985-0557 

¢ Great Glausics: ‘ 

Afghan & Hakistant INTERNATIONAL Md We ei 
MINERAL EXCHANGE 

: Megmutite Midvinte 

oats lists issurd.——> > 

Buying Quality Specimens & Collections ~ 
Sales by Appointment & Selected Shows thi Z Ohno D D a 

GERALD AND JEANNINE CLARK ox 51 
P.O. Box 11090, Costa Mesa, CA 92627 Short Hills, NI. 07078 

Tel: (714) 540-0810 (201) 407-0212 

Rare Species? 
Common With 1992 Update 

Glossary of Bound in Minerals? 
: MINERAL 7916.00 

2 = || SPECIES aieriry packaging ($2 foreign) 

1991 
Order from: 

Cw Mineralogical Record 
NPS P.O. Box 35565 
(ee I US Tucson, AZ 85740 

il Tel: 602-297-6709 
als iN VA Prepaid orders only 
SV 

Our customers say: “Quality material, 
accurate labels, excellent wrapping.” 
Find out why! $1 brings 20 pages of 
listings. $2 puts you on our mailing list Feehan Wianderino 
for a year ; 

if Wholesale discount 

Minerals Unlimited | to dealers on 10 copies 
P.O. BOX 877-MR or more. 

RIDGECREST, CALIF. 93556-0877 

Keeping in time with Franklin and Sterling Hill Join us for field trips, lectures and 
“The Picking Table” as it presents the 

The Franklin-Ogdensburg Mineralogical Society, Inc. latest information about these famous 

Membership fee: $10.00 localities. 

John Cianciulli, Treasurer, 60 Alpine Road, Sussex, NJ 07461 
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Culver City, CA 
Syracuse, NY 
Butte, MT 

Colorado Springs, CO 
Mt. Vernon, WA 

(N.W. Fed. Show) 
July 30-Aug. 1 Hampton, VA (EFMLS Show) 
Aug. 6-8 
Aug. 7-8 
Aug. 13-15 
Sept. 4-5 
Sept. 11-12 

352 

New Carrollton, MD 

San Francisco, CA 
Springfield, MA 

Carson, CA 
Danbury, CA 

WILLIS’ EARTH TREASURES 
Fine Mineral Specimens 

Wholesale & Retail 
Rock Trimmers & Hardwood 

Thumbnail Cabinets 
Send want list or by appointment 

116 Prospect St., Stewartsville, N:J. 08886 
908-859-0643 

See this summer’s discoveries from Asia & Africa: 

New Carrollton, MD (Sheraton) Aug. 6-8 
Springfield, MA (Expo Center) Aug. 13-15 
Denver, CO (Merchandise Mart) Sept. 16-19 

Mountain Minerals International 
P.O. Box 302 @ Louisville, Colorado 80027-0302 

Tel./FAX: (303) 665-0672 

ogy NNN INT, Ry 
AW se 

ee 
Ne 

THUMB 
5 ber w NAL 

Our offer of twenty-five (25) thumbnail-sized specimens includes rare species, attractive specimens, 

loveable uglies and common minerals, too. Some will be mounted in standard perky boxes, some 

loose, all individually labelled and all different! Each selection will include old collection material, 

specimens with micro potential, unusual localities from worldwide sources, etc. These collections 

are great bargains! Twenty-five (25) different TNs for $40.00 postpaid! 

Excalibur Mineral Co. 
5 Louis Lane, Crugers, New York 10521 

Peerless 

Minerals MINERIVE 
VA 

Classic 
Mineral Specimens 

Frank & Eleanor 

Smith 

P.O. Box 862 
Merrifield, VA 22116 

(703) 204-2609 

FAX: (703) 641-0733 

fine & classic worldwide minerals 
Pakistan @ Eastern Europe 

North & South Africa 
8 

ae NY Francois LIETARD 
Au Bourg, 42800 TARTARAS, France 

Tel. (33) 7783-9869 
FAX: (33) 7483-9837 

Tucson Show 
at the Community Center 

No Lists 

FREE CATALOG 
_ Over 800 
C sizes of 

plastic boxes. 

imilale sxe) 

iN olabaaliare(=ve. 

a Vi lfelgelnatel elie 

* Perky and 
faaretelalnit=ys 
boxes 

INuitiey. |. PRODUCTS 
496 Danbury Road, Dept. MR - Wilton, CT 06897 

(203) 762-0796 - FAX (203) 762-3180 
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Now in its fifth year! 

