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THE SWEET HOME MINE

PARK COuUNTY, COLORADO

This publication

1s dedicated to
F. Leonard Beach.

whose undying faith in
the Sweet Home Mine
made it all happen.




FRONTISPIECE: “The Ribbon™ rhodochrosite
specimen, 24 cm, found in the Good Luck Pocket,

Sweet Home mine, in 1992. Sweet Home Rhodo,
Inc. specimen; photo by Harold and Erica Van Pelt.
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OREWORD

Every mineral collector can probably list a large number of great
mineral discovenes that have been made throughout the history of
collecting. Some of these finds yielded thousands of specimens
now In countless museum and private collections worldwide. And
yet, in the majority of cases, little or nothing has been recorded
about the exact circumstances of the discovery: the people in-
volved, the precise locations of individual specimens, the timetable
of finds, the difficulties overcome, the strokes of luck (good and
bad) . . . in short, the story is missing. The blood and sweat and
headaches, the thnll of victory and the agony of defeat, are
historical chapters lost forever.

By great good fortune, some information has been saved. This
special 1ssue of the Mineralogical Record documents what may
well be the greatest adventure in specimen collecting in our time
the Sweet Home mine operation. Many thousands of specimens
have reached the market as a result of the project, and thousands of
collectors and museums now proudly display stunnming examples ol
cherry-red rhodochrosite and other species from the Sweet Home
mine. The experience of owning those specimens can now be
enriched by knowing the full story of how they came to be and how
they were recovered. Take it from an editor who has spent decades
trying to root out such data for important occurrences: this is a rare
treasurc

The Sweet Home operation has been unique in many ways. Most
similar specimen-mining endeavors are unprofitable and shon
lived, whereas this one has made a fortune and has persisted for the
better par of a decade. While other operatons have rehied on the
limited technical background of one or two individuals, the Sweet
Home operation has from the start been professionally orgamized
and financed, and has brought to bear the training and expenence
of a number of professional geologists, geophysicists, geochemists,
mineralogists and mining engineers, not (0 mention seasoned
miners who ultimately became very well-schooled in the special
techniques of specimen mining. Through the synthesis of all these
skills, and under the inspired guidance of Bryan Lees as the
project’s head, new technologies were applied and new techmques
developed that have resulted in what is surely the most professiona
and technically advanced specimen recovery and preparation op-
eration in history.

I will resist the iemptation here to rave on about the unique
beauty, quality and fascination of the Sweet Home specimens. The
reader will already know this and, if not, will achieve this
realization after a brief flip through this issue

As an editor, [ don’t always get everything | want in an article or
an 1ssue. But in thus case, it's all here: Practically a day-by-day
account of the best discovenes, an in-depth review of the carly
history of the locality, a thorough review of the geology, details on
all the species found, and a fascinating collection of technical data
on everything from ongins to exploration methods. And all of this
1s augmented by abundant illustrations showing everything from
underground mining to many of the best specimens removed. It
a collector’s feast that warms an editor’s hear

Clearly this is one of those special issues that deserves
hardcover edition; everyone owning a valuable Sweet Home prece
will surely want to keep a special copy along with his specimen. So
we have gone ahead and ordered a run of 500 copies with sewn
bindings and gold-stamped. bonded-leather covers, which will be
available at our usual price of $49 plus $2 shipping (54 shipping
outside of the U.S.). Copies can be ordered by phone or fax from
the Circulation Manager. Bear in mind that handbinding takes
time, but order now to assure that you get one, and we will ship
them out as soon as we receive them from the binder

On behalf of the readers and staff of the Mineralogical Record, |
would like to thank the authors, reviewers and photographers
involved for their excellent and tumely work, especially Bryan Lees
who spearheaded the wnting and photography like an expenenced
old editorial wrangler. Karen Wennch, Peter Modreski, Bryan
Lees, Bill Silberman, Paul Hlava, Bill and Carol Smith, Bob Jones,
Bill Tanaka and Steven Morehead all assisted in the review
process. | would also hke to thank those generous individuals who
donated the funds that were absolutely essential 1o the publicanon
of this project: Jim and Chris Duncan, Bryan and Kathryn Lees
John and Pit Lucking, Eugene and Rosalind Meieran, Randolph S
Rothschild, Philip Rust, the Sweet Home Rhodo corporation, and
Martin Zinn lI1. 1 hope that all of these people will be justly proud
of the result

Wendell E. Wilson




Figure 1. Prospectors traveling to the Colorado gold
fields, 1859. Some of them found gold in the head-
waler creeks of the South Platte River, opening the
Alma district in 1861. Engraving by Paul Frenzeny
and Jules Tavernier, published in Harper’s Weekly,
May 1, 1875.
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Figure 2. Horse-drawn freighter moving supplies and
ore for the Sweet Home mining operation, circa 1922,
Photographer unknown.




~.. REFACE

Mineral collecting 1s often compared to treasure hunting. Whether
you are rummaging through the halls of the Executive Inn during
the Tucson Show looking for that elusive bargain or tunneling
undemeath a mountain searching for a fabulous crystal pocket, the
thrill 1s the same; and vou just can t wait for the next discovery

Much of the excitement surrounding the Sweet Home mining
project, for partucipants and onlookers alike, was n the thnll of
seeing new crystal pockets. Evervone wanted 1o see what nature
would reveal next. Each nme a new pocket discovery was made
people were astounded by the variety and quality that could be
produced from such a small mine as the Sweet Home

lhis senies of articles on the Sweet Home adventure was pul
together to share the spirit of discovery with everyone. Some of the
articles take you through a day-to-day account of hife at the Sweel
Home mine, highlighting major discovenes while pointing out the
severe dithiculty of miming for mineral specimens

Other articles mghhight the scientific work done to broaden our
understanding of how rhodochrosite crystals grow and where we
might find them. During the first few vears of the project. many
questions were raised: Why are the rhodochrosites from the Sweel
Home mine so red?” Why do they occur in some areas and not n
others? Why are some rhodochrosites better than others” To answer
these questions, a three-vear scientific research program was
undertaken. 'he answers had a profound influence on exploration
and development programs at the Sweet Home mine

I'he research culmmated in a senes of discovenes. First, the
results were apphed to problems at the Sweet Home mine. As morg
and more information was accumulated, we realized that we wer
breaking new ground in the study of crystal chemistry and s
apphication to mineral specimen miming: so. it was decided to shar
the findings through a senies of published aruicles. As additional
lime went by, someone had the notion to combine the articles and
stories into a single publication about the whole Sweet Home
CxXpencnee

S0 here you have it. the Sweet Home Expenience. We hope

enjov 1l as much as we have
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Figure 3. Sweet Home mine crew showing ore samples
at portal, Joe Kasel on the left; ca. 1922. Photogra-
pher unknown.




5 |ISTORY

THE SWEET HOME MINE,
1873—1989

Steve Voynick
PO. Box 1285
Leadville. Colorado 80461

As silver mines go, the Sweet Home mine was a failure. It was a
hole in the ground that devoured hopes and money, and gave very
little in return. Based solely on 1ts unimpressive silver output, the
Sweet Home should have faded into obscurity and abandonment a
century ago, joiming many others that became nothing more than
collapsed portals and flooded workings. However, if the Sweet
Home didn’t have much silver, it did indeed have a stubborn ability
O survive

Survival, of course, has led to no small measure of fame. Today,
the Sweet Home mine is among the world’s better-known mines, at
least in the eyes of mineral collectors, for whom the name has
become synonymous with fine rhodochrosite

The Sweet Home mine 1s located in the Alma mining district on
the eastern slope of central Colorado’s Mosquito Range. The
district, near the headwaters of the South Platte River, is about 80
road miles west of Denver. Alma, one of North America’s highesi
mining districts, includes several 14,000-foot peaks; most of s
mines are at or well above the 11,300-foot imberline. The Sweet
Home mine is actually one of the district’s lower mines, located
near the iumberline in Buckskin Gulch on the southern slope of
Mount Bross, 4.5 miles west of Alma.

The Alma district opened in 1861 when prospectors, in one of
the last major strikes of the Pikes Peak gold rush, found placer gold
in the South Platte River headwater creeks. Many miners tumed
quickly to lode mining when they learned that numerous thin, gold-
bearing quartz veins laced the bedrock of Buckskin Gulch. Miners

crudely crushed the quartz ore, washing it in stream-bed arrastras
Both the placer deposits and the gquanz veins, while rich, exhausted
quickly. By 1864, the Alma minming district was largely deserted

Mining began anew in I871 when prospectors discovered oul
crops of silver mineralizanon just below the summit of 14,172
foot-high Mount Bross and developed the Moose mine. Other
stiver discovenes soon followed, and the town of Alma became the
district trading center in 1873

I'hat same year, prospectors discovered the mineralized outcrops
that would become the Sweet Home mune. The oulcrops were
located 1.200 feet above Buckskin Creek and just above a boulder
field that formed the lower talus slope of Mount Bross. The imuial
claims, the Sweet Home and Pulaski lodes, measured 50 by 3 000
feet. Both were patented on November 28, 876, receving patent
numbers 106 and 107, among the earliest patents granted under the
General Miming law of 1872

Miners initially confined their development work to the discoy
ery veins, along which they drove several short tunnels. The Sweet
Home mine veins were quite nich, but also narrow and erratic
Early development and production records apparently no longer
exist, but the Sweet Home mine was at best a marginal silver
producer

Although the early Sweet Home miners failed to find a silver
bonanza, they did note an unusual presence ol rhodochrosite as a
gangue mineral. The rhodochrosite was found not only in common
massive form, but also as well-developed, deeply colored, euhedral
crystals The crystals were attractive enough 1o draw attention, for
a federal mineralogical repornt lor IR76 notes: “"Rhodochrosite,
Sweet Home mine, Park County, very beautiful specimens™ (Endlich,
|R7R).

Sweet Home mine rhodochrosite specimens .I['IPJIL"IIH". were
collected and sold from the 1870°s 1o the early 1890s. Museums in
both the United States and Europe own rhodochrosite-on-matnx
specimens that match the mineralogy of the Sweet Home spec
mens being mined today. These so-called “pre- 1900 specimens
are cited only as “Alma” or “Colorado,” but certainly onginated n
the Sweet Home mine (M. Rausch, pers. comm., 1995)

Rugged topography, extreme elevation, poor roads, and long,
bitter winters combined to make muining in the Alma distnct
difficult. Miners used burros to pack supplies up to the higher

*
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Figure 4. Mines in the Alma mining district, ca. 1890. The Sweet
Home mine is the long, narrow claim at center left in Section 33.
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Figure 5. View looking northwest up Buckskin Gulch. Sweet
Home mine is located near the center of the photo at the
bottom of the gulch. Mount Bross is on the right and Mount
Democrat is on the left. Photo by Chauncey Walden.

mines and bring ore back down to the lower roads. Nevertheless,
by 1878 the Moose, Dolly Varden, and Russia mines, high on
Mount Bross and Mount Lincoln, had produced more than $3
million in silver.

By the late 1880°s, booming western silver production, to which
the Alma distnct had contributed, had created a national silver glut
To prop up falling silver prices, Congress passed the Sherman
Silver Purchase Act of 1890, mandating federal purchase of 54

million troy ounces of essentially unneeded silver each vyear.
Federal subsidization supported the price at just about $1.00 per
troy ounce. When Congress repealed the Act in 1893, the price

plummeted 1o 60 cents per troy ounce and the silver market
collapsed. Most western silver mines, including those of the Alma
district, shut down.

By then, after 20 years of operation, the Sweet Home mine had
shipped an estimated $185.000 in ores contaiming silver, lead,
copper. and a little gold (Beeler, 1933). After mining, shipping and
smelung costs, it is unhkely that the mine ever earmned a profit on
such ore.

A 1933 Sweet Home mine survey (Beeler, 1933) estimated the
extent of the onginal five wnnels at 1.040 feet. Commenting on the
nature of early mining at the Sweet Home and other Alma distnct

mines. Beeler wrote:

lhat these ores were sometimes almost unbelievably rich,
the

there can be no doubt, and there 1s no doubt as 1o

*
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haphazard manner in which they were mined and the product
scattered, often leaving no record except a local legend ol

what had been found

In 1912, a Colorado State Geological Survey bulletin (Patton,
Hoskin, and Butler, 1912) reported on the Alma district, including
the Sweet Home mine, which the writers refer to as both the Sweet
Home and the “Home Sweet Home.” Ice and caving had prevented
a thorough survey of the Sweet Home mine, but assays ol four ore
samples collected from adit dumps contained between 43 and 193
ounces of silver per ton. Based on examination of dump matenal
the writers estimated that vein widths ranged from ¥ to 24 inches
['he report also noted the presence of rhodochrosite (“manganese
\[‘hlf..]

The Alma

wartime base metal prnices simulated western metal mining

disinct revived once again in 1915, when nsing
I'he
Sweet Home mine did not produce duning the war, but miners
apparently began driving a lower adit, called the Combination
tunnel, as early as 1918
Documentation of mine operations began in 1922, when Edwin

C. Spray. a Denver businessman, became a stockholder in the
Sweet Home Gold and Silver Miming and Milling Company. Spray
would eventually become sole owner of the Sweet Home group of
claims

When the Pittman Act ol

$1.00 per troy ounce, the Sweet Home mine embarked upon an

hl"\-'\

restored the prnice of silver to

*
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Figure 6. Hand-hewn arrastra from the early
days of lode gold mining in Buckskin Guich, ca.
1863. Photo by Brvan Lees.

extended penod of simultaneous exploration and development
Limited production began in 1924 and continued intermittently
through 1929. Miners conducted all work through a new lower
tunnel—the present Sweet Home tunnel—drniven about 50 feet
west of the Combination tunnel.

During those six years, miners drove the Sweet Home tunnel and
several crosscuts a total distance of 1,626 feet. They shipped 360
tons of hand-cobbed ore with a gross value of $30,000 to a nearby
Leadville mill and smelter. Most of that production was mined in
1925, when a single stope yielded 16,000 troy ounces of silver
the best the Sweet Home mine would ever do on silver

The year 1925 was remembered not only for the profitable stope,
but for a major discovery of rhodochrosite. In his 1933 repont,

Beeler wrote

Crosscut No. | [renamed Crosscut No. 2 in 1991 | was run east
for a total of 442 feet, with three short dnfts. The main interest
of this work was the remarkable showing of rhodochrosite

found at intervals

Miners following a narrow vein in the second drift of the second

crosscut blasted into a senes of crystal-hined cavines. Turning the

L

drift sharply, they followed the cavities for 30 feet, recovering a
substantial number of matrix plates with fine rhodochrosite crys-
tals. Beeler noted, “This material was specimen ore and much of it
was sold to cuno dealers and for museum exhibits, one lot In
particular going to the Institute of Plant Research, at Yonkers, New
York.”

Mine owners sold at least two lots of crystals, one for the sum of
$900. Among the specimens were several large, 24-inch matrix
plates with numerous rhombohedrons of gem-quality rhodoch-
rosite resting on beds of clear needle quartz. Some plates found
their way to the American Museum of Natural History and were
included in the museums J. P. Morgan exhibit at the French
National Museum in Pans. Other rhodochrosite specimens from
the 1925 find went to the Smithsoman Institution and major
museums in Sweden, Germany, England and Switzerland. After
1925, museum curators recognized the Sweet Home mine as a
leading source of fine rhodochrosite

Interestingly, “high-grading™—the illegal or unauthorized re-
moval and sale of crystals—was not a problem n 1925, for no one
yet fully understood or appreciated the quahity or potential value ol
Sweet Home mine rhodochrosite. But high-grading would play a
big role in the Sweet Home mine's future

After 1925, production waned and the Sweet Home resorted to
its old money-losing ways. The mine remained active solely
because of E. C. Spray’s unbridled optimism. Local Alma miners,
facing high district unemployment, considered Spray a “pigeon, a
Denver businessman who rarely visited the mine, yet who contin
ued to wnite checks for 1ts operation

Between 1922 and 1929, Spray had not only kept the mine

Figure 7. The first survey of the Sweet Home
mine in 1873, showing the survey patent num-
ber at the top—"106", one of the earliest pat-

ented mining claims in the United States.
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Figure 8. View showing altered and mineral-
ized outcrops (vellow-brown) above the Sweel
Home mine, 1992, Photo by Chauncey Walden.

active, but went from major shareholder 1o Vice President 1o sole Table 1. Claims comprising the present-day
owner by acquiring the Sweet Home Gold and Silver Mining and Sweet Home property.

Milling Company, Inc. a portion at a time. Full control was gained [/ S Mineral

in 1929 when, at a shenff’s sale at the Fairplay courthouse, Spray Claim Namu Survev No Claim Nam

Sweet Home Lode 106 Kasel Lode 20,504
Pulaski 107  Silent Friend Lode 20.504
J. G. Blamne 766 Social Fund Lode 20,504
Magnet 6437 Spray Lode 20,504

purchased the few shares of the Sweet Home group that remained
outstanding. Spray’s now wholly owned company held the mining
rights to 15 adjoining claims, the Sweet Home fraction and Sweet
Home claims being the most significant among them. In the years

to follow, Spray’s company would acquire the adjoining Winme _ : s .
[ . Py 4 : Grover Cleveland Lode 278 "ﬁ]'ﬁ'i.'l.t;.'_l.' Lode 20,504

Winnie Lode T288 Blue Bird Lode 507

Detroit City 413 Damel Lode 20.507

Bushwacker, Niagara Lode and Grover Cleveland claims to brning
the count to today's 195-acre plat of 19 claims
Spray continued to support the otherwise unemployed Alma

o

Enterprise 8413 Sweet Home Fracuon 20.50

miners by funding sporadic exploration during the 1930's. Dunng - &
. &S [ . 3 Crackerjack Lode 20,504 Bushwacker

World War Il, Spray again kept the mine active, this time by leasing

Niagara Lode
it out for tungsten exploration '




On-and-off exploration continued through the 1950°s. Lessees
occasionally shipped small lots of hand-cobbed silver ore, while
also collecting rhodochrosite specimens and cleavage fragments
which they traded for drinks in the Alma bars

Activity picked up in 1963 when Douglas Brothers, a small
development company, leased the mine in hopes of replicating the
1925 silver “bonanza.” The stope that vielded the 16,000 ounces
of silver in 1925 had since collapsed, and Douglas Brothers
planned to drive a 100-foot-long bypass around the caved stope to
access high-grade ores which they thought might exist on the othe:
side

One of the summer mine workers was Hershal Ellyson, Clarence

Douglas’s grandson, who was destined to play a major role in the

L

Figure 9. Ed Snell’'s burro pack
train in “downtown™ Alma, Colo-
rado, ca. 1900. Photo by Galloway.

Figure 10. Visiting ladies at the
London mine, near Alma, Colo-
rado, ca. 1904. Powless photograph.

future of the Sweet Home mine. Ellyson was a high school student
with an interest in mineralogy and. especially, rhodochrosite. After
studying previously-mapped Sweet Home rhodochrosite occur-
rences, Ellyson predicted the existence of other crystal pockets
Meanwhile, Clarence Douglas, the elder Douglas brother, died

in December of 1964, delaying the planned mine work. E. C. Spray

died two months later, passing the entire Sweet Home property on
to his widow, Eleanor Bramkamp Spray. Eleanor Spray would soon
pass the Sweet Home mine property on to her nephew, Leonard
Beach.

John Soules, a Texan with most of his savings invested in the
Douglas Brothers’ lease venture, took over the lease and moved to
Alma to attempt to save his investment. Soules’ miners completed

16 &
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Figure I11. Sweet Home
Photographer unknown.

the stope by-pass in 1966, but failed to find any significant amount
of high-grade silver ore. Soules, quickly running out of money, saw
little choice but to shut the mine down and return to Texas. Aware
that rhodochrosite specimens had now appreciated value, he
recalled young Hershal Ellyson’s prediction of other rhodochrosite
occurrences. Soules decided 1o gamble his remaining capital on “a

couple of rounds™ to test Ellyson’s theory

Soules and a hired miner. Warren Good. dnlled and shot an

overhead round near the vein they were following in the main stope

in the third crosscut. Just a few feet from where the 192

3 miners
had stopped. the round uncovered a small crystal-filled
“No

rhodochrosite

L.uu[_\

about the size. as Soules descnbed i, of a 3 washtub.” From

the cavity Soules recovered a dozen fine

gemmy rhomb decorated with blue
than 510,000

The best 1s a 2-inch. euhedral.,

fluorite crystals that is currently valued more
Other specimens, still in possession of the mine owners, are now
The
more than 100 rhodochrosite cleavage fragments
After John returned to the

subsequent events at the Sweet Home mine become unclear, for

valued as high as $1,500 each. also vielded

“washtub cavity

Soules Texas n fall of 1965,
those involved offer conflicting accounts, or refuse 1o comment al
all. Soules left the Sweet Home

However, Warren Good, his contract miner who may not actually

mine nactive, or so he thought
have been on anyone s payroll, seems to have continued free-lance

exploration of the “washtub cavity™ area. When Soules returned on
a weekend trip six weeks later, he was surpnised to learn that Good
had blasted into a spectacular rhodochrosite cavity

Only John Soules and a handful of other individuals ever
this cay Iy. .-\x'u‘:irtllf‘ig 1o Beach (1988), Soules described it as 7

high, 4 feet deep, and 2 feet wide

W W

leel

Boy, there were some beautiful crystals in there; talk about a
beautiful sight, [said Soules|. The way | was looking in. they

looked as thick as could be. There could have been hundreds

mine outbuildings,

| ¥ |

1933.

rhodochrosite crystals in there, some of them very large

I'he entire cavity was just studded with crvstals

In the dead of winter in early 1966, Soules headed back 1o Texas

Six weeks later, he again returned to the supposedly mactive

Warren

crvstal F\U-\Im_'! ;uwuwly-.i!x In a

snow-bound Sweet Home mine. this time to le

drIm

Good had cleaned out the entire

P'“'Th'lt ol just three weeks. Good claims he decided 10 market the
specimens himselt

|"J"'3:4|

and later sphit the proceeds with Soules (Jones

Leonard Beach. currently the majority owner, states that
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Figure 12. The Taylor rhodochrosite, 11 ¢cm, in
the collection of the Denver Museum of Natural
History. Photo by Wendell E. Wilson.

Alma late that afternoon, he and Merle Reid became the second
owners of the Alma Queen. Warren Good. now with a pocket tull of
cash, wasted no ume saving good-bve to his wile and family
\UHI‘-'._;".:‘.III._‘H by his __‘I[]H:L'_'Iu:. Good left Alma and was never seen
again

Ed McDole was so impressed with the 1966 Sweet Home
specimens that he negotiated to lease the mine property. But his
plan to reopen the mine for rhodochrosite specimen production
was cut short by his death in 196

Meanwhile, Robertson and Reid insured the Alma Queen for

S10.000. George Robertson gave the Alma Queen its first public

showing, displaying it in a special glass case at the 1967 Las Vegas
Gem & Mineral show. Norm Dawson also displayed numerous
other 1966 Sweet Home mine specimens from his show booth. all
possibly acquired from Ed McDole

AL 1ts first public viewing, the Alma Queen was a show-stopper

attracting the attention of such top collectors as John Patrick. Rock
Cumer and Dave Wilber. Evervone knew it had been repaired (the
big crystal had broken loose in the pocket and had to be rc
attached) but no one cared. An awed Patrick described the Alma
Queen as nothing less than “the finest mineral specimen in the
world.

Several months later. Dr. Peter Bancroft flew to Denver 1o study
the Alma Queen. After one look, Bancroft was determined to own
it. He worked out a trade with Robertson and Reid. taking the Alma
Queen in return for fine specimens of Bolivian phosphophyllite, a

mineral that was then conswderably more desirable than rhodo

L

chrosite. Bancroft gave up two cabinet specimens, twenty-five

thumbnails, and one “good mimature ol phosphophyliite. The

value ol the trade was estimated at S6.5(0)

It was then that Bancroft named the stunning rhodochrosite
specimen the “Alma Queen.” In 1973, Bancroft published The
World s Finest Minerals and Crvstals, a photographic collection of
/8 minerals selected by a distinguished panel of experts as the bes!
of their species or type. The book s cover, a dramatic photograph of
the Alma Queen, by then also known as the “Bancroft rhodo
chrosite,” stirred the imaginations of mineral collectors around the

U-i"IEI.t
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Figure 13. Leonard Beach, 1992, at the Sweel
Home mine portal.




Figure I5.
Rhodochrosite
specimen, 7 cm,
found New
Year’s day, 1976,
by Norm and
Roger Bennett.
Collection of
Bryvan Lees;
photo by Bernie
Kowalski.

Figure 14. The
“Alma Queen”
rhodochrosite,
Houston
Museum of
Natural History
collection. The
main crystal
measures 10.0
cm. Photograph
by Wendell E.
Wilson.




In 1974, Dave Wilber purchased a large part of the Bancroft
Collection, primarily to acquire the Alma Queen. The total price of
the collection was $400,000, $85,000 of which was attributed
specifically to one specimen—the Alma Queen.

Wilber then sold the Alma Queen to Ed Swoboda in 1979 in a
cash-trade deal that involved a Rolls-Royce. In that deal, made just
12 years after Warren Good had received $2,500 for the specimen,
the Alma Queen’s value had rocketed to an astounding $185,000

In 1982, Swoboda sold the Alma Queen to Texas oilman Perkins
Sams for $85,000. The lower value clearly reflected a slowing and
stabilizing trend in mineral specimen market growth. After the wild
price spiral of the 1970°s, many collectors clearly wished to catch
their breath and more cautiously assess the state of the markel

But Perkins Sams had acquired the Alma Queen at a mosl
inopportune time, for his personal wealth was tied to the fortunes
of the oil industry. Oil prices had begun collapsing in 1981 and
Sams was soon forced to hgquidate his matenal assets. In 19584,
Sams sold his entire 1,200-piece collection, including the Alma
Queen, to the Houston Museum of Natural Science. The Alma
Queen became and remains a showcase exhibit at the Houston

Museum of Natural Science where. in 1990, it was valued at

$250.000.

Another superb specimen from the 1966 recovery is the interna
tionally famous, 4-inch, “twinned,” deep red. gemmy rhodo-
chrosite displayed in the Coors Mineral Hall of the Denver
Museum of Natural History. That specimen 1s now valued in excess
of $200.000. It 1s not surprising that some consider the miming.
recovery, and sale of the 1966 Sweet Home rhodochrosites as one
of the more notable incidents of high-grading in mining history

I'he protusion of rhodochrosite that hit the market in 1966
clearly established the Sweet Home mine as the world’s leading
source of fine rhodochrosite. The superb specimens made the mine
famihiar to a legion of gem and mineral dealers, casual collectors,
and even rockhounds. The 1966 recovery also called into guestion
the classification of the mine iself. Was the Sweet Home sull a
silver mine”? Or had 1t become a rhodochrosite mine?

I'he notoriety attracted considerable attention from other high
graders. Most were “rockhounds,” content to sift through the Sweet
Home mine dumps for small, iron-stained, abraded matnix speci
mens and cleavage fragments. Some high-graders, however, were
considerably more ambitious. In January 1977, Norm and Roger
Bennett snowmobiled to the Sweet Home mine on New Year’s Day
for a bit of underground high-grading. In Crosscut No. 2, near the
location of the 1925 rhodochrosite find, the Bennetts pounded on
the mine walls to listen for “hollow” sounds that might indicate
cavities. They located and opened a beautiful, small pocket that
measured about 2 inches wide, 2 feet long, and a foot deep. Many
of the specimens recovered from the pocket didn't reach the market
until 1990, when 3-inch matrix sections with perfect, deep red,
|-inch rhombs sold for as much as $15.000

In the early 1970°s a group of museum curators suggested to
majority owner Leonard Beach that the only way to obtain more
specimens would be to mine both silver and rhodochrosite. Theo
retically, they believed that income from the mining of selected
stiver ore might cover operating costs and thus finance a search for
rhodochrosite.

Mineral dealer Richard Kosnar formed the Intercontinental
Mining Corporation with John Saul and was the first 10 work the
mine specifically for rhodochrosite. Since his youth, Kosnar had

been intrigued by the Sweet Home rhodochrosite specimens at
New York's American Museum of Natural History. The possibility
of someday working the Sweet Home mine became one of his
primary reasons for eventually relocating to Colorado.

In 1977, Kosnar leased the Sweet Home mine. The following
year, Kosnar’s crew, working on a shoestring budget that did not
even permit muck removal, drove a raise on the same fissure
associated with the 1966 rhodochrosite find. Every round yielded
mineralization, including quantities of massive rhodochrosite and.
occasionally, whenever fractures had provided space for growth,
small, well-developed rhodochrosite crystals. One good pocket of
very fine rhodochrosite rhombohedrons was sold in Paris. Kosnar

purchased back many Sweet Home specimens from high-graders,

including 1-cm tetrahednte crystals, ruby-red hiibnente crystals,
twinned stromeyerite, and good crystals of goyazite, svanbergite
and fluorite (Bancroft, 1984)

In 1980, mine owners leased the Sweet Home mine to AMAX
Exploration, the exploration arm of the mineral giant, AMAX, Inc.,
then the world’s leading producer of molybdenum. Encouraged by
a surging molybdenum market, AMAX aggressively sought mo
lybdenum properties and took a hard look at the Alma mining
district. Mine owners believed that AMAX was about to exercise
its option to purchase the Sweet Home mine and adjacent proper
ties in 1981 (Beach, 1995, personal communication). Acguisition,
possibly followed by mass mining, would have meant the end of
the Sweet Home mine. However, after the molybdenum market
crashed late in 1981, AMAX allowed its lease to expire

Although the Sweet Home mine remained nactive during the
1980°s, 1t was not forgotten. When portal umbers collapsed, mine
owners refused to rebuild the tunnel in hopes of discouraging the
incessant underground high-grading. For Leonard Beach, the Sweet
Home mine had become quite an education. Professionally, Beach
first managed the family’s Denver milk business before becoming
involved in insurance. In the 1970°s Beach leamed the basics of
hardrock mining by helping with the Kosnar operation. Later, in
the 1980's, when 1t became clear that rhodochrosite represented the

Sweet Home mine's future, Beach learned the basics of mineralogy
and mineral collecting

In 1987, Leonard Beach began actively marketing the Sweet
Home mine to specimen miners. Several groups, both corporate
and individuals, expressed serious interest. In the end, it was Bryan
and Kathryn Lees, mineral dealers and operators of The Collector’s
Edge in Golden, Colorado, who most impressed Beach with their
competence and excellent professional recommendations. In 1990
after demonstrating the ability to fund a serious rhodochrosite
mining project, Sweet Home Rhodo, Inc. (a consortium of inves
tors led by Brvan and Kathryn Lees) leased the property from
Leonard Beach.

'he rest is also history. The spectacular rhodochrosite specimens
that Bryan and Kathryn Lees and their mine crew have recovered in
the 1990°s have received worldwide publicity. The cumulative
value of the rhodochrosite specimens recovered from the Sweet
Home mine over the years probably exceeds $5 million. and the
mine 1s clearly the world’s premier source of fine rhodochrosite
All in all, that’s not a bad record for a “failed™ silver mine

My thanks to Joel Bartsch, F. Leonard Beach, Bryan Lees,
George Robertson and David Wilber for providing some of the

above historical accounts




NEW OPERATIONS AT
THE SWEET HOME MINE

1990—1997

Thomas Moore
1S Lakeview Dnive

Niantic, Connecticut 06357

INTRODUCTION

There they were, looming, straight up and all out-of-scale,
amazingly beautiful, and almost intimidating: the “Alma King" and
“Alma Rose” rhodochrosite specimens from the Sweet Home mine
in their exhibit case at the Tucson Gem & Mineral Show in 1993
There had been foreshadowings as far back as the 1991 Denver
Show, but after this 1993 Tucson debut there could be no mistaking
the magnitude of the Sweet Home story that was unfolding. Like
everyone else, | was stopped in my tracks by the “King"” and the
“Rose™; like everyone else, | gaped, and then began scrambling for
scraps of information and explanation to pass on in my show report
(vol. 24, no. 3). But | also appreciated how big a job it would be 1o
learn anything like the whole story.

Thus 1t was a very great pleasure to make two summer trips, in
August of 1994 and 1995, 1o Colorado to leam the collecting tale in
something hike s full scope. My account will frequently gquote
from printed sources and from interviews with some of those who
have been key Sweet Home players. But as much as the story
“belongs” to any of these particular people, it belongs to the whole
mineral collecting community which has indirectly participated,
via its eagemness and support, in this, one of the most exciting of all
recorded mineral-digging sagas. Collectors alive today are unlikely
ever again to see anything as thnlling. Here is how it went for seven
busy years (1991-1997) in the history of the Sweet Home mine.

BACKGROUNDS AND BEGINNINGS

The story began in the imaginations of Bryan and Kathryn Lees
of Collector's Edge Minerals, Inc. in Golden, Colorado. The first
ghmmers occurred in the summer of 1989, when the Lees were
developing (with Dennis Wilson) the Stoneham, Colorado, blue
barite locality. One night while Bryan and George Robertson sat
staring into a nighttime campfire at the Stoncham workings,
George said he knew of a nch rhodochrosite vein sull exposed
from the work in the 1960’s. Bryan soon discovered that a group
led by mine owner F. Leonard Beach was already having notions of
reviving the mine, and in fact had developed a fairly detailed
mining plan.

In 1968, Beach acquired a “ths ownership share of the mine
from his Aunt Eleanor. At the time he was without knowledge of
mining, mineralogy or specimen collecting. The giant molybde-
num-mining company AMAX had the Sweet Home under lease,
and Beach thought that he might have a rich ore mine among his
assets. But, fortunately for rhodochrosite enthusiasts, molybdenum
prices crashed, and AMAX's option to the mine was allowed to
lapse.

Figure 16. Leonard Beach at the Sweet Home
mine in 1988, showing a piece of vein material
with rhodochrosite to a field trip group from
Denver. Photo by Karen Wenrich.

In 1977, Beach played a role in a brief specimen-miming effort at
the Sweet Home and began then to envision a future for the mine

that had nothing to do with molybdenum or even silver ore. Upon

learning that the great “Bancroft Rhodochrosite” specimen (also
called the “Alma Queen™) dug in 1966 had been valued at
$125,000, Beach set out 10 educate himself about specimen mining
and serious mineral collecting. Visiting mineral shows, reading
much and talking with people whom he increasingly came to
regard as potential partners, Beach gradually put together his plan,
and in due course wrote a thorough prospectus. (A copy of this




Figure I7. Sweet Home mine investor group
(from right): John Lucking, Gene Meieran,
Marty Zinn and Brvan Lees. Photo by Bernie
Kowalski.

1990 prospectus, 1t 1s nteresting to note, recently sold as a
collector’s item for around $200.)

About this early plan of his, Beach i1s proudest of two things
First, quite on his own, he came firmly to the conclusion that the
Sweet Home's real future was as a specimen mine; by no means
could 1t ever be profitable as an ore mine. Second, he presented in
his prospectus a theory that the mine’s crystallized pockets would
be found occurring en echelon in tension fractures, so they might
be looked for along strikes from earher finds. This 1s a much less
sophisticated model than the current understanding from which
Sweet Home Rhodo, Inc. works (see later), but it was a ven
intelligent guess for a man self-taught in the field

Enter Bryan Lees and a pioneering group of investors. Chief in
enthusiasm among these were Marty Zinn and Gene Meieran. Also
associated with Bryan, by now, was mining engineer Bill Kazel
SIXx months or so of meetings and negotiations (late 1990, very
early 1991) ensued. At tumes, the parties were on the point ol
chucking the whole thing and walking away. so great seemed the
personal, legal and technical obstacles. But by the spring of 199]
an agreement was reached. a lease secured. and a quest for further
investors energetically launched. Sweer Home Rhodo. Inc., as the
new corporation was called. was on its way

Early in the vear, Bryan sent a detailed proposal to several
prospectuive inveslors Seven of them (i1.e. six besides the Lees)
were each asked to invest 550,000, including an immediate $1.000
in “eamest money. for a five-year mining project with a subse
quent renewal option. Mining was to begin in April and would go
on intensively for six months in each of the five seasons. Of the
total investment capital of $350,000, about $250.000 was to be
used in the hirst year alone. mainly for the expenses of getting the
mine in working condition again. The eventual income from
specimen sales was 10 combine with the remaining S100.000 of
imitial funding to pay for the second vear ol operations. After that,
the mine would become (according to the proposal) self-support

ing

I'here could be no denying that the investment was a very large
gamble. But the Lees offered the educated projection that once
specimen production got seriously underway the average gross
income from sales could be between $700,000 and $1.,000,000
yearly. Naturally, this estimate generated much discussion and
some skeptical disputation. Bryan's research on the mine’s history,
though, enabled him to argue that, to quote from the proposal, “The
mine produced at least two millhion dollars worth of rhodochrosite

during the past 70 vears [mostly from the “bonanza™ strikes In

1925 and 1966] out of two relatively small (about 50 feet long)

stopes. It is this ratio of relatively small working area to high
rhodochrosite production that makes this property an attractive
larget for mineral specimen exploration.” Precisely—and the imitial
estimate of sales has in fact tumed out to be quite close to the mark,
even though, as expected, the first mining season yielded little 10

oftset the high start-up costs. The great pockets of the 1992 season

Figure I18. Vice President and mine manager
Bill Kazel examines mineralized structure un-
derground at the Sweet Home mine. Photo by
Ed Lewandowski.




were what really vindicated, at last, that million-dollar dream
but this gets ahead of the story.

By the 1991 Tucson Show, the Lees had secured their six outside
investors and felt ready to start full-scale mining on June 1. But a
last-minute demonstration of the project’s fragility was still to
come; in mid-Apnil, three of the original investors abruptly with-
drew their financial support. In the ensuing panic, the Lees did not
ask the remaining investors for still more money. instead, Bryan
moved to the mine to do, himself, some of the heavy work he’'d
intended to pay crew members to do. As no early pockets were hit,
this was financially and emotionally the diciest of times. Hindsight
permits the luxury of a line or two here to salute the courage of the
four investors who hung in faithfully through that imitial season: the
Lees themselves, Marty Zinn, Gene Meieran, and John Lucking
All of these are now seeing their investments repaid, not only with
interest, but with what must be a most satisfying sense of having
crucially staked some very major American specimen-mining
history.

Before a season-by-season account of that history commences,
though, some other players should be introduced. Bill Kazel, a
free-lance mining contractor, 1s now full-time mine manager at the
Sweet Home mine. He first came to know the mine duning its short
re-awakening in 1977, when he supervised the clean-out of the old
caved-in portal and leased equipment for the venture. These days,
he 1s frequently to be seen bringing new equipment up to the mine
in his truck, repaining or contracting for the repair of broken
equipment, advising on mining procedures, and generally trouble
shooting. My durable image of Bill is of a slender, brusquely quick
man in blue jeans struggling mightily (in August 1995) to get the
mine's first outside phone line fully wired-in and operable in the
mine shed by the poral

Helping Bill in this effort was Roy Rizzardi—mine foreman,
mechanic and main “outside”™ man on duty each day. A veteran of
the Battle of the Bulge and of the postwar occupation of Austria,
Roy is also a veteran of Colorado mining life, almost continuously
since he entered the profession in 1941 at age 14. The appeal ol
hardrock mining, to this archetypal old-timer, 1s such that “there’s
nothing at all 1'd rather do if | had to start over.”