IF you collect or study mining artifacts, antiques and memorabilia you should be subscribing to 
the Mining Artifact Collector. Regular features deal with carbide lamps, miners’ candlesticks, safety 
lamps, oil-wick lamps, blasting paraphenalia, stocks and paper collectibles, and miscellaneous subjects 
such as mine bell signal signs, scales, museum reports, and much more. You'll make new connections 

with other collectors and dealers that are sure to help you in building your collection. Subscribe today, 
and order the back issues while all are still available! 

Back Issues for 1989 (4 issues) $30 postpaid ($40 foreign) 

Back Issues for 1990 (4 issues) $30 postpaid ($40 foreign) 
Back Issues for 1991 (4 issues) $30 postpaid ($40 foreign) 
Back Issues for 1992 (4 issues) $30 postpaid ($40 foreign) 
Subscription for 1993 (4 issues) $25 postpaid ($35 foreign) 

Soo HD 

The Mining Artifact Collector 
Ted Bobrink (Treasurer), 12851 Kendall Way, Redlands, CA 92373 * Tel: 714-794-5518 —=—=Sac=_—=_=a—an0c——_9——So0 

oo ae SESS | 5 | SES | ea | RO 

Mineralogical Record Magazine 

$36/year (U.S.), $39/year (foreign) 

P.O. Box 35565, Tucson, AZ 85740 

Mexico 

5 for Minerals} | (Claude Ben David 
On Sept. 15, 1993 Geological Arti- PALEONTOLOGY * MINERALOGY 
facts will lead an expedition of ex- 

ploration, collection and fun into The Vloroccan source for Fossils & /VIinerals 
Mexico, visiting mines, caves and Mailing Address: 5600 Wilderton 
ae aes CS Gey ae a : Montreal, Quebec, Canada H3T 1R9 
idary material, ; Phone: (514) 344-3995 
lalia, Mapimi, and in many areas of 

cultural and historical note. For prices FAX: (514) 344-9552 

and Information write or call 

pie icaleArcifacts DENVER SHOW ® SEPT. 14—19 
3827 Yuba River Dr. Holiday Inn North on Bannock 
Ontario, CA 91761 Room 220 

(909) 947-4803 
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EAST COAST GEM & MINERAL SHOW 

AUGUST 13 - 14- 15, 1993 

°¢ THE SPRINGFIELD SHOW * 

Hem. fu Go) 

993, us at THE BETTER LIVING CENTER BUILDING, 

EASTERN STATES EXPOSITION, 1305 Memorial Drive, West Springfield, MA 

I 
N 

THOUSANDS OF FREE PARKING SPACES 

GEMS @ FOSSILS ® MUSEUM EXHIBITS @® JEWELRY 

DOOR PRIZES @® SWAP SECTION @ SPEAKERS @ KIDS PAN FOR GOLD FREE 

80 TOP QUALITY DEALERS FROM ALL OVER THE U.S.A. 

10-7 FRIDAY & SATURDAY e 10-5 SUNDAY 

Air-Conditioned Hall 

1993 Dealers Include 

All That Glitters 

Amazon Imports 

Assex Trading, Inc. 

Atlantic Gems, Inc. 

Aurora Mineral Corp. 
Best of Canning 
Carter Rich Minerals 

Carved Opal & Obsidain 
Classic Minerals 

Coast-to-Coast Rare Stones 

Collector's Choice 

Collectors 

Cross Avocations 

Crystal Perfection 

East Mart 

Eco Design 

Ernie Schlichter Minerals 

Especially Diamonds 

Excalibur Mineral Co. 

Extinctions 

INFORMATION & ROOM RESERVATIONS: P. O. BOX 999, EVERGREEN, CO 80439-0999 

Fashion Gem & Jewelry, Inc. 
Fowler's Wire Wrapping 

Gemini Minerals 

Gems & Minerals of Dallas 

Golden Treasures 

H. Obodda 

H.S.T., Inc. 

Hawthorneden 

Heaven and Earth 

Horizon Mineral Co. 

Howard |. Schlansker 

Irish Rovers 

Iteco, Inc. 

J.B. Fine Minerals 

Jemco 

Jendon Minerals 

Jewelry Depot 
Jonathan Smith 

Joyce Christiana 

Kaya Co. 

M. Phantom Minerals 

Malachite Stone Inc. 

Martin's Minerals, KMMK Corp. 