Mine geologist Dean Misantoni started as a part-time consultant
for Sweet Home Rhodo, Inc. For seven vears he was chief
geologist at the London gold mine, just over the ndge from the
Sweet Home. This mine closed in 1991, and Dean signed on full
time with Sweet Home Rhodo, Inc. at the start of the 1994 season
It is 1o Dean’s early geological mapping that the Sweet Home
operation owes its first successes: it was his data which first hinted
at where and how the crystallized pockets might be chased

Shift miner Scott Betz, though bormn and raised on a wheat farm
in Kansas, has been a full-ime hardrock miner since 1976, when
he began at Colorado’s Climax molybdenum mine. Although he
does not wax loquacious on his profession (best thing about
hardrock mining”? “The money worst thing about n? “The
work 7)., he 15 dedicated completely to this very difficult
OoCcupaton

Bryvan Lees has his own opinions on why miners pursue such
work:

When vou ask a miner., “why do vou do this?” he doesn’t
always have an immedate answer. Some look forward to
seeing what lies ahead just past the next few feet of rock
Others simply like to blast rock. Some enjoy the challenge of
the hard work, testing themselves daily against its physical
demands. Many are drawn to the solitude of working in the
total darkness and i1solation of underground. Although a few
do 1t for the money, it becomes plain that there's something
about mining that gets into their blood

We use outdated mining techniques Our primary tool 1s
the jack-leg dnll. Developed around the tum of the century,
the drill 1s manipulated by hand and creates one hole at a ime
It is heavy, noisy and creates large quantities of dust. A driller
can “feel” the rock he is moving: its hardness, texture and
potential for open space. Mining with jack-leg drills is
considered by many to be a classic technigue. Today, there are
few classic hardrock miners who possess the skills and the
expenence necessary 1o extract crystals. Fewer still are leam
ing these skills for the future. In the first half of this century
there were tens of thousands of such men. Today, in Colorado
we have a difficult time fielding a crew of six each year
Modemn, large-scale mining equipment has replaced the need

for the classic miner

But Jim Smith, a fourth-generation miner, says that he’s gotien

into fights in bars over the question of whether it's better 10 use a
jJack-leg or a stoper dnill 1o go up in raises; Jim knows that he is a
“classic” himself, and enjoys the fact

Many miners have participated in the Sweet Home project
through the years. Graham Sutton, who helped re-open the mine
worked through the 1991 season. Rory and Carrie MacDonald
worked the 1991, 1992 and 1993 seasons. Mike Warren staned
working at the Sweet Home mine in 1993, with one year off n
1995, he 1s there sull. Dan Stephens, a miner from Tellunde's
Smuggler-Unmion mine, worked during the 1994 season. Jim Smuth
and Mike Savage came on for the 1995 season. Rodney Orton also
came on in 1995 and i1s working still. Tony Shernll, a new member
of the Sweet Home team, started in 1996. 11 1s Scott Betz who 1s the
old-umer now, having worked at the Sweet Home since 1992 and

working there sull (fall 1997)

THE 1991 SEASON

During those early, parlous months of 91, in order 10 keep
interested parties interested, Bryan Lees created a newsletter which
he named Sweet Talk. The five numbers of “volume one™ popped
up at wrregular intervals between May and December of 1991 the
littie bulletin provides the only up-close account of the earhest
trials and growing pains of Sweet Home Rhodo, Inc. Here are some

excerpts from 1ssue number one

Mav 29, 199]
Dear Interested Observer.

It has come to my attention that | have been somewhat
infrequent in disseminating information about our Sweel
Home project. The only thing | can say in my defense is that
we have been busy as hell mobilizing the entire effort. It 1s
now obvious that my “shotgun " approach of informing every
one about our progress 1s painfully lacking in showing the
overall picture. THUS, OUR NEW RAG SHEET! SWEE]T
ALK

Funding has been arranged through four investors

Much effort went into the actual formanon of the corpora
tion. Many options were covered with attomeys and CPA's
Sub-Chapter S status was settled upon with the resulting legal
and technical details worked out. The name “Sweet Home
Rhodo, Inc. was chosen

During the incorporation process, mine planning and per
mitting were proceeding. The City of Alma water permit was
finally issued last week. The next toughest permit was the
MLRB (Mined Land Reclamation Bureau) Our MLRB
status shows us as prospectors. This status saved posting a
bond for the time being Ihe permit will be reviewed again
next year




Owr first trip to the mine this year revealed a clear but soggy
road . It will take about two weeks before we can take n
heavy equipment. However, two mine crews are busy securing
the on-site building.

Last week, Public Service granted our request for electric
ity at the mine. This will dramatically reduce our power costs

On-site electrical shut-offs and transformers will be
installed during the next week

Because we have electricity, we can acquire an electric
powered air compressor. It will be less expensive and more
efficient than a diesel-powered compressor.

We have hired two geologists to begin geologic studies of
the property. Much information already exists and i1s being
entered into [a] computer to generate working mine maps. On
May 23 an EM-16 survey was conducted. This is an electro-
magnetic survey using Very Low Frequency (VLF) technol
ogy. It may help us delineate rock contacts, fault zones and
vein structures. Other plans include underground seismic
studies, ground probing radar and extensive structural geol-
Og)

We have purchased a semi-trailer to convert into a mobile
mine office and equipment storage shed. . .

An apartment has been leased for the mine crew. Dubbed
“The Fairplay Hilton,” it will house up to eight people

Graham Sutton, a Phoenix area mineral miner, has signed
on as one of our mine crew As you know, Bill Kazel is our
mine manager and will supervise all mining activity

By T 3

Figure 20. New mine portal and ventilation
system (above the portal), June 1991. Photo by
Bryan Lees.

Amazingly, the entire project 1s already under budget due to
good planning and a hittle dumb luck.

As you can see, everything 1s now in motion. So hang on
and enjoy the nde

Submitted for your approval.

Bryvan K. Lees

President and Chief Rumormonger

Sweet Home Rhodo, Inc

The next bulletin, on July 8, reported much progress particularly
on the legal/bureaucratic and mine-engineering fronts. To begin
legally operating the mine, Sweet Home Rhodo, Inc. was required
by the Mine Safety and Health Admimistration (MSHA ) to have an
operating mine safety program encompassing every phase of mine
work. All miners had to go through a mine-site training program
administered by an MSHA instructor. Further, the mine was
required to comply with “the myriad other requirements necessary
for legal operation . . . [including] posting of signs, mine mainte
nance schedules, emergency rescue systems, mine site communica-
tions between Sweet Home and someone in Alma and others too
numerous to list here.” One day, for example, a team from the
Colorado Bureau of Mines, whose jurisdiction overlaps that of

MSHA, showed up, expressed worry over some apparent radon gas
Figure 19. Graham Sutton working on a new in the mine and reminded the Sweet Home people to have their air
portal, June, 1991. Photo by Bryvan Lees. compressor inspected (they did, and it passed).

The air compressor, the first of two to be used during the project,
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Figure 21. Extent of the underground mine
workings as of July, 1991. Most of these tunnels
were made during the 1920°.

was a used screw-type which Sweet Home Rhodo, Inc. bought for
$5500. Electrical service was delivered in early June. And the
master engineering feat of this peniod was successfully performed
the old, rotten wooden portal at the lone mine entrance was
replaced by a brand-new 35-foot-long, 8-foot-diameter metal cul-
vert with a secure steel door.

The old rails were npped up and hauled out of Ihc mine, while a
new ventilation system was put in, consisting of a 2-foot-diameter
flexible tube to carry air throughout the mine and to channel all
radon, carbon monoxide and blast fumes out. A rubber-tired LHD
(load-haul-dump) mucking machine was ieased and mine tunnels
widened to accommodate this machine, which moves truly dra
matic quantities of waste rock from one place to another

In June, Bryan Lees and Dave Bunk conducted a general
underground survey of the mine, finding that the old maps showed
most of the tunnels in the wrong places. New survey coordinates
were fed into a computer to generate new base maps. Plans at this
point were to begin serious specimen mining on July 17
specifically, to work a “secondary  target zone in Crosscut No.
while simultaneously widening a tunnel towards the “prnimary”
target in Crosscut No. 3. “The project is proceeding according to
plan,” concludes this Sweer Talk

By August 6, however, the company was in trouble with an
MSHA field agent who had unexpectedly written seven citations
against the project, including some on matters that had previously
been cleared by the MSHA office in Denver. After several weeks
the seven possibly fatal objections were reduced to two. “Compli-
ance with these last two violations 1s underway,” Bryan assured
investors, but “[these] MSHA headaches have cost us about 7 lost
work days.” Roy Rizzard: said:

I've worked in Colorado mining for 50 years and it’s at its
lowest point ever right now. And that's not because there's no
ore left or because the pay is not still good; it i1s. But there are
oo many environmental regulations, 0o many costs and

delays, and a lot of morale i1s shot. Besides all the hard work

Now approaching completion was the last major mine rehabilita
tion task: widening Crosscut No. 3 beyond its intersection with the
main tunnel. Thereafier, the company hoped to direct at least 90%
of its underground efforts toward specimen exploration. The crew
was now working a steady S-day week, Wednesday through
Sunday

In hindsight, Bryan Lees had a few things 1o say about this
widening of the crosscut:

The widening [of Crosscut No. 3] required dynamiting about
| to 2 feet off the tunnel walls. It is called “slabbing.” Graham
Sutton arbitranly decided to widen the tunnel on the nght
side. After one week, about 150 feet of the tunnel was
widened and Graham and | were reviewing the latest blast. |
was poking around at some pyrite and fluorite exposed by the
blast and further down the tunnel Graham was doing the same
Suddenly 1 heard, “Hey, Bryan, you better come over here.
When | got there, Graham was pulling out one of the finest
tetrahedrite specimens | have ever seen from Colorado. Look
ing back into the pocket, 1 could see several more. In the
middle ol the pocket was a beautiful 1'4-inch rhodochrosite
crystal on matrix with a blue /i-inch fluonte growing on it
This newly found structure was named the Tetrahednite Struc
ture—the one we followed in 1992 10 the Rainbow Pocket. i
we had slabbed the left side of the tunnel instead of the nght,
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Figure 22. First fine rhodochrosite specimen
discovery, 6.5 cm, with Muorite, from the third
crosscut, Sweet Home mine, August 31, 1991.
Sweet Home Rhodo, Inc. specimen: photo by
Jeft Scovil.

would we have missed this structure? If so, we may have had

to shut the mine down ftor lack of funds as early as nmd-1992!

The 14 x 25-inch pocket in question here produced an estimated
312,000 in fine tetrahedrite, fluonite and rhodochrosite specimens
On August 31 it was cleaned out in less than three hours. What did

the trick was a new mining tool that would subsequently be used to

deal with many even greater pockets—the hydraulic splitter. A
sphtter 1s a 100-pound, hand-held tool which hydraulically drnives a
wedge between two “feathers.” At the mouth of a pocket just
opening up, a senes ol holes 1s dnlled at regular intervals all
around the opening. The end of the splitter is inserted into the holes
and expanded slowly to break solid plates off the pocket wall
Performed carefully and correctly, the process is both fast and
specimen-inendly, causing mimimal damage to crystals and max;:
mizing the production of matrix pieces (e.g.. the Alma King)

At this point in Sweer Talk we read our first reports of discovered
pocket contents. At the end of July, in a target area in Crosscul
No. 2, “one nice piece of blue fluorite with small pink rhodochro
sites was recovered out of a small 7-inch pocket.” The rest of the
bulletin concerns similar finds, more tantalizing than truly substan
nal, although in one place “A very nice rhodochrosite was pulled
out after we opened the wall shightly I'he specimen has a
fe-inch gemmy red rhomb on clear fluonte and 1s the best piece we
have found.”

Figure 23. Fluorite on bornite-coated tetrahe-
drite, 5.5 ¢cm, from the Tetrahedrite Pocket,
third crosscut, Sweet Home mine, August 1991.
Sweet Home Rhodo, Inc. specimen: photo by
JefT Scovil.




By Sweer lalk number 4 (September 16, 1991), this kind ol

promising note was being struck much more often. Crosscut No. 3
for example, had by this date produced “about a dozen gemmy

lustrous red rhodochrosites nol on matrix and encased n a
very hine white china-like clay.” Increasingly, good specimens ol
fluorite, green apatite and tetrahedrite were also encountered: “One
tetrahednte measured 2 inches across and was perched on small
quartz crystals. Small /i-inch gemmy blue fluornie crystals were
sprinkled on the tetrahedrite for flavor.

From late August into early September 1991 the crew’s main
focus was drniving a dnft along the “watercourse, a vein paralleling
the one which in 1966 or 1967 produced the “Bancrolt specimen
(see “"History: The Sweet Home mine, |8/73-1959, this 1ssue). On
September 11, a 12-inch pocket here yielded a beautiful 1-inch
rhodochrosite rhomb on needle quanz. September | 3 saw the debul
ol contemporary Sweel Home specimens at the Denver Show
Mineraloeical Record editor Wendell Wilson and Tom Gressman
took a break from the show to come up for a mine tous

In late September, a new geological team began a new mont!
long survey of the Sweet Home mine. The two principal plavers on
this team were Chuck Turley and Dean Misantoni. According 1«

Brvan Lees

When we began the project we didn't have any treasure maps
0 lead us 1o the rhodochrosite, neither did we have conhidence
in which way to go. Underground, our choices were

upwards, downwards or sideways. To get some advice we
enlisted the help of several geologists and mining engineers
Each had a different opimon and some had none at all. Most
told us that our targets were too small to predict. I

until Dean Misantom and Chuck Turley showed up that we

3

egan to get a handle on the geology. The mine was mapped
in excruciating detail with special attention devoted 10 strug

ture. By the end of the vear., Dean had broken the structural
geology problem down into three basic interrelated fault

systems and had most of them mapped (see article, “Geology

Figure 24. Rhodochrosite on guartz, 5.1 cm,
Watercourse Pocket, third crosscut, Sweet Home
mine, September, 1991. Sweet Home Rhodo,
Inc. specimen; photo by JefT Scovil.

ol the Sweet Home,  this issue). These inte
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Figure 25. Workings in the
Main Stope, third crosscut,
as of October, 1991. The stope
was worked first in 1966
when the famous “Alma
Queen” was discovered (note
location on map). Graphics
by Bill Tanaka.
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flexures as hints of pockets ahead, especially in the presence of
other related deformational features. Also, the “late silica-beanng
stage” was already coming to be a famihar killjoy. Many a later
pocket would produce rhombs whose aesthetics would be more or
less ruined by the thin, opaque, secondary coatings of silica and
low-grade rhodochrosite

Meanwhile a manufacturer’'s demonstration of a rock-cutting
ring saw was resulting in mixed reviews. And Sweet Home Rhodo
Inc. was becoming enamored of a “borehole scope”™—Iliterally a
medical endoscope—that could see directly into vugs 6 feet down
a drill hole, reducing the risk of destroying a good pocket by
blasting too close to it. “The cost of the unit 1s $10,000. We are
|unk|TI3_‘ for a used one, Sweer lalk owns up I'HL'TU“_‘»

Readers were apprised of progress in the ongoing geological,
geophysical, geochemical and petrographic studies being con
ducted by the Lees/Turley/Misantoni team with some outside help
Structural data from the surface and underground surveys, now
completed, were in the process of being turned into both two and
three-dimensional mine maps. Russ Honea., a mineralogist and
petrographer, was doing polished and thin-section studies of the
various rock units in the mine. And the geochemical work then in
progress promised to furmish a better understanding of the relation
ship between vein structures and mineralogical charactenstics
“For instance, some veins would exhibit sulfide-group mineraliza-
tion while others showed only quarz and pyrite. Both veins would
have rhodochrosite in them. A big question 1s, which sort of vein
we should mine on.” In a kind of early rehearsal for later, more
thorough work, Sweet Home Rhodo, Inc. looked at elements (like
iron, strontium and magnesium) which can substitute for Mn in
rhodochrosite. Crushed samples from every known rhodochrosite
bearing seam were analyzed by atomic absorption spectrometry in
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order to correlate the abundances of the trace elements with the
known distribution of “good™ pockets. Unfortunately, this early
geochemical work did not produce usable results. However, 1t did
assure investors that no trick of modern geological science would
be neglected in the attempt to “mine smart.”

Methods had meanwhile been devised for imbering the main
stope and for working in raises: “The top platform is removed each

This method
allows us to get nght up to the face for cleaning and collecting

lime before a blast so that it 1s not destroyed

vugs. Also, the plan to backhill the mine to dispose of as much
muck as possible was going well, except that the tunnels were
filling up faster than anticipated

Personnel change: miner Graham Sutton left for Anzona and his
replacement, Rory MacDonald, was hired. Rory, most recently of
the South London mine, brought with him a reputation as one of
the best hardrock miners in the area.

Perhaps most importantly for the future, Sweet lalk readers were
told, Sweet Home Rhodo, Inc. settled at last on an optimum
method for placing blast shots while also probing for pockets. The
earlier-practiced technigue of blasting parallel to the vein structure
and then going back and peeling the wall to expose pockets had
been too slow and not cost effective. So they began drilling straight
back into veins in the regular course of putting in blast rounds and
waiting to feel the dnll leap forward should 1t breach a pocket. On
October 31, while drilling in this way, the miners broke into two
7 | 2

X inch pockets that yielded some outstanding small rhodo-

chrosite specimens and “the best piece of cutting rough |Bryan
had] ever seen.” Combined with the promise of the borehole scope
and the already proven efficacy of the hydraulic sphtter, this
drilling-into-the-vein strategy now seemed to give the Sweel

Homers the way to find more pockets large and small, to mimimize

*




Figure 26. Beautiful, perfect rhodochrosite crystal
from a small, unnamed pocket is held by Rory
MacDonald, October, 1991. Photo by Bryan Lees.

damage to them and 1o take out lots of matrix specimens, all while
moving as little waste rock as possible
At the very end of the 1991 season (as if the mine had deigned to

serve up a nice dessert), Bryan Lees reported that

Rory, Greg and | were finally putting the first blast rounds into
the Main Stope, |and]| we hit a small 8 x 8 x 1-inch clay-filled
pocket about 20 feet above the great 1966 find. 1 slowly
washed the clay out of the pocket and, to our amazement,
exposed the best rhodochrosite of the season—a perfect
floater 1-inch rhomb. It was so clear that you could read
newsprint through the double refraction (Fig. 26)

On October 16, mining ceased for the 1991 season. Chief among
the corporation’s winter tasks, besides the work on the science, was
raising money. Encouragingly, the sale of specimens was already
beginning to help. All told, about $50,000 worth of specimens were
dug in this first year. It was not vet the blockbuster story it would
become in the 1992 season, but the Sweet Home project was
unmistakably, healthy and growing. It would be preparing, all that

winter, for its passage into the exhilaration of the 1992 season

THE 1992 SEASON

The major source used for information on the events of this
season and of the "93 and 94 seasons is the personal mining
journal kept by Bryan Lees. Unfortunately, this account cannot
reproduce the journal s sketches of pockets, specimens, geological
structures and mining techniques. And because much of the work
of minming 1s routine and dull, the language here 1s paraphrased and
lelescoped, except for some passages on “peak” events, where
direct quotation 1s used

The general approach was to work in each of two distinct areas

*

of the mine. In 92 and "93, the two major working areas were
called the “"Main Stope™ and the “Tetrahednite Drift,” and the most
exciing action was sometimes in one, sometimes in the other
Miner Rory MacDonald was responsible for work in the “Mais
Stope™ while Scott Betz concentrated his efforts in the “Tetrahe
drite Dnift

Here, then, 1s the most frenzied part of that nde that Bryan had
promised his investors the year before

June 6: They resume blasting on the old watercourse vein. A 14
inch pocket vields opaque rhombs of rhodochrosite on needle

quartz

June 12: In the Main Stope, they hit a 6-foot diameter pockel

with no rhodochrosite but good '-inch fluorites on guartz and
sulfides

June 13: In the Main Stope, they set off a shot at the end of a
shift. The next morning they find the contents of a small pocket
| -inch rhodochrosites and 1-inch fluonte dodecahedrons, lying on
the muck pile

June 14-18: Two pockets in the Main Stope are opened—one
empty, one with cutting-grade rhodochrosites broken in the blast

June 19-20: What seemed at first a 3-foot pocket in the Main
Stope tumms out to be two l-foot pockets with 100 mediocre
rhodochrosites and associated species

June 21: A blast to square up the working face reveals a pocket
with one gemmy 2 x 3-inch rhodochrosite cluster

June 26: In the Main Stope, they set off a shot and move |2
inches further into the working face, revealing a pocket with
abundant but heavily damaged rhodochrosites. A | x 4 x 6-inch
crystal sandwiched in the vein i1s pulled out in ten peces. There are
promising hints of further pockets and rhodochrosite showings
They can hear water percolating back in the vein and see a tnckle

coming out of a dnll hole

29
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looking like a major find. Bryan Lees

Within a month [of beginning the season| we had not discov

ered anything important in what we considered to be the best
area of the mine, the Main Stope. We had also spent '/; of ow
remaining money and | was getting wormed. Fortunately, by

July 6, we finally had a bit of luck

July 10: Bryan begins investigation of the Cash Flow Pocket. He

pulls out 10-inch matrix plates with quartz crystals and
rhodochrosite rhombs, silica-coated. Off 1o the left of the pocket
another one opens out with hundreds more silica-coated rhombs

Bryan Lees

Although the specimens were not the top material we hoped
to hind, all 1 could think of as we removed the contents was
that we would finally have some cash flow (and thus the name

of the pocket) from all our efforts

Meanwhile, work on the Tetrahedrite Drift by Scott Betz takes

up where 1t left off in the 9I
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Figure 27. Simplified geologic map
of the Sweet Home mine showing
lithology, structure and mineral-
ization. Geology mapped by Dean
M. Misantoni; graphics by (Gene
Kooper and Bill Tanaka. Details ol
Box “B” and *“C"
Figures 28 and 33.
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Figure 28. Detailed geologic map
of the Main Stope and Water-
course Raise areas, showing

lithology, structure and mineral-
ization. The area shown cor-
responds to Box “B” on Figure
27. Graphics by Bill Tanaka.

ALMA

SRS Box T Bu

-~ o Foge |

- [ - = e = A 2 N

air of Boge

Mose ol ond oo Heibe|

e0ioQy Mapped Dy Dean M. Misorion
Low revised - DecermbDe:. | 954

MOD Dreporotion Dy C Bugens KooDe
Lost upOcled - leplemer 1|0, 1095

Figure 29. Scott Betz, drills in the Watercourse Vein. Photo by Brvan Lees.




Figure 30. Section of the Main
Stope looking east, 1992, Graph-
ics by Brvan Lees and Bill
lanaka.
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Figure 31. Rory MacDonald loads dvnamite for
a “raise round™ in the Main Stope. A “raise” is
a shaft driven upward and a “round” is a blast
which propagates the raise upward 5 or 6 feel.
Photo by Brvan Lees.

Figure 32. Cash Flow Pocket opens up to al-

most 6 inches wide and eventually extends
inwards 5 feet and upwards 4 feet. Pocket
contains hundreds of matrix rhodochrosite
specimens. Photo by Bryvan Lees.
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Figure 35. Rhodochrosite on quartz, Cash Flow
Pocket, Main Stope, 4.4 cm high. Sweet Home
Rhodo, Inc. specimen; photo by Jeff Scovil.

Figure 34. Rhodochrosite, 10 cm, tucked wall-
to-wall inside the Colorado Springs Pocket.
Photo by Brvan Lees.

Figure 33. Detailed geologic map
of the Tetrahedrite Drift area,
showing lithology, structure and
mineralization. Graphics by Bill
lanaka.
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Figure 36. Section of the tetrahe-
drite stope in 1992, looking east.

Figure 37. Bornite-coated tetrahedrite on
quartz, 9 cm, Colorado Springs Pocket. Sweel
Home Rhodo, Inc. specimen; photo by Jeff
Scovil.

Figure 38. Dave Bunk cleans the largest speci-
men from the Cash Flow Pocket (called “Baby
Huey”) at the Collector’s Edge in Golden,
Colorado. Photo by Bryvan Lees.
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Bryvan Lees

Throughout 1992, Rory was in charge of stoping upwards in
the Main Stope and Scott was in charge of dnfting along the
[etrahednite Vein. During the month of July, Scott and Rony
kept dnilling into small pockets that had 1o be carefully
inspected. We discovered four and we had our hands full
keeping up with the pocket extractions. We were perfecting
lechniques to extract the fragile rhodochrosites and, as the
summer proceeded, confidence grew that we could save jusl
about anything. One of the four pockets was the Museum
Pockel

July 25: In the Tetrahedrite Drift, the best tetrahedrites vet
found: big plates with 1'A-inch lustrous crystals, come from the
Museum Pocket. Also, several excellent single rhodochrosite crys
tals are extracted

July 27: The Cash Flow Pocket is, at last, fully cleaned out

July 31: In the Main Stope, a small voud 1s discovered beyond
the Cash Flow Pocket. At the Museum Pocket (Tetrahedrnite Dnift),
Jack Murphy leads a Denver Museum camera crew to videotape
the extraction of large rhodochrosite plates. One 6 x 10-inch plate
has a 2-inch and a 3-inch rhomb still on it and shows places where
rhombs collected on July 25 (now back at the shop) can be re
attached

Bryan Lees

This was the great specimen showcased at the Denver Show in
September 1992 and featured on the cover of the German
mineral publication Mineralien Welt, vol. 3, no. 6, Nov.-Dec

3. )g, Heft 6 « NovDaz_ '_92-

)

6/92

Figure 39. The best rhodochrosite from
the Museum Pocket after its removal and
repair, featured on the cover of Mineralien
Welt in 1992, Each crystal measures 10
cm on an edge and represents one of the
finest specimens ever discovered at the
mine. James Horner specimen; photo by
Jell Scovil.
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1992, It contained 3-inch rhodochr

several Clear quantz crystals to 2-1/2 inche . [ LOOK

two weeks 10 extract and Bill Hawes two m ins o tnm and

prepare

August 1: Forty members of the Colorado Springs Mineralog
cal Societyv amve for a tour. In the Main \Hl"I‘k' Rorv buil

found behind the sie of th

scaffolding to split into the new pocket
Cash Flow Pocket. He has a small accident and severely bruises hi
ribs. The next day the splitter breaks. The next few days are marked
by more minor injunes and equipment failures

August 6: The sphitter comes back, but has been repaired with
the wrong parts and 1s stull dysfunctional. In the Main Stope, an
.tt[;‘m[ﬂm! shot near the new '|"|'1'H._.h_l.'r goes wrong and destrovs th
entire pocket contents. It 1s dubbed the Bad Luck Pocket

August 8: In the Main Stope, the re-repaired splitter breaks
down again But from the remnants of the Bad Luck Pocket
some good thumbnail and mimature rhodochrosites appear—veny
red with good pynite. sphalenite and tetrahednite crvstals

August 9: In the Tetrahednite Drift, a shot exposes the beginning
of a 4 1o 5-inch wide vug going straight back into the working face
Promising

August 16-17: In the Tetrahedrite Dnift, a pocket is split into
another etched mghtmare.” Very red, gemmy rhodochrosite rhombs
o 2'4 inches but heavily etched. Most rhodochrosites are coated
with pale blue 10 'fi-inch fluorites, also etched
August 20: In the Tetrahednite Drift, they finish cleaning out the

etched POC Kl
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August 21 [Discovery of the Rainbow Pocket]: Bryan Lees

Near the end of August the company was again running out of
money and we were frantic to find something to persuade the
investors 10 keep the mine open. As we discovered the
Rainbow Pocket, | was worrying about how we were going to
make paychecks at the end of the month. We were that close
to going out of business. After the discovery, we were able to
borrow enough money to get through the Denver Show and
sell the new material. We never looked back

In mid-afternoon in the Tetrahedrite Drift, they set off a large
shot. While the miners are waiting for the smoke to clear, a camera
crew from the Denver Museum shows up to see whether there’s
anything that would be good to catch on film [!]. At the blast site,
a 14-inch hole 1s visible halfway up the working face. When debris
1s cleared away, a cavity 5 feet deep and 2 to 6 inches wide shows
along a left-bending vein flexure. In the darkness, several ven
large rhodochrosite rhombs, one of them over 5 inches on edge, are
spotted lying loose. As the Museum s cameras roll, Bryan pulls out
the 5-inch rhomb from its narrow space. It has separated from the
hanging wall. [This is the large crystal later re-attached to the Alma
King matnx plate.] All present are already going crazy. Bryan's

journal says:

After removing this piece, one could see into the vug further
WHAT A SIGHT! All I could say was “Oh my God, oh my
God, oh my God.” Because everyone who looked into the
pocket said more or less the same thing, we considered
naming it the Omigod Pocket. Thought better of it later,

though

Rhodochrosites are everywhere in the pocket. One 4-inch rhomb
lies directly on top of another. In the center-back of the pocket,
another 5-inch rhomb forms a cluster with some 2-inch and 3-inch
crystals. At the top, a beautiful 2'4-inch rhomb grows downward

Figure 40. The “Alma King” crystal lying loose
inside the Rainbow Pocket. Note that the crys-
tal barely had room to grow; it is touching both
sides of the vug. The Rainbow Pocket measured
4.5 feet tall by 6.5 feet deep by 3 to 4 inches
wide; it produced hundreds of specimens. Photo
by Bryan Lees.

from the wall. Many, many '4-inch to 1'4-inch crystals are scattered
about. Many of these sharp rhombs are coated with blue fluorite
crystals to 'fi-inch, which also coat both hanging and foot walls
There 1s a "sugar coating  of light yellow calcite crystals on many
rhodochrosite crystal faces. Some rhodochrosites, especially near
the bottom, are hghtly etched. Bryan Lees

When you stood back and looked into the vug, you saw
Christmas. The large red rhombs studded the pocket, with
highlights of blue and purple fluorite, yellow calcite and white
clear quartz. Breathtaking!!

August 23: In the Tetrahedrite Drift, Bryan and Scott drill and

split all day to begin removing the hanging wall side of the pocket
Scott Betz:

Figure 41. Rhodochrosite with fuorite and
calcite, Rainbow Pocket, Tetrahedrite Drift, 5.1
cm. Many of these “floaters” were recovered
from pocket bottoms. These crystals originally
grew on the pocket’s sides and later detached
due to rock stress. Sweet Home Rhodo, Inc.
specimen; photo by Jeff Scovil.

Bryan swore us to secrecy. We had to keep that Rainbow
Pocket quiet for weeks. Everybody would ask “how'd you do
al the mine today”” and it hurt more and more to have to jusi

shrug and say “Oh, so-so nothing great.”

August 24: At the end of the day, after 30 split holes, they

remove two base p|;III..'*- from the hLlIl}_‘iT‘IL‘ wall of the Rainbow

Pocket. The seam goes right through the middle of the spot where

the 5-inch rhomb came off. The two plates will be re-attached [to
compose the Alma King|. Also, many loose rhombs are taken out
'hese seem to have grown on the hanging wall, then fallen off. As
the pocket seems to have been a water channel, the rhombs are
slightly etched, many coated as well with the '/i-inch blue fluorites.

August 27: The Denver Museum of Natural History video crew
arrives 1o video the splitting technique. Joel Bartsch shows up and
sees the Rainbow Pocket. Two killer rhodochrosite specimens
come out of the pocket's bottom: a 6-inch group of 4 large fluorite-
coated rhombs and an undamaged 1'4i-inch rhomb with purple

6 ¢




Figure 42. Work begins to repair
the “Alma King"” specimen at the
laboratory in Golden, Colorado.
Here, Bill Hawes repairs the two
base plates of the “Alma King.”
Note the red “scar”™ where the big
crystal originally grew. Photo by
Bryvan Lees.

Figure 43. Bill Stone of The
Sunnywood Collection creates
the wood display stand for the
“Alma King.” Photo by Elsie
Stone.

fluorite and vellow calcite on a 7-inch quartz matnix. Joel opens the
bidding right there underground.

August 28-30: Splitting and removal of a large footwall plate,
again in two pieces, shows the places where the big crystals will fit
back on [this one will become the Alma Rose].

August 31: In the shop, work begins on cleaning and reassem-
bling the two big specimens. Bryan Lees:

Extraction of the Alma King and Rose specimens was only the
beginning of the work. We had the base plates. We had the
rhodochrosites that fit back onto them. What we lacked was
the technology to put everything back together in such a way
as to look original and natural. We decided to hire an expert in
fossil preparation in the hopes that such a person could “cross-
train” and use those skills to refit, cut, support and match all of
the pieces back together again. A knowledge of minerals
would also be invaluable. I contacted Bill Hawes and asked

him if he would be interested in the project. Bill said he would
try. . . . After three months [the winter of 1992/1993] of near-

hysteria and frustration, two masterpieces were ready to show
the world at the Tucson Show in February 1993 (Figs. 44, 45)

September 3—4: In the Main Stope, the largest shot to date in the
mine blows up a 20-inch pocket just past the end of the drill holes.
Nothing is recovered.

September 5: In the Tetrahedrite Drift, Bryan and Scott take one
more big plate out of the hanging wall of the Rainbow Pocket. It i1s 3
feet long, 18 inches wide and 1s shaped like Afnca. A very large
gem-red rhomb on it is the most perfect of the pocket (Fig. 48). Two
fine rhodochrosite mimatures complete the emptying of the pocket.

September 6: In the Main Stope, work with an air chisel reveals
signs of another pocket opening up behind the 20-inch cavity
blown up on September 4

September 7: In the Main Stope, a dnll hole intersects a 32-inch




Figure 44. *Alma King"” rhodochrosite after three months of work. The specimen is 66 cm tall; the main
crystal is 14 cm on a side. Denver Museum of Natural History specimen; photo by Jeff Scovil.
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Figure 45. “The Rose,” one of the most phenomenal rhodochrosite specimens collected,
is 45 cm tall. Rice Museum collection; photo by Jeff Scovil.
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Figure 48. The September
Sth rhodochrosite specimen,
named the “Alma Prince,”
after extraction and clean-
ing. The main crystal is 7 cm.
Sweet Home Rhodo, Inc.
specimen; photo by Jeff
Scovil.

Figure 47. Fluorite on quartz, Rainbow
Pocket, 2.5 c¢m tall. Most of the Rainbow
Pocket was coated with fluorite. Sweet Home
Rhodo, Inc. specimen; photo by Jeff Scovil.

Figure 46. Fragment of a large crystal from the
Rainbow Pocket, backlit to show off its

gemminess and transparency, 8.0 cm. Marty
Zinn specimen; photo by Jefl Scovil.




Figure 49. Queue forming up outside
the Denver Gem and Mineral Show
for rhodo fever, September 15, 1992,
Photo by Bob Jones.

Figure 50. Ticket number |1 handed
out during the 1992 Denver Gem and
Mineral Show rhodochrosite debut.

Figure 51. Sweet Home mine produc-
tion from 1992 about to go on sale at
the September Denver Gem and Min-
eral Show. Photo by Bryan Lees.

pocket up and to the left of the one that was destroyed. A heavily

before the show pushed everyone to their hmits. The pocket
damaged 2-inch rhomb is stuck at the top of the hole

September 11-12: The splitter breaks twice. Rory prepares to
put in a small round to the right of the potential vug in the Main
Stope.

September 18-20: The mine is closed for the Denver Show
Bryan Lees:

had been discovered only four weeks earhier

Our Denver Show goal was to give everyone a chance at the
material, so we did not allow anyone to come over to the shop
beforehand. Instead, we were going to open the doors at the
beginning of the show and let everyone have a tair chance at
acquiring a rhodochrosite. On Thursday evening. the Denver
The 1992 Denver Show was very controversial for us. We had Show people came over to our room and informed us that we
just discovered a great pocket of rhodochrosite specimens and had better do something about crowd controi in the moming
word had gotien out to the mineral collectors. We were We looked at several oplions and finally decided 10 pass oul

breaking records getting the matenal ready at our facility in lickets

Golden. Dave Bunk, Dennis Beals, Kathryn and | were
working overtime to get everything done. Sull we could not
keep up. The phone was ringing off the hook. The work
involved in getting things trimmed, cleaned and inventoned

In the moming, there was a line outside the Merchandise
Mart that had begun forming at 5:00 am. At 9:00 am
hundreds of people were standing outside our showroom

Reaction to the tickets was mixed. Most thought that they




Figure 52. Rhodochrosite, Good Luck Pocket, 15 cm.
Steve Neely specimen; JefT Scovil photo.

were a fun diversion from the usual show routine. Some
believed that taking a ticket was beneath them. Sull others
saw the humor in the situation and came up with all manner of
amusements, from videotaping the proceedings to selling
their tickets to people with higher numbers. The latter move
was best executed by John Barlow, who for $20 sold his ticket
and place in line for the first showing

Competition during the first few minutes was fierce. Groups
of 20 at a time were admitted to the room. Each group had
only 15 minutes to make their purchases. Several people in the
first few groups told me that this was one of the most intense
things they had ever done. Given the competition in the room,

buying decisions had to be made in split seconds. During the

first 20 seconds that the room was open, we sold $80,000
worth of specimens. During the first two minutes, we sold
5130,000. Fisticuffs nearly happened several iimes.

Another memory from this day Rory and Scott were
handling crowd control outside the sales room when a man
wearing a turban walked up and asked to get into the room
Rory politely asked if he had a ucket. The man responded, “}
never needed a ticket to get into the room before!” Rory
replied, “Well, I'm sorry, but I can’t let you inside without a
ticket.” The man retorted, “Pig-eating infidel!!” and stomped

away
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Figure 53. View
looking straight up
the Main Stope raise.
Mining upwards is
called “raising™; most
pockets at the Sweet
Home have been
found in this way. At
11,400 feet elevation,
raise mining is no
picnic. Photo by
Brvan Lees.

Figure 54. Brvan Lees
reaches into the Good

Luck Pocket. Photo
by Chauncey Walden.

Al the end of the show, almost all of the matenal was sold
and we were wondering, tongue-in-cheek, what we would sell

at Tucson in February

September 20: Back at the mine, Scott and Rory set up a newly

purchased splitter and begin to split to within three inches of the

pocket in the Main Stope

September 21 | Discovery of Good Luck Pocket]: Several tour
groups visit the mine, four from Europe, including one from the

Kongsberg, Norway, mining museum. Then Bryan Lees

I'he day after the Denver Show, Rory and | opened up THI
MOST incredible pocket of rhombohedral rhodochrosite crys
tals ever found. The pocket eventually measured 48 inches
deep by 36 inches high by 2 10 6 inches wide. The foot wall
was u!lllu'l]:_'h'h covered with to 2-inch imeriocking rhodo
chrosite crystals. The hanging wall consisted of small needlc
quartz with tetrahednite crystals and occasional rhombs. In the
middle of the pocket was a quartz matrix rind | to 2 inches
thick with rhodochrosites and tetrahedrite on both sides
These pieces were the most breathtaking and valuable we had
ever seen. Celebrating our good fortune., we decided 1o name

the new find the Good Luck Pocket

September 22: In the Main Stope, a full day of pulling brece
plates and loose crystals out of the Good Luck Pocket vield
enough specimens to cover a 6-foot table. All the rhodochrosites
are razor-sharp, simple, gemmy rhombs. There are bright tetrahe
dnites to A-inch and bright druses of chalcopyrite and sphalerit

but no fluonte. Brvan Lees




Figure 55. Peering into a portion of the Good
Luck Pocket. The “Snow Cone™ sits ready to
collect. Photo by Bryan Lees.

Figure 56. The “Snow Cone” rhodochrosite,
Good Luck Pocket, Main Stope, 17 cm. Sweel
Home Rhodo, Inc. collection. Photo by Harold
and Erica Van Pelt.




Figure 57. Rhodochrosite, Good Luck Pocket,
Main Stope, 36.5 cm wide, after cleaning. Owner
anonymous; photo by Jeff Scovil.

Figure 58. Fabulous large rhodochrosite from
the Good Luck Pocket, 36.5 cm, just collected,
and prior to cleaning. Specimen held by Rory
MacDonald; photo by Bryan Lees.

Because of the quartz ndge in the center of the pocket, open
space was limited. This resulted in a large portion of contacted
and incomplete rhodochrosites. In order to collect the best
specimens possible, we had to decide which pieces to sacrni
fice. Many almost-incredible ones bit the dust in this fashion,
and each day we had to take breaks to calm down from the
anxiety caused by this wanton destruction

September 24: In the Tetrahedrite Drift, Scott finds a large vug
filled with white clay and takes out 2 to 6-inch needle quartz plates
covered with 'i-inch blue-purple fluorite dodecahedrons. The best
fluonte this year

Back at the Good Luck Pocket (Main Stope), Bryan and Rony
continue taking out fine specimens, removing the breccia plates

and fragments carefully so as not to damage either attached or
neighboring crystals. This reminds Bryan of playing pick-up-sticks
as a kid—taking everything out from around a target piece. The
“sticks” removed in this way are all fine pieces in their own right,
but when Bryan finally pulls out the one he’s been after, he finds
that one side has a perfect 2-inch rhomb on lustrous tetrahedrite
crystals and the other side is covered with gemmy red rhombs
almost as big

September 25: With the Good Luck Pocket now over 3 feet
deep, another fantastic piece comes out: a 7 x 14-inch matrix of
massive and crystallized tetrahedrite completely covered in front




Figure 59. Rhodochrosite on tetrahedrite, Good
Luck Pocket, Main Stope, 11.7 cm. Steve Smale
collection; photo by Jeff Scovil.

with 2-inch gemmy rhodochrosite rhombs and very hittle damage
[this is the piece—Fig. 57—that was shown bniefly at the Denver
Show in 1994]. There are also five top small cabinet pieces and 150
single floater rhombs from | 1o 2'4-inches. The past three days’
production covers a new, 8-foot table.

September 26: In the Main Stope, two killer mimatures are
taken out of the Good Luck Pocket. Rory and Bryan dnll under
neath the pocket and begin to split open its bottom. The hanging
wall 1s now mostly gone and the foot wall i1s coated with 1 to
2'/--inch rhombs

September 27-October 3: Slow, careful, final stages of recoy
ering the Good Luck Pocket.

October 4-9: Clean-up in both working areas

October 9: Bill Silberman and Dean Misantoni tour the mine
and decide on three age-dating targets. Numbers later come back
dating the rhodochrosite mineralization at about 30 million years
ago (see “Geology of the Sweet Home Mine,” this issue).

October 10: In the Main Stope, in a wide, massive sulfide
exposure, several small rhodochrosite vugs are hit. The crew
decides to put off shooting here until next year

October 11: The mine is closed.

Mineral folk lucky enough to have attended the 1993 Tucson
Show will remember the grand debut there of the Alma King and
Rose specimens. Let Bryan himself briefly recount the Sweel

Home Rhodo, Inc. “peak™ experience on this occasion, rivaling that
at the "92 Denver Show:

Selling the Good Luck find at Tucson in February 1993 was
exhilarating and exasperating both. With the help of the
Tucson Show committee and Marty Zinn, we decided to split
the new rhodochrosite find into two parts. The first part would
be available at Marty's Executive Inn show and the second at
the main show two days later.

| hadn't wanted to pass out tickets again, but Marty Zinn

Figure 60. Rhodochrosite, Good Luck Pocket,
Main Stope, 6.2 cm. Sweet Home Rhodo, Inc.
collection; photo by Jeff Scovil.

persuaded me to do so anyway, arguing that if | didn’t, people
would sleep out overnight in front of the hotel in order to be
first into the room the next morming lronically, it turmed out
that 22 intrepid souls slept overnight outside the hotel room
anyway. This, in order to get the first tickets handed out in the
morning.

Similar excitement surrounded the unveiling four days later
at the Tucson Show. People lined up to get into the booth early
in the moming. No tickets this time, the show people handled
the flow. Tempers flared and elbows flew but the showing




Figure 61. Rhodochrosite on tetrahe-
drite, Good Luck Pocket, Main Stope,
10.1 em. Jack Halpern collection;
photo by Harold and Erica Van Pelt.

Figure 62. Rhodochrosite on tetrahe-
drite, Good Luck Pocket, Main Stope,
11.6 cm. Wayne Thompson collection:
photo by Jefl Scovil.

came off without major glitches, thanks in large part 1o the
help of Peter Megaw and Bob Jones, both show committee

officers. Also at this show. we unveiled the Alma King and

Loneg-expener
who thought thes

department w

Rose. 1 will never torget the looks on people’s faces as they hi

-'F h T .r.'llr
gh hope

viewed these pieces tor the first tme. Al one point, thev even the Sweet Home explorers the

broke out into spontaneous applause. It was the most exciting world. Unfortunatelv. the new

moment | have ever had at a gem and mineral show.” tor the earlier one. Only one pocket

® 4 e




Figure 64. Rhodochrosite, Good Luck Pocket,
Main Stope, 155 cm. National Museum of
Natural History, Paris, France, collection; photo
by Jeff Scovil.

Figure 65. Rhodochrosite, Good Luck Pocket,
Main Stope, 11.0 cm. Natural History Museum
of Los Angeles County collection; photo by Jeff
Scovil,

Figure 63. Rhodochrosite on quartz, Good Luck
Pocket, Main Stope, 6.1 cm. Helmut Bruckner
specimen; photo by Helmut Bruckner.




Figure 66. Rhodochrosite with cut stones, Good Luck Pocket, Main
Stope; crystal is 2.5 cm. Gene Meieran specimen: photo by JefT Scovil.

Figure 67. Rhodochrosite, Good Luck Pocket,
Main Stope, 10.1 cm wide. Houston Museum of
Natural Science specimen; photo by Jeff Scovil.

Figure 68. Rhodochrosite, in crystals to 6 cm,

from the Good Luck Pocket. Carnegie Museum

of Natural History collection; photo by Debra ik V-
Wilson.




up on greatness as defined by earlier standards. Moreover, this
would be the most physically grueling, demanding season of all for
the Sweet Homers,

THE 1993 SEASON

May 15: The winter in the mountains was the worst in eight
years. On May 10, they tried to plow the road to the mine but were
hit with a cease-and-desist order from the Forest Service, which
feared they would damage the road. Several days later the order
was lifted. On May 19, all hands arrived at the mine and found ten
feet of snow at the portal. By the 2lst, three weeks behind
schedule, they were underground, but were hit with a mine
inspection order from the Mined Land Reclamation Bureau (MLRB),
whose people showed up on June 3 and issued what was, after all,
a good report

Figure 69. Geophysicist Peter
Giamou from multiVIEW
(eoservices, Inc. readies his
Ground Penetrating Radar
(GPR) gear for an under-
ground survey of the Sweet
Home mine. The two anten-
nae are in front of the truck,
and the “black box" receiv-
ing gear is the lower right.
Photo by Bryan Lees.

May
(storage) area of Crosscut No. 3.

June 3: The MLRB shows up, likes the operation but says “we
will have to go before the Board” for a ruling on the mine’s
PL'”'I'I;.“'IL'HI status.

28: The first round of the season 1s shot In a tool-cut

June 7: Rory collects a nice small vug at the tool-cut site on
Crosscut No. 3. I-inch semi-
lustrous rhodochrosites and “A-inch purple dodecahedral fluorites
on needle quartz.

June 8: A new miner, Mike Warren, comes on duty

June 9: In Crosscut No. 3, rock bolting is carried out on some

Si1x very good pieces with '/ 1o

bad ground, then shooting up behind the tool-cut in hopes of more
vugs like the one on June 7.

June 10: Nothing shows up in Crosscut No. 3 and the ground
becomes more dangerous. They decide to abandon the area. Bryan
Lees:

After the success of the 1992 season, we were getting a little
We found two major pockets by following certain
kinds of vertical geologic structures. So, it followed, all we

cocky

had to do was follow these same structures during our 1993

S€ason.

n

The Main and Tetrahedrite stopes were on vertical struc-
tures which produced the Good Luck and Rainbow Pockets
respectively. In order to find more rhodochrosite, we had 1o
continue straight up.

None of us knew how high we could go with the equipment
we had at the tme. Without a raise climber (a device like an
elevator nstalled underground), upward movement would be
extremely expensive, tedious and physically exhausting—as
we all were about to find out.

June 16: Peter Giamou from Mulu-View comes from Canada to

do a ground-penetrating radar (GPR) test.

June 18: Scott readies the working area in the Tetrahedrite Dnift.
Rory begins drilling for an ore pass into the Main Stope vein.
June 22: Scott shoots in the Tetrahedrite Drift and hits a nice

small vug with clean 'A-inch rhodochrosites on clear lustrous
quartz needles

June 28-29: Rory collects some good fluorites in the ore pass
area near the Main Stope including a 12 x 12-inch plate coated on
both sides with small crystals

July 7: Shooting on a raise in the Tetrahedrite Drift is expected
to take them up into the anomaly detected by ground-penetrating
radar (GPR) three weeks ago. This work is concentrated straight
above the Alma King find and eventually becomes the Tetrahedrite
Stope. A pocket i1s exposed, just slightly off the anomaly area, with
a 3 x 4-inch rhodochrosite rhomb attached to its left side. Geolo-
gists Bill Silberman, Dean Misantoni, and Russell Hamman start a
new surtface mapping project

July 8: Tony Kampf of the Los Angeles County Museum comes
up for a mine tour. Bryan can reach his hand 3 feet into the new vug
in the Tetrahedrite Dnift and cannot touch its end. They decide to
dnill split holes but Scott’s drill goes down and Rory’s throws a rifle
nut. Lightning strikes very near the mine.

July 9: In the Tetrahedrite Stope, Scott and Bryan split around
the vug. They can see the 3 x 4-inch rhomb. Peter Megaw and his

SONs Vvisit.
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Figure 70. Section of the Tetrahedrite
Stope in 1993, looking east. Graphics
by Bryvan Lees and Bill Tanaka.

July 14: In the Tetrahedrite Drift, the big crystal breaks off the
wall. Several days of work lost! The vug is about 15 x 12 x 3
inches.

July 15: The surface geology work is finished.

[The next 2'5 weeks have no daily journal entries. It is “an
extremely difficult and frustrating time.” They are working in two
areas and finding nothing. Everyone is fatigued. Bryan decides to
spend 5 days a week at the mine. Mining straight up into the GPR
targets is proving costly, with no significant specimen inventory
coming in.)

July 31: Fifteen members from the Mile High Rams mineral
club come for a mine tour.

August 3-5: Rory MacDonald finishes work on the ore pass and
man-way into the Main Stope. It will now be possible to go up
another 100 feet from the present 80-foot level.

August 6: In the Main Stope, they shoot up towards the GPR
targets and hit three small vugs. Sulfides are widening upward.

August 10: In the Main Stope, the widest sulfide streak yet is
seen as the vein continues to widen upward. Four drill holes
intersect a vug 5 feet up: “the vug makes water for about 10
minutes.”

August 13: John Barlow takes a mine tour.

August 17: In the Main Stope, a shot to bring down a large
hanging wall slab works, but damages a small exposed vug. The
vug has some nice purple dodecahedral fluorites to | inch, one of

them attached to a “/i-inch rhodochrosite rhomb. The GPR 1arget
should now be 3 feet up.

August 20: In the Main Stope, much pyrite is exposed. Rory
drills into a large vug with silica-coated rhombs. In the Tetrahedrite
Drift, Scott exposes a pocket with coated rhombs and good cubic
purple fluorites.

August 21: Three mine tours, one of them for the Colorado
Mineralogical Society.

August 25: In the Tetrahedrite Stope, Bryan finds two pockets
when Scott slushes out scram. Some medium-grade small rhodo-
chrosites and some '/-inch dodecahedral fluorites come out. They
drill a face with much pyrite and hit several vugs 3 to 5 feet back.
They are now about 50 feet directly above the site of the Rainbow
Pocket.

August 31: Bryan brings up the Sweet Home Lager [see later]
from Denver and stashes it underground to age

September 2: Continued shooting shows nothing new.

September 3: In the Tetrahedrite Stope, Bryan and Scott dnll
into two vugs which release water. If they are connected, the whole
vug is 6 feet across.

September 4: The big pocket breached yesterday seems to be a
deep, narrow seam filled with clay, mud and breccia. Washing up
into it with a hose produces a huge load of decomposed pyrite and
rhodochrosite. Then, a piece comes out with 1-inch rhodochrosites
on a beautiful bed of '4-inch purple fluorites
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Figure 71. Rory MacDonald brings a load of
rock out of the mine. These loaders, called
LHD’s, carry about 4,000 pounds of rock. Each
day, the loaders bring between 20 and 40 loads
of rock out of the mine. Photo by Bryvan Lees.

September 7-9: In the Tetrahedrite Stope they timber up a new
raise to open up the new pocket system—the Red and Blue Pocket
I'he seam fails 1o widen and only produces fair to low guality
rhiodochrosite/tluorite specimens

September 10: Rory hits some small vugs in the Main Stope.

September 13: Continued small production, exploration in both
areas. There are 6 feet of snow on the ground

September 13-19: The Denver Show period—it’s four days this
year. Bryan is nervous, as they have not had a major 93 find
Fortunately, they still have matenial from the 92 finds and by
Saturday alternoon, sales are almost as high as last years. Then
there is the unfinished Big Business

Bryan Lees:

Ever since the Tucson Show, rumors abounded regarding the

price being asked for the Alma King and Rose specimens. It
was nteresting histeming to the various opmnions being ex
pressed. Figures from $200.,000 to $1.500,000 for the pair
were bandied about. Everyone, it seemed. had an opinion
After the 1993 Tucson Show, Dave Wilber and | began a

quiet effort to sell the two specimens. Our goal was 1o sell
them as a pair. We were concerned that, with a rather small
market for something so expensive, damaging rumors could
reduce the saleability of the pair. After all, prices like these
had never been asked for a non-gem mineral specimen. The
would-be buyer was faced with the problem that there were
few specimens in the mineral world to compare price-wise
with these two.

True to our fears, by June 1993 the general opinion in the
market was that the pieces were just too expensive. That was
not good. Our mining costs were such that if we could not sell
the pieces for the amount we were asking, we could not
operate the mine into 1994 anyway s0 why lower the
price?? We decided to raise the price

Figure 72. Fluorite dodecahedron on rhodo-
chrosite, Main Stope, 3.2 cm. Sweet Home
Rhodo, Inc. collection: photo by JefT Scovil.

On Saturday moming of the Denver Show, Dave Wilber invites
an elderly couple to Brvan's 11:00 a.m. talk on the Sweet Home
Fhey sit in the front row and listen intently. An hour later. Dave
lells Bryan that the couple, Mr. and Mrs. Richard Rice. are
interested in buying the Rose. Bryvan doesn’t want to split up the
pair and quotes a combined price for both. On Sunday moming. the
Rices agree to buy the pair

Bryan Lees




Figure 73. Detailed geologic map
of the Main Stope and Walter-
course Raise areas showing li-
thology, structure and mineral-
ization. The GPR drift is in upper
left. Graphics by Bill Tanaka.
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I'he Rices’ decision lifted a great weight from the shoulders of
the company. The sale validated both the guality and the price
of the specimens and renewed our belief that we had a truly
world-class specimen mine. Also, we would now have the
operating funds to run the mine another year. This was the
project s biggest day since the ongmnal discovery of the
Rainbow Pocket. After the Rice sale, our other top pieces
began to sell more quickly too

Meanwhile, at the mine, 75 feet up in the Tetrahednite Stope,
Scott opens a pocket full of what's probably the best hiibnerite ever
seen in Colorado. Unfortunately, the Hiibnerite Pocket is tight and
most of the pieces are damaged.

September 21-25: About 20 tour groups visit the mine. Scott
pushes onward from the Hubnerite Pocket and hits another vug full
of wonderful plates of pyrite crystals on needle quartz—the Pynite
Pocket. Rory begins a new dnft, aaming for a GPR target. This
would become the GPR Dnift.

Bryan Lees

Anyone who believes that rhodochrosite mining 1s easy
should have been working at the Sweet Home in 1993, We
decided to follow the vertical structures above both the
Rainbow and Good Luck pockets—that meant two straight-up
stopes. We were having a hard ume finding qualified miners,
s0 we drove the raises with only three people—Rory, Scott
and myself. Carme handled the duties of portal waich and
emergency surface person as she had in 1992,
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By late summer, the raises were each up about 100 feet and
very little had been found. At 11,600 feet above sea level,
climbing up and down the ladders several imes a day carrying
heavy equipment made the miming task almost unbearable
We had reached the limits of our resources. Everybody was
tired, beat-up and fed up. We all decided to pull back down to
the mamn track level and begin some honzontal dnft work into
new areas. Before we could ever go back up into the raises, we
would have to install hoists to Lift the heavy equipment
followed by some serious tmbering work. This was not to

happen for two years

September 28-October 5: In the GPR Drift, halfway between
the Main Stope and Tetrahedrite Drift, Rory hits three pockets all
about where the ground penetrating radar had predicted. From one
comes a beautiful 1'4-inch purple stepped-face octahedral fluorite
with no damage. Bryan decides to call this vug system the
Blueberry Pocket (see “Application of Ground Penetrating Radar
to Mineral Specimen Mining,” this issue)

In the Tetrahedrite Stope, Bryan takes three days to open a 50 x
30 x 4-inch vug called the Empty Pocket. It has very little
rhodochrosite (even though 1t's on the same vein intersection as the
Rainbow Pocket, 70 feet higher) but contains fine specimens of
associated minerals

October 6: Vugs are hit in both the GPR Dnft and Tetrahednite
Stope

October 8: In the GPR Dnift, splitting a vug reveals some fine




Figure 75. Rory McDonald after finishing drill-
ing a raise (straight up) in the Main Stope. The
expression on his face mirrors the kind of vear
it has been at the mine and shows the general
mood in September 1993. Photo by Bryan Lees.

Figure 74. Roger Stiner displays the Sweet Home mine's
new diamond chainsaw. Due to this recently developed
device, many great rhodochrosite specimens are being
preserved. Photo by Brvan Lees.

Figure 76. Rhodochrosite on quartz, Blueberry Pocket, GPR Drift, 10 cm.
(Gene Meieran collection; photo by Harold and Erica Van Pelt.
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rhodochrosite, notably a gemmy, loose 1'4s-inch rhomb sprinkled
with small gemmy fluorites (it will later be restored to its matrix).

October 9: In the GPR Drift, the upper part of the Blueberry
Pocket pinches out but there's an unexpected upper chamber
beyond. This yields some excellent thumbnail and miniature
rhodochrosite specimens—gemmy and unetched. some on matrix,
with good quartz crystals.

October 10: In the GPR Drift, they finally use a newly
developed diamond chain saw (Fig. 74): “It’s very slow, wet,
miserable work. The [Blueberry] pocket is above our heads so we
get soaked with the cold, muddy mine water lubricating the saw.”
After six hours of this, they have sliced off the matrix for some
killer rhodochrosite rhombs pulled out the day before—Bryan
expects that these last Blueberry Pocket specimens, when repaired,
will be the "93 season’s best pieces. All told, three good pieces are
removed.

October 11-November 11: Rory and Carme move to Butte,
Montana. A further 30-foot raise over the Blueberry Pocket reveals
nothing.

In a new area near the original watercourse vein, Scott begins the
Watercourse Extension Drift. Only one area looks good along this
new course, and a 20-foot raise produces a 6-inch vug which
contains a few very good rhodochrosite miniatures. They will take
up here again next season.

Bryan Lees:

It was obvious to us at the end of 1993 that we had not figured
out the entire geological puzzle. We knew that pockets

Figure 77. Simplified geologic map
of the Sweet Home mine showing
lithology, structure and mineral-
ization. Graphics by Gene Kooper
and Bill Tanaka.

occurred inside vein intersections but, unfortunately, that did
not mean the entire intersection would have pockets. We
speculated that there must be another control we hadn’t yet
figured out. Our hope was that eventually, if we raised high
enough on the intersections, we would find a favorable control
and come into a new pocket zone. But to raise high enough
would require more equipment, money and manpower. That
didn’t happen until 1995.

THE 1994 SEASON

The 1994 mining season would prove to be much more fruitful
than 1993. If not quite up to 1992, it was good enough 1o keep all
hands enthusiastically going and Sweet Home Rhodo, Inc. solvent
into 1995. Its major excitements, in the forms of the Tight, Comer
and Coors Pockets, did not begin to materialize until late summer

The season’s first half was more than a lintle discouraging
Journal entnes for May through mid-August, therefore, tend 1o be
generalized, biting off whole, relatively barren weeks at a time.
(Here, the gap will be parnally filled by observations from my visit
during that August of "94.)

The “Watercourse Extension Drift,” where Scott began working
at the very end of the "93 season, evolved into a complex series of
raises; the journal generally calls this vertiginous region of upward
burrowing the Watercourse Raise. lis maze of platform above
platform, with shaky ladders rising at all angles, would finally
produce the Tight Pocket and Comer Pocket complexes. But in

-

Crosscut No. 2, near the pocket finds of the 1920, would be
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Figure 78. Detailed geologic map
of the Tetrahedrite Drift area,
showing lithology, structure and
mineralization. Graphics by Bill
Tanaka.
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1994°s most spectacular find: the Coors Pocket, so named because
of uts reconstruction and permanent display in the Coors Hall of
Minerals at the Denver Museum of Natural History

May 18-31: They'd wanted to start the season with three miners
and a support person, but on opeming day only Scott shows up. Bill
Kazel brings in a helper and Dean Misantoni is hired full-time as
mine geologist

They re-open the old Corkscrew Adit high above the portal and
Dean maps the old workings. It 1s just a mined-out area n a
decomposed gouge-type ore zone with no rhodochrosite showing
They will re-cave 1t probably

On May 3l

watercourse on a new dnft, Scott hits a pocket, later called the

after taking out the first round to extend the

Memonal Day Pocket. It yields a banana box full of specimens
with slightly dull rhodochrosite rhombs to A inch on quarz
needles.

June 1-7: Scott continues the new drift but there is no more
good structure and no new pockets. On June 7, he stops. They're
having a hard time finding qualified hands to replace the no-shows

Bryan Lees:

With no significant finds in '93, there were some tense
periods in early 94. We'd gone almost two years without an
important discovery. Funds, nerves and tempers were running
thin and thoughts of mine closure were once again being
explored by the company

June 8-20: Scott starts the “Tet-2" drift or New Tetrahedrite
Drift, a structure parallel to the original Tetrahedrite Drift. The
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hope 1s to intersect the north-south faults that created the Colorado
Springs and Rainbow pockets in the Tetrahedrite Drifi

Roy Rizzardi and Mike Warren team up to fix equipment,
dispose of muck in the second crosscut and prepare to continue the
raise in Scott’s "93 target area in the Main Stope

June 20-July 10: They hire a new raise miner, Dan Stephens,
from the Smuggler mine project in Aspen. Mike and Dan begin
raising upward along Scott’s heading in the Watercourse Extension
Drift. Robin Theobold tours the mine on June 20

On July 1, a mice fluonte/rhodochrosite mimiature rolls out of a
drill hole in the raise at the end of the Watercourse Extension but
the indications generally don’t look good. The raise is abandoned
on July 10

Scott pushes the New Tetrahedrite Dnift but the mineralization 15
“lousy.” Dean Misantoni is “mapping the daylights out of things
and handling the portal waich. | think he hates portal watch.” Bill
Kazel can't seem to get good dnll steel or bits. The steels are
breaking in half and the bits are blowing up. In the past month,
they 've gone through $2,500 in steel

July 11-26: In the Watercourse Extension, Mike and Dan begin
another new raise. I'here s a 3-way vein intersection here that looks
very good. By July 26, they are 28 feet up on the raise. Bryan
wriles:

Anxiety now rules. Without a good find for almost two years
| find myself more on edge than usual | hoped with Dean
here this year we would have two heads working on the
rhodochrosite puzzle

puzzled people

but it seems that we just have more

L




Figure 79. Detailed geologic map
of the Main Stope and Waler-
course Raise areas showing -
thology, structure and mineral-
ization. Graphics by Bill Tanaka.
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July 27-August 20: Dan and Mike take the Watercourse
Extension raise up about 50 feet with almost no rhodochrosite 1o
show for it. On August 4, they abandon the raise and move on to
another target directly above Scott’s Memonal Day Pocket. This
will become known as the Watercourse Raise

On August 6, five feet above the Memonal Day Pocket, Dan and
Mike hit a mice, new 20 x 15 x 2-inch pocket containing about six
good rhodochrosite plates. On the next raise round, the pockel
continues and specimen quality improves. The plates average 2 x 3
inches with rhodochrosites sitting up well on quartz matrix—ven
aesthetic. The matenal from the Tight Pocket, so named because
1It's so narrow, somewhat resembles the Cash Flow Pocket matenal,
but the rhodochrosite luster and crystal sizes are better. It takes four
days to collect. Pat Haynes comes up to lend a hand on August 10
and 11. On August 12, Dan and Mike continue up the Watercourse
Raise from the Tight Pocket for two more rounds with no results
My first visit is during this time, to begin work on the Mineralogi
cal Record article

For four days the crew at the Sweet Home mine suffered me to
get in the way and look around. Bryan took me for a quick stop in
the Golden shop, but then we hurried on to the mine. | wanted most
of all 1o be on hand and underground when a major pocket was
struck. Luckless in this regard, |1 nevertheless consider myself one
lucky Visiting Eastern Dude just to have had these few days—to
have gotten a whiff of the hunt.

A mustard-yellow cinder-block building on the outskirts of
Golden is the home of Collector’s Edge. Rhodochrosite-studded
quartz plates from the Tight Pocket were spread out on a table
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awaiting attention. Great indeed was the contrast between whal
they looked hike now (a wan pinkness just showing through the
mine dirt and chalk-like silica lint) and how | knew they would
look n just a few days. The shop was full, in fact, of fine prepped
specimens, lying around among the big machines, the crates and
the tiers of metal shelving, the flats and the chemical vats. Over
there, for example, was the enormous rhodochrosite/tetrahedrite
What's New in

Minerals?” vol. 26, no. 2, p. 153) recliming regally on a blue

specimen from the Good Luck Pocket (see

blanket atop a filing cabinet

On a desktop was something deserving of a digression here—a
large, brown, empty beer bottle, its label showing a colored sketch
of a fine rhodochrosite/quanz specimen of obvious Sweet Home
origin. Above the sketch appeared the words “Sweet Home Lager
It seems that Bermie Kowalski, an avid beer and wine maker by
avocation, took a tour of the Sweet Home in 1992 and got a fruitful
idea. “Let’s make some beer and store it in here!™ The temperature
in the mine is a constant year-round 48 degrees F, similar to the
temperature at which German brewers age their best Lagers. The
45 bottles were aged in an unused stope for two months. It was
during that ume that the grafitto “Sweet Home Lager™ appeared in
white paint on the rusty brown water tank beside the mine portal
Bottles of Sweet Home Lager are given to special “Sweet Home

Is.” There 1s no commercial marketing, and when the mine

Inemn
closes, so will end the production of this tasty brew

During the shop tour, a nervous phone call came in from Bill
Kazel, the Sweet Home mine manager. Durning the previous might,

when lightning strikes had been thick in the mountains as they




often are in the summer, one bolt had hit the Sweet Home semi-
trailer, putting the air compressor out of commission and frying a
lot of wires. They were lucky, Bill said, that no fire ignited in the
mine. We would be arriving tomorrow at a quiet mine, as no
underground work was planned, pending repairs to the support
equipment.

So . .. an overcast, cool summer moming . . . a lightly trafficked
road going west into the Rockies’ Front Range ... folded syn-
clines, crags, evergreen forests, old mine buildings and mine-
tailing piles and waste flats around every turn . . . and finally the
“city” of Fairplay. This is about a mile’s worth of tourist shops, gas
stations, grocery stores, residences and, of course, the Fairplay
Hotel (where the miners go in the evenings for sustenance) all
strung out by the roadside. Five miles further along the highway, on
the western edge of the similar-looking but even smaller town of
Alma, appeared the road to the mine—a pitching, rutted and sharp-
toothed dirt track that hugs the trout stream flowing down Buck-
skin Gulch. The mountains ahead showed remnant snowfields at
high altitudes, and bare-brown, solemn Mount Democrat scree
with snow patches hard by the sky.

The mine lies 4 miles up this road from Alma. The road proceeds
a mile stll further up to glacial Kite Lake, on whose shores 1s a
Pike National Forest parking lot. Thus, caravans of vans and
campers kept lurching past the mine site all day, and spots of
plastic-tent colors could be seen down in the flat places along the
stream. Watching these caravans bounce past, the miners would
sometimes shake their heads slowly, faces registering combinations
of amusement, rue and contempt. The main cultural conflict in
these parts seems to be between locals, most of them miners and/or
serious sport hunters, and carpetbaggers of various kinds. Over an
Alma grocery store’s front counter is a sign with the words
“Politicians Like Gun Control,” framed by a swastika and a
hammer-and-sickle. But Nature up here, all the while, remains of
an apolitically marvelous beauty. Along the road to the lake, the
secretive landscape dreams itself all around, from the ruminative
rushing stream at one’s feet all the way out to impossible heights
where hawks glide across the sky

The mine site consists of a widening in the road, a waste dump,
a graveled bed for the semi-trailer, a containment-pond area, a
modest wooden headquarters building, a Port-o-Potty, and, at the
base of a very steep hillside, the lone mine portal. The miners,
veterans of much serious work 1n huge ore deposits, call this,
affectionately, a “piddly little mine.” But, as in any mine, anyone
going in must wear a cumbersome outfit—heavy rubber boots,
yellow waterproof body suit, hardhat with lamp (the battery for the
lamp strapped to a heavy belt) and a small metal gadget called a
“self-rescuer.” The novice who wears all this feels amazingly obese
and clumsy and, probably, when it comes time to climb steep
ladders into narrow raises, not a little fearful

On several occasions | got to watch how Dean Misantoni goes
about hosting tour groups. About 20 people arrive, and Dean
supervises their awkward suiting-up to go in groups of five into the
mine, where they get a good walking tour of what's geologically

and mineralogically interesting. In promising areas, it 1S easy
enough to follow the courses of mineralized veins and to appreci-
ate, with a sort of dumb hunger, the tiny pockets where needle
quartz limings, fluorite and pyrite crystals frozen in brecciated
zones, and massive rhodochrosite showings, come up in the beams
of the lamps. The tour passes the sites of the big pockets, and it is
strange to know that in just those black, empty spaces of air the
Cash Flow, Rainbow and Good Luck bonanzas once rested. When
a group comes out after an hour or so, its members have clearly
learmed much, and can’t stop asking follow-up questions. Such
tours go on all the time. They serve important purposes both

L

1,

educational and public-relational, and are respected by all mine
hands.

The thrill of the search for specimens seems to have taken over
the miners, none of them personally mineral collectors and none of
them having any previous work experience in strictly-specimen
mines. Their shop talk is full of casual allusions to “giant rhombs”
and “good groups,” even “sexy aesthetics.” Scott says that the
Sweet Home 1s a “miner s dream precisely because collecting
crystallized pockets is its whole point. Bill Kazel:

It was hard at first to re-train these guys from the “blow-and-
go’ style of mining they d been used to in the ore mines where
the more you blast and the more rock you move in the shortest
time, the better. Then, for awhile, there was some over-
reacting the other way. They'd get paranoid and never want to
shoot for fear of smashing every pocket from here to Alma.
but experience gets passed along and dug-in. We've had crew
changes but right now these guys know what they re doing, all
right.

Early on my first moming at the Sweet Home, | went in with
Mike and Dan, who were taking in timbers for building a working
platform 25 feet up in the Watercourse Raise. It took them a while
to haul these massive planks up on a rope, the shimy gray things
bumping up along a slimy gray ladder. They hauled up the dnll at
last, and, following the vein structure, made about ten 5-foot-deep
holes, being careful about the angies so as eventually to place the
explosive charges just right along the vein. This was an area of
intersection of two major faults. A seam of quartz/sulfides/rhodo
chrosite was clearly visible, arcing over the whole working face
from one side of the raise to the other. Inch-thick showings of
massive bright pink rhodochrosite and a couple of small pockets of
needle quartz (one with a purple fluorite cube) were looking
plainly at us. At a point where the seam was thickest, it “flexed™ by
about 30 degrees. Such vein flexures at fault intersections are, as
the journal notes, usually good signs. While drilling, the miners
remained alert, in their arms and nerves, for the tiny caiches,
buckings and leaps of the drll bit that might indicate a pocket
boundary zone ahead. If one occurred, the man with the drill would
have to withdraw it at once.

Work broke off when Scott came by to warn us that he was about
to set off a shot in another part of the mine. While having lunch in
the mine building, we heard the blast and felt the ground vibrate
Soon, the unpleasant clouds of black smoke were welling out of the
portal. All hands would have to wait for at least another half hour
before re-entering to see what the shot might have revealed, and
before Dan and Mike, back at that promising raise, could finish
their preparations for the next shot

Maybe 1t was that blast or that evil black smoke, but what this
day at the mine left me chiefly thinking about was how fundamen-
tally scary is the environment of an underground mine, regardless
of any and all engineering precautions taken to minimize specific
dangers. The feeling is of the inhuman—that these depths neither
“resent” our intrusion, nor “welcome™ us, nor feel any “hostility™
10 us, nor anything of the anthropomorphic kind. The rocks are
imbued with nothing at all but their own dumb weight; the
crystallized pockets, having existed here for 30 million years, do
not “welcome™ the light we bring or our treasuring of them. The
eeriness, even deathliness, we feel in mines is no matter of Earth
Demons or other ancient icons of miners’ superstitions. It is our
own humanness folded back on itself, our own demon-whisper to
the effect that these mute places do not “care” should we happen to
miss what we seek in them, or even should they happen to crush us
along our way. To return from underground to the biosphere of
light and air, each time, is to feel something like relief, release, and
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life coming in again—even when no one happens to be around the
portal and there’s nothing to see but the green/brown ridge and blue
sky over Buckskin Guich.

In mid-aftemoon of the next day, Mike and Dan were stll at
work drilling shot holes in the Watercourse Raise. Good techni-
cians and eyeball geologists that all of these hardrock miners are, it
1s time to say something about what is even more important—their
fortitude in accepting the endless unpleasantness of their daily
work. Common sense tells us, but we should listen more often, that
for every glamorous hour a miner spends collecting a crystallized
pocket, even in a mine devoted to finding them, he spends
something like 99 hours doing chores fully as unglamourous as
their names: mucking, slushing, timbering, drilling, backfilling.
Every pretty specimen in your display case is a product of some
forever untellable number of man-hours of work that is physically
grueling, dangerous, cold, wet and indescribably dirty. Those who
complain reflexively about high prices on recently mined speci-
mens might do well to consider these very hard facts.

In the raise, | watched, feeling mostly stupid and in the way and
always a little uneasy for my safety, as these two men drilled shot
hole after shot hole, heaving different lengths of dnill shafts handily
onto and off the jack-leg. This device made an incessant and
terrible racket in that narrow space, and gray muck ran every-
where—down the walls and over us, covering our glasses until we
couldn’t see. Murky water sprayed our faces, rock dust fogged the
air, timbers trembled under our feet, and still Mike and Dan paused

Figure 80. Section of the Water-
course Raise looking east. Graph-
ics by Bill Tanaka and Bryan Lees.
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sometimes 1o discuss and argue over wall structures that | couldn’t
even see anymore for all that streaming gray muck

On the moming of the fourth day, they filled, at last, the 55 shot
holes they'd made. First, the red-wrapped paper cylinders of
dynamite went in, then the white coarsely powdered ammonium

nitrate, and finally the brown paper plugs made by ripping up the
nitrate sacks. Attached to each red cylinder and dangling down out
of the holes, until the whole narrow raise was vermiformed with

them, were yellow fuse wires. These Mike connected to a single
red wire in a circle until an explosive chandelier floated ominously
in mid-raise. They tore apart the timbered platform and heaved the
boards, now coated inch-thick with gray muck, down to the man
tunnel

Outside, almost exactly at noon, we could hear the blast, one of
the largest ever set off in the mine. A minute later, the now familiar
black smoke billowed out. There was only just ime, before | had 10
leave the mine site, to go back in to see the results of the blast. It
was now or never for the Dude Pocket.

They were washing down the new face with a hose, both to look
for pockets and to dislodge loose rock. | was not especially
welcome now, as this i1s the most dangerous stage of the whole
operation. A new muck pile is slippery, unstable, and no one knows
which plate of newly loosened wall rock will choose which
moment to fall onto whom. | aimed my lamp anxiously upward,
seeing only its movie-projector-like dust-mote beam in the murk
From 25 feet above, where Dan and Mike were already up on a
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Figure 81. Detailed geologic
map of the Coors Stope
area, showing lithology,
structure and mineraliza-
tion. Graphics by Bill
Tanaka.
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crossbeam hosing the new face, no excited shouts of discovery
came. Irrevocably, it was time to go outside, unsuit and catch my
ride back to Golden

August 23-31: Mike drills into a {‘MLLL'[ on the left side of the
Watercourse Raise. He shoots around it on the right. On August 31
they fan from left to nght and drill into a beautiful small pocket up
in the nght comer. Thus, the discovery of the Comer Pockel
directly up from the Tight Pocket.

It's decided that Scott should abandon the New Tetrahedrite
Drift and attack an entirely new target area in Crosscut No. 2, near
the site of the 1925 finds (Fig. 81). There's a classic northeas!
striking vein structure here but the whole area has been heavily
altered 1o sericite and clay. Immediately in this new working, they
intersect bad ground and need to chain and bolt the back for safety
Scott still 1s nervous so they abandon the small drift and start a new
one 25 feet west and parallel. This new Crosscut No. 2 drift goes in
about 30 feet. There are signs of rhodochrosite and pyrite but i
doesn’'t look as good as the “bad ground™ dnft. They put in a
couple of raise rounds anyway and hit some 2 x 3-inch pyrite cubes
but no good rhodochrosite

During August, exciting news rocks the Sweet Home project
Earlier in the year, the Rices had decided to let go of the Alma King
specimen—retuming it to Collector’'s Edge 10 re-sell. By late
August, the Denver Museum of Natural History acquires the
specimen. The news makes headlines in all of the local papers, on
radio and television stations. Even Newsweek magazine prints a
notice.
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September 1-18: In Crosscut No. 2, they go back into the “bad
ground™ dnift after all and take out a few more rounds. Miracu
lously, the ground firms up and additional bolting i1s not necessary
I'hey are following a very highly altered, clay-filled, pyrite
enriched zone containing small grunged-up rhodochrosite. Dean is
excited, hiking what he sees in the geology

On September 2, in the Watercourse Raise, Mike, Dan and
Bryan open up the Comer Pocket complex and take out ten killer
specimens—highly lustrous, gemmy rhodochrosite much like the
Good Luck Pocket pieces, though smaller

Bryan Lees

We pulled out hundreds of excellent thumbnail to mimature
sized rhodochrosite specimens. A few fine plates also came
out. One, collected on September 19 after two weeks ol
careful diamond chainsaw cutting, was removed from the
pocket wall, trimmed and displayed at the Tucson Show in
February 1995. The piece represented most of the hanging
wall side of the Corner Pocket (Fig. 89). This small area in the
Watercourse Raise produced over a dozen small pockets
Although no large, major pockets were discovered, the pro
duction added up to considerable value and helped make up
for a long dry spell

On September 5, Bryan leaves the mine to prepare for the
Denver Show. Dan and Mike continue drilling, sawing and splitting
away at the Comer Pocket

September 19-21: Bryan returns to the mine and sees the
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Fire from dozens of droplet-tip-
ped mineral crystals shot back as
Bryan Lees shone a small light in-
side a pocket in the Sweet Home
Mine near Alma

“It looked like Christmas in
there. There was red, white, pur-
ple, green. It reminded me of all
the presents under the tree when |
was a kid " Lees said of its glow

Lees knew immediately that hus
search for a world-class rhodo-
chrosite crystal had ended in a
10,000-foot-high valley about 100
miles southwest of Denver A
translucent, blood-red “'squashed
square” of rhodochrosite — called
the “Alma King" — was electrify-
ing in its pristine condition

Alma King
crystal was
a rare find

small, pink and grungy Lees hopes the
public “gets the same charge” out of the
gem-guality Alma King he did at first

The perfectly formed crystal is estimat
ed as being nearly twice as big as the
next-largest rhodochrosite specimen, the
Alma Queen, dug out of the Sweet Home
Mine in 1966 The previous discovery
prompted Lees and his wife, Kathryn, to
put together a group of investors to look
for more Bryan and Kathryn both grade
ated from the Colorado School of Mines
and are owners of the Golden-based Col
lector’'s Edge, which deals in quality min
erals and offers refining services

For two years [aults were traced and
mineral veins chased in the ne'er-do-well
silver mine Founded in 1876, the mine
“wasnt known for anything It was really
a lousy mine,” Lees said But the mine
yielded interesting mineral crystals as
early as 1890 with specimens sold through
Tiffany's in New York and shown at the
American Museumn of Natural History

Lees said il took Lthree weeks Lo pry out
the Alma King delicately after the discov
ery in August 1992, and another three
months to prepare it "It is amazing that

The 6-inch-long, 52-pound spec-
. y case. The display provides a new

imen — contrasting sharply with a
2-foot-long, 100-pound plate of
white needle-quartz crystals
where it grew about 30 million
years ago — was bought by Lhe
Denver Museumn of Natural Histo
ry with an Adolph Coors Founda-
tion grant. It will be placed on dis-
play Friday in a specially designed

entrance to the Hall of Minerals
which was founded in 1979 by a
Coors Foundation grant

Museum geology curator Jack
Murphy called it “the foremost
mineral of its kind from Colorado
and one of the world's great min-

erals. The fact that it was found so

we found it, that we could get it out and

recently is truly amazing
Rhodochrosite is a non-metallic
manganese carbonale mineral
found in some gold and silver ore-
bearing veins. It has no commer
cial value, and often is discarded
Murphy said small amounts of
rhodochrosite have been found in
Colorado, but Lhe specimens are

that we didn't blast it pieces.” bhe said The
dynamite charge that revealed the Alma
King came within 8 inches of destroying it
The specimen then was bought by an Or
egon collector who planned to sell it Then
the [oundation stepped in There also were
overseas offers to buy it. Murphy is glad
the Alma King remains here since il “re
Nects Colorado's rich mineral heritage '

Figure 82. Rhodo fever hits Denver, August 31, 1994; article by Ann Schrader.

footwall plate of the Comer Pocket sticking out of the wall like a
12 x 20-inch flag studded all over with gemmy rhombs (Fig. 94)
Several visitors tour the mine and witness the removal of this
beautiful piece (Fig. 89). While the others are working on extract
ing this “flag™ (it eventually comes out in two pieces, while the
pocket re-opens and goes back another 8 inches exposing more
incredible rhodochrosites), Dean excitedly chhmbs up into the raise
with news: the discovery of the Coors Pocket

In Crosscut No. 2, another 20 feet along the “bad ground™ drift.
the same clay-filled gouge zone has kept showing up, pinching out,
then re-opening, while the rhodochrosite rhombs have remained
unattached and eiched. Early on September 19, Dean insists on
putting in one more round before abandoning Crosscut No. 2. At
1:00 p.m., the blast goes off. At 2:00 p.m., it’s still too smoky to see
anything. At 3:00 p.m., Dean visits Bryan in the Watercourse Raise
0 say that when he looked up at the new exposure of the gouge
zone in Crosscut No. 2 a cascade of rhodochrosite rhombs and

*

small plates hit him n the face. A 2-inch rhomb actually bounced

off his nose. Dean Misantoni

Scott and | had been working that dnift for weeks and Scout
kept being the pessimist, wondering why we were bothering
10 keep blasting on back. But | thought that almost for sure
in there

there was stufi S0 then that rhomb fell out and

bounced offt myv nose. | guess 1t hurt Scott a hittle too

When Bryan gets there and peers up into the opening, he sees a
large vug full of rhodochrosite matrix plates stacked like cordwood
“It looked as though one could touch the bottom plate and they
would all whoosh H;:|"H out.

By Wednesday, September 21, they're drilling split holes to
make the pocket more accessible. It's so packed with plates that no
one can see its top. Bryan returns to the shop on Thursday evening

with eight boxes of matenal

*
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Bryan Lees of
Golden dis-
plays the
Alma Wing,
the worid's
largest
rhodo-
chrosite
crystal. He
unearthed
the crystal at
a mine near
Alma in Park
County. Lees
calls it the
“Mona Lisa
of Minerals.”
The crystal
will go on dis-
play Friday at
the Denver
Museum of
Natural
History.
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136th year, No. 131

Golden man digs up rare specimen

King of crystals goes on display

By Bermy Morson

Rocky Mountam News Staff Wnler

Two years of digging and blasting at the
played-out Sweet Home Mine in Park Coun-
ty turned up nothing but dirt for lifelong
rockhound Bryan Lees.

Then, at 3 p.m. on Aug. 21, 1992, a blast
uncovered a crevice 400 feet below Mount
Bross.

“It looked like Chnistmas in there,” Lee
said Tuesday of his first glimpse inside the
crevice. “There were blues and reds and
yvellows in there.”

Lees had uncovered the world's largest
rhodochrosite crystal — a hunk of red man-
ganese carbonate the size of a brick. The
blues and yellows came from calcite and flu-
onde crystals in the rocks surrounding the
rhodochrosite.

The rhodocrosite crystal — dubbed the
Alma King after a nearby town — goes on
display Fnday at the Denver Museum of
Natural History. It will be seen surrounded

by the quartz formation in which it grew
some 30 million years ago when the Rocky
Mountains were young.

The priceless crystal 1s “the finest miner-
al specimen ever donated to thus institu-
tion,” said Jack Murphy, the museum's geol-
ogy curator. It was purchased by the Adolph
Coors Foundation for an undisclosed sum.

Rhodocrosite has no commercial use, but
is prized by collectors. Quarter-inch crys-
tals are typical, and 1-and 2-inch crystals are
considered “excellent,” Murphy said. The
Alma King measures 6% inches diagonally.

Lees and huis wife, Kathryn Lees, head
the Collector's Edge, a mineral company.

The Golden couple, both graduates of the
Colorado School of Mines, leased the Park
County property because of old reports of
rhodochrosite crystals. The mine was last
worked for silver in 1966.

Ten workers toiled fruitlessly at the mine
for two years before discovering the Alma
King.

“We were pretty tired and we were run-

nng out of money,’ Bryan Lees sad.

By coincidence, a team from the museum
was on site, making a video about rock
hounds, when the discovery came. The vid-
eo will run beside the Alma King in the
museum s geology area.

The Alma King was loose in the crevice
But the quartz in which the crysta. had
formed had to be slowly chiseled fror the
surrounding granite. The crystal separated
from the quartz 8 mullion to 10 million vears
ago, Murphy sad.

When the 100-pound quartz chunk finally
came loose, it landed on three of Lees’ fin-
gers. He has scars, but the quartz was
undamaged.

The Sweet Home may contain more crys-
tals, Lees believes.

But he won't find them. Two years after
uncovering the Alma King, Lees has un-
earthed nothing of value at the mine.

His firm will abandon the search when

the weather gets cold, Lees said.

—

Figure 83. Rhodo fever hits Denver, August 31, 1994; article by Berny Morson.

Bryan Lees: September 22: In the Watercourse Raise, Dan and Mike prepare

a shot to make more room for collecting a new pocket next to the

Upon a moment’s reflection, | realized that we found the . >
Corner Pocket.

Coors Pocket the day afier the Denver Show. Exactly two - : .
: ’ In Crosscut No. 2, work on collecting the Coors Pocket gets

seriously under way. Bryan sees that before splitting he’ll have to
remove some of the loose plates by hand. For about an hour, he
pulls out one beautiful piece after another. The plates have

years earlier, the day after the '92 Denver Show, we hit the
Good Luck Pocket. As improbable as it sounds, the day after
the Denver Show has proven to be our good-luck day

L




NEWSWEEK SEPTEMBER 12,

DENVER FAX

] Big Crystal
| he world s largest rho-
dochrosite crystal—so

| valuable it s beennicknamed
the Mona Lisa of crystals—
has heen uncovered in a
mine in Colorado. A slew of
museums, including the
Smithsonian. want it, but
the man who found the rock
hasmade adeallorittogoon
display at the Denver Muse-
um of Natural History. The
crystalis a hunk of red man-
ganese carbonate the size ol
a brick surrounded by cal-
cite and fluoride crystals in
blue and vellow. It 's still in
the guartz formation in
which it grew some 30 mil-
lion years ago, when the
Rocky Mountains first

formed. Bryan Lees found it . 5 Mi : )
in the Sweet Home Mine Figure 85. Mike Warren, Dan Stevens and Bryan Lees work overhead to

where Leas said more such remove a killer Corner Pocket piece. The extremely tight confines of the
specimens may still exist pocket make clean extractions very difficult. Photo by John Lucking.

Figure 84. Rhodo fever hits Newsweek.

rhodochrosite rhombs to 2 inches sitting on matrixes of needle

quartz, sphalenite and chalcopyrite. The plates, most having shightly

| separated from the vug walls, are easy to take out. Finally, one
more major piece to pull out of the way remains

When Bryan carefully nudges this plate, an entire section of the

pocket gives way. Rhodochrosite rhombs, plates and debris rain

onto his helmet as he tnes to snaich the larger plates before they

smash on something. He saves about six termfic specimens, one of

. them an 8-inch plate of 1 to 1'4-inch rhombs in perfect condition

. Some of the Coors Pocket specimens feature a quartz druse coating

on two faces of the rhodochrosites. The coating i1s often brown

el

from incipient ron staining. On top of the sphalerite base that
composes each plate, there are often 'f-inch chalcopyrite crystals
and the odd hiibnerite crystal. There are abundant small, bent,
solution-etched quartz crystals, looking like little upside-down

icicles. “l can’t wait to get back up to the mine next Monday.”
September 26: In the Watercourse Raise, they re-timber a

platform, look up and find that they have accidentally blown out

half of the new pocket. Bryan does collect from it some nice

lustrous loose rhodochrosite rhombs, some with quartz. The new
raise face still looks interesting, with a 2-inch rhodochrosite seam
in the middle.

In Crosscut No. 2, Scott and Bryan keep drilling and splitting the
Coors Pocket. A real “grunt of a day” is rewarded with more
superlative matrix plates of rhodochrosite with sphalerite, chal-
copyrite and quartz. Bill and Carol Smith, George Robertson and
Bill Hawes come up to see the pocket

Mine Foreman Roy Rizzardi:

Oh, man, there s nothing like seeing a pocket like that in place

in the mine. Everything seems brighter in the lamps than it Figure 86. Rhodochrosite on quartz, Corner
does when it gets outside in the sunlight. Maybe we ought to Pocket, Watercourse Raise, 5.1 cm high. Sweel
just leave it in there after all. Home Rhodo, Inc. specimen: photo by Jeff Scovil.




Figure 87. Rhodochrosite on quartz with tetra-
hedrite, Corner Pocket, Watercourse Raise, 7.3
cm wide. Bob Johnson collection; photo by
Geoffrev Wheeler.

Figure 88. Rhodochrosite with Muorite, Corner
Pocket, Watercourse Raise, 2.2 cm. Although
most are small, the specimens from this pocket
are among the finest quality ever found at the
Sweet Home mine. Sweet Home Rhodo, Inc.
collection; photo by JefT Scovil.

e e o ool

September 27: In Crosscut No. 2, extraction of Coors Pocket Bryan Lees
pieces continues. In the Watercourse Raise, Dan, Mike and Bryan

= . As everv hield collector knows, not damaging mineral pocket
hit an extension of the Comer Pocket. When Bryan leaves, he gives i : k ‘ : = S P

: _ during the discovery process can be a difficult task. Shght
instructions to shoot into this. ’ . <

Bl S0 A foa 2 i | d - misjudgments in pocket location, layout or contents can spell

September 29: A bad day and a good day . In the . . .

P e — v , disaster. Such was the case on September 29. We just finished

Watercourse Raise, Mike and Dan'’s last shot blows up 80% of the _ o ) iy Lk -

: ‘ cleanming out the Corner Pocket and were drilling holes behind

visible pocket extension and Bryan is not pleased: “You can’t shoot : _ _ R ,

; ’ it looking for pocket exiensions. Sure enough, 3 feet into the

along sides of vugs! You must shoot perpendicular to the vug

gl wall, we intersected another pocket. We decided 1o place a
opening!

small blast to get us closer in. Unfortunately, that blast shook
apart the hanging wall of the pocket. The pieces rattled around




Figure 89. The footwall
of the Corner Pocket.
The plate measures 60.3
cm long. Removed
intact, thanks in large
part to the hvdraulic
splitter and diamond
chainsaw. Sweet Home

Rhodo, Inc. specimen;
photo by Jefl Scovil.

Figure 90. Rhodochro-
site on gquartz with
tetrahedrite, Corner
Pocket, Watercourse
Raise, 10.5 cm long.
Helmut Bruckner
specimen: photo by
Helmut Bruckner.

and created a sort of “rhodochrosite puree.” Very little mate rs eventually conne

.1 I

rnal was salvaged from what would have been a Killer pockel though they lack the

After so much work to find them, blowing pockets up 1s one October 3: In the Watercourse Raise

of the most emotionally difficult things to handle in the bombed-ot

specimen mining process Killers. The |

Efl { 1|'I‘~"-:__ i_I A
However, in Crosscut No. 2, there 1s a new pocket extension seems 1o be

4 feet down-drift from the original Coors Pocket opening: these luster, size




Figure 91. Rhodochrosite with fluo-
rite on tetrahedrite, Corner Pocket,
Watercourse Raise, 13.2 cm. Note the
tetrahedrite matrix. Specimens from
the footwall sides of pockets com-
monly contain heavy sulfide mineral-
ization. Sweet Home Rhodo, Inc. speci-
men; photo by Jeff Scovil.

Figure 92. Rhodochrosite crystals, 3.9

em and 2.2 ¢cm, from the Corner
Pocket, Watercourse Raise. Note the
sparkling sulfide inclusions in the
smaller crystal. Wendell E. Wilson
collection and photo.
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Figure 93. Rhodochrosite on quartz with minor tetrahedrite and chalcopyrite, Corner Pocket, Watercourse Raise,
20.3 cm. Specimens such as this from the hanging wall sides of pockets commonly contain heavy quartz
mineralization with minor amounts of sulfides. Sweet Home Rhodo, Inc. specimen: photo by Jefl Scovil.
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Figure 94. Part of the
Corner Pocket extending out
in space. The hanging wall
has been removed and the
rock carved away from
behind the footwall. All that
remains is to remove the
footwall plate from the wall.
Photo by Chauncey Walden.

Figure 95. (below) View
looking straight overhead
into the Coors Pocket. The
loose plates have been
cleared out of the way,
revealing walls studded
with hundreds of crystals
looming upwards into the
distance. Distance between
crystals growing on
opposing walls is often
only millimeters; this
makes clean collecting very
difficult. Photo by

Bryan Lees.

October 4: Three boxes of specimens come out of the Coors
Pocket Extension.

October 5: Fan-drilling the back of the bombed-out Water
course Raise pocket, they hit stull another small void. The rhodo
chrosite here looks excellent, the color and clarity even better than
in the ongmal Comer Pocket. Rhodochrosite rhombs up to 1
inches grow on tetrahedrite crystals. There’s not much quartz

In Crosscut No. 2. the flow of excellent pleces goes on It looks
as if the two Coors pockets are connected above

October 6: In Crosscut No. 2, an 8-inch plate falls out from
overhead and splits Bryan's nose open. They take out six more

boxes of ;__"i.?l!l]lL“\ from the Coors ['ll"lk'kk'l'ﬁ

In the Watercourse Raise, Dan and Mike drill and split into
what's now called the Corner Pocket Extension

October 10: In the Watercourse Raise, they hit a new, small
pocket on the left nb of the raise opposite the Corner Pocket side

October 11: In Crosscut No. 2, the Coors Pocket u.".ﬂHi‘I]r,'\. 18

tightening up and becoming more difficult and dangerous

In the Watercourse Raise, the Comer Pocket Extension opens
up. Though small, it gives up three highly lustrous, first-rate
mimiatures. Meanwhile, the new left-nb pocket i1s opened a bit
Nothing 1s collectible from here vet.

October 12: As collecting continues in the Coors Pocket
complex in Crosscut No. 2, the new left nb pocket in the
Watercourse Raise starts yielding brilliantly lustrous rhodochrosite
rhombs sprinkled with lustrous purple fluorites. The pocket mea
sures about 14 x ¥ inches by only | inch wide




(No Rhodochrosite)

Coor's Drift
) 50

Figure 96. Section ol the Coors Pocket
Stope, looking east. Graphics by Bill
Tanaka and Brvan Lees.

Figure 97. The “Tower of Terror™ rhodochrosite, Coors Pocket, second crosscut,
11 cm wide. Denver Museum of Natural History collection; photo by JefT Scovil.




Figure 98. Scott Betz's hand demonstrates the crystal size on the best, large
matrix plate collected from the Coors Pocket. Photo by Brvan Lees.

October 13: Small pockets continue to open up on the left rib of
the Watercourse Raise. Dozens of thumbnails and mimatures come
out—vivid rhodochrosite rhombs, 'i-inch blue fluorites and water
clear quartz needles. This 1s the best group of thumbnails in four
years

Production slows in Crosscut No. 2 as the Coors Pocket complex
nghtens up agan, though there are sull many beautiful large
rhombs stuck to the walls up high. David Basinger and the Denver
Museum of Natural Histery video crew come up and videotape the
work.

October 17: In the Comer Pocket Extension in the Watercourse
Raise, another small vug appears. The rhodochrosite rhombs are up
to 1’/ inches, with quartz and nice tetrahedrite crystals

In Crosscut No. 2, Brvan brings up some new |8-inch chisels to

get further up inside the Coors Pocket complex. The results are

excellent. Tomorrow they will try to diamond-saw a great hanging

wall prece

October 18: In Crosscut No. 2, the hanging wall plate is brought
down and out (Fig. 98). It 1s 14 inches across with six sharp
rhodochrosite rhombs to |/ inches—no damage, and extremely
aesthetic. The vug 1s inexorably tightening up, however

October 19-30: Collection of the Coors Pocket complex is
completed during this time. At the shop, the piece count exceeds
3000. More than 1000 of them are top quality specimens. The
whole pocket complex seems to be 8 feet in diameter

In the Watercourse Raise, collecting continues through the end
of the month. This Comer Pocket Extension region (with too many
small vugs to name individually) produces exquisite small speci
mens—dozens of “competition thumbnails and mimatures whereon
the very sharp, highly lustrous and gemmy medium-pink rhodo-
chrosite rhombs seem to float a bit above the needle quartz beds
Bryan names these ethereal things “pink clouds.”

November 1-December 8: In Crosscut No. 2, Scott punches a
raise 30 feet above the big, imnial Coors Pocket and finds nothing

He moves back toward the Crosscut and puts in four more small

raises. Only one of these, 10 feet from the Coors Pocket, produces
more material—though only three really good specimens—with
rhodochrosites exhibiting a curved habit, rather like the ones from
the Sunnyside mine, Silverton, Colorado. This last strike 1s called
the After Coors Pocket.

Meanwhile, back in the Watercourse Raise, Mike and Dan go
another 35 feet up from the original Comer Pocket, following
good-looking structure but finding nothing. On December 1, they
decide to abandon this raise and start a parallel one 20 feet away on
the other side of the raise. A new, small, nice pocket (unnamed) 1s
hit at once and produces the last killer of the 1994 season

December 18: Final pull-out and end of season

THE 1995 SEASON
Events at the Mine

1995 resembled 1993 in many ways. A few small pockets were
hit early on, but August and September passed without major
strikes and the season ended without the mine having done much
more than tease the crew

'he primary 1995 target was the Main Stope, where the 1966
strikes and the Good Luck Pocket of 1992 had occurred. The
strategy was to raise the stope upward to the 200-foot level 1o see
if there were any more pockets left along the favorable structure
I'he highest raise they had made earlier reached only 100 feet. To
get higher, they had to hire additional crew: Mike Savage, Jim
Smith and Rodney Orton, all expernienced raise miners. The stope
itself, as 1t developed, measured only about 60 feet wide, with
pillars left behind for support and muck storage

Part of the general 1995 bad luck was that they accidentally blew
up most of the season's best pocket, dubbed “Murphy's Pocket.” It
lay just beyond the end of a series of drill holes and the blast shook
It so violently that what would have been, Bryan estimates, about
5200.,000 worth of crystals were turned into cutting rough. Ironi-
cally, the calamity happened on August 21, three years to the day
after the Rainbow Pocket was breached in 1992, It was a memento

70 &




Figure 99. Section of the Main
Stope, looking east, in 1995,
(zraphics by Brvan Lees and Bill
Tanaka.

Scale in Feet

O 10 20 30 &0 S0

mori: that earlier blast had stopped only about 12 inches short of
similarly blowing up the Alma King

Throughout the 1995 season, rock was moved at a good pace and

much new data were gathered, but nerves wore thin and no big

payoff came before the mine was shut down on December |3

Events Behind the Scenes

August of 1995 saw the second of my tnps to check out the
operations of Sweet Home Rhodo, Inc. On this occasion, | put in
the bulk of my ume—several days—in the two-story warren of
offices, labs, storage space, showroom and general busy percola
tion that 1s The Shop. Not only is the Collector’'s Edge Minerals,
Inc. mineral company headquartered here, but also, these days, the
extensive support system for the Sweet Home mine. The intensity
of activity seemed even higher in 1995 than it had a year before
Historical photos, show posters and antique maps hang on the
walls, the odd Sweet Home Lager bottle looks down from shelving,
and everywhere, of course, there are specimens

In the downstairs office, there 1s a filing cabinet full of Sweet
Home-related documents. Anyone who thinks it’s admimistratively
easy to run even a small modem U.S. mine operation might check
out these drawers nghtly packed with folders full of papers
pertaining to, among other things, insurance and legal affairs,
permitting procedures, minutes of Board meetings, MSHA training
guides, safety rules and scientific studies. These latter include an
age-dating project, two petrological studies, a rose-diagram study
of fracture systems, ground-penetrating radar retums, X-ray work,
surface surveys, a manganese oxide study, much more geochemical
work and so on

Of all the studies to which the Sweet Home project has given
rise, Bryan is most pleased with the research on crystal chemistry
and flmd inclusions (see articles by Karen Wennch and Jim

*
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Figure 100. Rodney Orten uses the hydraulic
splitter to open a pocket in the Watercourse
Raise in 1995, This pocket proved to be empty,
as most pockets at the Sweet Home mine tend
to be. Photo by Brvan Lees.

Reynolds, this 1ssue) the

Obviously a close understanding ol
relations between crystal quality and chemistry and pocket distn
bution within the mine would help the company know where 10
look for the most beautiful specimens. To refine the work on this
problem and others, the company uses AutoCad (Automatic Com
puter-Aided Design). This program maps the mine, drawing pic
tures of structures and mamipulating elements of them n either two
stores relevant data n

or three dimensions and 1o anv scale. It

“layers” so that any combination of data can be called up and

*




Figure 101. Fluorite on rhodochrosite, Murphy's

Pocket, Main Stope, 4.1 cm high. Sweet Home Rhodo, Figure 102. Fluorite with rhodochrosite, Horse-
Inc. collection; photo by Jeff Scovil. This was the only shoe Pocket. New Tetrahedrite Drift. 4.4 cm
good rhodochrosite specimen saved from a blast that high. Sweet Home Rhodo, Inc. collection; photo
ripped through this beautiful pocket. by Jeff Scovil.

Figure 103. Fluorite, Murphy’s Pocket, Main Stope: the crystals are 1.1 cm in diameter. Note
the dodecahedral crystal habit. Sweet Home Rhodo, Inc. collection; photo by Jeff Scovil.




Figure 104. Rhodochrosite, Main Stope, 50.28
carats. Anonymous collection; photo by Jeff
Scovil. When pocket contents are damaged, the
crystals may still have some clean interior
areas. If so, they are usually faceted into gems
such as this one.

superimposed on the map. Among the most important of these data
layers are faults and fault svstems, mineralized veins, pocket
locations, ground-penetrating radar (GPR) targets, and all observa
tons made in the field by Dean Misantomi and others. Geng
Kooper, a geological engineer from Denver, Colorado, devoted
hundreds of hours to converting field maps into AutoCad fi
During the off-season, the company uses AutoCad 1o look
different parts of the mine with different superimposed combin;
tons of data (including those from the crystal-chemical studies
order to plan mining strategies for the next season. Zooming in ol
an area of the mine, noting trends and extrapolating them, Brva
can decide, at least tentatively, in which direction to drive new

drifts and raises, and how much rock will have 1o be moved

]‘_'-F"ILJH_R a larget 1s pi ked. a map 1s printe | showing all pertinent

data, and 1t 1s reviewed by Dean and the Sweet Home management
team for practical study and feedback

Early in the Sweet Home operation, rumors developed tha
ground-probing radar would make optimal mining strategies prac
ically self-evident. The sober fact 1s that GPR, so far, has enjoyed
only partial, rather ambiguous success in the mine (see article by
Bryan Lees, this issue). Some of the early GPR targets turned into

real pockets, some did not, and not all of those which did wer

worth the work of getting to them. Dean Misantoni

I'he GPR is all nght, it’s had some success here, but it wasn't
really made for underground mine work. It was made for
things like finding weak spots in landfills in Flonda. You have
o know the structures to know where the GPR anomalies
really might be crystal pockets. It's only if you know where

the strings are that GPR can show you the pearls

Thus, if more bonanza pockets are found, the success will be

credited more to geological legwork, sharp observation, common

Figure 105. Calcite on quartz, third crosscut,
6.2 cm high. Sweet Home Rhodo, Inc. collec-
tion; photo by Jeff Scovil. Such late-stage cal-
cite is occasionally found on pocket walls.

sense, uncommon instinct and good science, with AutoCad provid
ing the high-tech synthesis of all these, than to any magic in GPR
alone

I'he specimen-preparation activities of the Collector’'s Edge

with special emphasis on Sweet Home mine products, are a major




Figure 106. Rodney Orten uses an LHD
(Load Haul Dump) to remove blast
rock from the bottom of the Main
Stope in 1995, Photo by Bob Jones.

Figure 107. (below) ANl muck (blast
rock) must be removed from the mine
site. First, the rock is placed outside.
Then, an excavator loads it into a
truck for transport to a dump site
several miles from the mine. This is
very expensive, but allows the mine to
stay in operation. The muck was for-
merly backfilled into old tunnels un-
derground, but unfortunately the min-
ers ran out of backfill space in 1994,

component of daily work in the shop. The main men to see here are

the Collector’'s Edge “rock doctors” Robert Lorda, a geology
student at the Colorado School of Mines, and Bill Hawes. an

expenienced fossil and mineral collector. The Collector’s Edge is

widely regarded as having one of the world’s finest mineral
specimen cleaning and preparation facilities, but many of its
procedures still are improvised. There 1s almost no published
literature on this arcane activity and not more than 20 people on
earth who engage in it full-ime. The Collector’s Edge has leamed
much, Robert says, from fossil preparers, who are more numerous
than rock doctors. And yes, there are trade secrets. Much that the
mineral company has leamed from experimenting on and even
ruining specimens (sometimes deliberately) represents a very hard-
won knowledge, so the alchemist might understandably feel a
proprietary claim.

Nowadays most of the daily lab work consists of preparing
specimens from recently mined Sweet Home pockets. Information

L

Photo by Brvan Lees.

e

regarding specific techmigues i1s “sensitive,” and, in any case, no
quick summary of them could convey the delicacy, creativity,
agony and ecstasy of the more than 500 hours of work, experimen
tation and sloshing around in dangerous chemicals done by Bill
Hawes to ready the Alma King and Rose for their coming-out in
Tucson in 1993

It’s a good thing that the Collector’s Edge alchemists had taught
themselves so much rock-doctoring and had gained some real
confidence in their skills by the time the Coors Pocket was hit late

in the 1994 season. A major educational project was in the offing.
Brvan Lees

Just after the final material was taken from the Coors Pocket.
we had an opportunity to present a concept to Bill Coors
current head of the Coors Foundation]. The concept was to
rebuild the Coors Pocket and install it in the Denver Museum
of Natural History. Mr. Coors liked the idea and work began
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Figure 108. Schematic 3-D cutaway diagram showing the locations of
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productive stopes found during 1991 through 1997. Graphics by Bill Tanaka. ALMA

on designs. In the spring of 1995, both the Museum and the
Coors Foundation endorsed the project and work began. The
finished pocket would be about B feet in diameter and would
include 3000 individual specimens. Months of design work,
engineering, specimen cleaning and meetings between the
company and the museum resulted in a comprehensive plan,
outhining every facet of the exhibit—its location, pocket
design, maintenance, lighting, interpretation and mount de
sign

The 3000 individual pocket pieces would first be combined
into about 15 subplates, each subplate containing about 200
pieces. The subplates would then be attached to a large steel

frame. All seams and contacts would be carefully camou

flaged. This work would be done
facithity in Golden. The tunnel recreats
pretive exhibits, plate interfaces

duced by museum stafl. Time allocated

about two vears

A visitor 1o the back room of the shop in the summer of 995
encountered a huge “sandbox™ covering part of the floor. About

100 magnificent matnx rhodochrosite specimens were scatiered

about on a bed of pea gravel in the sandbox. The rest of the 3,000

Lhe
pieces in guestion filled metal shelving on the back wall. Hundreds
of the specimens arc h'-[‘l collector peces mairnx specimens witn

rhodochrosite rhombs up 1o 3 inches on edee deep red. translucem

L8 %

Figure 109. Bill Hawes
inspects the cleaning job
on the Coors Pocket
rhodochrosite specimens.
I'he pieces were so dirty
that they each had to be
cleaned 3 or 4 times in
order 1o remove the
heavy iron staining
which permeated the
entire pocket contents.
Photo by Brvan Lees.




Figure 110. Three of the Coors Pocket “subplates™
are fitted to the steel frame. Faux rockwork (green,
and not yet painted) will be added to the frame to
copy the look of the original pocket. All of the
plate margins must fit exactly and the faux rock
must blend in perfectly. Photo by Brvan Lees.

Figure 111. Bill Hawes (right) shows Kirby Siber the
first stages of pocket reconstruction; the “mockup.”
First, an 8 by 8-foot sandbox is constructed. Then the
pieces are arranged according to their position in the

original pocket. Photo by Byran Lees.

Figure 112. Robert Lorda displays a section of
a “subplate.” A finished “subplate™ will consist
of about 200 individual pieces. The dark min-
eral is sphalerite. Photo by Bryan Lees.




and sharp, though not of the highest luster. The work clearly would
be enormous—an estimated 12,000 hours of design, engineering
and reconstruction work, both at the shop and at the Denver
Museum.

Bryan explained to me that to fit the edges of the individual
specimens together they would be filed and shaped, and the gaps
filled in with bits of wall rock or thumbnail rhodochrosite speci-
mens creating large aggregates called “subplates.” Each subplate
would be epoxied together underneath and a supportive layer of
epoxy-infused fiberglass added to strengthen seams while keeping
the overall weight down. The fifteen large subplates would be
attached to a frame with specially designed connecting bolts. The
whole thing would be partially taken apart again just to get it out of
the shop, then reassembled at the museum. Finally, the museum
would add ambiance. When reassembled, full illumination will
reveal the pocket receding up and away on a |5-degree slope.
Distantly, from behind the walls, sounds of drilling, miners’ voices
and dripping water will be audible. This experience, together with
the display of the Alma King, will symbolize Colorado’s mineral
wealth and mining heritage in a most appropnate and publicly
accessible place.

To help handle this task, two new preparators were added to the
Collector’s Edge team. Denise Patton and Mark Akerley teamed up
with the rest of the crew for the push to complete the project. The
exhibit’s opening at the Denver Museum of Natural History took
place in May of 1997.

The last stop on the shop tour is upstairs, where Kathryn Lees,
among other duties, handles the inventorying and archiving of all

Figure 113. Simplified geologic map
of the Sweet Home mine, showing
lithology, structure and mineral-
ization. Graphics by Bill Tanaka
and Gene Kooper.

that has ever been dug at the Sweet Home mine. Until 1993, every
specimen got an “SH™ number. Now, only those which exceed a
certain value do. Keyed to these numbers is information on
specimen provenances by pocket, stope and raise, and sale records
Best of all, these data finally will be stored at the Denver Museum
of Natural History. Collectors who come to own pieces from the
Sweet Home mine should, of course, save the Collector’s Edge
labels that come with the specimens, but they might also enjoy
knowing that all information of interest about their specimens will
be preserved forever in the museum archives.

THE 1996 SEASON

Going into the 1996 season, the Sweet Home crew were hoping
they were past the “odd year curse.” By now it was obvious that the
odd years were not producing any significant crystal pockets. Some
people joked about simply closing the mine during these years. The
“curse” was creating havoc with the company’s cash flow and
making it very difficult to stay in business. This being an even year,
therefore, created much optimism among the crew. It would not be
long before that optimism paid off: 1996 turned out to be one of the
operation’s best years.

There were no crew replacements; indeed there was one addi-
tion. Tony Sherrill joined the Sweet Home crew, which included
Bill Kazel, Bryan Lees, Scott Betz, Dean Misantoni, Roy Rizzardi,
Mike Warren and Rodney Orton.

During the winter months, Bryan Lees and Bill Kazel planned 1o
sink a winze underneath the Main Stope area to look downwards
for pockets. All other areas around the Main Stope were suppos-
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edly worked out. This would not tum out to be the case, however
as a missed structure to the southwest of the Main Stope extended
the Main Stope orebody for another 100 feet. This became the
Main Stope Extension. Through the course of the season, six
pockets were hit along this previously hidden structure, and plans
o sink the winze were put on hold indefimitely

May 20-May 22: The mine is opened on May 20, and by the
22nd the first rounds of the year are blasted. Scott Betz's task is to
widen the area at the bottom of the Main Stope 1n order to ng up a
hoist for the new shaft. Immediately upon his starting the task, a
beautiful, small 14 x 11 x 2°4-inch pocket 1s exposed in the left nb
of the tunnel. Several days later, about 12 high-luster rhodochrosite
specimens are collected—a great way to start the season! The
pocket 1s no more than 3 feet into an old tunnel wall and only 10
feet below the spot where the greal 1966 poC ket was discovered. As
the pocket was discovered during the full moon on June 1, it 1s
dubbed the Full Moon Pocket.

lhinking the Full Moon Pocket was a fluke, the opposite (right)
rib 1s probed and shot next. As luck would have i, another pocket
1s almost immediately hit on this side. This, however, 15 no small
pocket. Literally 5 feet below the old Kosnar workings in the Main
HIH["&'_ It tums out to be one of the Lir'}_‘L‘\.l pocC Kets ¥ €l discovered at
the mine

June 12: The first chamber of the new pocket is carefully

opened up and collected. One major piece 1s finally taken out of
this chamber that measures 14 inches long. Once this piece is
removed, a small opening appears in the back of the pocket
revealing a larger chamber behind

June 26: The second chamber is breached when Scott, Dean and
Bryan carefully split into its edge. Bryan Lees’ notes

| saw the pocket extension for the first ime. It's incredible! It
goes up about 4 feet and back about 7 feet. The pocket 1s

chambered with quartz “balls™ coating the walls. The opening

Figure 114. Section of the
Main Stope, looking east,
in 1996. Graphics by Bill
lanaka and Bryvan Lees.

Scale in Feet
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1s large—about 8 inches wide in the largest areas. A few killer
rhodochrosites are tucked into the comers—maybe 4 pieces
Pocket is relatively empty. Too bad because there 1s so much

space in there. Volume-wise, 1t 1s as big as the Coors Pocket

Some of the sprays contain small rhodochrosite crystals. The
rhodochrosite quality i1s outstanding, but the crystals are not
plentiful, and most of the pocket is empty. A few l-inch to 2-inch
rhodochrosites are aesthetically perched here and there and, in a
couple of spots, scars from larger rhodochrosites dot the walls
I'hese rhodochrosites are found in the bottom of the pocket—they
will be reattached to their base plates at the shop

June 27-August 1: The pocket proves to contain a total of six
interconnected chambers. Its discovery date coincides with the
blue moon in June, so this one is named the Blue Moon Pocket. It
1s finally emptied out by August 1. In all, 12 top pieces are
removed. These are accompanied by several hundred lesser pieces
Had the pocket been more densely packed with rhodochrosites, it
would have turned out to be the most significant Sweet Home
discovery ever

Meanwhile, Rodney and Tony are busy in the Tetrahedrite Stope
A\ large pocket with heavily damaged rhodochrosites is discovered
in July, but in general the Tetrahednte Stope 1s not producing
anything significant

After discovery of the Blue Moon Pocket, Dean reviews the
min¢ maps and remaps the area, only to discover that in 1993 the
crew had drifted on the wrong southeast Main Stope structure. It
turns out that at the dnft level of the Main Stope, the vein splits and
its two branches parallel each other 1o the southwest. In 1993, the
crew followed the wrong structure! This changes the 1997 mine
plan. Instead of putting in the shaft, the crew decides 1o continue
the new southwest dnft, now called the Main Stope Extension, and
look for more pockets

August 6 [Discovery of the Hedgehog Pocket]: Just a few feet




ST W T S

beyond the Blue Moon Pocket, a probe hole intersects another
pocket

August 7: The new pocket opened up (Fig. 123) is outstanding

It resembles 1992°s Cash Flow Pocket but the rhodochrosites are
much more lustrous. The pocket goes into the face at least 5 feet
and seems to be about 3 feet high and up to 12 inches wide
[eventually, the pocket will extend to 10 feet]. Most of the opening
1s constricted and choked by large rhodochrosite-coated breccia
fragments, leaving scant millimeters between them for rhodo-
chrosites to form

August 20: During the past week, hundreds of specimens have
been collected, from thumbnails to plates measuring 2 feet across
The good thumbnails have '/i-inch to 'A-inch rhodochrosites perched

¢

Figure 115. The rhodochrosite speci-
men from the Blue Moon Pocket
after extraction, trimming and clean-
ing; 34.5 cm long. Peter Via collec-
tion; photo by Bernie Kowalski.

Figure 116. View looking straight up
into the Blue Moon Pocket. The
pocket walls are lined with guartz
“balls.” Unfortunately, most of the
pocket is empty. Still twelve excel-
lent pieces were ultimately recov-
ered. Photo by Brvan Lees.

aesthetically on | l'f-inch quartz needles. The good smal
cabinet-sized pieces have a quartz needie coating on both sides of
the specimens, with the densest rhodochrosite coverage favoring
one side. Some plates have pyrite crystals to s<inch and hubnenite
crystals 10 2 inches

September 16: During the last three weeks, several large plates
were collected. They measure 2 x 1'/-feet and are very heavy. They
are also coated on both sides with crystals. Collecting these was
physically difficult as they weigh up 10 200 pounds apiece, but
most were collected with little 1o no damage. Dean, Scott and
Bryan rotated as “head” collector, as each in turn became ex
hausted taking these great pieces oul

Many of the specimens from this pocket have a rounded quanz

*




Figure 117. Rhodochrosite wedged inside the
Blue Moon Pocket. It required about a day to
remove the specimen without damage, using
small diamond cutting and grinding tools. Photo

by Byran Lees.

Figure 118. Rhodochrosite, Blue Moon Pocket,
Main Stope Extension; the crystal measures 5.5
¢cm long. Sweet Home Rhodo, Inc. collection;
photo by Harold and Erica Van Pelt.

Figure 119. Rhodochrosite, 16 cm, Blue Moon
Pocket, Main Stope Extension; this is the speci-
men shown in situ in Figure 117. University of
British Columbia collection; photo by Jeff Scovil.
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Figure 120. Most of the rhodochrosite crystals
in the Blue Moon Pocket were growing near the
pocket margin, making clean collecting diffi-
cult. Here, a small chipping tool is used to
break matrix away from the opposite wall,
freeing the crystal terminations. Photo by Bryan
Lees.

Figure 121. (above)
The Searchlight
Rhodochrosite, Blue
Moon Pocket, Main
Stope Extension,
19.3 cm tall. Jack
Halpern collection;
Jeft Scovil photo.

Figure 122. GGalena coated by chalcopyrite with quartz,
Blue Moon Pocket, Main Stope Extension, 2.7 ¢m
high. Sweet Home Rhodo, Inc. collection: photo by

JefT Scovil.

ridge radiating from their sides which makes them resemble

nedgehogs. Of course, this prompts the crew to call it the “Hedge

hog Pocket.” About 1.500 preces are collected It seems that every

square inch of the pocket contained specimens. Not all are greal

many of the pieces are single small crystals. People attending the

l'ucson Gem and Mineral Show in February, 1997 enjoyed seeing

several of the Hedgehog pieces on display there

While the HL‘L]'E_-‘L'hq..'rg Pocket 1s 'r‘bL'IH_;,!' collected, Rodney and

Tony are continuing their efforts in the Tetrahedrite Stope. No

discoveries are made by mid-September and the equipment 1s
finally pulled out of the stope. Their next task will be 1o dnive an
extension of the Tetrahedrite Dnift from the base of the stope to the

southwest.

September 17 [Discovery of the Butterfly Pocket|: By the end
of the Denver Gem and Mineral Show, Scott and Dean are busy

L




Figure 123. View looking into the Hedgehog
Pocket in August, 1996. The field of view is
approximately 7 inches wide. This pocket was
filled with breccia fragments covered with small
rhodochrosite crystals. Photo by Albert Lees.

Figure 124. Fluorite, Blue Moon Pocket, Main Figure 125. Bryan Lees (left) uses a diamond

Stope Extension, 3.1 cm wide. Sweet Home chainsaw to peel rhodochrosite plates out of the
Rhodo, Inc. collection: Jeff Scovil photo. Hedgehog Pocket. Photo by Albert Lees.
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Figure 127. Hubnerite (3.5 cm) and rhodochro-
site on quartz, Hedgehog Pocket, Main Stope
Figure 126. A 202-pound plate from the Hedge- E.xtension. Sweet Home Rhodo, Inc. collection:

hog Pocket is washed for viewing. Photo by Jeff Scovil photo.
Bryan Lees.

Figure 128.
Fluorite and
rhodochrosite
on quartz,
Hedgehog
Pocket, Main
Stope Exten-
sion, 10.3 cm
wide. Sweel
Home Rhodo,
Inc. collection;
JefT Scovil
photo.




Figure 129. Rhodochrosite and fluorite on
quartz, Hedgehog Pocket, Main Stope Exten-
sion, 17.5 cm wide. Sweet Home Rhodo, Inc.
collection; Harold and Erica Van Pelt photo.




Figure 130. Rhodochrosite on
quartz, Hedgehog Pocket, Main
Stope Extension, 7.5 cm wide.
Sweet Home Rhodo, Inc. collec-
tion; Harold and Erica Van Pelt
photo.

driving the Main Stope Extension drift southwest past the Hedge
hog Pocket. It does not take long for lightming to strike again. On

the day after the show, another pocket is found. Although not as

large as the last one, the new pocket contains some crystals to
3 inches across.

September 19: A large rhodochrosite specimen takes shape
inside the pocket. Fragments of rhodochrosite 1/ x 3 inches are
coming out of the bottom of the pocket.

September 23: Scott, Dean and Bryan cut a plate off the vug
wall contaiming the scars of two interlocking 3-inch rhodochrosite
rhombs. The pocket is now cleaned out and its empty interior
measures 3 inches wide by 18 inches high by 18 inches deep

Once back at the shop, the large rhodochrosite crystals are
quickly reassembled onto the scars and the “Butterfly takes shape
This prece is one of the best ever discovered. The Butterfly Pocket
also contained beautiful "4 to 's-inch purple dodecahedral fluo-
rites—several of these coat the “Butterfly” specimen (Fig. 135)

Those attending the Tucson Gem and Mineral Show in February
1997 were able to view this amazing specimen when it was
showcased next to the famous Bolivian phosphophyllite (see
“What's New in Minerals,” vol. 28, p. 213). Not many pieces were
removed from this pocket, but once again the miners were re-
minded what beauty could come from such a small pocket.

October 5: Along the Main Stope Extension, Scott and Dean hit
another pocket. This one is mostly empty and measures 6 feet deep
by 3 feet high by | to 4 inches wide. Inside, there is one very large
rhodochrosite: 5 inches on a side, nvaling the Alma King. Unfortu
nately, the crystal i1s heavily fractured and falls apart upon extrac
ton. Stll, the remaining specimen 1s impressive and it receives the
name “Mini King.”

In the Tetrahednte Dnft, Rodney and Tony continue to dnft 1o
the southeast with no results. But the structure is still strong, so 1
18 decided to continue in thas direction

October 17: The Main Stope Extension vein widens and a probe
hole intersects a vood which drains water all weekend. This 1s a
great indicator for pockets. On the 22nd, Scott shoots a short round
into this area and discovers a void 1n the upper corner of the dnfi
The voud 1s packed full of clay. Dean and Scott wash this matenal
for the rest of the day to open up the pocket. Once cleared, the
pockel contents come Into view

Bryan Lees’ notes from October 24 1o 30

| amved in the moming and saw the new pocket. Scott and
Dean had it opened up to 4 feet across the back. |'he pocket 1s
full of clay and (what looks like) palygorskite. The clay has to
be heavily flushed out to see the rhodochrosites

I'he rhodochrosites are '/; 1o 1'/; inches, large, but most are
contacted due 1o the tghiness of the pocket H‘_\ quitting time, a
small 8 x 8 x 3-inch wide void opens up and contains uncontacted
rhodochrosites to 1'/; inches on wallrock (Fig. 139)

I'he rhodochrosites are of a stepped crystal habit and
have good luster. They are on a matrix of quanz and sulfides
Associanions include lustrous galena ( A-inch), lustrous chal
copynite ( A-inch), lustrous tetrahednite
purple fluonite ('/i-inch)

~=inch) and cubi

I'here 1s so much clay hilling that the minerals are
difficult to see until the pieces are brought back to the shop
and washed. The pocket 1s sectioned off into chambers, as
opposed to some which resemble open cracks. The chambers

are created by quantz infilling around breccia fragments thus




Figure 131. Rhodochrosite on quartz and sulfides,
Butterfly Pocket, Main Stope Extension: the crys-
tal from Figure 132 after extraction and cleaning.
Joe Freilich collection; Geoffrey Wheeler photo.

»
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Figure 132. Miner Rodney Orten peers into the
Butterfly Pocket. A perfect 5.1 cm rhodochro-
site crystal stares back. Photo by Brvan Lees.

Figure 133. Fluorite on rhodochrosite, Clay Pocket,
Main Stope Extension, 3.7 cm wide. Sweet Home
Rhodo, Inc. collection; Jeff Scovil photo.

tightly sealing the pocket and discouraging very large crystal this one. Some contain beautiful blue-purple fluorite cubes to

growth. Also, there has been much pocket movement through -inch

lime, destroying many of the crystals On October 30, we fimshed cleaming out most of the

It’s 15 degrees outside and everything is starting to pocket. It 1s now tight and shows no indication of opening up

freeze up again. We collect several small, excellent pieces including

On October 28, we collected an open pocket area. Four some with hiibnenite and fluorite

killers were removed. One floater group contains about 4

perfect crystals to 1/ inches. They are 1solated on matnx and Back at the shop Robert Lorda and Bill Hawes wash these
L"'-.'lT'L‘T'I!L.‘i:'s aesthenic. The other preces are smaller versions of

specimens to reveal one of the seasons finest pieces—a plate
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Figure 134. The
“Golf Ball,”
fluorite on quartz
with sulfides,
including tetrahe-
drite coated with
covellite, Mini
King Pocket, Main
Stope Extension.
The crystal is

4.8 cm wide. Sweel
Home Rhodo, Inc.
collection; Harold
and Erica Van Pelt
photo.

Figure 135. The
“Butterfly™
rhodochrosite,
Butterfly Pocket,
Main Stope
Extension; the

crystals measure

9 cm across. James
Horner collection;
Harold and Erica
Van Pelt photo.




Figure 136. Rhodochrosite with fluo-
rite on quartz, Clay Pocket, Main
Stope Extension, 7.8 cm wide. Sweel
Home Rhodo, Inc. collection; Harold
and Erica Van Pelt photo.

Figure 137. The “Garden™
rhodochrosite with fluorite and
hubnerite on gquartz, Clay
Pocket, Main Stope Extension,
21.8 ¢cm tall. Sweet Home
Rhodo, Inc. collection; Harold
and Erica Van Pelt photo.
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Figure 138. Rhodochrosite on quartz and sulfides, Clay
Pocket, Main Stope Extension: the specimen from Figure
139 after extraction and cleaning: 13.5 cm tall. John
Lucking collection; Harold and Erica Van Pelt photo.

Figure 139. View looking into the Clay Pocket. The
pocket is packed with clay and palygorskite. Rhodochro-
site crystals measure about 3.5 cm. Photo by Bryan Lees.

measuring 8 inches across containing 1'/-inch rhodochrosites with
multiple hiibnerites and small fluonites (Fig. 137). Because these
plates were so hard 1o see through the clay, 11 1s decided to call this
the “Clay Pocket.” The overall pocket dimensions were aboul
4 feet deep by 3 feet high by | 1o 2 inches wide

In the Tetrahedrite Drift, the familiar trend i1s continuing—no

pockets. The drift is discontinued and a series of small raises are
put in during the rest of the mining season. Unfortunately, nothing
is found and this area of the mine is permanently shut down
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Figure 140. The Coors Pocket reconstruction is completely disassembled and
each individual plate is cleaned one last time. Photo by Bryan Lees.

Figures 141. Denise Patton and Bill Hawes review the completed Coors Pocket
reconstruction. Over 3,000 individual specimens make up the 8 foot by 7 foot
pocket. It took three people 20 months to complete. Photo by Bryan Lees.

¢ Y @




Figure 142. The completed Coors Pocket exhibit, renamed the “Crystal Wall” in June,
1997, as it now looks at the Denver Museum of Natural History. Museum staff worked
for over 12 months to recreate the underground environment of the Sweet Home mine.

No detail was spared to give the museum visitor a realistic underground experience.
Photo by Rick Wicker.

The mine is closed at the end of November. Five great pockets
were discovered—the Full Moon, Blue Moon, Hedgehog, Butter
fly and Clay. With this year’s success in the Main Stope Extension,
there is little doubt that there will be another season.

Coinciding with the mine closure, the Coors Pocket reconstruc

tion work i1s completed at the Collector’s Edge facility in Golden
he Pocket 1s carefully dismantled and transported to the Denver
Museum of Natural History, where work immediately begins to
reassemble and incorporate it into the underground tunnel simula

tion work already completed by the Museum stafl

* *




Figure 143. Section of the
Main Stope, looking east,
in 1997, Graphics by Bill
lanaka and Bryvan Lees.
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THE 1997 SEASON

Just before the commencement of mining operations for the
1997 season, a major event in the life of the Sweet Home project
occurred. The Coors Pocket (now called the Khodochrosite Crystal
Wall by the Denver Museum of Natural History) was completed
and ready for public debut. During May, several special previews
and grand opening events occurred. On May 29, the grand opening
tor the general public took place. The exhibit is being hailed as one
of the finest, most authentic pocket reconstruction exhibits in the
world. For additional reading on the subject, see Jack Murphy's
article, "Sweet Home mine rhodochrosite wall at the Denver
Museum of Natural History™ (Rocks and Minerals, vol. 72, no. 4,
p. 240), and Bob Jones’ articles, “The wall”™ (Rock and Gem, vol

27. no. 8. p 12) and “Denver’'s Wall of Rhodochrosite™ (Rock and

Gem. vol. 27. no. 11. P. 20). If one finds one’s self in Denver with
a few hours to kill, viewing this exhibit is a musi
In June, another exciting event occurred. The Governor of
Colorado, Roy Romer, chose to present a gift featuring rhodo-
chrosite to each of the Summit of Eight leaders duning their
international conference in Colorado. A base made of Colorado
marble, flagstone and glass highlighted a Sweet Home mine
rhodochrosite specimen. One of these was presented to each of the
eight heads of state as a gift from the People of Colorado
With the successes of the 1996 season, it was simple to put
together a mine plan for 1997, Each pocket hit in 1996 occurred at
the intersection between the Main Stope Extension structure and an
east-west structure, a by-now-familiar phenomenon (see “Geology
of the Sweet Home Mine,” this issue). As usual, these intersections Figure 144. Colorado Governor Romer pre-
created vertical target zones and, therefore, the Sweet Homers ' task sented one of these gifts to each of the heads of
in 1997 was to raise vertically above each of the 1996 finds state during the Summit of the Eight conference
The 1997 crew was identical to the one in 1996. By June 1, the held in Denver. Each gift features materials
mine was re-opened. The first task was to extend the Main Stope found in Colorado. The rhodochrosite is from
Extension several more rounds to see if the 1996 pocket trend the Good Luck Pocket. Photo by John Haertling.
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'Monday, December 8, 1997

‘Vug’ moves
from mine
0 museum

By Ann Schrader

el Fog! Medeal Soence Writer

A wall of brilliant red. purple and black crystals
on a sparkling background of while crystals stuns
visitors who wander into one of the Denver Museum
of Natural History's newest exhibits

The reconstructed mine pocket took more than
Iwo vears to design and reassembile in the museum s
Coors Mineral Hall. The pocket, called a vug by
miners Was
found im the
same high-alti
tude Colorade
mine as the
[amed Alma
King rhodochro
sile crystal

The 7-foot hf'-
B-foot wall s
sprinkled with
hundreds of
deep-red, trans
lucent rhodo
chrosites, with
the liberal a«
companiment of
black sphaler
ies, purple lNuo
rites, shiny tetrahedrites and gold-like pyrites

Over the years, the Sweet Home Mine, located
near the Park County lown of Alma, has produced
many unusually well-lormed crystals of various
minerals. The old silver mine had yvielded many mu
seam specimens of rhodochrosites since it was re-
opened in 1991 by geologist Brian Lees

Lees found the Alma King a 6-inch-long
pound pristine squashed square of rhodochrosite

20eC 0 The Denwer Posi

Rhodochrosite crystals from
Alma's Sweet Home Mine.

continued 10 the southwest

This task fell 1o Scou

1THE DENVER POST

Dazzling crystal wall
moves from mine to
new museum exhibit

CRYSTALS |

al the Sweet Home Then in Sep
lember 1994, as snow began to {al
in the 10.000-foot-hugh area of the
Mosquito Mounlains, Lees {ound
the crysial wall

Both the wall and the world
‘lass Alma King now have homes
al the Denver Natural History Mu
seum where they are displaved
thanks lo funding by the Adolph
Coors Foundation

Jack Murphy, the curator of ge
U||'E'. wrole in a museum publwca
tion that the wdea to recreale Lh
mine’'s setting ‘offers mouch more
in educational value than if it were
duplaj.-:-d as an i1solaled Spect
men

The reconstructed vug reveals
one environment where minerals
form. In the case of the Sweel
Home Mine pocket the story of its
creation lies at the heart ol how
the Rocky Mountains were bult

As the North American plate
moved west, oceanic plates wers
shoved under and the mountains
began to push up in Colorado Mol-
tem rock activity underneath drove
scalding, mineral-rich waters up
As the walers pushed up, they
flowed into nooks and cranmies in
the rock. such as the cavities (ound
in the Sweet Home Mine

After aboul 3 million years, the
walers cooled. vapors condensed
and minerals sprinkled out Mur
phy said the minerals formed into
geometric shapes known as crys-
tals in the open spaces of veins If
there were no open spaces, the
munerals formed solid veins

The veins in the Rocky Moun
tains are contained in the Colorado

The extension

proceeded 100 feet without a pocket discovery and it was decided

10 begin a series of raises above the 1996 finds. Rodney and Tom

began developing the raise above the Hedgehog Pocket while Scott

and Dean began the raise above the Mini King Pocket

It became obvious within a month that there would be no huge

discoveries made directly above the 1996 finds

I-h'..' odd _‘h'l,_"..ll

Sweet Home curse strikes again! However, a few small pockets

were discovered within 50 feet above the 1996 pocket zone. These

were dentified with the names Rodney’s Pocket. Scott’s Pocket,
Bill's Pocket. Robert’s Pocket and Gerhard's Pocket. the last being

the season’s best pocket.

All of the pockets were small and contained small rhodo

chrosites on matrix. They made excellent miniatures. The overall

quality was good despite the low production. Robert’s Pocket

contained the largest volume of good specimens while Gerhard’s
Pocket contained the best quality since the Good Luck Pocket find

of 1992, Unfortunately, Gerhard’s Pocket only produced four nice

spedimens

By mid-season, Rodney and Tony stopped working in the raises

and were put in charge of driving a new exploratory drift 1o the

northeast of the old Man Stope. This new dnift became the Main

Stope Extension Northeast

[his was uncharted ground

Alter the

Mineral Belt. wharh extend
Boulder south to the San Juan
Mountains The Sweet Home Mins
5 a bright spol in Lhe bell

To remove the crystal pocket
{rom the mine, Lees and hard-rock
miners took the wall ouwt prece by
piece. The crew used a hvdrauli
splitter and a diamond chain saw
Lo remove More than a | O pheces
that ranged ar
mrhes across

In some areas
small sledpehammer
held chisel o prv Lhe
sl from the rock

Murphv noted that the
needle-liki Juartz nhad |
mived with extirems i

Th PIECES WETe D hied and Lak
en lo Lees” business the Collector
Edpge in Golden, where they wer
cleaned over sax months

Then the work (o reconstruct ths
mine began at the museam [t wa
decided Lo reproduce the crvsia
pocket in s natuwral setling com
plete with realistic rock work ol
the tunnel in which it was found

Molds were taken of rock in L
Colorado School of Mines' Edgar
Mine near ldaho Springs Exhibit
designers at the museum spraved
oncreté on the molds. Then the
molds were mounted on wire and
rebar and were painted to repre
senl the rock surrounding the crvs
lal pocket

The result, Murphy said, is the
amazing crysial wall will be an
exhibit Lo visit over and over, and
to continue Lo learn (rom that 1=
a real gem

The exhibit is included in fre
admission for all Colorado resi
dents on Frday

Figure 145, The Coors Pocket
Crystal Wall makes its debut at
the Denver Museum of Natural
History in June, 1997 (finally
reported in The Denver Post on
December 8!). Article by Ann
Schrader,

Figure 146, Fluorite on quartz,
1.8 cm, Rodnev's Pockel,
Hedgehog Raise. Colorless
Nuorite is rare at the Sweel
Home mine. The slight hue is
caused by a small (3 mm)
purple fluorite in the crystal’s
center, Sweet Home Rhodo,
Inc. collection: Jeflf Scovil
photo.




Figure 147. Rhodochrosite with pyrite on quartz, 8.8
cm, Scott’s Pocket, Main Stope Extension Drift. Here,
sphalerite is partially psendomorphous after pyrite.
Both sphalerite and tetrahedrite can become pseudo-
morphous after pyrite from the Sweet Home mine.
Sweet Home Rhodo, Inc. collection: Jeff Scovil photo.

Figure 148. Fluorite on rhodochrosite, 2.9 ¢cm, Rodney’s P‘ X
Pocket, Hedgehog Raise. The white material making the !

fMuorite opaque is quartz. Several pockets in the Main Stope Figure 149. Rhodochrosite on sulfides, Rodney’'s
area exhibit this type of fluorite-to-quartz pseudomorphism. Pocket, Hedgehog Raise: the crystal is 2.3 cm wide.
Sweet Home Rhodo, Inc. collection; JefTf Scovil photo.

Sweet Home Rhodo, Inc. collection: Jeff Scovil photo.




Figure 150. Rhodochrosite, Rob’s Pocket, Mini King Raise, 5.8 cm
high. Sweet Home Rhodo, Inc. collection; JefT Scovil photo,

discovery of the pockets to the southwest of the Main Stope duning
the 1996 season, 1t was hoped that a new ore shoot would be
discovered to the northeast along the same structure. This dnfi
eventually extended 100 feet until being discontinued. Along the

%

way, the crew intersected a rhodochrosite-bearning seam 2 inches
wide and devoid of poc kets. When the drift was stopped. they

tracked and began a raise on the seam. Each 6-1oot round 1

Figure 151. Rhodochrosite with
guartz, Scott's Pocket, Main Stope
Extension Drift, 9.3 cm high. Sweel
Home Rhodo, Inc. collection; Jell
Scovil photo.

Figure 152. Rhodochrosite on quartz,
Rodney's Pocket, Hedgehog Raise,
28 cm wide. Sweet Home Rhodo,
Inc. collection: Jeff Scovil photo.




Figure 153. Rhodochrosite with hubnerite and quartz,
Rob’s Pocket, Mini King Raise, 9.1 cm. This is the
finest example of a rhodochrosite/hubnerite combina-
tion found by the current mine operators. Sweel
Home Rhodo, Inc. collection; Jeff Scovil photo.

which shut the mine down for the season. The equipment was
pulled out and the mine was sealed shut on November 26.
The

problems of the previous odd-vear dry seasons

1997 season contained all of the frustrating and difficult

1991, 1993 and

1995. By season’s end, the Sweet Homers were tired, beat-up and

once again, running out of cash. The old miming financial cliché of

the miner, “puttin 1t all back n the ground,” was haunting the crew
and causing some rumination: “Are we going to put it all back into
the ground or stop and have something left to show for our
efforts”” The question is now moot, because late in 1997 the
company decided to continue operations in 1998, That story 1s sull
being written as we go to press with this special 1ssue

lhus the Sweet Home story 1s, after all, sull a "What's New
one: the crews will probably be putting in new blast rounds while

this 1ssue 1s being prepared for publication. To put it another way

*

'-l".l

what we have here is a “contemporary classic” occurrence, the
term being not really at all (as sometimes claimed) an oxymoron
Wendell Wilson's recent treatise on the early history of mineral
collecting reminds us that all collectors, for the last three or four
centunies anyway, hive and have hived while great localities rela
tively near to them have been producing great specimens—a fact
often ghibly, with easy self-pity, overlooked (“all of our good stuff
1s long gone™). Seldom, if ever, has one of these great localines
been so well documented, so continuously, as the Sweet Home
now. May this article, this whole special issue, show the extent of
the debt of the collector community to Sweet Home Rhodo, Inc. for
this happy reality, and may it prove how very great is the Sweel

Home mine by the measure of—whalt else?

specimen riches past,
present and to come




Figure 154. Rhodochrosite on sulfides, Gerhart's Pocket,
Mini King Raise, 9.5 cm. Gerhart's Pocket was the finest
quality pocket of the vear. Its luster and color matched
that of the 1992 Good Luck Pocket. Sweet Home Rhodo,

Inc. collection:; Jeff Scovil photo.

Let Bryan Lees have the very last word, a general one about station setup. Thnlls are few and far between. Instead, ond
underground treasure seeking: puts up with the constant noise and the pounding of the dnlls
the grueling physical work, the feeling of cold dnll water

Al the mine, 99 days out of a hundred are spent handling the trickling down your back and the ever-present grease and mud
daily work load. There are no pockets to explore, no crystal which permeate all parts of your body. Then, when you

excitement to carry one through the ngors of the next dnll absolutely least expect it, you dnll into a killer rhodochrosite




First Cross—cut

Figure 155. Plan view of the development of the
Sweet Home mine through November 1997.
Graphics by Gene Kooper and Bill Tanaka.

pockel. Suddenly, everything becomes lighter and everyone
bends 1o the task of collecting. In seven years of mining at the
Sweel Home, |'ve expenienced this feeling at full throttle just

three tmes. The Rainbow Pocket. Good Luck Pocket and

Coors Pocket all created the intense emotional experience

craved by muneral diggers and treasure hunters alike. Once
hooked. one forgets the 99 days of gnef and looks forward to

the thnll of that one day in a hundred
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Figure 156. Paris mill, Buckskin Gulch.
The Paris mine was developed on prehis-
toric mine works on the cliff above the
mill. The mill was built in 1894 to process
gold ore from the Paris mine. Photo by
Bryan Lees, 1997.

Figure I57. Regional map of the Alma
district, Colorado, showing the locations
of major mines.
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EOLOGY

(ZEOLOGY OF THE
SWEET HOME MINE
AND ALMA DISTRICT

Dean Misantoni
PO. Box 19
Alma, Colorado 80420

Miles L. Silberman
63 S. Devinney Si
Golden, Colorado 80401

Brvan K. Lees
Sweet Home Rhodo Inc.
PO. Box 1169
Golden, Colorado 80402

GENERAL GEOLOGY

The Alma mining district lies along the eastern slope of the
northern portion of the Mosquito Range near the small town of
Alma. in Central Colorado. The district has a long history of gold,
silver, lead, copper and zinc production dating from pre-1850's
Spanish gu]d prospecting to the present. A wide vanety of deposit
types is present, of which the Sweet Home mine type is perhaps the
most mineralogically unusual occurrence. Recent mining activity
(1980°s until present) has centered on (1) gold production from
veins at the gold-nch London sub-district, (2) Placer gold produc
tion from glacial, colluvial and alluvial gravels, and (3) rhodo-
chrosite and associated mineral specimen mining from the Ag-base
metal veins of the Sweet Home mine area.

The Mosquito Range is a north-south-trending range consisting
of gently east-dipping Cambnan through Pennsylvanian sedimen
tary rocks. This package of sedimentary rocks overlies Precam-
brian igneous and metamorphic rocks and represents the eastern
limb of the Sawaitch Anticline, which dips into the South Park
Basin. The region has been intruded by a variety of Laramide to

*

160). Thrust faults.

reverse faults and normal faults have (1) offset the east-dipping

Tertiary igneous stocks, dikes, and sills (Fig

sedimentary rocks and underlying Precambnan rocks, (2) locally
controlled the emplacement of Tertiary igneous rocks and (3)
controlled the locations of the diverse mineral deposit types

Pleistocene glaciation and downcutting of the Mosquito, Buck
skin, South Platte and other drainages created the deeply incised
high central Mosquito Range. Such erosion liberated gold that
created placers extending into South Park, east of Fairplay. More
importantly for this study, the denudation of the range exposed the
underlying Precambnan and younger igneous and metamorphic
rocks that host the veins of the Sweet Home mine area

'he stratigraphic section of the Alma District (Fig. 161) contains
Cambnan through Pennsylvanian limestone (presently all dolo
mite), quartzite, and shale deposited on a nonconformable ero
sional surface on the Precambnan igneous and metamorphic rocks
Dioritic to quartz monzonitic intrusive rocks (possibly including
some pegmatites) tend to occur as dikes and intrusive plugs in the
Precambnan rocks and as sills in the overlying Paleozoic sedimen
tary lormations

Although the Paleozoic formanions have hosted most of the
precious and base-metal production of the district, the Sweet Home
mine vein system is hosted by Precambrian and Tertiary intrusive
rocks. A possibility exists that this vein system continues updip
into the Paleozoic units capping Mount Bross above the mine and

to the east (Fig. 162)

Table 2 summarizes the major deposit types of the Alma distnct
and illustrates the uniqueness of the Sweet Home mine style of
mineralization; this 1solated mineral occurrence has been generally
unproductive for base and precious metals, but 1s mineralogically
unique, containing a suite of well-crystalhized minerals for which it
has become famous. Several lines of evidence suppor a theory that
the Alma distnct could be related to the hvdrothermal system that
formed the Clhimax deposit (about 5 mules to the northwest of Sweet
Home), or may be par of a separate Chimax-type system. The mosi
obvious of these features include (1) ages of 28-31 millhion years
(Ma) determined on early vein and wallrock hydrothermal muscovite
(sencite) (Silberman, 19935), similar 10 those at Climax (Wallace
1995), (2) the presence of pebble dikes or breccias in Buckskin
Gulch, (3) scattered quanz-orthoclase pegmatite bodies (containing
rare molybdenite) that are most likely Termary in age, (4) abundani
amounts of fluorite, topaz and hiibnenite (geochemically anomalous
concentrations of Mn, Mo, F, W), (5) wall-rock alteration types

including widespread quanz-sencile-pynte, propylitic, and early




=y M. Bross elev. 14,172

Figure 158. Location map—perspective view of

Sweet Home mine looking north-northeast.

stage fluonte-nch hydrothermal muscovite (associated with hiibnente
pyrite-quartz veins) greisen-type alteration, (6) isolated, thin quartz-
pyrite MoS, veins and local MoS, coatings on fractures in the Sweet
Home mine area, particularly in association with pegmatites, (7) 1so
topic evidence showing a magmatic component to the mineralizing
fluids, and (8) a location near Climax and along the “Climax Line”
described by Wallace (1995).

LOCAL GEOLOGY

The Sweet Home mine 1s located at the base of Mount Bross
4 miles up from the mouth of Buckskin Gulch (at Alma) on the east
side of Buckskin Creek (Fig. 164). The mine was the most
productive of several properties that were developed along the
northeast- and east-west-trending swarm of Pb-Zn-Cu-Ag-W-bear-
ing veins that extend across the gulch to the southwest and
northeast above the mine on Mount Bross and into the Red
Amphitheater (Fig. 165). Mineralized rock extends up dip from the
Sweet Home mine, to the northeast to near the nonconformable
contact of Precambrian with Paleozoic rocks. Examination of the
underground workings at the Tanner Boy and Queen Mary mines

L
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on the west side of Buckskin Gulch confirmed the continuity of the
vein swarm to the southwest. However, correlation of individual
veins from the southwest to northeast across Buckskin Gulch is
[enuous

The surface geology of the area was mapped as part of our work
in an effort to locate other rhodochrosite occurrences and under-
stand the structural controls and mineral zonation of the ven
system (Fig. 164). All of the underground workings examined
contain rhodochrosite. Numerous dumps and prospect pits on both
sides of Buckskin Guich also contained the Sweet Home mine
rhodochrosite-base-metal assemblage. However, no other area was
deemed as favorable for specimen-quality rhodochrosite as the
Sweet Home, particularly when permitting and access problems
were considered.

Accessible workings at the Sweet Home mine were mapped at a
scale of 1 inch 1o 10 feet (Fig. 166). This mapping was imitially
designed in 1991 10 locate favorable areas for mineral specimens as
well as to identify unfavorable ground that could be backfilled with
reasonable assurance that no crystal pockets would become inacces-
sible. During the on-going mapping of the workings, and over a
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Figure 159. The Snow Storm Placers, Mosquito Range. The gully
cutting the range on the right is Buckskin Gulch, and on the left is
Mosquito Guich. Photo by Brvan Lees, 1997,

period of several years, much has been leamed about the structural
evolution and mineral paragenesis of the vein system. This mapping
has greatly improved target area prediction over the past several
years, focusing activity on structures with potential open space

along the veins, and the later, rhodochrosite-beaning assemblage

MINE GEOLOGY

Lithologic Units

Units exposed in the Sweet Home mine workings include
Precambnan i1gneous and metamorphic rocks, Tertiary porphyritic
intrusions, and quartz-orthoclase pegmatite bodies of possible

Tertiary age (Figs. 167, 168). Paleozoic formations occur high

above the mine area, and the Buckskin Gulch stock mapped further

up Buckskin Gulch is not exposed in the mine workings. All units
exposed n the mine are altered and were mineralized by each
mineralization stage—hence, all units are premineralization. The
following units are exposed in the mine

Precambrian Granite Gneiss (P€gn)

I'he Precambrian gramite gneiss 1s predominantly a banded unit
contaiming quartz-K-feldspar-rich layers alternating with fohated
biotite-rich bands. Where undisturbed, the fohation trends approxi
mately east-west and dips moderately to the south: this 1s consist
ent with the trend observed during surface mapping in Buckskin
Gulch. This rock unit contains appreciable amounts of biotite
schist, migmatite, aplite, and quartz-orthoclase-muscovite-bearing

*

pegmaltite subordinate in volume to the granite gneisses. Some ol

this pegmatite may be Tertiary in age

Precambrian Granodiorite (P€gd)

I'he Precambnan granodiorite unit occurs throughout the north
western portion of the Sweet Home mine workings and 1s possibly
equivalent to the Silver Plume Granite in the Colorado Fromt Range
area. It 1s probably best termed a plug or small stock, and
intrusive into the Precambnan gramite gneiss. In the vicinity of the
intrusive contact with the metamorphic rocks there are many small
tongues and apophyses of granodionite, particularly into the folia
ton of the older unit. Occasionally a faimt folhiation defined by
alignment of biotite crystals can be seen (1o extend from the banded
gneisses into this intrusion, indicating on-going metamorphism
after intrusion during the Precambnan. Some of the quanz-K
feldspar-muscovite pegmatites may be related to this intrusive

mass, but others are probably Tertiary in age
Tertiary Quartz Monzonite Porphyry (Tgmp)

l'he quartz monzonite porphyry occurs as dikes and rregular
bodies in the Precambrian rocks. This intrusive unit is a green-gray

rock containing biotite, orthoclase, and gquartz phenocrysts

Tertiary Monzonite Porphyry

This monzonite porphyry occurs in the same manner as the
lertiary quartz monzonite porphyry, but crosscuts the former and
contains abundant hombilende rather than biotite phenocrysts and

lesser quartz

*




Explanation

Gilacial Diift Pinedale and
Bull Lake

Middie Tertiary Intrusives -
intfermediate 1o felsc compaosition

Laramide Intrusives -
Intemrmediate to felsc composition

Maroon fm. - Pemmian and
Pennsyivanian sedimentary rocks

Mintum fm. - Pennsyivanian
Sedimentary Rccks

Leadville Limestone - Mississippian
Sedimentary Rccks

Silver Plurme Gianite -
Precambiian Granitic Rocks

Precambrian Gniess, schist
and migmatite

BREEEERE

Figure 160. Regional geologic map of the Sweet Home
mine area (after Ogden Tweto, US.(.S. 1976 Geo-
logic Map of Colorado).

THICKNESS
Mine  Regional

FORMATION | LITHOLOGY

Various g-15 Monzonite to Quartz Monzonite
Tertiary | Intrusives Porphyrys

Interbedded quartzite, conglomerate,
arkose, sandstone, shale & limestone
- shale dominant at base

Unconformity

Dolomite, grey, coarse grained in
upper part; fine to medium grained
110140 0180 in lower part

Unconformity

Variable, sandstone to
dolomite & fm breccias
Devonian

(Chaffes Group) | Dnhmh::ty to dark grey;

055 | Quartzite

0".130° ' Dolomite; thin bedded to
! massive, white to grey; cherty "

|
. | Variable: quartzite in upper part,
85-150° o0 -1T grades downward to dolomite and
green o red shale

58°'.75% 62132 Quartzite, calcareous in upper part
i

| Position of the Schist, gneiss, granite and
P -] : * ] @
rl-thlmi r--Cunhrl-l_E ™
- I

Figure 161. Generalized stratigraphic section at the Sweet
Home mine (from Singewald and Butler, 1941).
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Figure 162. Paleozoic sedimentary rocks and Tertiary sills extend across the top of
Mount Bross above the mine. The rock above the mine has been extensively oxidized.
The view looks down Buckskin Guich toward the Sweet Home mine. Photo by Bryan

Lees, 1997,

Table 2. Tertiary lode deposit types of the Alma District, Colorado.

Deposit Type
Examples

1) London Tvpe
London
Amencan
London Butte

Meral Values

Au (Ag, Pb, Zn, Cu)

2) Ag-Pb-Zn Replacement in
Leadille Formation

Moose

New York

Mineral Park

Ag, Pb, Zn

3) Ag-(Au)-Pb-Zn deposits in
Sawatch & Peerless Formations
Phillips
Hock Hocking
Orphan Boy

Ag (Au), Pb, Zn

4) Veins in Precambrian
Crystalline Rocks
Champaign
Sweet Home
Kentucky Belle

Au, Ag (Pb, Zn, Cu)

W (Sweet Home only)

Host Rocks—{

ontrols

Paleozoic sediments & Tertian
Porphyries, veins, minor

carbonate replacements

Leadville Formaton and lower
Paleozoic Carbonates (stratiform

replacements)

Sawatch Quartzite & Peerless
Formation, porphyry, veins, &

replacements

Precambnan i1gneous,
metamorphic & porphyry

{NArmow veins)
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Crane i

Pynite, galena, sphalente
chalcopyrite, tetrahedrite-tennantite

dolomite, quartz, native Au

Calena, sphalenite, pyrite, ruby-Ag

native Ag, quanz, dolomite, barite

Pyrite, galena, sphalenite, chalcopyrite
quartz, dolomite, barite

Sweet Home Type—quanz, pynie,
fluorite, hiibnerite, molybdenite,
galena, sphalerite, chalcopyrite,
tetrahednite, rhodochrosite, apatute,
topaz. Other type—quartz, pyniie,
galena, chalcopynite, sphalerite,

dolomite, bante, muscovite




Figure 163. Corkscrew Adit, middle workings of the Sweet Home mine. Old mine workings follow the
northeast- and east-west-trending swarm of Pb-Zn-Cu-Ag-W-bearing veins that extend across the gulch
to the southwest and northeast above the mine on Mount Bross. Photo by Brvan Lees, 1997.
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Figure 164. Geologic map of the Sweet Home mine area.
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EXPLANATION

Geoclogic Units Structure
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Figure 166. Sweet Home mine geo-
logic map showing lithology, struc-
ture and mineralization. Boxed
highlights show locations of (A)

Coors Stope and (B) Main Stope

(see Figure 167).




Structure Mineralization
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Figure 167. Detailed geologic map of the Coors Stope area (above)
and the Main Stope and Watercourse Raise areas (below), showing
lithology, structure and mineralization.
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Structure

I'hree major structural trends are present in the vicinity of the
Sweet Home mine, including (1) an early northwest 1o east-wesl
fault and fracture-trend parallel to fohanon and banding in the
Precambnan gneiss, but with a steeper southerly dip, (2) a north
east fault rend, which contains the majonity of the Ag-base-metal
veins, and (3) a later, north-south-trending fault and fracture zone
All three structural trends contain both porphyry intrusions that are
altered and mineralized. Hence, all structures are pre-mineraliza
tion. Traces of all stages of mineralization occur in the structures
There 1s evidence of minor movement throughout mineralization
that resulted in opening and closing of structures during the various
stages of hydrothermal activity. Stnike-slip movements with lefi-
lateral displacements of | to 2 feet are common, particularly on
northeast and north-south structures. A later normal fault trend
with displacements of similar magnmitude was noted. Minor offsets
of Tertiary intrusions and some veins indicate that some minor
movement took place after mineralization

I'hese events are best summarized by the following generalized
sequence (Fig. 169): (a) Development of regional foliation and
banding in granite gneiss took place in the Precambrian. (b)
Development of fault and joint sets which strike parallel to, but dip
steeper than, the regional foliation took place in the Laramide or
Tertiary. Faults also developed in north-south and northeast direc
tions. North-south structures generally crosscut both the northeast
and east-west structures. (¢) Intrusion of quartz monzonite por-
phyry took place in the Tertiary along east-west and north-south
faults. Movement along north-south structures displaced east-west

L

Figure 168, Geologic cross section
of Crosscut No. 3, showing lithol-
ogy, structure and mineralization.

and northeast-trending structures. (d) “Greisen and quanz-pynite
alteration of wall rocks, charactenized by the development of
quartz-pyrite-hiibnerite veins with minor molybdenite (= fluorit
in veimns and alteranon) that may be related to a large hydrotherma
porphyry system at depth, took place in the lertary. Somg
movement continued along north-south and northeast-trending
faults, opening void space for later base-metal crystal des
ment. (e) Northeast veins were flooded with base-meta
ization (Tertiary). During this stage, rhodochrosite crysia
ment occurred in open spaces near faull intersections alo
structure

I'he intersections of the vanous faultl traces are commonly
targets for exploration. Irregulanties and offsets of the fault planes
created open space for potential pocket development

All combinations of structural intersections have been noted I
cause deflections in stnke or dip. However, the most productive
pockets are located where northeast structures cross those that
trend east-west (Coors Pocket, Main Stope pockets) or north-south
structures cross northeast structures (Watercourse Raise) (Figs
166, 167). Additional structural features that have caused widening
of vein structures and pocket formation, although of less impor
tance. include (1) opening of the sieeper portion of veins witl
variable dip due to normal offset (2) small scale sigmoid loops
where the area within the loop 1s mineralized, and (3) local stnke
and/or dip dellections along a single vein due to refraction across
host rocks of varyving competency or fabnic (i.e. amisotropic hosl
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rock). Most small pockets are of this latter type
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Figure 169. Development of structure (folia-
tion, banding, faulting, jointing, intrusions, veins
and mineralization) in the Sweet Home mine
area.
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LARAMIDE?
TERTIARY?

B. Laramide/Tertiary?—Development of E-W trending fault and joint
sets which sinke parallel to, but dip more steeply than, the regiona
folkiation. Faults also developed in the N-S and N-E directions. N-5
structures generally crosscut both the N-E and E-W structures

TERTIARY

pCgn

Tertiary—Stan of greisen and quartz-pyrite alteration of
rMocKs characienzed by the geve ._:;_.""'-F_'"'.' o1 qu artz pyr &
hubnente veins with minor molybdenum mineralzahor

events may be related to a large hydrothermal porphyry syster

at depth. Continued movement along N-S and N-E trending

taults opened voids for se-metal crystal deve

y nent

Hydrothermal Alteration and Mineralization

All ithologic units exposed in the mine have been locally altered
hydrothermally. Widespread areas of propylitic alteration are com
mon, particularly in biotite-rich gneisses and schists—such zones
are not directly related to veins. Disseminations and fracture/joint
fillings of epidote-chlorte-pynite-hematite are common. Wide
spread sulfhidization of biotite to fine-grained pyrite 1s ubiquitous,
and subsequent oxidation of this pynite on the surface has resulted
in brightly colored reds and yellows of the Red Amphitheater on
Mount Bross above the mine

Hydrothermal alteration directly related to vein mineralization 1s
very pronounced in certain rock types at the Sweet Home mine
['his alteration type consists of varying amounts of hydrothermal
muscovite, pyrite, quartz and fluorite. In places quartz and pyrnite
may dominate along with fine-grained sencite. In such cases, the
alteration type 1s best termed phyllic alteration. The more typical
alteration type. however, consists of a mixture of coarse-grained.
snow-white muscovite, fine-grained fluorite, pyrite and quarz
I'his alteration type commonly occurs as replacements of wall rock

adjacent to early stage quartz-pynite-fluorite * hiibbnente = sphalenite

.




veins and represents a greisen type of alteration. The common wall
rock alteration minerals that form selvages around the veins also
are found crystalhized along the vein walls. Selvages of this
alteration type are typically 1 to 5 inches in width, roughly
equivalent to vein widths.

Greisen-type alteration of host rocks occurred early in the Sweet
Home hydrothermal system, as part of the higher temperature
sericite (muscovite )-fluorite-pyrite-quartz (with topaz inclusions
Wenrich, this issue; Reynolds, this issue)-hiibnerite stage of vein
mineralization. In fact, later-stage base metal-fluorite-rhodochrosite
stage veins that occupy structures that weren't open to the early,
greisen stage of mineralization typically are bordered by fresh wall
rocks with virtually no alteration selvages present

Megascopically, veins of the Sweet Home system display a
consistent paragenesis—readily identified from the simple banding
from the vein wall inward, and locally from crosscutting relation
ships. A typical vein structure 1s | to 10 inches wide (wider
structures are occasionally present in old stopes that were mined
for metals). Early-stage white muscovite and fluorite (commonly
looks orange on mine walls, but 1s actually light green when
removed and cleaned) contain pyrite. these minerals grade from
wall rock replacement into open-space filling along vein walls
Clear quartz crystals develop where open space is present, and
crystals of hiibnerite occur embedded in this quartz or occasionally
as free-growing crystals. Fluorite typically occurs as pale blue or
greenish cubes growing on early quartz crystals projecting inward
from masses of muscovite rosettes intergrown with fluonite. Occa
sionally this muscovite or quartz will contain boxworks and cubic
casts indicating an early period of pyrite or fluorite dissolution

The earliest base-metal sulfide to crystallize was invanably
black to green sphalerite. Well-formed crystals commonly grow on
large, early pyrite cubes and octahedrons.

Copper mineralization followed, with varying amounts of asso
ciated tetrahednite, chalcopynite and bormite. Tetrahednite and chal
copyrite form well-developed crystals whereas bomite occurs in
masses. Chalcopyrite and tetrahedrite have been noted as crystals
growing on early pyrite and sphalernite. In portions of the mine near
the present erosional surface (less than 100 feet or so in depth) the
chalcopyrite locally develops an attractive coating of malachite
The relative age of copper sulfide and other sulfides 1s unclear
megascopically, but definitely post-dates sphalerite mineralization
Galena appears to partially overlap and post-date copper mineral
1zation, and occurs as granular masses as well as cubes and
modified octahedra. Other species of the sulfide-sulfosalt assem
blage are not readily visible in hand specimen, except for bormite
coatings on earher sulfides.

The latest assemblage includes rhodochrosite and fluorite with
local accumulations of apatite, bante and calcite as small crystals
growing on any of the formerly discussed minerals. Rhodochrosite
commonly forms the middle portion of banded veins, as massive
pink matenial. However, within pockets rhodochrosite commonly
takes on a redder color, particularly when the crystals are well
formed and isolated. These crystals commonly occur embedded
over earlier, darker sulfides and sulfosalts, or nucleate around early
quartz needles that penetrate the rhombohedrons. Fluorte, as
purple and colorless or zoned crystals commonly occurs on
rhodochrosite crystals (fluorite is the only mineral, in its varied
colors and crystal habuts, that crystallized throughout the entire
paragenetic sequence)

Occasionally, pockets are encountered which contain one or all
of the following: late, small green to blue apatite crystals, bladed
white barite, and masses of whitish pink calcite, all of which have
grown on earlier minerals, including the relatively late rhodoch
rosite-fluonite stage. Fine-grained white kaolimitic clay (dickite)

*

fills the bottom of some pockets. Washing of this clay from the
bottom of many }‘Hukl.'l\ may vield loose crystals of any of the
|"|‘_L[‘IH‘1_*L'I1L' JH{'I‘Hhhl?t_‘\ descnbed. Near-surface PO kets of this
matenal commonly contain brown, tan and black mud caused by
limonite and manganese-oxide staining of the dickite clay

The paragenesis of minerals in the Sweet Home mine can be
interpreted to represent an early, higher-iemperature suite (magmato

hydrothermal) containing greisen-altcration and local fluorine

tungsten mineralizanon followed in time by a base metal-rhodo

chrosite-phosphate-sulfate-carbonate stage that is later, usually
superimposed on the early stage, and probably represents a dilution
of early mgh-temperature fluids by cooler, more dilute meteoric

waler through ume

SECTION
PERPENDICULAR
TO STRIKE

Figure 170. Generalized schematic drawing of
a typical rhodochrosite pocket.

STABLE ISOTOPE ANALYSIS:
THE ORIGIN OF THE ORE FLUIDS

To better determine the onigin of the ore fluids at the Sweel
Home mine, we chose several samples for oxygen isotope analyses
and one for hydrogen 1sotope analysis. Oxygen and hydrogen
isotope data have been useful in determining the source of ore
fluids in a wide vanety of hydrothermal ore deposits (Taylor
1974). Common sources of flumds that typically form ore deposits
are magmatic water, meteoric (rain) water, sea water, and connate
or formation water. Frequently, mixtures of one or more fluid types

are involved in the process of ore deposit formaton, and 10

W,

delineate the fluid evolution, many sampies of different minera
must be analyzed. That was not possible here due to the constraints
of a limited research budget. However, the data can be interpreted

within the context of other studies, including the geologic map
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ping, fluid inclusion systematics, mineralogic determinations, and
geochemistry. Assimilated with other data, the stable isotope
analyses provide refinement for a Sweet Home mine vein mineral-
1zation model.

Choice of Samples

Reynolds (this issue) suggests, on the basis of fluid inclusion
data, that early-stage quartz-pyrnite-sericite-hiibnerite veins were
deposited at minimum temperatures of 360° to 370°C from a flud
that was dominantly of magmatic ongin. Slightly later mineral
assemblages characterized by the occurrence of Cu, Zn, Pb and Ag
sulfides and sulfosalts, with associated rhodochrosite, fluonite,
apatite, etc., were deposited at temperatures of 260" to 305°C. The
early gem-rhodochrosite was deposited at temperatures of 280° to
310°C from fluids that were slightly diluted with meteoric water
Together, these stages represent an early, magma-dominated, high
temperature stage of hydrothermal acuvity at Sweet Home. To
examine this suggestion we chose three samples. The first was a
quartz-pyrite-sericite-hiibnerite vein sample from near the Coors
Pocket along the main vein, second crosscut. The second sample
was from the Watercourse Drift, third crosscut, and consisted of a
vein hosted in pegmatite, that contained sphalerite, tetrahedrite,
pyrite, galena, covellite, chalcopyrite, bornite, molybdenite and
rhodochrosite, along with minor quartz. The third sample was a
gemmy rhodochrosite from the Watercourse Vein, that has all the
charactenstics of the early, high-temperature stage of rhodo
chrosite.

The samples were prepared and analyzed by Geochron Labora-
tories. Analytical data and descriptions of the veins are included n

Table 3.

INTERPRETATION

The minerals in Table 3 were deposited by an ore fluid, which
was dommantly magmatic water, at temperatures that were mea
sured by the fluid inclusion analyses discussed by Reynolds (this

Issue). Because of crystal-chemical processes, when water deposits

Table 3. Stable isotope analyses of minerals
from the Sweet Home mine.

Sample No. Location and Type Mineral ol80 oD

-

O5SHOI Main Vein, near Coors Quartz +13.3

Pocket, quartz-pyrite-  Muscovite 116

sericite-hiibnerite vein

94SHO1A1 Watercourse Vein Quartz
Sulfide-rhodochrosite

4BLY4 Rhodo-

chrosite

Watercourse Vein
Gem rhodochrosite

Analyses relative to SMOW standard

— e — ————— . —— ——

minerals such as quartz, muscovite and rhodochrosite, there 1s a
fractionation of the oxygen and hydrogen isotopes between that
water and the mineral. That fractionation produces differences in
the 1sotopic composition of the water and the mineral, and these
differences are temperature-dependent. The mineral-water frac-
tionations have been determined expernnmentally, and 1t 1s possible
to calculate the 1sotopic composition of the water if two factors are
known: (1) the isotopic composition of the mineral, which is
provided in Table 2, and (2) the temperature of mineral deposition,
which was measured by the fluid inclusion analyses. The isotopic

L

Table 4. Calculated oxygen and deuterium isotope
composition of Sweet Home ore fluid.

Temperature o180 oD
Mineral (°C) (%c) (%c)

Sample No

95SHOO] Quanz 370 +8.5

Muscovite 170 +7 7 82

94SHOI1A1  Quartz 300

4BLY4 Rhodochrosite 300 +5.6

Temperatures were calculated from maximum fluid inclusion
filling data. However, these temperatures are uncorrected for
pressure, which would increase them. See Reynolds (this issue)

composition of the ore-fluid water was calculated from the data in
Table 2. The results are shown in Table 4.

In most studies of this type, many samples from each stage of
mineralization are analyzed and a range of isotopic compositions
for fluids at each stage are derived from the calculations. This
range of composition 1s then compared to 1sotopic compositions of
ore fluids from various types of deposits, whose fluid origins are
known. We cannot do that unequivocally at the Sweet Home due to
lack of data, but we can say that the results of our calculations from
the 1sotope data conform well to the synthesis of Reynolds (this
1ssue) based on fluid inclusion measurements.

The Sweet Home oxygen 1sotope composition of early-stage ore
fluid that deposited quartz-pynte-sernicite-hiibnerite veins is aboult
+8%¢c. This composition falls within the range for water of mag
matic ongin (Taylor, 1974). The deuterium composition of the
fluid, calculated from the muscovite 6D, 1s approximately —8(0%
which overlaps the rather broad range of magmatic water composi-
tion (Taylor, 1974). The oxygen isotopic composition of the water
that deposited the quartz and rhodochrosite from the sulfide-
rhodochrosite veins is in the range of +4.5 to +5.5%e. A fluid of this
composition could be one of dommantly magmatic ongin, with a
component of meteoric water of perhaps 10 to 20%.

These calculated fluid compositions are compatible with
Reynolds’ (this issue) synthesis of fluid evolution and essentially
confirms that early stages of mineralization at Sweet Home,
including the deposition of the gem-rhodochrosites. took place in a
high temperature, magmatic-dominated hydrothermal system that
was just beginning to experience an influx of meteoric fluid. Our
preferred interpretation is that Sweet Home is a distal part of a
Climax-type Mo-porphyry system, for reasons listed earlier. The
mineralogy and geochemistry of the Sweet Home veins are similar
to those found in the periphery of the Climax-type systems,
including the presence of Mo, W and F contents. The geologic

evidence strongly suggests an association with this type of system

(see Reynolds, this 1ssue), although most likely at some distance
from its center (Fig. 171)

GEOCHRONOLOGY

The results of geologic mapping, structural analysis, fluid-
inclusion measurements. mineralogic studies, and isotope analyses
have constrained the conditions of ongin of the Sweet Home
deposits, and identified the likely sources of ore fluid. However, a
separate method, K-Ar geochronology, is needed to determine
when the minerahization occurred, and how 1t was related 1o
regional and local, or distrnict-scale events.

Sweet Home veins, both the quartz-pyrite-sericite-hiibnerite and
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Figure 171. Generalized geologic cross-section through the Sweet Home mine area.
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sulfide-rhodochrosite types, are surrounded by halos of sericitic
alteration, referred to earhier in this paper as greisen alteration. This
alteration replaces, 1o a greater or lesser degree, feldspars and
biotite in the wall rock with sericite, some of it quite coarse-
grained. Because this alteration only occurs around the veins, it
must have formed when the veins were deposited. Sericite is a
potassium-bearing muneral, and it can be dated by the K-Ar
iIsotopic method, which has been widely applied to the determina-
tion of the age of hydrothermal mineralization and alteration
(Silberman, 1983)

Table 5. K-Ar analvtical data and isotopic ages of vein
selvages from the Sweet Home mine.

K
Location and vein type (%

40 Ar*

Irlfi"fi.”“

'l.\':
Sample No

92SHOI Crosscut No. 3. NAE.
Quartz-pynite-sericite-
hiibnerite and sulfide-

rhodochrosite vein.

KRl 0D0OIRR

92SHO2 Watercourse vein. 0.0131

EW structure. Quartz-
pyrite-sericite-hiibnenite
vein

92SHO3 Crosscut No. 2. Sulfide- 7.10

0.0152 06+08

rhodochrosite vein

*Refers to radiogenic argon-40 content

Three samples of senicite-altered wall rock, each adjacent to
veins, were selected from different sites in the Sweet Home mine
All samples were so pervasively altered that they contained a
minimum of 40% sericite. The rocks were crushed and sericite was
concentrated using standard mineral separation techniques. The
sericites were dated by K-Ar isotopic techniques by Geochron
Labs. Analytical results and i1sotopic ages are shown in Table 5
The K-Ar indicate that the Sweet Home were

dgcCcs veins

*

11

;|
%

emplaced approximately 30 milhion years ago. Hydrothermal actiy

ity occurred over a span of about 3 million vears. It is not possible
to distinguish ages of the vanous stages of vein mineralization. The
data suggest that for two veins, a combined quartz-pyrite-sencite
hiibnerite and sulfide-rhodochrosite vein, and a sulfide-rhodo
chrosite vein, the 1sotopic age 1s essentially the same. Another vein
a quarntz-pynite-sernicite-hiibnente one, was shghtly younger. More
likely, the system pulsed, and produced multiple cycles of mineral

1ization, caused by muluple pulses of magma injection. It i1s lhikely
that any individual vein, regardless of type, would give an age near
those shown in Table 5. This is the most common result of detailed
studies of this type of system (Silberman, 1983)

T'hese 1sotopic age data are a further indication of the association
of Sweet Home mineralization with porphyry-Mo system evolution
in the region K-Ar and fission track _L‘L‘I'L|"|TL1HH|L1_1_"\ at Chmax
indicate emplacement of rhyolite and granite bodies hosting or
related to mineralization from between 33 and 25 million years
(White and others, 1981), with the most likely time span for majos
30 Climax 1s about

mineralization being to 25 milhon

YCArs
5 miles northwest of Sweet Home. Veins essentially identical to
those at Sweet Home occur peripheral 1o Climax (White and
others, 1981)
Gulch
AMAX

I'he complex and vanable styles of mineralization in the Alma

Drnilling for porphyry molybdenum in Buckskin
at Mount Bross was camed out during the 1970's by

district described earlier appear to be constrained by K-Ar and
fission track ages of pre- and post-mineralization dikes to the time
period 35 1o 25 million years ago (Bookstrom, 1990). Molybde
num mineralization at Red Mountain, Urad-Henderson took place
about 28 to 23 million years ago (Bookstrom, 1990). In all of these
nearby systems, muluple stages of intrusion and hydrothermal
mineralization occurred over a significant time span, during which

Sweet Home was also active. Hydrothermal activity at Sweel

Home is thoroughly concordant with similar activity taking place
in the northern part of the Central Colorado Mineral Belt. Rhodo

chrosite is not all that rare throughout the entire region. It just

happens to be of spectacular quality at the Sweet Home mine,

which leads one w0 the LIUL"‘\III."'I'I could there be o1l 1l

more

elsewhere, nearby

*




Native Elements
Copper

Sulfides
Bornite
Chalcopyrite
Covellite
Digenite
Galena
Greenockite
Mawsonite
Molybdenite
Pyrite
Sphalente
Stromeyerite
Spionkopite

Sulfosalts

letrahedrite/Tennantite

Unknown

Oxides
Dickite

Fermmolvbdite

Halides

Fluorite

Carbonates
Calcne
Dolomite
Malachite
Rhodochrosite

Phosphates
Fluorapatite
Uovazite

Svanbergite

Implite

Tungstates

Hubnerite

Silicates

( 5'7:1 "-h..l"ll..'

Mica group minerals

E‘]'i'-..[ 1/

I'- pas

Sulfates
Anglesite
Barite

Cu.FeS,
CuFeS
CuS
Cu,S.
PbS
CdS
Cu.Fe,SnS,
MoS
FeS
(Zn.Fe)S
AgCud
T

(Cu.Fe),.(Sb.As).S

AL.Si.0.(OH),
Fe.(Mo0O,),-8H.O

CaCO
CaMeg(C0O,)
CufCONOH)
MnCO

CaF.CLOHXPO,)
SrAL(POJOH)L-H.O

SrAlLLPO.SO.(OH)

(Mn.FeMg.Ca),(PO WF.OH)

MnWO,

(CuAlH.S1.000H), nH.O

S10)
ALIOH. F ) S10

PbSO,
BaSO,

Table 6. Minerals identified from the Sweet Home mine since 1992,

Hurlbut, personal communication, 1994

Honea, 1992: Lees. 1995: Wenrich and Aumente-Modreski. this issue

Honea; 1992; Lees, 1995

Lees, 1995

Honea, 1992

Modreski, 1988: Honea, 1992

Lees, 1995

Hotmann, ;"H.‘T'-«.un;ii communication. 1994

Misantonm and Lees, personal communication, 1993

Honea, 1992; Lees. 1995; Wenrich and Aumente-Modreski, this i1ssue
Honea, 1992; Lees, 1995: Wenrich and Aumente-Modreski. this 1ssue

Honea. 1992: Wenrich and others. 1995
Wenrich and Aumente-Modreski. this i1ssue

Honea, 1992: Wenrich and others, 1995

Modreski, personal communication, 1993

Lees, 1995; Modreski, personal communication, 1995

Misantoni and Lees, personal communication, 1993
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Honea, 1992
Modreski and Foord. personal communication, 1994

Lees, 1995

Lees. 1995

Ranstrom, personal communication, 1994; Hlava, personal
communication, 1994

Ranstrom, personal communication, 1994; Hlava, personal
communication, 1994

Wennich and Aumente-Modreski. this 1ssue

1992: Wenrich and others, 1995

oord and Murphy. personal communication, 1994
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IIJIL‘H. | 995




INERALOGY

MINERALS OF
THE SWEET HOME MINE

Jack A. Murphy
Curator of Geology
Denver Museum of Natural History
2006 Colorado Boulevard

Denver. Colorado B0206

James F. Hurlbut
Department Associate
Department of Earth Sciences
Denver Museum of Natural Histony
2006 Colorado Boulevard
Denver, Colorado 80206

INTRODUCTION

This article describes the minerals from the Sweet Home mine,
with emphasis on the crystalhized specimens discovered dunng
mining operations between 1991 and 1996. For details on electron
microprobe analysis, petrographic identifications, fluid inclusion
salinmities, and geochronology, see other papers in this 1ssue (Wennich
and Aumente-Modreski; Wenrich; Reynolds; and Misanton er al.)
Minerals reported and confirmed from the mine are discussed n
the following pages. they are listed and cross referenced as to
source in Table 6. Many other minerals have been reported from
the mine, but have not been confirmed

The mineral associations that typically occur in Sweet Home
mine specimens are discussed, but mineral paragenesis is not. The
species described are from the copper-antimony-tungsten-silver
base-metal sulfide veins in Precambnrian granite-gneiss host rock

About a dozen metallic vein minerals are known, comprising a
suite of common base-metal sulfides and one main sulfosalt,
tetrahednite-tennantite. The occurrence of hiibnerite adds to the
variety of minerals found: one sparse tin mineral (mawsonite) has
also been found. Many of the uncommon to rare sulfides and
sulfosalts known elsewhere in Cu-As-S veins have not, as vet, been

*

identified at the Sweet Home mine. Spionkopite has been idenufied
by electron microprobe (Wenrich and Aumente-Modreski, this
1ssue), and another sulfide, tentatively dentified as eclante or
miharaite, 1s under investigation. Minerals that are part of the
massive ore assemblage dentified by petrographic technigues and
described by Honea (1992) and Wenrich and Aumenie-Modresk
(thas 1ssue), in general have also been dentihied as euhedral
crystals in hand specimens, with the exception of stromeverite
which has not yet been seen in hand specimens. Gangue minerals
represented in the veins are common species, and, except for the
rhodochrosite which occurs in supenor large crystals, calcite
quartz and associated species occur in smaller, well-formed crystals

What 1s noteworthy about the minerals from the Sweet Home
mine 15 not so much the frequency ol the occurrence of a partiicular
species, as the excellence of the crystals. Superdb specimens with
impressive euhedral crystals have been recovered, many with thres
o four different species in association. Many such specimens
which were carefully collected duning the miming operation led by
Bryan Lees from 1991 10 1997, currently enhance collections

around the world

PREVIOUS STUDIES

Sweet Home mine munerals have long been recogmzed and
reported in the literature, but few, if any, details about them were
published. One of the earliest mineral reports is by Endlich (1878)
a geologist on the F. V. Hayden expedition 10 Colorado in 1876
Eight entnies in his Catalogue of Minerals Found in Colorado ar
cuprite, fluorite, jamesonite, melanterite, rhodochrosite, tetrahe
drite, tennantite and zinkenite. The reports were reiterated by
Smith (1883). The Alma locality was not mentioned by Kunz
(1887), who descnbed superb transparent crystals of rhodochrosite
from the John Reed mine at Alicante, Lake County, Colorado. The
Sweet Home mine and the Tanner Boy mine were mentioned
together by Dana (1898), but rhodochrosite was reported only from
the Tanner Boy

['he first comprehensive regional geologic studies of the Alma
district (Patton and others, 1912; Butler, 1912) gave litle informa
ton about the Sweet Home mine, and the mine 1s not mentioned in
Henderson (1926). The early behief that argentiferous galena was
the source for silver in the mine (galena has since been shown to be
only one minor mineral of several that i1s the source for silver
Wenrich and Aumente-Modreski, this issue) was reinforced by
Patton and others (1912): they also hsted rhodochrosite, cupnite
enargite, bormite, azurnite, malachite, and fluorite from the mine
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The Sweet Home mine rhodochrosite crystals have overshad-
owed reports of the other species from the mine (Caplan, 1936).
Little information is found in standard mineralogical references
For example, two noteworthy species known from the mine,
tetrahedrite/tennantite and hiibnerite, are not listed in Palache and
others (1944, 1951), or by Eckel (1961). Roots (1951a.b) reports
collecting rhodochrosite and pyrite at the Sweet Home mine.

Selected mineralized areas of the Alma district have been
described in the geological literature (Butler and Singewald, 1940:
Singewald, 1932, 1947; Singewald and Butler, 1931ab, 1933,
1941: Vanderwilt, 1947; Pierson and Singewald, 1953; and Del
Rio, 1960). However, none of these detail the Sweet Home mine

A few articles appeared in the popular literature after World
War Il (Roots, 1951a,b; Ingle, 1958; Miller, 1971), but the mine
was closed during most of this time. The first extraordinary
rhodochrosite discoveries were made in the 1960°s (Bancroft.
1973, 1984). Some geological investigations of the district were
conducted (Corn, 1957); however, much of the emphasis on
minerals and mining in this part of Colorado was associated with
the Climax molybdenum mine, 5 miles to the northwest in Lake
County. When the Climax mine was operating, good specimens of
pyrite, fluorite and rhodochrosite were occasionally available
(Kosnar and Miller, 1976). Mineral specimens were not readily
available from the Sweet Home mine until 1978, when the mine
was reopened by Richard Kosnar (Kosnar, 1979a.b)

RECENT ACTIVITY

Much attention has been focused on the Sweet Home mine since
Bryan Lees reopened it in 1991 (Voynick, 1992, 1994a.b; Cook.
1993; Kile and Lees, 1993a.b; Robinson, 1993; Smith, 1993; Moore.
1993; Senecal, 1994; Dempsey and Voynick, 1994; Lees., 1994;
Murphy, 1994, 1997; Wenrich and others, 1995; and Frazier and
Frazier, 1996). Specialized mining techmques and methods of
extracting specimens have been developed and employed at the
mine, facilitating the discovery and preservation of previously
unsurpassed specimens. The highlight of rhodochrosite discoveries
1s the Alma King, a 5'/; by 6'/>--inch, bright red rhombohedron on a
plate of quartz crystals with six associated mineral species (Moore,
1993; Murphy, 1994). Access to old and new underground workings

at the Sweet Home mine duning this time has stimulated mineralogi-

cal and geological research by contnibuting to a better understanding
of Colorado Mineral Belt base-metal veins and associated structures.

MINERALS

'he following mineral descriptions focus on the euhedral minerals
that are found on Sweet Home specimens that have been widely
distributed since the mine reopened in 1991. Some historical infor
mation on minerals reported from the Alma district is also included
Information below includes new data on material collected between
1991 and 1995, and. wherever possible, is based on X-ray diffraction
or electron microprobe results. Research on Sweet Home mine
minerals continues as new material is encountered. Only a few
mineral species new to the Sweet Home mine have been identified
since 1990. Some minerals have not been adequately studied, for
example carbonates other than rhodochrosite, and the various dark

colored stains or coatings that are common on many Specimens

Anglesite PbSO,

Anglesite was identified by X-ray diffracion on samples col-
lected by J. F. Hurlbut in 1994, Several specimens were collected
from a sericite sheer zone in Crosscut No. 2. The anglesite is in
thin, 3-5 mm, compact and massive bands along with dickite,
brown fluorite, green fluorite and quartz. There are no distinct

individual crystals on the examined samples.

*

Barite BaSO,

Barite occurs sparingly in many of the mineralized pockets
encountered during 1993 to 1995. In one sample, a 6-mm blade of
a white, opaque barite grew before or with blue fluorite crystals.
Barite from the Sweet Home needs to be studied further.

Bornite Cu.FeS,

Bornite appears to be more prevalent in certain veins of the mine
than onginally thought. It 1s a component of a late-stage of
mineralization that coats other sulfides. Bormite was reported from
the mine by Corn (1957), and at two other nearby places, namely,
the Wyandotte property north of Kite Lake and on an unnamed
mine dump southeast of the Sweet Home mine.

Bornite from the Sweet Home mine is probably best known from
the Tetrahedrite Drift in an area mined during 1993. Bomnite crystals
and encrustations also occur on specimens taken from the Colorado
Springs Pocket in July 1992. The bomite usually forms as isolated
and intergrown subhedral, rounded crystals up to 8 mm across that
usually range in color from deep blue to black. However, bornite
also occurs as a blue to purple indescent metallic coating on
tetrahednte/tennantite and sphalente. Occasionally the surface ol
bormite exhibits an attractive silky bronze color thought to be an
oxidized crust over dark blue to black massive matenal that has a
conchoidal fracture on broken edges. This surficial matenal could
be confused with chalcopynite iIf not examined carefully: it may
range from a deep golden bronze color to a darker, deep brown
color. Bornite encrustations and microscopic crystals are commonly
found on black sphalerite. Microprobe analyses of bomite are
reported in Wenrich and Aumente-Modreski (this issue)

Calcite CaCO

Calcite was relatively unknown from the Sweet Home mine until
pale yellow, intergrown crystals were encountered in the Tetrahe
drite Dnift in 1992, The calcite does not form in typical well
defined crystals; rather, the crystals are modified and intergrown
rhombohedra. Calcite occurs in pockets within selected veins with
other well-crystallized species, especially rhodochrosite. The plate
containing the large Alma King rhodochrosite contains representa-

tive yellow calcite growth

Chalcopyrite CuFeS

Chalcopyrite 1s a common mineral in the veins and occurs as
small crystals on many specimens. As far as is known, the finest
specimens came from a small vug located above the Rainbow
Pocket, the location of the Alma King rhodochrosite crystal. Sharp,
lustrous crystals up to 1 cm were found on a sulfide and quarnz
matrix. Microprobe analyses of chalcopyrite are presented in
Wenrich and Aumente-Modreski (this 1ssue)

Chrysocolla (Cu,Al).H.51,0(0H),-nH

A pale greemish blue mineral, occurming in veinlets and as
coatings on massive quartz and sulfide was originally thought to be
turquoise but proved to be chrysocolla (E. E. Foord, wnitten
communication, 1994). This material was found on the mine dump
and has not been seen underground.

Copper Cu

Native copper was identified by Jim Hurlbut in sulfide-rich
specimens dominated by black coatings on tetrahedrite and bomnite.
It occurs as very microscopic wires and irregular growths inti-
mately associated with the black surface coatings, and as small,
skeletal pore fillings. The matenial may be pseudomorphous after
an unknown mineral.
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Figure 173. Chalcopyrite crystals with quartz
and sphalerite, 5.1 cm high. Sweet Home Rhodo,
Inc. specimen; photo by Jeff Scovil.

Digenite Cu.S
Digenite has been reported by petrographic (Honea
electron microprobe analyses (Wennch and Aumente-Modres

this 1ssue). Digenite, venified by microprobe, was

- . . : ton with bomite and spionkopite. Som
Figure 172. Calcite and fuorite on rhodochro- " Wil DTSRG SR wpeiseiy

- : : sulfide matrix with bornite might also prove 1
site, 2.2 cm wide. Sweet Home Rhodo. Inc. ey TINGIA W iR wagpn. a9 |

specimen; photo by Jeff Scovil. Dolomite CaMeg(CO

Onlyv minor amounts of dolomite h

Covellite CuS

Home mine. So far as 1s known. no wel

Covelhite 1s mainly a fine-grained constituent of the sulfide ore found. According to Singewald and |

and 1s pnmanly recogmzed in petrographic analysis (Honea dolomite was the most abundant gangue

1992). Some of the blue to purple coatings on sulfides may be the Alma distri

LY I f']l.l"."-. cvieCl I]ll"": L) ‘II e B

l
covellite: however. hittle NITL"L']T_IL analvsis has been done. Several byv these authors are r;'F*i..n ement bodies

crystals that petrographically resemble covellite were analyzed by sphalerite and galena are abundant, pyrite i
K. J. Wennich with the electron microprobe and determined to be rite and argentiferous tetrahednite

spronkopite (this 1ssue)

occur in small amounts. Dolo
mite was reported bv them 10 contain nuch won and some

mangancs« id was thought 10 be the most abundant gangu

Dickite ALSI,O(OH),

quartzite-hosted gold deposits. Wells (1937) gave an analysis ol
Microcrystalline pseudohexagonal platelets of dickite about 10

. : carbonate gangue from the Orphan Boy mine that showed it was
microns in diameter and 1-2 microns thick have been confirmed by

XRD and SEM-EDS analysis by Peter J. Modreski (personal

iron-bearing dolomite, not ankernite, as previously reported

communication, 1992) and electron microprobe analyses by K. J Ferrimolybdite Fe.(MoO,),-8H.O

Wennich (this 1ssue). Dickite forms the bright white clay matenal Pale vellow coatings of fermmolvbdite occur with traces of

that 1s found coating rhodochrosite and fluorite in the crystal visible molybdenite in quartz in a f

ew places in the mine, esp«
pockets; it occurs widespread in the quartz-bearing and sulfide cially the Watercourse Raise. These two minerals are
bearing veins.

also tound n
a quartz vein in an old dnift that is about 250 feet northwest of the
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Figure 174. Fluorapatite with color
zonation, 5.5 mm. Denver Museum
of Natural History collection; photo
by Jack Thompson.

present portal of the Sweet Home mine (Bryan Lees and Dean
Misantoni, personal communication, 1994)

Fluorapatite Ca,(PO,),(F.CI,OH)

Attractive, pale greenish blue fluorapatite crystals are found
sparingly in most veins in the Sweet Home mine. They are one of
the more desirable crystallized species from the mine, especially as
thumbnails and micromounts. Analysis by Wennch (this issue)
establishes the species to be fluorapatite; however, older literature
refers 10 the mineral generally as apatite. Fluorapatite 1s found
directly on rhodochrosite and other minerals, and commonly
occurs as transparent, doubly terminated crystals. The largest
crystals seen measure about 1 cm. Typically small clusters of
crystals are found with rhodochrosite and needle quartz. Fluorapa
lite crystals are intimately associated with white dickite in pockets
and may occur as “floaters™ in this clay. Many small fluorapatie
crystals may be lost when cleaning this clay oftf ol sulhide
specimens. The fluorapatite fluoresces an attractive pink color n

shortwave ultraviolet light

Figure 176. Fluorite crystal habits common in
the Sweet Home mine: dodecahedron (left) and
cube-dodecahedron combination (right).

Fluorite Cal

Fluorite occurs at the Sweet Home mine as a gangue mineral

throughout the vanous vemn structures. In different parts of the

*

Figure 175. Fluorite cubes on quariz, 7.1 cm wide.
Sweet Home Rhodo, Inc. specimen; Jeff Scovil photo.

Figure 177. Fluorite octahedron made up of
intergrown cubes; 3.3 cm wide. Sweet Home
Rhodo, Inc. specimen; photo by Jeff Scovil.

mine fluorite appears 1in many colors, from colorless to yellow,
blue. green, purple and brown. Layers of colored fluorite crystals
seldom reach 2.5 cm in thickness, and are sometimes interleaved
with dickite and sericite. In some of the pockets it appears thal
fuorite crystals grew during different [‘iL‘[‘Imi'\ of mineralizatnion, as
evidenced by zonation consisting of multiple layers of fluorite ol
different colors. Analysis of fluorite by Wenrich (Wenrich and
Aumente-Modreski, this issue) shows gradational wispy changes

in color, possibly due to changes in the mineralizing fluids
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Some small, well-formed, galena cubes, usually less than | cm
have been found in the Sweet Home mine and make attractive

specimens. These are associated with other sulfides and quanz

Goyazite SrAlL(PO,),(OH),H.O

Goyazite was first reported from the Sweet Home mine by
Kosnar (1979b). One other identification is known, from a speci
men found on the mine dump several years ago by Ray Randstron
(written communication, 1994). This elusive species has not beer
found n recent freshly mined matenal. Kosnar reports attractive
well-formed, brilliant orange goyazite crystals up to '/ inch that ar
associated with pink to purple fluorite crystals, gemmy rhodochro
site, and pale-green fluorapatite crystals in vugs with sulfide and
quartz matrix. Paul Hlava (written communication, 1994) con
firmed the identification of the Ransom sample and indicated that
in addition to an inner composition of goyzite, there was an outsid

growth of svanbergite (DMNH #16852)
Figure 178. Fluorite penetration twin, 5 mm.

Denver Museum of Natural History collection; Greenockite  CdS
photo by Jack Thompson. GUreenockite was first discovered at the Sweet Home mine by
Bryan Lees in 1994, A small pocket near the Blueberry Pocket i
the GPR Drift contained 3-mm to 8-mm pyrite specimens that were
coated with a grayish green coating approximately 2-3 microns
The predominant fluorite crystal shape is the cube truncated by thick. SEM analysis by Peter Modreski, in 1994, showed th:
dodecahedron faces (Fig. 176 nght). A few nearly perfect dodeca coating 10 be greenockite
hedrons have been found in some pockets (Fig. 176 left). Some
cube penetration twins have also been found (Fig. 178). Most of
the crystals are smaller than |1 cm
Many very nice specimens have been produced from different
pockets, sometimes as fluorite cubes perched on quartz crystals

(Fig. 175). In a few pockets the rate of growth evidently was very

rapid, producing crystals with stacked cubic faces (Fig. 177)
Severe etching of the fluorite ook place in some areas, leaving
crystals with etched faces and edges.

Most of the fluorite from the mine fluoresces pale blue to blue
white. The fluorescence in some crystals 1s brightest along the
color bands. This feature demonstrates the close relationship of
color centers and fluorescence. Color centers in fluorite (Smakula
1950) are the result of an electron occupying one of the fluorine 1on
sites in the lattice, such centers being caused by imperfections
during the growth of the crystal (Nassau 1978). Some of the
samples also show phosphorescence. The zoned nature of the
fluorescence and the phosphorescence is probably indicative of the
presence of rare earth elements in the mineralizing solutions
(Przibram 1935; Bill er al., 1967). The source of these rare earth
elements was probably the small pegmatites in the Precambnan
granitic gneisses of the groundmass. The different colored fluorites
present in the Sweet Home mine indicate two distinct periods of
deposition over a decreasing temperature range (Reynolds, this
1ssue). Fluorite from the Sweet Home mine is also discussed by
Muntyan (1996).

(Galena PbS
The prevailing view has been that galena has long been an
important silver ore mineral in the Alma district (Patton, 1912), and
that it is largely confined to deposits in calcareous rocks, whereas
gold deposits occur in siliceous rocks. Others (Behre, 1932, 1953;
Butler and Singewald, 1940; Singewald and Butler, 1941) note that
argentiferous tetrahednte, argentite and other minerals may ac-
count for most of the silver in the primary galena-bearing ores
Other reports on sulfide ore mineralogy include Com (1957), Figure 179. Hubnerite blade with quartz and
Bloom (1965), Stevens (1965), and Machado (1967). Silver con- sphalerite; 5.4 cm high. Sweet Home Rhodo,
tent of galena from the mine is discussed by Modreski (1988). Inc. specimen; photo by JefT Scovil.
Most recent data is in Honea (1992) and Wenrich and Aumente-
Modreski (this issue)
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Hubnerite MnWO,

Hiibnerite has long been known from the mine, so finding
crystallized specimens was no surprise; in fact, many collectors
and curators anticipated that fine material would be located when
the mine opened in 1991. Hiibnerite crystals were known to occur
in the first drift to the northeast in the main adit by Belser (1956);
he reported that 1,000 pounds of ore containing 10 percent WO
was shipped from the talus near the upper workings of the mine.
Hiibnerite is generally uncommon in the veins exposed between
1992 and 1995. When 1t 1s found, 1t mainly occurs as crystallhized
blades with needle quartz, associated with sulfides, rhodochrosite,
and fluorite. Excellent specimens came from the Tetrahedrite
Stope, Crosscut No. 3. Typically, a single blade of hiibnenite up to
3-cm long, with a bright luster, i1s associated with needle quartz and
other minerals. Some large specimens were encountered; one 28 x
20 x 95-cm mass of intergrown hiibnente crystals (DMNH
#16812) came from the Tetrahedrite Stope

Malachite Cu,(CO)NOH)

Light green microcrystalline coatings on chalcopyrite crystals
are most often malachite (Peter Modreski, personal communica
tion, 1995); however, no detailed study has been done. Some green
to blue-green coatings found on chalcopyrite may be some other

mineral, for example. serpierite (E. E. Foord, written communica-
tion, 1995)

Muscovite KAL(S1,ANO (OH.F)

Muscovite and sericite are pervasive gangue munerals in the
Sweet Home mine. Unaltered muscovite, in well-formed crystals
up to 8 mm, occurs with quartz and sulfides in parts of the mine.,
especially the Coors Pocket. Muscovite was analyzed on the
microprobe (Wenrich and Aumente-Modreski, this issue). Fine-
grained sericite 1s more common than euhedral muscovite and it 1s
a constituent of the matrix in the veins. It also fills empty spaces in
the crystal pockets, along with dickite. It 1s intimately associated

=

with massive anglesite in Crosscut No. 2

Mawsonite CuFe.SnS,

Mawsonite was reported in 1994 by Beda Hofmann., Bem
Museum, Switzerland. It was confirmed by electron microprobe on
material he collected at the mine in 1992, It 1s an mtergrown
constituent in the sulfide mineralization. This 1s the first report of a
tin mineral from the Sweet Home mine

Molybdenite MoS

Coarse, crystalline molybdenite occurs in small amounts with
quartz in Sweet Home mine veins, but its occurrence has not been
specifically studied. The mineral was noted by Com (1957)
Molybdenite 1s reported, with stains of fernmolybdite, in the
Watercourse Raise and from an adit 160 feet northwest of the
present portal of the Sweet Home mine (Bryan Lees and Dean
Misantoni, personal communication, 1994)

Pyrite FeS

Collectors are usually captivated by the Sweet Home mine
pyrites with their distinctive growth habits, specifically the cubic
crystals with saw-tooth edges (Fig. 180). Probably the first to record
these pyrites was Roots (1951b), who described digging in a vein at
the Sweet Home mine in search of rhodochrosite and finding “°4& by
>~-inch-sized cubes with beveled edges and corners.” Crystallized
specimens of pyrites were not well-known from the mine until
1993 when Bryan Lees opened up the “Pyrite Pocket™ in the
“Tetrahedrite Stope™ on Crosscut No. 3. Most of the crystals are of
particular interest because of their rounded, rather bulging, striated

cubic faces and serrated edges. The details of these growth patterns

*

Figure 180. Pyrite crystal with serrated edges,
1.6 cm. Denver Museum of Natural History
collection; photo by Jack Thompson.

are best seen under low magnification, where the step-like stria
tions on the faces can be observed to intersect at the edges of the
crystals creating the repetitious saw-tooth patterns. This texture is
not limited to the edges but also selectively occurs on the crystal
faces. Most of the crystals show octahedral modification on the
corners. These pyrites form as attractive intergrown clusters of
crystals on white quartz crystals directly associated with dark gray
sphalerite. The cubes range from 5 mm to 2.5 cm across; the largest
single cube observed from this pocket 1s 4.4 cm across (DMNH
#16843). Not all crystals are distorted or have stnations. One
(DMNH #16841) i1s a nearly perfect 2-cm cube with mirror-like
faces: the corners are also modified by the octahedron. Pale purple
fluorite cubes and single blades of hiibnerite occur on the quartz
matrix with these pyrites

Quartz 510

Quartz 1s ubiquitous n the veins and 1s undoubtedly the major
gangue mineral. However, in some veins, sericite 1s as abundant as
or more abundant than quartz. The quartz may be massive within
the veins but it usually forms as attractive white to transparent
crystals less than an inch long in open spaces associated with
pyrite, chalcopyrite, hiibnerite, rhodochrosite and fluorite. All
plates and hand-sized specimens from the Rainbow and Museum
pockets have a mynad of freestanding and intergrown quartz
prisms as the background for the other minerals.

Rhodochrosite MnCO

The Sweet Home mine has long been recognized as the source of
the world’s finest rhodochrosite, but it was not until 1992 that
several of the most extraordinary crystals were unearthed. Early
references to the mineral occurring at the mine include Endlich
(1878), Emmons (1886), and Dana (1898). Smith (1993) indicates
the mine was known n 1873 and perhaps earher. It 1s surprising
how little documentation exists on rhodochrosite discoveries: it can
only be assumed that fine crystals were destroyed during early-day
stlver mining. One report by Caplan (1980) mentions that “, . . 1l
was Pohndorf and Hart of Manitou, Colorado who bought the
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Figure 181. Rhodochrosite crystal group found in 1992, with crystals
up to 7.6 cm. James Horner specimen; photo by Ken Erickson.

1

entire ‘onginal pocket of Alma rhodochrosite. They divided the rhodochrosite crystals and groups of intergrown crvsta

pocket, and evervthing was gone long before my time.” White were again found. Progress at the mine by Brvan Lees

( |98 ) elaborated on this find and remembers seeing rhodochrosite ume was recorded bv Bode and Klaus (1992). Cook

crystals on exhubit in William C. Hart's Rocky Mountain Gem Store and Lees (1993a.b), and Lees (1994
on Ruxton Avenue in Manitou Springs, Colorado. Arthur G Undoubtedly the finest and

i Y f f ir i
and most publu

Pohndorf owned a Denver jewelry store for many years before Alma King.,” an unprecedented, deep

1113 -\.'\.I

World War 11 and sold a variety of minerals, including Sweet Home rhombohedron that was found in a vug named the

mine rhodochrosites Pocket”™ in the Tetrahedrite Drift on the second crosscul

After World War Il individual collectors poked around at the rystal and a 1'/-inch

. nch companmon rhombohedron

Sweet Home mine (Roots, 1951a.b; Ingle, 1958; and Miller, 1971) maltrix

" 4
plate that measures 235 by inches., i

but it was not until the 1960°s that superb crystals were mined and ietrahednite. and

4 concentrabion of small purpi€ 1uonie

came 10 be widely known. Peter Bancroft (1973, 1984) did much 1o along with a small blade of hiibnenic his discoven

promote Sweet Home mine rhodochrosite to the public—firs large slab (Fig. 45

wilth a clustering of five large rhombohedra

(1973), by using a color photograph of the “Alma Queen™ on the described and illustrated by Moore (1993). The Alma King

cover of his book The World s Finest Minerals and Crystals., and descnibed by Murphy ( 1994) and Voymick ( 1994b). 1s on permanent

. | History

second (1984), by recording the known history of the locality and display at the Denver Museum of Natura

the discovery of remarkable crystals in 1964 by Ed McDole and Gem-clear rhodochrosite crvstals are rare but have

Warren Good. The rhodochrosite crystal known as the Alma Queen Up until the mine was reopened in 1992

gCm-qgualty
was collected in that era; it resides today in the Houston Museum ery rare. Today, transparent cleavage pieces have
of Natural Science. Another exceptional specimen dating from that some faceted gems: the largest known

time consists of two intergrown, 4-inch, translucent crystals at the Museum of Natural Historv, weighs 65 ¢

Denver Museum of Natural History; a photograph of the specimen

1s shown in Kosnar (1979b, fig. 6) and Gressman (1988). Add Sphalerite (Zn.Fe)S

lional information about discovenes in the 1960°s may be found n Sphalerite 1s one of the most abundant species
Frazier and Frazier (1996) Sweet Home mune. It 1s an important massive component

It was not until the summer of 1992 that unprecedented single ore. and commonly

alsO oCccurs 1n crystal pockets as small




formed black, green, yellow or red crystals associated with other
sulfides and euhedral fluorites and rhodochrosite

Spionkopite Cu,S,,

Spionkopite is one of the few minerals to be newly identified
since the mine was reopened in 1991 (Wenrnich and Aumente-
Modreski, this issue). It was found during electron microprobe
analysis, associated with bornite, digenite, stromeyerite, and possi-
bly jalpaite.

Svanbergite (see goyazite)

Tetrahedrite/ Tennantite (Cu,Fe Ag.Zn),.(SbAs),S,,

Crystals of tetrahednte/tennantite from Buckskin Gulch were
listed by Endlich (1878) but no further details are reported.
Argentiferous tetrahedrite and freibergite were considered among
the most important ore miner
als responsible for most of

the silver in the silver-lead de-
posits of the Alma distnct
(Singewald and Butler, 1931,
1941; Behre, 1953). Modreski
(1988) analyzed selected Sweet

Home mine specimens with the
“"KEVEX" energy-dispersive,
X-ray fluorescence spectrom
eter, and calculated relative per
Figure 182. Tetrahedrite
crystal drawing showing
habit typical of the Sweet
Home mine.

centages of elements contained
in the samples. He found that
matenial labeled “freibergite”
(DMNH #12467) had only
about 1 weight % Ag and 1s
stoichiometrically tennantite. Modreski indicated that “freibergite”
should more appropnately be referred to as tetrahedrnite/tennantite
See also Wenrich and Aumente-Modreski (this 1ssue) for quantita-
tive electron microprobe analysis of these minerals, and also Raabe
and Sack (1984)

Excellent tetrahedrite/tennantite specimens are recognized from
the Sweet Home mine. Specimens are attractive, with single
euhedral crystals or as intergrown clusters of crystals on sulfide

matrix, associated with euhedral rhodochrosite, quartz, fluorite,

sphalerite and hiibnerite. Typically the crystal surfaces are bright

and untarmished, often with a disuinctive specular appearance.
Crystals are generally /s to | inch in size, but individual tetrahe
drite/tennantite crystals up to 2 inches are known, and fragments ol

even larger crystals have been seen.

Topaz Al(OHF)SiO,)

Topaz was reported by Kosnar (1979a) as part of the pegmatite
assemblage in the host rock at the Sweet Home mine. One very
small topaz crystal in a matnx of quartz has been found in the
present mining operation. It 1s assumed that this mineral 1s more
prevalent because of the abundance of topaz inclusions (<0.01-40
pum long) in quartz crystals associated with the sulfide minerals,
tetrahednite, rhodochrosite, and fluonte (Reynolds; Wennch and
Aumente-Modreski, this 1ssue)

Triplite (Mn.Fe Mg.Ca),(PO,)

This rare phosphate was discovered while examining inclusions
in rhodochrosite, and was subsequently venfied by electron micro
probe analysis (Karen Wenrich, personal communication, 1996)
The triplite occurs as solid inclusions in fluorapatite, which itself 1s
an inclusion in rhodochrosite

Figure 183. Tetrahedrite crystals with rhodo-
chrosite, 1.5 x 2.0 em. Sweet Home Rhodo. Inc.
specimen; photo by JefT Scovil.

Unknown sulfosalt

Iiny, 1-2 mm, black, stnated, pnsmatic crystals intimately
associated with needle quartz and sphalerite were found on mate
rial collected in Crosscut No. 3. Only two microcrystals are known,
not enough ftor a thorough analysis. One crystal was studied by
Peter J. Modreski and provisionally believed to be eclante
(Pb,(Cu,Fe)B1,,S.,), or possibly another orthorhombic lead-copper
iron bismuth sulfosalt, miharaite (PbCu, FeB1S,)

Figure 184. Rhodochrosite sample from the Rainbow
Pocket showing the pale pink rim coating the under-
lying gemmy cherry-colored rhodochrosite. The cor-
ner of the light pink rim is chipped, exposing the
underlying cherry rhodochrosite. The gemmy rhodo-
chrosite and the lighter-colored, lower-gquality rim
are intergrown with sulfides, particularly sphalerite,




SWEET HOME
RHODOCHROSITE —
WHAT MAKES IT
SO CHERRY RED?

Karen J. Wenrich
Wenrich Petrography *« Mineralogy = Geochemistry
P.O. Box 5054
Golden. Colorado 80401

Over the past 100 years the Sweet Home mine has produced
rhodochrosite of extraordinary beauty: i1t 1s unrivaled in 1ts stnking
color relative 10 rhodochrosite from any other locality in the world
Several articles have been written describing its color: “Sweet red
rhodochrosite™ (Jones, 1994), “Rhodochrosite: hot, pink, & pretty”™
(Jones, 1986). Unfortunately, not all rhodochrosite that comes from
the Sweet Home mine is as red and gemmy as those in the Good
Luck Pocket and Watercourse Drift. Why not? Because a rind of
paler pink rhodochrosite coats the gorgeous cherry-red intenor of
many specimens from the Sweet Home mine (Figs. 184, 185). This
lighter pink nm that coats and invades the cherry rhodochrosite
along fractures i1s firmly attached. What process created the pink
rim and why is it different from the cherry rhodochrosite?

The geoscience literature currently lists over 400 articles de
scribing rhodochrosite and 1ts occurrences throughout the world
However, hittle 1s available on the chemistry of rhodochrosite at
these worldwide locations. Sweet Home Rhodo, Inc. decided that a
research effort into the local geology and chemistry of the rhodo-
chrosite and associated sulfides might result in the development of
exploration technology providing clues for more successful rhodo
chrosite mining. The mining company wanted tc develop a tech
nique that would allow them to concentrate on areas with gemmy
cherry rhodochrosite and avoid areas that produced pink opaque
rhodochrosite.

WORLDWIDE RHODOCHROSITE LOCALITIES

Rhodochrosite commonly occurs as a gangue mineral in mines
throughout the world. However, it rarely occurs in a gemmy,
lustrous red form like that from the Sweet Home mine in the
Mosquito Range. Furthermore, only Leadville and Climax in the
Mosquito Range have produced some rhodochrosite. A compre
hensive descnption of worldwide occurrences 1s beyond the scope
of this article, but a few localites with matenal comparable to that
of the Sweet Home mine are of particular interest

The N'Chwaning mine, in the Kalahan Manganese Field of the
Black Rock district, Northem Cape Province, South Afnca, has
long been known to collectors as a producer of exceptional
rhodochrosite specimens. The Kalahan district began production in

Figure I185. The entire 1-inch specimen (see Fig.
184) showing pale and dark areas. The gemmy
rhodochrosite in the center of the specimen
formed earlier at a higher temperature and is
essentially pure MnC0O,, whereas the later,
lower-temperature, lighter pink rhodochrosite
contains several percent Ca+Mg+Fe in substi-
tution for Mn in the rhodochrosite structure.
Sweet Home Rhodo, Inc. collection.

the 1940 s and continues 1o operate today However. fine rhodo
chrosite specimens have not been produced from this mine for
many years. Rhodochrosite from this locale occurs as groups of
gemmy., intense red scalenohedrons on a black manganese matrix
They are typically lustrous and very transparent. The genesis of
this mineralization 1s very different from that of the Sweet Home
mine. The ore from this mine has been hvdrothermally altered and
metamorphosed, which produces a very high manganese content
(Cairncross and Dixon, 1995)

Other hine rhodochrosites have been produced from the sulfide
ore deposits of Peru, specifically, from the Pasto Bueno mine
Rhodochrosite from this locality 1s rhombohedral in habit, lustrous
and very gemmy. It formed in a mineralizing environment sumilar
to that at the Sweet Home mine. Here, ores have been hvdrother
mally emplaced but have not been metamorphosed. The specimens
are reminiscent of Sweet Home matenal. Rhombohedrons are
[ srched on clear guartz cryvstals, commonly in association with
fluorite

Another locality of mention for rhodochrosite 1s the Catamarca
deposit in Argentina. The rhodochrosite from this locale is famous
for its stalactitic form. Single and multiple stalactites have grown
up to 2 feet in length. The formation of this material is quite
different from either N Chwaning, Pasto Bueno, or Sweet Home
Here the matenal is deposited in layvers similar to helectitic cave
growth. Round slices cut and polished from this matenal have been
made into beautiful jewelry and objers d art, many showing

interesting concentric bands. The matenal 1s sufficiently massive

123 #




that most rhodochrosite beads sold throughout the world have been
cut from Catamarca rhodochrosite. Most of the matenal 1s of a nch
pink, opaque variety. However, a small percentage of the matenal
IS near-gem red.

A few more minor localities of note include Butte, Montana: the
Oppu mine, Aomori Prefecture, Japan: and the mines of the Santa
Eulalia district, near Chihuahua, Mexico. The Butte rhodochrosites
form simple, relatively small, rhombohedral crystals with a dusting
of pyrite. The Japanese rhodochrosites form bright pink botryoidal
coatings on matrix. Santa Eulaha has produced brnight pinkish red
rhodochrosite scalenohedrons.

Finally, it should be mentioned that besides the Sweet Home
mine, Colorado contains four other localities which have produced
high-quality rhodochrosite. They are: Chimax, Silverton, Bonanza,
and Central City. Of these, the Climax mine has produced materia
closest in quality to the Sweet Home mine. Perhaps this is because
it shares Sweet Home's interesting depositional environment,
being only 5 miles away.

SWEET HOME RESEARCH

Atomic absorption analyses run on bulk rhodochrosite prior to
1993 by David Helt of Golden Technical Systems indicated the
presence of several hundred ppm Zn, Ca, and Mg and several
thousand ppm Fe. These data raised the question of whether the
anomalous zinc was substituting in the rhodochrosite crystal
structure or was present merely as a contaminant, prompting the
current study.

Specimens from the same location were studied by K. J
Wenrich using the scanning electron microscope (SEM). The SEM
results suggest that much of the Zn and most of the Fe in the atomic
absorption analyses are due to very fine inclusions of sphalerie
and pyrite along the rhodochrosite cleavage planes (sulfur content
increases directly with Zn and Fe contents). It was then decided
that quantitative spot analyses of the rhodochrosite and associated
sulfides were necessary.

Polished sections were prepared from 20 samples, each of which
was studied petrographically for phases suitable for fluid inclusion
(see Reynolds, this issue) and quantitative electron microprobe
analyses. The samples came from 12 separate stopes and drifts
within the mine. Quantitative analyses were performed on a JEOI
electron microprobe operated at 15KV and 20 nanoamps of beam
current with a spot size of <l pm (further details can be obtained
from the author). Analyses of 127 rhodochrosites (for 28 elements
each) representing 13 pockets in the Sweet Home mine were
completed. The intrinsic value of microprobe analyses to the
mineralogist lies in the ability of the instrument to produce
quantitative chemical analyses of spots that are as small as 2
microns. With the more sophisticated modern instrumentation now
available, such as the new electron microprobes, it 1s possible to
determine oxygen and carbon directly rather than by calculation

Table 7 shows 14 of the 28 elements for 15 representative samples
of the 127 rhodochrosites from the Sweet Home mine. The
remaining 14 elements determined show little variance between
samples and are present in such low concentrations that they are

not listed in the table; they are summarized in the table caption.

RESULTS

The pink nm around the cherry core is as striking petrographi
cally in transmitted light as it is in hand specimen. Although
neither the pink or cherry color can be readily observed in normal
thin section because of the thin (0.03 mm) nature of the rock slice,
the cherry core is transparent whereas the pink rim i1s dark and
cloudy. This cloudy nature is due to numerous fluid and solid
inclusions; inclusions are also present in the cherry rhodochrosite,

*

Figure 186. Cherry rhodochrosite is transpar-
ent in thin section whereas the lower-quality
pink rhodochrosite forms rims and fills frac-
tures that are dark and cloudy. Sample 1-C-
LL95 (Area A) from the Rainbow Pocket. (Top)
Plane transmitted light. Horizontal field of
view is 700 pm. (Bottom) Electron backscatter
image: horizontal held of view is 250 pm. A
traverse of spot chemical analyses was made
across this sample, providing an excellent dem-
onstration of the substantial variation in Fe,
Ca, and Mg content between the cherry and
pink rhodochrosite. The spots are recorded by
number on the photograph and correspond to
the sample numbers in the following table of
Fe, Ca, and Mg contents in weight percent:

E 3 3 7 8 9
Fe 8.8 8.6 92 y 12 1.3 13 91 %0
Ca 0.7 06 0.7 01 61 01 0.1 1.1 1.1
Mg 06 06 07 0.1 0.1 0.1 0.1 08 08

but are sparse. Both topaz and apatite occur as solid inclusions n
the rhodochrosite. The lower-quality rhodochrosite fills fractures in
the cherry rhodochrosite, as well as forming rinds around many
crystals, demonstrating that it is clearly later than the cherr
rhodochrosite (Fig. 186 top). This indicates that rhodochrosite in
the Sweet Home mine formed in two distinctly different stages of
mineralization.

Electron microprobe analyses reveal that the two distinctly
different colors of rhodochrosite have distinctly different composi-
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Figure 187. Summary of 127 electron micro-
probe results showing Mn versus Mg+Fe+Ca in
atomic percent. There is a distinct break in
composition between the two stages of rhodo-
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chrosite. The gemmy, cherry rhodochrosite con-
sistently has Mg+ Fe+Ca contents that are < 1%
whereas the lower-quality pink rhodochrosite
has totals of Mg+Fe+Ca that are >2% and as
high as 7%.

Figure I188. (Top) Electron backscatter image of
gemmy rhodochrosite (GR) with a Fe+«Mg+Ca

2.00 3.00 4.00 5.00 6.00

Fe+Mg+Ca (atomic %)

(Fe) rim; bright grains surrounding the rhodo-
chrosite are sulfides. (Bottom) X-rayv map of Fe,
Bright spots represent areas of Fe concentra-
tions. Sample F1-2 from the Empty Pocket in

lions. An electron backscatter image (Fig. 186 bottom) and element
map of Fe for the same sample shown (Fig. 186 top) illustrate the
results remarkably well. This image shows a traverse of spots thai
records each position of analysis. The traverse data demonstrate the
substantial vanation in Fe, Ca, and Mg content between the cherny
and pink rhodochrosite. Spot numbers on the photograph corre
spond to analysis numbers in the small table of Fe, Ca, and Mg
contents shown in the figure caption. Pink matenial contains as

T

much as 7% (atomic) Fe+Mg+Ca replacing Mn in the rhodochro
site  structure, whereas the cherry-colored, gemmy matenal 1s
consistently less than 1% 1otal Fe+Mg+Ca. Figure [87 summanzes
the cation vanation in the 127 rhodochrosite analyses. Figure |88
(top) shows an electron backscatter image of gemmy rhodochrosite
with the Fe+Mg+Ca-nch nm: bright grains surrounding the rhodo
chrosite are sulfides (pyrite, chalcopyrite and galena). Figure 18X
(bottom) 1s an X-ray map showing the increased concentration of
Fe in the rhodochrosite nm. Maps of Mg and Ca show similar
distributions. Iron contributes most of the contammation, with Mg
second out of the 3 elements (Table 7). Figure 189 is a ternany
diagram showing the total deviation from pure rhodochrosite
(100% Mn) that Fe and Mg cause in rthodochrosites from various
pockets in the Sweet Home mine. Analyses from different spots
only a milhmeter away within the same crystal show very ditterent
results, such as within rhodochrosite from the Tetrahedrite vemn
I'he analyses from this vein that join the cluster of points at the top
of Figure 189 are from gemmy red areas in the crystal, whereas
those that have high Fe (near the central bottom of the diagram) are
from a more opaque. pink-colored rim. Those pockets showing the
greatest deviation from pure MnCO, are the Tight Pocket, Rainbow
Pocket. Empty Pocket, and Red and Blue Pocket. Several of the
pockets. including the Good Luck. have minor cracks in gemmy

rhodochrosite filled with low-quality rhodochrosite. However, n
the case of the Good Luck pOC ket the major contaminant 1s Mg, nol
Fe. and the high quality of the Good Luck pocket rhodochrosites
testifies to the fact that a small increase in Mg. as shown in Figure
|89, does not produce ugly rhodochrosites. In contrast, though
high Fe does. Although both Ca and Mg increase in some
rhodochrosites, their increase 1s usually on the order of 3 nmes
However. Fe increases not uncommonly 30 times, and the nm on
one sample shows a 400 numes increase over the core

Fluid inclusion temperatures determined by T. J. Reynolds (this
1ssue ) indicate that the early cherry stage of rhodochrosite formed

at about 325°C whereas the later, lower-quality pink stage formed

*
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at temperatures less than 200°C. These fluid inclusion results n
combination with the electron microprobe results provide answers
10 the question of what causes the difference between the two
colors of rhodochrosite. The cherry-colored rhodochrosites were
deposited early from moderately high temperature Mn-nich fluids
that were very different from the late, low-temperature, Mn+Fe+
Ca+Mg-rich fluids that deposited the pink rhodochrosites

Fhis substitution of Me+Fe+Ca for Mn in the rhodochrosite




Table 7. Electron microprobe chemical analyses of Sweet Home mine rhodochrosite.

Oxvgen and carbon were determined as unknowns and are reported as such, rather than calculated as
oxides of the metals and CO,, as was done in the past when analytical equipment did not provide the
sensitivity. Each analysis determined 27 elements on a spot <lpm in size on a rhodochrosite crystal.
Fourteen of the most concentrated elements are reported in this table: the values are in percent. The other
elements, listed with their greatest concentration in Sweet Home rhodochrosite shown in parentheses, are
Al (0.03), Cd (<0.01), Co (0.05), F (<0.05), K (0.03), Mo (0.06), Ni (0.04), P (<0.01), S (0.03), Se (0.03), Si
(<<0.01), Ti (0.03), V (0.04), and W (0.25). Sample numbers correspond to the following locations within the
mine: Rain = Rainbow Pocket; Good = Good Luck Pocket; Corner = Corner Pocket; Coors = Coors Pocket;
Empty = Empty Pocket; Cash = Cash Flow Pocket: Tight = Tight Pocket.

My Me Ca Za b Pb ( Total

Pure MnCO 478 100.0
Rain |-B-L95 spot T2 46.5 7 0.15 <0l 001 < <0l <01 0.14 00l , 100.8

Rain |-C-L95 spot Al nm 6 5 (.58 0.06 <.0l] 07 002 001 <01 <0l 102.0

Rain [-C-L95 spot BS 46.5 0.15 <01 <0l -_ 004 001 006 <.0] 4l]. 1006

Rain I-C-L95 spot A2l nm 46.1 0.07 005 <0l < 001 <01 002 <0l 8 408 995

Good 2-B-L94 spot Al 47.3 (.05 007 001 < 002 001 <01 <0l ] ' 101.2

Corner 4-B-L94 spot X21 46 .8 0.04 002 <01 <. <01 <01 003 010 ‘ 97.7
4-B-L94 spot X23 edge 46 5 0.04 005 <.0I 02 <01 002 004 0.02 5 ' 98.5

Coors 5-A-1L94 spol X2 46.5 > 0.06 (.0] (.03 _ 0.10 <0l .01 < 01 100 9

Coors 5-A-LY4 spot XY 45 3 () 35 <] 0.01 _ 003 <.0I <] 0.03 ¢ 1 (ON).0)

Empty 9-A-L94 spot A4 nm : 8 0.65 005 <.0] : <0l 001 <01l <0l

Empty 9-A-1.94 spot Al4 ' . 0.07 003 <0l D05 <.0] <0l <0l <]

Cash 11-A-L95 spot Tl edge 47 0.03 003 0.0] 004 <01 <01 <01 100

Cash 11-A-L95 spot T3 ki 0.04 <0l <0l < 004 004 <01 <01 103

Tight 12-A-L95 spot A4 nm 39.7 .75 151 <.0] 001 002 <01 004 105

Tight 12-A-L95 spot A¥ : _ 0.09 0.01 2 005 <01 001 <01 104

Tight 12-A-L95 spot A 13 2 (.06 0.0} 001 <01 002 002 107

Tight 12-A-L95 spot Xl nm  38.3 2 2.63 <0l < 003 007 005 003 125

Empty FI-2 spot X7 nm 44 .. 3 0.74 <01 007 <01 009 001 108

Corner

Figure 189. Triangular diagram based on the atomic percent of
Mn, Fe, and Mg, showing the variation in concentration of
these elements between pockets. The analyses from the tetrahe-
drite vein that join the cluster of points at the top of this
diagram are from gemmy red areas in the crystal, whereas
. those that have high Fe located near the central bottom of the
O Cash Flow 3 diagram are from a more opaque, pink-colored rim. Those
O Goodluck b Tign & pockets showing the greatest deviation from pure MnC0, are
] Comer X Emoly ' the Tight Pocket, Rainbow Pocket, Empty Pocket, and Red and
L\ Coors Y Tet Vein, Red & Blue Blue Pocket. Several of the pockets, including the Good Luck,
A Coos have minor cracks in gemmy rhodochrosite filled with low-
v quality rhodochrosite. However, in the case of the Good Luck
pocket, the major contaminant is Mg, not Fe, and the high
quality of the Good Luck pocket rhodochrosites testifies to the
fact that a small increase in Mg, as shown in this diagram, does
not produce ugly rhodochrosites. In contrast, though, high Fe

does.
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structure significantly reduces the value of the specimens. Such
knowledge is guiding exploration for new pockets—mine work-
ings are preferentially drifted along structures that do not contain
evidence of low temperature, pink rhodochrosites.

DISCUSSION

Ca, Mg and Fe** substitute for Mn, and most analyses of
rhodochrosite show small amounts of these ions. Furthermore,
Goldsmith and Graf (1960) and Fubini and Stone (1983) were
successful in precipitating a complete solid solution series running
from well-crystallized calcite 1o well-crystallized rhodochrosite at
room temperature. However, relatively pure MnCO, is rare in
nature; an analysis of a “rosy rhodochrosite™ from the Ljubija
district, Bosnia 1s considered to be “among the purest recorded™
(Deer et al., 1962). This analysis from the Ljubija district shows
0.60% Fe and 0.36% Ca. In contrast, samples from the Sweet
Home mine Good Luck Pocket only contain 0.14% Fe and 0.03%
Ca (Table 7). Likewise, data from the Comer and Coors Pockets
also show low concentrations of Fe and Ca. Therefore, it i1s no
surprise that the Sweet Home mine has produced the most gemmy,
cherry-red rhodochrosite in the world. In contrast, an analysis of
“yellowish gray ferroan-zincian rhodochrosite (capilhitite), associ
ated with pink rhodochrosite in stalactitic cavities in pyrite
sphalerite-galena vein,” from the famous Capillitas, Catamarca,

ANCIENT FLUIDS
AT THE
SWEET HOME MINE

T. James Reynolds
FLUID INC
P.O. Box 6873
Denver, Colorado 80206

INTRODUCTION

Geologists study mineral deposits in the hope of discovening
nature’s secret methods of ore formation. Such knowledge 1s then
put to use in exploration for mineral concentrations that can be
mined at a profit. For nature to concentrate elements dispersed
throughout the crust of the Earth into an ore deposit involves a
physical agent that gathers, transports, and deposits the elements in
a restricted volume of rock. The transporting agent commonly
employed by nature is water. Thermal gradients in the rock cause
water to move—just as hot air nses, water heated by a local magma
will rise through pores and fracture networks in rocks. Zones of
rock with the highest permeabilities will permut a greater amount
of fluid to pass through them. Physical processes (such as boiling,
cooling, mixing of waters from different sources) or chemical
processes (such as reaction of the water with the rock) that alter the
circulating water may cause mineral precipitation Thus, the focus-
ing of hydrothermal fluids, laden with dissolved mineral constitu
ents, through restricted volumes of rock where precipitation mecha
nisms are functioning over a protracted penod of geologic ime 1s
the method by which nature makes mineral deposits

Argentina, shows 10.8% Fe, 2.4% Ca, and 11.6% Zn (Deer er al
1962). Elsewhere in Colorado, “taffy-colored” ferroan rhodochro

site (“ohigonite™) from Leadville contains 20.3% Fe (Deer er al
1962)

CONCLUSIONS

No other locality in the world has produced rhodochrosite with
such a low Fe+Mg+Ca content. This low level of contamination is
what has given the Sweet Home mine the distinction of producing
the finest specimen and gem rhodochrosite in the world. Substitu
tion of Fe+Mg+Ca for Mn in the rhodochrosite structure reduces
specimen value. However, the primary polluter is Fe. Effects of Ca
and Mg on specimen quality are generally minor. During mining
activies, arcas showing the high Fe+Mg+Ca low-temperature
signatures should be avoided

After reviewing all of the samples analyzed from the Sweel
Home mine and plotting their results on a mine map, it 1s clear that
there are arcas within the mine that consistently show the low
Fe+Mg+Ca signatures. These signatures define areas where higher
temperature and higher-value, cherry-red rhodochrosite may be
found. Thus, microprobe analysis has proven itself to be a valuable
exploration tool. Using this tool, the mining company can limit its
exploration efforts to areas within the mine that exhibit the low

Mg+Fe+Ca high-temperature signatures

I'he subdiscipline of geology devoted to the understanding of the
physical and chemical processes responsible for ore deposition
known as economic geology. The specimen shown in Figure 190
can be considered ore, as it brought wealth to the mmner who
removed it from the pocket where it formed. It now resides as the
opening exhibit to the Denver Museum of Natural History Coors
Mineral Hall for all in the world 10 enjoy. To view the “Alma King
in person i1s exhilarating—it 1s truly one of nature s masterpieces
No doubt, the emotional impact of these beautiful rhodochrosite
crystals will inspire many people to wonder how they came to be

Having studied economic geology for some 17 years, | was both
ecstatic and grateful for the opportunity to discover the ongins of
one of the most spectacular mineral specimens in the world
Incredibly, the Sweet Home mine yiclded a suite of samples fos
study that is unparalleled in my entire career. This article describes
what one economic geologist has discovered about the umque
processes responsible for nature’s ant found at the Sweet Homx
mine

Not all mineral deposits form from hot, circulating waters
However, those minerals that do form through precipitation from
aqueous solutions commonly enclose tiny bits of the hydrothermal
fluids within crystal imperfections. These fluid-filled cavities are
known as fluud inclusions and provide an economic geologist with
an ancient ume capsule from which the lemperatures, pressures
original compositions, and densities of the onginal fluids can be
discovered. Such information about the fluids which formed the
crystals 1s crucial for deciphenng the physical and chemical
processes of ore formation. The fundamental principles, limitations
and methodologies of the fluid inclusion techmque can be gleaned
from a recent text by Goldstein and Reynolds (1994). To under
stand this article, all that needs to be appreciated i1s that a flud
inclusion can vield a mimimum temperature at which it was
entrapped. in addition, unequivocal information about the compo
sition of the hydrothermal fluid enclosed withun the inclusion can
be determined. Such data are obtained from doubly polished
sections about 100 microns thick within a heating/cooling stage

mounted on a petrographic microscope. Mimimum temperatures of
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Figure 190. Paragenesis at the Sweet Home mine
as displayed by the “Alma King” in the Coors
Mineral Hall, Denver Museum of Natural History,
Two large crystals of rhodochrosite are perched on
top of earlier euhedral quartz crystals and black
sphalerite. Purple fluorite and calcite are the latest
minerals. Width of the large rhodochrosite crystal
1S 5.5 inches.

Figure 191. Generalized paragenetic relations
among minerals at the Sweet Home mine as
determined from polished thick sections and
hand specimens of many samples collected from
veins and vugs within 50 meters of the Rain-
bow Pocket. (Progression of time from left to
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entrapment are determined by heating an inclusion until liquid,
vapor, and salts of chloride that have separated out within the
inclusion cavity become homogenized again into a single phase
Compositions (such as salimty and gas compositions) are obtained
through interpretations of the temperatures of phase changes (such
as ice melting) that occur upon freezing and then warming a frozen
inclusion.

Time — P

For effective and efficient use of fluid inclusions the experienced

economic geologist begins by asking pointed scientific questions
I'he petrographer then identifies those minerals useful for fluid
inclusion studies and determines their paragenetic relationships
I'his 1s followed by a broad reconnaissance survey using the
microscope. In this survey one leamns whether the inclusions

iL'q‘,H[L'd 10 answer the questions ;‘HHL‘J arc prescent If so, [hL‘_\ dare
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Figure 192. Photomicrographs of polished thick
sections showing growth zoning in crystals delin-
eated by inclusions. Each plate is about 1 mm
across. (A) Solid inclusions of topaz and muscovite
in quartz. (B) Square-shaped core of a Nuorite
crystal with abundant topaz solid inclusions. (C)
(srowth zoning in sphalerite caused by solid inclu-
sions of unknown mineral. (D) Dark. banded outer
growth zones of rhodochrosite. These growth zones
are due to abundant Muid inclusions as shown in
Figure 193-E.

subsequently heated and cooled for data collecton followed by THE REQUIREMENI
interpretatnon For the rocks 1

y contain the informaton necessary tor us to le
about conditions of mineral formation. fluid inclusions must
THE QUESTION formed during mineral

How nature made the Sweet Home rhodochrosite can be trans crystals. Specifically, fluid inclusions showing uneguivocal e

growth and must be preserved n

lated 10 the question: “What are the physical and chemical dence of entrapment during crystal growth are pnme candidates for
processes responsible for formation of the crystal-rich pockets? detarled study
With respect to the fluid inclusions, the question becomes: “What

are the minimum temperatures and compositions of the hydrother FTHE PARAGENESIS
mal fluids from which the minerals in the veins and vugs formed at Understanding that it 1s a geologi

Il process that the economig

the Sweet Home mine?” If these parameters can be determined, an geologist 1s trying to decipher, and realizing that

d Process 1Is

attempt can then be made to d:.'uph-:r mnformatnon about the something that occurs through time, the geologist needs some Kind
physical/chemical environment of formation, and the processes of informatnion that provides a demarcation of tume. Mineral

that may, or may not have occurred. paragenesis (order of mineral growth) provides a re

L \"'Ii ol [n.':.!'.l'l-'-'
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Figure 193. Photomicrographs showing evi-
dence of Muid inclusion origins, Scale bars are
0.01 mm in length. (A) Inclusion in guartz
trapped next to a solid inclusion of topaz. Dark
round feature on left is a bubble, probably
containing CO, gas. (B) Inclusion in fuorite
trapped between crystals of topaz and musco-
vite(?). (C) Inclusion in sphalerite trapped next
to solid opaque inclusion. (D) Inclusion in rhodo-
chrosite trapped next to solid opaque inclusion.
(E) Outer cloudy growth zone coating clear
rhodochrosite crystal. Note that cloudiness is
due to abundant fluid inclusions.

progression of tume, and as demonstrated in Figure 190, the
specimens of the Sweet Home mine distinctly display an order ol
mineral growth. Several dozen specimens collected in various
pockets and crosscuts within 50 meters of the Rainbow Pocket
(from which the “"Alma King specimen was collected) were
carefully studied. both in hand sample and on polished section
Figure 191 shows generalized paragenetic relatnonships. One im
portant teature of the paragenesis apparerit throughout the mine 1s
that rhodochrosite always follows the greisen alteration assem
blage composed of quartz, muscovite, topaz and fluorite. These
episodes of mineralization are referred to as stage | and stage 2
mineralizaton in other papers of this ssue. Some individual
samples might show the entire sequence of events, whereas others

might have only one or two minerals. For instance. in rare pockets

only quartz, pyrite and hiibnerite are abundant. In others gemmy

L

red rhodochrosite crystals sit on a black substrate of sphalente
Which minerals are present in which pockets was probably con
trolled by the timing of opening and closing of the individual
pockets. Therefore, the structural evolution must be of great
significance in dictating spatial positioning of the different mineral
phases, and thus should be of keen interest to explorationists
However, structural geology 1s beyond the scope of this article, and
will not be mentioned further

THE SURVEY

About 20 prepared samples were microscopically surveyed to
locate suitable fluid inclusions. Abundant inclusions trapped dur
ing crystal growth were found in gquartz, sphalerite, fluorite, and
rhodochrosite. Many inclusions define growth zones in the crystals
(Fig. 192) thus linking them to processes of crystal growth. Some
are solid inclusions, or minerals that were growing on the surface
of a growing crystal. Figure 192A shows a growth zone defined by
solid inclusions of topaz and muscovite in a quartz crystal. Other
growth zones contain hiibnerite or sphalenite. Figure 192B 15 a
photomicrograph of a square-shaped fluorite crystal core delin
eated by abundant solid inclusions of topaz. Figure 192C shows
growth zoning in sphalerite, and Figure 192D shows a gemmy
rhodochrosite crystal coated by cloudy rhodochrosite (Mn-poor
see Wennich, this issue). Such cloudy, inclusion-rich rhodochrosite
IS common as a coating on poor-quahty rhodochrosite specimens
In contrast 10 the above examples, this growth zone 1s defined by
abundant fluid inclusions as discussed below

I'he presence of sohid entites on the surface ol a growing
mineral commonly causes impertect crystal growth. In some cases
the growing crystal encloses not only the solid inclusion, but traps
a hittle flmd as well. Such an occurrence 1s of great good fortune to
the economic geologist. Fluid inclusions trapped next to sohd
inclusions defiming growth zones (Fig. 193) 1s the pnime evidence
required to document that the fluids in the inclusions being studied
were indeed the ones present durning growth ol the enclosing
minerals. Figure 193A shows an aqueous inclusion in quartz
trapped next 1o a topaz crystal. A similar type of aqueous inclusion
1s trapped between solhid inclusions of topaz (and muscovite?)
crystals in fluorite (Fig. 193B). Figure 193C documents an aque
ous inclusion next to an opaque inclusion in sphalerite: a similar
inclusion trapped next to an opaque inclusion in rhodochrosite 1s
shown in Figure 193D. Without a doubt, inclusions trapped during

crystal growth are abundant at the Sweet Home mine

RESULITS

Of the thousands of Sweet Home inclusions observed, only one
type of inclusion was seen 1n all samples studied: in this type, all
inclusions are two-phase. hquid-nch aqueous inclusions whose
vapor bubble disappeared upon heating. No vapor-rich inclusions
were ever found. nor were any inclusions found that contained
hguid CO, at room conditions, nor were inclusions found that
contained a crystal ol halite. As explained below, when observa
tons at the Sweet Home mine are compared to observations from
many other types of ore deposits throughout the world, the absence
ol these other types of inclusions 1s significant

['he fluid inclusions were heated and cooled with a convective
style heating/cooling stage on a microscope, which 1s currently
standard equipment 1in most geology departments worldwide. All
procedures, caveats, and strategies dictated in the text by Goldstein
and Reynolds (1994) were emploved. The data are summanzed n
Figure 194 and reviewed below

A fluid of umigque composition 1s found in higher temperature
inclusions. All inclusions vielding homogenization temperatures

above 250°C show final melting of ice between about —4 10 4.5°C
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Figure 194. Generalized portrayal of minimum
temperatures of formation of various minerals,
and compositional data (final melting points of
ice in °C) of Nuids from which they grew, All
data are from primary fluid inclusions.

Rhodochrosite
Fluorite
Sphalerite
Euhedrai Quarnz

Substrate Quartz =

detectable CO2 H

lemperature

and -2.6°C, and also show evidence of another phase that persisted
in the inclusions to temperatures as high as +8°C. It is surmised
that this other phase, which melts at temperatures greater than 0°C,
1s the CO, clathrate compound (hydrated CO,: CO,-5.75H.,0),
indicating the presence of a sigmficant amount of CO, gas (]
mole% CO,?) within the inclusions. The salinities of these CO.-
bearing fluids were determined to be about 2-4 weight % NaCl
equivalent by methods described in Bakker (1997)

At about 250°C, as evidenced by inclusions in fluorite, the
inclusions rapidly become more dilute, to such an extent that below
250°C there 1s no evidence of CO,. Also, salinity decreases
progressively from about 3.5 weight % NaCl equivalent to virtually
pure water in fluid inclusions at the margins of fluorite crystals

I'he highest temperature data (360-370°C) are from fluid inclu
sions in the centers of quartz crystals in vein matenal coating walls
from which the euhedral quanz crystals emanate. Late growth
zones in euhedral, open-space-filling quartz, defined by solhd
inclusions of hiibnerite, muscovite and/or topaz, vield temperatures
of 325-340°C. The highest-temperature (about 325°C) fluorite
crystalhized with the greenest color. Sphalente sohd inclusions
could also be found in quartz crystals, but associated fluid inclu
sions were not found. Temperature data from sphalenite range from
about 260-305°C

Once greisemzaton ended, rhodochrosite precipitation began
The highest iemperature (about 280-310°C) rhodochrosite found
(from the Good Luck Pocket and Watercourse Drift) were the mosi
transparent, deepest red crystals studied. More murky rhodochro
site crystals like those of the Alma King specimen yield lower
lemperatures (255-280°C). The last cloudy pink stage coating
many rhodochrosite crystals (greatly decreasing their monetary
and aesthetic value) formed at 130-145°C (minimum ), dominantly
from dilute fluids; however, one growth zone studied contains
higher salinity fluids, much like those found in the earhier, high
temperature (>250°C) fluid inclusions. There must have been a late
pulse, containing fluid similar to that of the early higher-tempera
ture flud, that attained the ambient temperature of the surrounding
rocks and mixed with the ground water to precipitate the latest
impure (see Wenrnich, this 1ssue) murky pink rhodochrosite. The
latest purple fluorite (sometimes encapsulating dickite crystals)
precipitated from very dilute H,O at temperatures as low as 112°C

CONCLUSIONS

I'he fluid inclusions attest to the fact that mineralization at the
Sweet Home mine formed from a hydrothermal system that
achieved temperatures at least as high as 370°C, which then
gradually dropped to as low as about 110°C. No phase separations
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(borling, etc.) occurred and no high-salimity fluids were |
'he sequence of mineral precipitation probably occurred
cooling of the system, and sigmhicant dilution begas
tures below about 250°C. These conclusions are unequivocal from
the fluid inclusion data alone

Contrasting these data with that from other types of deposit
provides clues about the general environment of formation at the
Sweet Home mine. The high temperatures (>300°C) and lack ol
evidence of boiling eliminates shallow (<1.5 km below the ground
waler table) epithermal environments. The lack of vapor-nch and
high-salimty fluids common in and above porphyry-copper and
porphyry-molybdenum deposits eliminates these two depositional
environments for the Sweet Home mine. The absence of visible
hquid CO, within the inclusions (common in mesothermal, green
stone-hosted, lode-gold deposits worldwide) argues against the
high temperatures being solely a result ol great depths. Further
more, in 17 years of studying fluid inclusions in many types of on
deposits worldwide, | have never studied a locality with the same
charactenstics found at the Sweet Home mine: (1) only | type ol
flund inclusion, (2) temperatures as high as 370°C, and (3) high
enough CO, contents for it 1o be detectable, but not so high for
hiquid CO. 1o be visible. Thus, not only do the fantastic mineral
specimens which come from the Sweet Home mine dictate that the
environment of mineral deposition and the ancient ore-forming
processes were unique. but so do the flud inclusion data

One possible explanation for these unusual fluid inclusions 1s
that the environment of formation of the Sweet Home mine 1s
above the top of a pluton, but not a pluton like those ol porphyry
deposits. Because of their sizes and compositions, the magmas of
porphyry copper and molybdenum deposits rise to shallow levels in
the crust and exsolve magmatic fluids at temperatures and pres
sures (depths) that reach the two-phase (liquid+vapor) field of the
H.O-NaCl-CO, chemical system (Bodnar, 1995; Bodnar and Vityk
1994). Therefore, these magmatic fluads split into two flmds: (1) a
highly saline brnine and (2) a vapor. It would be expected that the
vapor phase could nse far above a pluton and potentially be trapped
within fluid inclusions. Such, in fact, i1s the case at the Henderson
porphyry molybdenum deposit (Kamilli, 1997, personal communi
cation). However, vapor-rich inclusions are not found at the Sweet
Home mine. S0, if the Sweet Home mine 1s above the top of a
pluton, the magma was either chemically different, causing it to
crystallize and exsolve magmatic flmds at lower tlemperatures, o1
was deeper, or both—all three scenanos could result in the
magmatic fluid never entering the two-phase held, as indicated by
the fluid inclusion data. Another possibility for the environment of

formation is that the Sweet Home mine i1s distally related 10 a
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shallowly intruded porphyry pluton as suggested by Misantoni and
Silberman (this issue). Either way, the unique charactenstics of the
fluid inclusions and the associated mineral assemblages strongly
suggest that the environment of formation was within a realm of
fluid flow driven by a plutonic heat source

In summary, the earliest quartz to precipitate at Sweet Home
vielded the highest temperatures. As fractures became more open,
the temperature of quartz precipitation dropped and euhedral
quartz formed along with, and was then followed by, the classic
greisen minerals fluorite, muscovite, and topaz. The cessation of

greisenization and the onset of rhodochrosite precipitation 1s an

event that occurred throughout the mine. Mineralization ceased

soon after precipitation of late, pink rhodochrosite and purple
fluorite.

NOTE:

The observations reported here were made only on specimens
collected from a rather restricted region in space. It 1s of utmost
importance to place these observations in a more regional context
in order to better constrain the environment of formation as well as
the natural processes that resulted in this, the most spectacular

rhodochrosite mineral specimen locality in the world
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INTRODUCTION

The Sweet Home mine 1s known to most collectors today for its
gemmy red rhodochrosite. However, ask what else comes from the
Sweet Home mine and, at best, the answer might be pynite, fluorite
and quartz; few people know of the brilliant orange hiibnerite or the
microscopic stromeyerite. This was not the scenario last century,
when lead-silver mining began at the Sweet Home in 1872, As in
so many of Colorado’s old silver mines, the silver-bearing veins
were elusive and yielded no bonanza. However, the tenacity of
miners allowed this mine to operate intermittently for over 120
years. Silver was believed to occur in argentiferous galena (Patton
et al., 1912), but the present study shows little Ag in the galena
Rather it occurs in small crystals of the Ag-Cu-sulfide (stromeyer
ite) and in Cu-sulfides such as digenite, bornite and tetrahedrite
Had previous miners been privy to the information presented in
this report they may have been more successful in their quest for
stlver. The last silver mining occurred in 1966

An ambitious petrographic/electron microprobe study was under
taken at the Sweet Home mine for two primary reasons: (1) Scien
tihic value—as specimens from this mine circulate worldwide, so
will the knowledge of their chemistry and mineralogy. (2) Mineral
exploranon-geochemical halos and geographic trends in mineral
chemistry can indicate favorable zones for rhodochrosite explora-
tion. The success of such exploration research has the potential for
enormous financial savings through the resultant increased effi-
ciency in the mining.

A large suite of sulfide, oxide, and silicate minerals 1s associated
with the rhodochrosite in the Sweet Home mine. The minerals at
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the Sweet Home are umique in contrast to those from most
specimen munes because their exact crystal chemistry 1s known
through research supported by Sweet Home Rhodo, Inc. The
nagging question to many mineral collectors when buying speci
mens of minerals such as tetrahedrite is how did the seller/collector
verify the specimen to be tetrahedrite—or could it really be
tennantite? Electron microprobe analvses for 28 elements were
completed on 468 crystals of bante, bormite, chalcopyrite, dickite,
digenmite, dolomute, fluorapatite, fluonte, galena, hiibnente, illite,
jJalpaite, muscovite, pyrite, quartz, rhodochrosite, sphalerite, strom-
eyerite, tennantite, tetrahedrite, topaz and triplite. The ntrinsic
value of microprobe analyses to the mineralogist lies in the ability
of the instrument to produce quantitative chemical analyses of
spots that are as small as 2 microns. Details of the microprobe
techmqgue used in this study are discussed in the chapter on
rhodochrosite color (this 1ssue)

The reproducibility of the electron microprobe analyses can be
seen in the table of pyrite analyses—these 7 analyses of samples
from 7 pockets were carried out during 5 different microprobe runs
over a period of a year: the stoichiometry of the pyrite is excellent
and the totals are between 99.0 and 101.1. Because emphasis
during the study was placed on intrasample mineral associations
and solid solutions, the analyses were completed using one setup
for all of the sulfides, oxides, and silicates. Oxygen and fluorine
were determined directly and not calculated. Unfortunately, al
though this worked fine for most minerals (oxygen was dropped
from the program whenever an unoxidized sulfide was analyzed), it
did not permit the best accuracy for minerals such as fluorite and




Figure i95. Graph showing the
paragenetic sequence for the chct Home Ming PAf.&SCﬂCSiS
dominant minerals found at the
Sweet Home mine. Note that Quartz
quartz and pyrite are the earliest-
formed minerals, while rhodo- Hi_h_‘."i"-'
chrosite and fuorite appear to

have formed over a longer period ﬂ
of time and at much lower tem-

peratures. Fluid inclusion filling-
temperatures were determined for Topaz
rhodochrosite, fluorite, quartz,

Muscovite

C - Green Fluorite |t green Fluorite Fluorite Parple Fimorite Clear Flaorite
and sphalerite (see Reynolds, this — Fustiatminie P — — o ———

issue); hence, these minerals are
more firmly established on the Rhodochrosite Cloady Pk
paragenesis sequence than are the

remainder of the minerals. Sphalerite

| m——

Galena >

Tetrahedrite/ Tennantite
Figure 196. Tetrahedrite occurs
in well-formed tetrahedrons at Chalcopyrite

the Sweet Home mine. Tetrahe- Bormite
drite crystal, 2 cm high, from —
the Corner Pocket. Sweet Home
Rhodo, Inc. collection; photo
by JefT Scovil.

PARAGENESIS

he most prominent minerals at the Sweet Home mine have
been placed into a paragenetic sequence of formation based on
their interrelationships as observed in hand specimens and thew
decreasing lemperature of formation as measured by 1. James
RL‘_‘LHHM\ (thas 1ssue). Minerals that can have their temperature of
formation calculated from fluid inclusions, such as rhodochrosite
fluonite, topaz, quartz and sphalerite, can be placed inmto such
diagram as shown in Figure 195 with a fair degree of accuracy
However, the Opaqgue minerais such as pynie, gaiena Chalc opyrnie
and tetrahedrite/tennantite must be worked into the parageneti
sequence based on their interrelationships as observed in hand
specimens, and with those munerals that have measured flud

inclusion filling temperatures

SULFIDES

letrahedrite/ Tennantite (Cu.Fe Ag.7Zn) . Sh.As).S
letrahednite/tennantite 1s closely associated with rhodochrosite

at the Sweet Home mine (Fig. 197). Tetrahednite (Fig. 196) is more

common at the Sweet Home mine than tennantite, but both are

. \ e . " . b : ;
apatite. which require very precise standardizations for fluorine present. Modreski (1988) analyzed two samples on the scanning

However, the results are reasonable, and provide much information

¢lectron microscope and both proved 1o be tennantite. An almosi

about these species that would not normally be available during complete solid solution exists between tennantite (100% arsenic

such an encompassing study end-member) and tetrahedrite ( 100% antimony end-member) at the

An abbreviated data table has been provided for each mineral Sweet Home mine. Forty-nine analyses from 7 geographically
using several representative analyses. Scanning electron micro

separate locations show that the tetrahednte/tennantite spans

scope backscatter images are provided 1o demonstrate the degree of range from Sb,.As, to Sb,As,, (Fig. 199). Such compositional

sohid solution in Pi‘l;twh such as tetrahednte/tennantite and hiibnerite vananon 1s not only present on a large scale throughout the mine
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higher the atomic number of the elements in the mineral the

through as much as 60% of the sohd solunon senes. The micro
brighter the image n the photograph

SCOpPIC nature ol the intergrowth of these sulfosalts can be seen or

The minerals have been divided into sulfides, oxides, and the electron backscatter image shown in Figure 198 and lable X

stlicates and their crystal chemustry is discussed in that order. A where [00-micron crystals vary in composition from Sb, As,, (spol

literature review and occurrence descniptions for the various spe 10 on Fig. 198) 10 Sb.As., (spot 23 Fig. 198). Because electron

cies are presented by Murphy and Hurlbut (this issue) backscatter images ase based on atomsic weight of the claments

¢




Figure 197, LZincian
tetrahedrite/tennantite is
closely associated with
rhodochrosite. Rhodo-
chrosite crystal: 7.5 ¢cm
high, from the Good
Luck Pocket. Martin
Zinn collection; photo
by Harold and Erica
Van Pelt.

Figure 198. Scanning electron backscatter image
of tetrahedrite from the Watercourse Vein, Corner
Pocket. Note the various shades of grav to white
(bright white grain at the top is galena). Since the
brightness of such an image i1s dependent on the
density (atomic number) of the elements present,
the brighter the tetrahedrite the more antimony
and less arsenic it contains. The dot marked #10
contains Sb,, As,, and the dot marked #23 contains
Shy,As,, (see Table 8 for compositional variation of
the tetrahedrite). Sample 4-E-1L.94, Area A (see
third and fourth analyvses shown in Table 8).
Photograph by Karen Wenrich.

Table 8. Selected electron microprobe chemical analyses for tetrahedrite/tennantite.
Values are in weight percent. Al, Ba, Ca, Cd, Co, Hg, K, Mg, Mn, P, Se, Si, Ti, V, and W were
also determined. but all were less than 0.03%.

Man TH '|"-.Hf.":'| I h l /'I'I "'

Good Luck Pocket (2-B-LY4 spot X 16 | .6 8
Main Stope (S105 spot AR) |

Watercourse Vein (4-E-L94 spot A10)

Watercourse Vein (4-E-L94 spot A23)

Coors Pocket (5-A-1L94 spot X22)

Museum Pocket (6-A-L94 spot Al 3)

Empty Pocket (9-A-L94 spot A7)




Zn/(Cu+Zn+Fe)x100

40
Sb/(As+Sb)x1

Figure 199. (above) Graph showing electron
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Figure 200. The
creases with increasing antimony in the zincian

concentration of silver in-

tetrahedrite/tennantite series. This graph shows
the concentration of silver (Ag) versus anti-
mony (Sb) in the 49 tetrahedrite/tennantite
crystals analyzed on the electron microprobe.

microprobe chemical analyses of 49 tennantite
tetrahedrite crystals from samples collected
throughout the Sweet Home mine. The x-axis
shows the antimony content expressed as a
percentage of the total antimony + arsenic. The
v-axis shows the zinc content expressed as a
percentage of the total zinc + copper + iron.
The data used in the diagram are based on
elemental atomic percent. The composition of
these sulfosalts ranges from Sb,,As, 1o Sbh, As,,.
An average of 15% of the copper in the
tennantite/tetrahedrite structure is replaced by
Zn. Therefore, these phases at the Sweet Home
mine are most properly named zincian tetrahe-
drite and zincian tennantite.

Table 9. Selected electron microprobe analyses of Sweet Home mine pyrite. Values are in weight
Pyrite chemistry is relatively constant between pockets. Other elements determined were Al, As, Ba, Ca,
Mo, P, Pb, Sb, Se, Si, Ti, V, W, and An; all are present in concentrations <0.08ppm.

Sample Number

Fe Lo

46.9
46.8
46.8
47 0

Good Luck Pocket (2-B-L94 spot X2)
GPR Dnift (3-A-L9Y4 spot X1)
Watercourse Vein (4-B-L94 spot B2)
Coors Pocket (5-C-L.94 spot X12)
Pyrite Pocket (7-A-L94 spot X3) 46 .8
Red & Blue Pocket (10-A-L94 spot C6) 46 .8
Main Stope (S105 spot X 14) 46.2

present, areas of the photograph that contain sulfosalts that are
higher in aniimony (atomic number 51), such as spot 10, are
brighter than those higher in arsenic (atomic number 33), such as
spot 23. So, although the photograph (Fig. 198) provides no
information about the absolute As or Sb values, it does permit a
qualitative evaluation of the relative As and Sb content between
crystals within the intergrowth of tetrahedrite/tennantite.

Some of the silver mined from the Sweet Home mine from 1872
until 1966 undoubtedly was extracted from the tetrahednte. A
direct linear correlation exists between the concentration of silver
200)—Ag
substitutes for Cu more readily in Sb-rich tetrahedrite than in the
As-rich members of the tetrahednte/tennantite senes. The concen-
tration varies from 1.8 weight % (18,000 ppm) Ag in Sb-rich
tetrahednite to 0.08 weight % (800 ppm) in As-rich tennantite.

and that of animony In tetrahednte/tennantite (Fig

*
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An average of 15 atomic % of the copper in the tennantite
tetrahednite structure is replaced by Zn. Few samples contain Zn
concentrations that deviate more than 2% from this 15% substitu
tion for copper. Therefore, this sulfosalt senes at the Sweet Home
named zincian letrahednie Zincian

r
i

mine is most properly

iennantie

P_"o rite FeS

Pyrite i1s by far the most common of the sulfides and also the
carliest formed. The crystals are generally euhedral and associated
with quartz or other sulfides. It 1s surprnisingly pure FeS, with hittle
substitution of other elements, in contrast to Sweet Home mine
sulfides such as tetrahedrite and chalcopyrite. Perhaps this suggests
that the pyrite finished forming prior to the presence of Cu-Pb-Zn

Mn-As-bearing mineralizing fluids. It is not uncommon for pyrite
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associated with metal-rich ore deposits to contain several percent
arsenic substituting for sulfur, and copper, cobalt, nickel, and zinc
substituting for the Fe (K. J. Wenrich, unpublished electron
microprobe ore deposit data, 1990-1995). However, electron mi-
croprobe analyses of 31 pyrite crystals indicate the concentrations
of As, Ni, Pb, Cd, Sb, Ca, Mn, Mg, P. Ba. V., Si. Al, K. Ti, Se and
W are <0.02%. Pyrite chemistry 1s relatively constant between
pockets in the Sweet Home mine, and the results show excellent

<A

Figure 201. Reflected-light photomicrograph of

fractured pyrite (vellow) filled with later chal-
copyrite (brownish gold) from the Corner
Pocket. Some of the chalcopyrite sits on galena
(cream with triangular pits), tetrahedrite (green-
ish blue), and sphalerite (small, darker gray-

Figure 202. Sphalerite commonly occurs as
opaque, black tetrahedrons that can be con-
fused with tetrahedrite. This photograph shows
the association of sphalerite with fluorite at the
Sweet Home mine. Sphalerite crystal, 2.4 cm
wide. Sweet Home Rhodo, Inc. collection; photo

blue associated with the tetrahedrite). Horizon- by JefT Scovil.
tal field of view is 1.8 mm. Photograph by
Karen Wenrich.

stoichiometry attesting to the accuracy of the electron microprobe
data; Table 9 lists the data for 7 of the pockets. Few other transition
metals are present in significant concentrations. Mercury is pecu
harly high in pyrite samples from the Main Stope and the
Watercourse Vein Commer Pocket, reaching as much as (.86
welght %

Chalcopyrite CuFeS

The chalcopyrite formed distinctly later than the pynite, as can

be seen in Figure 201 where the chalcopyrite fills fractures in the
pyrite. A significant amount of Zn and Ag have substituted into the
chalcopyrite structure in a few samples (Table 10), although in
general, the chalcopyrite 1s pure FeCuS, for most of the 32

analyses.

Sphalerite 7ZnS
The sphalerite 1s moderately pure ZnS in all 56 sphalerite
analyses except for very minor substitution of Cd and Fe for Zn

Figure 203. Golden orange sphalerite crystal,
9 mm, intergrown with quartz crystals. Sweet
Home Rhodo, Inc. collection; photo by Jeff Scovil.

Table 10. Selected electron microprobe analyses representative of 30 chalcopyrite crystals. Values are in weight percent.
Other elements determined were Al, As, Ba, Ca, Cd, Co, K, Mg, Mn, Mo, Ni, P, Pb, Sb, Se, Si. Ti, V, and W;
all are present in concentrations <0.08ppm.

Location and Sample Number ! Fe - Toval

Coors Pocket (5-B-L94 spot BS) : : 20 5§
Museum Pocket (6-A-L94 spot A7)
Red & Blue Pocket (10-A-L94 spot C7)

100, ]
1K), 6

09 3




Table 11. Electron microprobe analyses of sphalerite from the Sweet Home mine.
Values are in weight percent and samples are representative of the other 56 sphalerite analyses. Watercourse Drift
spot A2 is an analysis of golden sphalerite and spot A4 (see fig. 204), located only 500 microns from spot A2, is colorless
and demonstrates no significant compositional difference. Ag, Al, Ba, Ca, Co, Cu, Hg, K, Mg, Mo, Ni, P, Pb, Se, Si,

Ti, and V were determined in all 56 analyses, but were consistently <0.03%.

=

Sample Number n Fe \in Cd 5h W § Total

Good Luck Pocket (2-B-L94 spot X15) 65.2 0.01 0.05 <0l 0.09 <Dl 313.(0) 101.8

Coors Pocket (5-B-L94 spot C5) 68.7 0.05 0.06 <0l 0.03 <01 33.2 102.2
Watercourse Drift (8-A-L94 spot A2) 68.1 0.02 0.0] 0.26 0.08 0.12 13 3 1021
Watercourse Drift (8-A-L94 spot A4) 67.9 0.01 <.01 (.19 0.04 0.16 3132 102.1
Pyrite Pocket (7-A-L94 spot X1) 68.7 0.05 0.06 0.05 <.02 <0l 313 8 102.8
Red & Blue Pocket (10-A-L94 spot C8) 65.5 0.06 <0l 0.11 0.06 (.04 11} (025
Empty Pocket (FI2-A spot A3) 67.3 1.43 <.0] <.0] <2 (.05 2.4 101.4

16‘0 ' T 1 | e A e
| 1 Figure 204. (left) Graph of Cd and Fe versus Zn
140 — ‘ a _— (wi. %) in sphalerite. The absence of any correlation
120 - | — J. between Cd and/or Fe and Zn is an artifact of the
' T | ' n | analvtically insignificant decrease in Zn necessary to
R 1.00 +— — — l — incorporate the minor concentrations of Cd and Fe
t 0.80 ‘l |L E _ I into the sphalerite structure. The percentage drop in
oy . | the Zn concentration necessary to incorporate 2600
i 0.60 i ppm Cd is <1%, which is less than the analytical
ll error of Zn analyses on the electron microprobe.
0.40 ! However, the change in the Fe and Cd concentration
0.20 - is several hundred percent, and appears to change
: systematically through the mine.
0.00 -

65.00 66.00 67.00 68.00
Zinc in weight %

64.00 69.00

B iron
0 Cadmium

(Fig. 198). Only a very small amount of Fe causes the sphalerite 10
be opaque (Fig. 202). The compositionally pure sphalerite com-
monly formed gemmy golden orange (Fig. 203) to gemmy golden
vellow crystals. Zones of submicroscopic (<] micron) opaque
needles are aligned within some sphalerite. Other sphalenite 1s clear
and colorless with wispy golden patches. Electron microprobe
LlTLiI}kl..'\ did not detect any L'I.lﬂlru!\!llnll;ll differences (Table 11)
between the clear inclusion-free sphalerite and the golden sphaler
ite. Samples 8-A-L94 spots A2 and A4 are the golden and colorless
sphalerite, respectively

Figure 204 shows a graph of the substitution of Cd and Fe in the
sphalerite. Neither element shows a direct correlation with Zn n
this figure: this is probably an artifact of the analyucally imsignifi-
cant decrease in Zn necessary 1o incorporate the trace concentra
tions of Cd and Fe into the sphalente structure. The percentage
drop in the Zn concentration necessary to incorporate 2600 ppm
Cd is less than the analytical error of Zn analyses on the electron

microprobe. However, the change in the Fe and Cd concentration 1s
several hundred percent. This change is sufficient to permit recog
nition of the geographic trend of an Fe increase in sphalerite
through the mine. Minor increases in Fe in sphalerite occur in areas
where the rhodochrosite is contaminated by Fe, such as in the
Tetrahednite Stope, whereas the Main Stope where some of the

wirest rhodochrosite resides contains some of the purest sphalerite o ‘ A
I ' I F Figure 205. Galena octahedron coated with

Galena PbS later chalcopyrite. Galena crystal, from the
_ s . e . . . : '
Galena forms cubes and octahedrons (Fig. 205) at the Sweet Rainbow Pocket, is 3.1 cm high. Sweet Home

Home mine, and is associated with copper sulfides, particularly Rhodo, Inc. collection; photo by Jeff Scovil.




Table 12. Electron microprobe results from analyses of galena representative of the 31 spots analyzed from

various galena samples. Values are in weight percent. Ai, As, Ba, Ca, Co, Hg, K, Mg, Mo, Mn, Ni, P, Se, Si, Ti, and V

were determined in all 31 analyses, but were consistently <0.03%.

Sample Number Ph Cu

Ag

Zn Fe Sh

Toral -

Corner Pocket (4-A-L94 spot X9)

Coors Pocket (5-B-L.94 spot DE)
Museum Pocket (6-A-L94 spot Al)
Pyrite Pocket (7-A-L94 spot X8)

Red & Blue Pocket (10-A-L94 spot Al3)

86.4
85.7
87.1
84.5

549

<.Vl

0.24
0.07

0.03

<.
< ()]
0.02
0.32

0.44

0.03
0.78
<.01
(.70
0.02

<0l
0.23
0.04
()06
0.06

<.[)]
<0l
<0l
.03
U.06

chalcopyrite and bomite, and the sulfosalt tetrahedrite/tennantite
Although most of the 31 galena analyses show pure PbS, a few
contain over 1% Zn. According to Patton and others (1912)
“argentiferous galena is the principal mineral mined where the ore
1s unoxidized.” Although electron microprobe analyses show that
some galenas from the Tetrahedrite Stope, Main Stope, and Red
and Blue Pocket do contain silver, galenas from other areas of the
mine contain little to no silver (Table 12). Even where the galena is
“argentiferous,” the concentration of silver is <0.45 weight %

significantly lower than that contained in most of the copper
sulfides, bornite, digenite, and tetrahedrite (Table 8), and certainly
less than that in the Ag-Cu-sulfides, stromeyerite and jalpaite (?)
Modreski (1988) analyzed several galena crystals on the scanning

electron microscope and found no samples with Ag >0.2%

Bornite (Cu.FeS,), Digenite (Cu,S.), Spionkopite (Cu,S.,).
Stromeyerite (AgCuS), and Jalpaite (7) (Ag.CuS,)

All five of these copper sulfides contain silver at the Sweel
Home mine, and were probably the major source of silver for the
mining operations from 1872 to 1966, although the early miners
may have thought it was coming from the “argentiferous” galena
(see Patton and others, 1912) associated with these sulfides (Figs
201, 206). Stromeyerite is sparse, but where present it is a major
silver mineral (Table 13), and would have contributed significantly

100.05
101.08
100,80
(18] _-i,_-:,

99.76

Figure 206. Reflected-light photomicrograph of
pyrite (yvellow), chalcopyrite (gold), galena
(gray), digenite (blue-gray), bornite (maroon),
stromeyerite (purplish pink—small grain lo-
cated in the center of the photo). Sample from
the Main Stope. Horizontal field of view is 0.24
mm. Photograph by Karen Wenrich.

to the Ag ore. Four analyses were made of a Ag-rich copper sulfide
that is very fine-grained (2 microns). the electron microprobe
results for all 4 analyses give low totals, which was probably a
result of the very small size of the grains and the mineral's shghtly

oxidized nature. The stoichiometry of this phase is not clear

Table I3. Electron microprobe analyses of the silver-rich copper sulfides, bornite, digenite, spionkopite,

stromeyerite, jalpaite(?). All of the analyses labeled as S105 were made within the area of Figure 209.
Al, As, Ca, Cd, Co, K, Mg, Mo, Mn, Ni, P, Se, Si, Ti, V, and W were determined in all analyses, but were
(most are <0.1%), Values are in weight percent.

0.3%

Sample Number

n

0.09
0.05
.04
<01

<01

0.04
0.02
0.04
0.10

\g Fe Fb Ba Hg Sh 5 lotal

Bomite—Good Luck Pocket (2-B-L94 spot X1)
Bornite—Main Stope (S105 spot A2)
Empty Pocket (F1-2 spot Al)

Museum Pocket (6-A-L94 spot Al14%)
Jalpaite (7)—Museum Pocket (6-A-L94 spot A16%)
Main Stope (S105 spot A10)
Spionkopite—Main Stope (5105 spot A4)

Main Stope (S105 spot AS)
Main Stope (S105 spot A6)

12.9

10.7

<0l
< ()]
< ()]
D.06
< ()
021
0.14
<0l
<.0]

0.17
.24
0.14
<0l
0.12
021 0.16
0.1 < ] 0.03
0.22 4.13 <0l

< (1] ().49 < (1

04]
()43
()65

<01
<0l
0.10
0]
0.12
<0}

259
24.5
22.1
8.4
8.5
24 .0
24 .5
16.1 101
19.1 105.]

g 7
97 1|
101.9
®6.6
87.0
LI

Digenite
Jalpate (7) 08

090 _
46 .4 H
476 5.1
70 K S() 7
11 'a

Spionkopite

Stromeyerile 0.01

Stromeyerite 0.09

52.0

*Jalpaite (7): Thas mineral identification 1s very tenuous. The analysis is suspect because of the low totals. However, the approximate
proportion of silver to copper should be reasonably accurate. The silver to copper ratio is roughly 3:1. The mineral is partially oxidized
the samples contain 1.56% and 1.98% oxygen respectively, and the totals are very low indicating an unreliable analysis. Such oxygen

concentrations calculate to about 8.5 atomic percent oxygen. Both samples also contain Al: 0.53% and 0.71% respectively




Figure 207. Bornite associated with chalcopy-
rite and pyrite from the Tetrahedrite Pocket.
This is the environment in which fine-grained
digenite and spionkopite formed. Crystal group
is 7.6 cm in length. Sweet Home Rhodo, Inc.
collection; photo by Jeff Scovil.

6.00
5.00
4.00
3.00
2.00

" -
Figure 208. (right) Silver versus copper in weight 1.00 +— . 1 -
percent for bornite. Note the direct correlation 0.00 - l |

between silver and Copper, which suggests that 5500 56.00 57.00 5800 5900 680.00 6100 8200 8300

the silver is substituting for copper in the
crystal structure.

Silver in wt %

because of the poor totals and partial oxidation, but it i1s nol
stromeyerite. It has tentatively been identified as jalpaite (?7)
Ag,CuS,—(Table 13), but the stoichiometry works out to an
oxidized jalpaite (7)—Ag, Cu, .S, .O,,

A bluish copper sulfide that petrographically used 1o be called
blaubleibender covellite was descnibed mn 1980 as spionkopire
(CuwSy). Covellite was identified petrographically by Honea
(1992). A bluish mineral from the Main Stope that appeared to be
covellite was observed petrographically dunng this study. How
ever, this “covellite™ was analyzed on the microprobe (four analy-

ses) and all results closely calculate stoichiometrically 1o

(Cu,Ag.Fe),.S.,. They are therefore referred to here as spionkopite

(Table 13). They contain significant amounts of silver, 23-38
weight %. More research needs to be done on this Sweet Home
species. It is possible that X-ray diffraction studies might wdentify it
as a new species rather than merely spionkopite with Ag substitut
ing into the Cu site

No native silver was observed duning these petrographic and

electron microprobe studies. All of these copper sulhides have
anomalous Hg concentrations, which in one case i1s over 4 weight % Figure 209. Electron backscatter image ol sulfides
None of these copper sulfides are as common at the Sweet Home as from the Museum Pocket. “Wormy™ galena (G) is
sulfides such as pyrite, galena, sphalerite or chalcopyrite. However, enclosed by bornite (B). Small irregular grains of
some nice samples have been discovered in the mine (Fig. 207) chalcopyrite (C) lie associated with the black gangue.

A graph of silver versus copper in bomite (Fig. 208) illustrates a Tetrahedrite (T) grains appear somewhat spongy as
direct correlation between the two elements, indicating that silver though they, like the galena, were undergoing alter-
has substituted for copper in the crystal lattice. These copper ation from the copper-bearing fluids precipitating the
sulfides are late in the paragenetic sequence and have apparently late-stage bornite. Sphalerite (H), like the bornite,
replaced earlier sulfides. Locally they fill skeleta! tetrahednte surrounds some of the “wormy”™ galena. Length of
crystals, and as shown in Fig. 209, wormy galena can be observed galena “worms” is about 100 microns. Photograph by
to lie within bornite that has partially replaced the galena Karen Wenrich.
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OXIDES, FLUORIDES, and PHOSPHATES

Hubnerite MnWO,
Hiibnerite from the Sweet Home mine is very close in composi-
tion to the pure end-member of the hiibnerite-ferberite solid

solution senes, so much so that in thin section the color 1s a gemmy

orange. This orange translucent color is visible along the thin edges

of large hiibnerite blades (Fig. 210). When a thin shice of the crystal
1s cut and the shice 1s viewed in transmitted light under a micro
scope, distinct compositional banding 1s obvious (Fig. 212). The
gemmy orange bands are essentially pure MnWO,. Only a very
small amount of ron (around 0.35 weight %) substituting for the
Mn 1s required to turn the orange hiibnerite black. The hiibnerite in
several samples 1s associated with muscovite (Fig. 213), and also

with chalcopyrite (Fig. 211).

Figure 212. Transmitted plane light photomi-
crograph of a single gemmy orange hubnerite
blade from the Coors Pocket. Note the compo-
sitional banding. Gemmy orange bands are
essentially pure MaWO,. Only a very small
amount of iron (<0.35 wt. %) substituting for
the Mn is required to turn the orange hiibnerite
into the black bands. Horizontal field of view is
1.05 mm. Photograph by Karen Wenrich.

L

1400 &

Figure 210. Blades of hiibnerite associ-
ated with smaller quartz crystals from
the Hubnerite Pocket. Note the gemmy
orange color revealed along the thin edges
of the blades. Horizontal field of view is
S5cm. Sweet Home Rhodo, Inc. collec-
tion; photo by JefT Scovil.

Figure 211. (below) Large single blade of
hiubnerite associated with chalcopyrite
from the Rainbow Pocket, 2.5 cm. Dave
Bunk specimen; photo by Jeff Scovil.

Figure 213. Transmitted-light photomicrograph with
crossed nicols of hubnerite (orange) associated with
radiating aggregates of muscovite (pastel shades)
from the Coors Pocket. Horizontal field of view is
2.1 mm. Photograph by Karen Wenrich.




Table 14. Electron microprobe analyses of fluorapatite and triplite. All values are in weight percent.
Al, Ag, As, Ba, Cd, Co, Hg, K, Mo, Ni, Pb, Se, Si, Ti, V, W, and An were determined in all analyses,
but were <0.12% (most are <0.04% ).

Sample Number Mn M Fe Ca P () / Toral
Fluorapatite—Empty Pocket (9-A-L94 spot X3) 2.2 <0l 0.01 37.2 7.2 37.5 4.5 99.0
Fluorapatite—Red & Blue Pocket (10-A-L94 spot X2) 0.9 <.01 <0l 38.3 17.1 39.1 3.3 99.2
Triplite—Empty Pocket (9-A-L94 spot A9) 44.5 1.0 0.2 1.7 13.9 1.6 5.2 98.3
Triplite—Empty Pocket (9-A-L94 spot All) 46.3 0.5 0.2 2.0 14.0 318 4.0 99 |

—— e —— e

Table I5. Electron microprobe analyses of muscovite—23 analyses were made of this mineral from various pockets
in the Sweet Home mine. The results are not as accurate as the other minerals analvzed in this report because fluorine and
oxygen are difficult elements to determine and more time and standardization was necessary for high accuracy results.
Many more elements were enriched in the muscovite than in the sulfides. For example concentrations of
Ti and Ba are generally between 0.03 and 0.15%. Values are in weight percent.

Sample Number Si A/ K ';.f*: Fi I 'n' 0 / [otal

Watercourse Dnift (8-A-L94 spot X8) 8.0 1.6 | .8 0.1 0.4 17.5 4.2 09 6

Red & Blue Pocket (10-A-L94 spot Al17)

CaF

Fluorite formed during two distinct and separate stages: (1) an

Fluorite SILICATES

’ . T Alj i
early green fluorite, and (2) a later purple fluorite. Electron Muscovite KAI,(Si,ADO,(OH.|
microprobe analyses of the fluorite indicate that these minerals are Muscovite books are not uncommon in the Sweet Home ming
very pure and stoichiometric. As is normally the case, the color in Electron microprobe analyses were made of muscovite from the

- . e ] " 3 . . . [ thy . TaTR |
fluorite is not due to any detectable changes in trace element Comer Pocket, Coors Pocket, Watercourse Drift, and the Red and

[ | ¥ ] L { 11 M ';\l " T [ 1 | ] . 1 o
impurities. The late-stage purple fluorite is wispy in places, but Blue Pocket (Table | he most common occurrence of the

o b ' oreo 'S 1IN i 11 i 4 1 | v e
microprobe analyses do not show any compositional variations muscovite 1s in radiating aggregates in association with hibnerit

i 711

between the purple wisps and the colorless wisps in between. This (Fig. 21
1s not surprising because the color in fluorite has generally been :
: Topaz AlLSIO,(F.OH)

attributed to physical properties other than compositional variation
]ﬂp.l.-' inclusions are very common in the gquansiz « .'_‘m[.:ln dssoC

However, extensive studies have been done on the color in fluonite

ated with rhodochrosite, fluonite, sphalente, and tetrahedni
and some colors are behieved 10 be attnbutable to trace concentra

, . iennantite. Although much of the gquantz contains no such inclu
tions of rare earth elements, concentration levels well below the : ' _
sions, the quantz that does contains a lot of topaz inclusions
lower detection limit of these elements on the electron microprobe : :
Electron microprobe analyses of two topaz crystals indicate that

: the mineral 1s stoichiometric and has almost no detectable trace
Fluorapatite Ca(PO,)| PR
Elongated doubly terminated apatite grains have been found as v
inclusions within the rhodochrosite in samples from both the Quartz SiO
Empty and Red & Blue pockets. Electron microprobe analyses of Quartz is the earliest formed mineral in the Sweet Home mine
these apatites indicate that they are fluorapatite (Table 14) suite, and forms well-developed terminated crystals onto which
many of the subsequent minerals have grown. Large quartz crystal
Iriplite (Mn Fe Mg.Ca).(PO,)(F.OH) are commonly surrounded by sulfides. particularly tetrahedrite
Three grains of triplite occur as small inclusions (about 20 chalcopyrite and sphalerite

microns each) in fluorapatite that nms a large rhodochrosite crystal

from the Empty Pocket. The electron microprobe analyses of the Dickite AlLS1.OJ(OH),
triphite are very stoichiometric considering the size of the grains Very fine-grained clusters of greemish crystals of dickite were
that were analyzed (Table 14) found and analvzed on the electron microprobe (Table 16

Table 16. Electron microprobe analvses of dickite. All values are in weight percent.
Ag. As, Ba, Ca, Cd, Co, Cu, Mo, Ni, P, Pb, S, Se, Si, Ti, ¥, W, and An were determined in all analyses,
but were <0.06% (most are <0.02% ).

Sample Number Min Mg Fe K 5 \/ / 0 Tota
Dickite—Coors Pocket (5-C-L94 spot X12) 0.23 (.94 .15 .4 226 17.7 2() 47 8 1O 3
Dickite—Pyrite Pocket (7-A-L94 spot X9) 0.52 0.94 0.21 5.1 24.5 5.7 3.1 46.9 101.1




Figure 214. Mine location map for the stopes and

pockets discussed in this article. The Main Stope (in

contrast to the Tetrahedrite Stope, Watercourse Raise,
and Coors Pocket) has higher arsenic tetrahedrite
tennantite and lower Fe+Ca+Mg rhodochrosite.




Figure 215. Fluorite, Blueberry Pocket, 4.5 cm, found through ground-
penetrating radar (GPR) exploration work. Photo by Jeffrey Scovil.

CRYSTAL CHEMICAL ZONING

Most minerals in the Sweet