Midwest Minerals 

Mine Design 

Mountain Minerals International 

Nevza Treasures of the Earth 

North Star Minerals 

Opex Opal Pty. Ltd. 

Orius Group 

Pan Lovely Jewelry Co 
Parsons' Minerals & Fossils 

Pequa Rare Minerals 

Peruvian Tradition S.R.L. 

Phoebe Designs 

Raiders Of The Lost Art 

Rainbow Mineral Company 
Rincon Mineral Co. 

Rockyfellas Minerals 
Russell's Fossils 

Sahara Sea Collection 

Sandor P. Fuss 

Schooler's Minerals & Fossils 

Scovil Photography 

Stratagem 
Terra Firma 

The Outcrop 

The Rocksmiths 

The Showcase 

The Soaring Crystal 

The Treasury Room / Mineral Video 
Tired Ted's Gems 

Vista Gems 

Williams Minerals 

Willis' Earth Treasures 

Wright's Rock Shop, Inc. 

Yankee Mineral & Gem Co. 

ANDREAS WEERTH - Germany 



*Be sure to ask for 
special admission to 
“The Blue Room” 

BN AWRENCE H. CONKLIN 

showroom: 

2 West 46th Street 

New York, New York 10036 

Tel: (212) 382-0304 

HOURS: TUES-FRI 9:30-4:30 
SAT 10-2:30, except July & August 

OTHER TIMES BY APPOINTMENT 

Mineralogical Record Inc. 
Board of Directors 
Abraham Rosenzweig (Pres.) 

P.O. Box 16187 
Temple Terrace, FL 33617 

Terry C. Wallace 
(Vice Pres.) 
Dept. of Geosciences 
Univ. of Arizona 
Tucson, AZ 85721 

Patricia A. Carlon (Secr.) 
1110 E. Emerson 
Bloomington, IL 61701 

Thomas M. Gressman (Treas.) 
W330-N5570 Linden Cir. E. 
Nashotah, WI 53058 

Ronald E. Bentley 
6 Claremont St. 
Enfield, CT 06082 

Anthony R. Kampf 
Mineral. Section, 
Natural History Museum 
900 Exposition Blvd. 
Los Angeles, CA 90007 

Mary Lynn Michela 
7413 N. Mowry Place 
Tucson, AZ 85741 

George W. Robinson 
Mineral Sciences Div., NMC 
1926 Merivale Rd. 
Ottawa, Ontario K1A OM8 

Marshall Sussman 
618 Hartrey 
Evanston, IL 60202 

Wendell E. Wilson 

4631 Paseo Tubutama 
Tucson, AZ 85715 

Volunteer Coordinators 
Eastern U.S. 

Charles & Marcelle Weber 
1172 West Lake Ave. 

Guilford, CT 06437 

Advertising Information 
All advertising in the 
Mineralogical Record must be - 
paid in advance of the closing 
date. Telephone orders not 
accepted. Write to the editor for 
rates. 

Closing dates: 
Jan.-Feb. issue 
March-April issue 
May-June issue 
July-Aug. issue 
Sept.-Oct. issue 
Nov.-Dec. issue 

An additional 20 days past the 
closing date are allowed in which 
advertisers may make changes 
(excluding size changes) in ads 
already paid for. 

Design 
Wendell E. Wilson 

Graphic Production 
Capitol Communications 

Crofton, MD 

Printing 
Waverly Press, Easton, MD 

Color Separations 
Hollis Phototechnics 

Tucson, AZ 

The Mineralogical Record, volume 24, July-August, 1993 

Now Europe’s greatest journal for minerals and gems. 

Articles on Minerals, gems and their localities all over the world— 
with special emphasis on Germany, Austria and Switzerland. 

Monthly information for the Dana collector, on all that’s new in 
the mineral and gem market, on books, and on the latest events. 

Lapis helps establish business and trading contacts all over 
Europe through your ad. 

one year subscription 
DM 92.40 
surface mail postage 
included 

Note: Now you can pay 
for your Lapis 
subscription through 
the Mineralogical Record! 

Christian Weise Verlag 
Orleansstrasse 69 

D-8000 Miinchen 80 
West Germany 

Circulation 
P.O. Box 35565 
Tucson, AZ 85740 
602-297-6709 

Editing, advertising 
4631 Paseo Tubutama 
Tucson, AZ 85715 

602-299-5274 

Foreign Payments 
Remittance may be made in local 
currency, at prevailing exchange 
rates, without surcharge, to the 

following people: 

Belgium 
Paul Van Hee 
Marialei 43 

B-2900 Schoten 

Canada 
Mrs. J. W. Peat 

36 Deepwood Crescent 
Don Mills, Ontario M38C 1N8 

Great Britain 
Paul Lowe 

“Endsleigh” 
50 Daniell Road 

Truro, Cornwall TR1 2DA 

Italy 
Renato & Adriana Pagano 
P.O. Box 37 
|-20092 Cinisello Balsamo MI 

Japan 
Tsukasa Kikuchi 
P.O. Box 18, Hongo 
Tokyo 113-91 

Tel: 89-480-2933 
FAX 89-688-6160 

Netherlands 
W. J. R. Kwak 
Kabeljauwallee 23 
6865 BL Doorwerth (Gld) 

Norway & Sweden 
Geir Wiik 
N-2740 Roa 
Norway 

South Africa 

Horst Windisch 

30 Van Wouw Street 

Groenkloof, Pretoria 

West Germany 
Christian Weise Verlag 
Oberanger 6 
D-8000 Munchen 2 

Affiliated with the Friends of 
Mineralogy, an independent, 
non-profit organization devoted to 
furthering amateur and profes- 
sional interests in mineralogy. For 
membership information contact 
Richard Thomssen, Treasurer, 
P.O. Box 1656, Carson City, NV 
89702 

Opinions expressed 
are those of the authors and do 
not necessarily reflect those of 
the Mineralogical Record Inc., its 

editorial staff or directors. 

Sis) 



Searcdung 
the world 
to bring you the finest in mineral specimens 
at competitive prices 

.. . to bring you the finest in mineral specimens at competitive prices 

@ Fine Display-quality Specimens and Rare Species: 
Send for our bimonthly mineral lists of thumbnail, miniature, and cabinet specimens. First quality 

mineral specimens for collection and display, plus rare species for systematic collection, reference, and 

research. Send large SASE for lists. Non-USA, send two International Reply Coupons. 

© Micromount and Specimen Boxes of All Kinds: 
Boxes: A separate listing is available detailing prices and sizes of micromount, Perky Boxes, plastic 

magnifier boxes, white cotton-lined specimen boxes, display stands, etc. Send large SASE for lists. 

Non-USA, send two International Reply Coupons. 

© Books—Mineralogical Subjects: 
Send for our separate price list with information covering new books on mineralogical subjects, as 

well as older, out of print mineralogical books. Send large SASE for lists. Non-USA, send two 

International Reply Coupons. 

@ Back Issues of the Mineralogical Record: 
Ask for our listing of out-of-print issues currently in stock. Send us your want list, if you need back 
issues to complete your set. Send us your offers, if you have back issues available for sale. 

Mineralogical Research Co. 
Eugene & Sharon Cisneros 

15840 E. Alta Vista Way, San Jose, California 95127 
Look for our booth at major Western U.S. Shows * A Division of the Nazca Corporation 

PHONE: 408-923-6800 FAX: 408-926-6015 

Advertisers Index 
PMR rellWets 9 Bice oe op oo Kone tn ce no cp nee 332 International Mineral Exchange thor Products ...........................+832 International Mineral Exchange .................. 331 Oceanside Gemi Imports |. =. <5 <n wesmeen o Onerenenen ee 330 
Arizona) DCAlOrS) as. cea, sce. a.cks Me ne ee er 301 Jendoni Mineralsi, S20 ohn. cette te on ere reas 330 Pala International’. = s6 02 cn aeons C4 
RUST OXcere earn ate Pages te corns Pad anon th oe ee 329 Kristalldrusey sici35.csd feat. oc er eee crete or 330 Peerless: Minefals:.. «0c ec diee as tue eee 332 

BallY-RrOmMUSOUR meant sc cin cne cit icine mie cet near 330 Kristalle ey: crx feecony seks seyanks. cee gene meer acd c2 Proctor, Keith isan see eee 284 
Bennke Russie. Wee oes. OF. coe Ps 2 Sa 330 KapissMagazine:.!0 2.0 Saree cee cocm meee eee ad eee 335 Rich, C. Carter cc +s. s0c +s oot 330 
Ben-David: Claudentes, Sern Pee. 333 Lowe, Paulas 288 4.8 wk «6k ee eee 330 Rockemiths «os +.. cae a...’ eae 332 
California, Dealers:ciew ts settee Seve yee sn aeen tee 306 Menezes suis ear eatin Piihin «<n pelea Wanna ae eee 329 Rocks of Ages Books... o5e<c bdo. Meda oe 303 
Ganon Alain ts, wae ice omaetere niacin snes oearemaen olan 329 Mineral Data Publishing Company ................ 303 Rogers, Ed... 0. cu oc tl eee 303 Carousel Gems & Minerals. ...............-.0-- G01 ailineral Kingdoms. ces ss cs 0s hee 300  Schooler’s Minerals & Fossils ................... 330 
GollectonSHBdge cae ocr oc sas: =. trast vers. eene peng 300 Mineralogical Record Scottecci,, Pier Brio” ...<.>.4unbe ace eee 329 
GoloradowDealersncan tra nee ete eee kc rae Seay 328 Advertising Information: 2.5.00. . 6.4 06.5000 na ae 335 Shannon, David... «sss. chen 331 
Colorado Mineral & Fossil Show ................. 327 Back AGSUGS. een nies os, Soa aves a ee 325 Silverhorn Cee cet 329 
GCOnklineeaWnOnCe: cess tachi cxktt cece eee NetE we peuetle 335 Books for Collectors.......... 283, 302, 303, 314, 331 Springfield Show vo i Se 334 
Crysiallography "BOOK, 75. sad case euene thea cc tna a oes. 0 330 Subscription) Information| 2.0... ......e50 aan 257,385 Torino-Show ... ce... ss eaten 318 
DGRAUEIAVOUF Rte ober fives ven icicgt mnie reat e won cates 300 Mineralogical Research Co. ..............0000 08 336 Tschernich;: Rudy’. 2020 5, Sea ee 303 
Denver SHOWS Me re ene ee eae Same eae nl eae 326 Minerals. Unlimited) otis ahaess 2 Siva ee 331 Tyson's Minerals ; : : 3th ae 329 
Detroit Show Fee PSA TE er Me de HUN a. ceca 324 MINGLING: vapsitncpeds Seite aati hore ob aectomey oss mre eee Soe Valadares Minerals: ...../24:3. “ices aaetaeete tease 329 
ExcaliburiMineraliGompanyy =. -rcise- os ates. ea 332 Mining Artifact COneGlon. on, tac cos Hales Ga tes Cae 333 Weinrich Minerals en ie a 32: 
RabreiMinorals:..... o...tseamy deere. nee) diebatine tics 300 Monteregian: Minerals: iasmictsan cet cksgu cue woth unite er 300 Westaus Mineral Aluséum ERE SS bait By 
Gemmary BOOKS wernt ereere arene a kenge eae hee 302 Mountain Minerals International................0. 332 Willis Earth Treasures ........................ 
GOEOOGICAIPATINACIS reat ete h easiest eae 333 Museum) Directory.) rueeeactc een hereon 304-305 . Wiight's Rock Shop ...... ) tans an ene 5 
les alee : . ; 2 a Gogo oath Cosco seaor cg asa GS Fc 323 National (Minerals Gia a nucatrat coro cians earetene ane aen ae 300 Yount; Victor . visa 2ckwok ae en = 
anneeMCOMPAAYIBOOKS: 2 cic. wae ese wd odeeea ties 30 i fa. ote wc ee ee ere ul See nae ge aaa sc oe Obodda; Herbert: occ ciagersisire eteinitekener talc are 331 Zeolites: India... 4 HO ee ee 330 

336 
The Mineralogical Record, volume 24, July-August, 1993 



VICTOR YOUNT | 
fine mineral specimens from North Africa and worldwide 

See mie at: 
the Detroit, 

junich, Denver, 
Springfield and 
Franklin Shows 

See me at | 
the Tucson, 
Community 
Center Show 
in February | ~ 

Cerussite trom Touissit, Morocco 

Photo by Harold & Erica Van Pelt 

ROUTE 3, BOX 250, WARRENTON, VIRGINIA 22186 — * (703) 347-5599 : BY APPT. ONLY 

45 miles from Downtown Washington 



William F. Larson 

President 
Kent W. Bricker 

Director of Minerals 

Photo by 
See a f= 1c0) (0 = Vale Ml =a or] 
Van Pelt, Los Angeles 

WM LON 
~ 912 South Live Oak Park Road , California 92028 @ 619 728- 9121 

-~800-854-1598 © FAX 619- 728- 5827 at 


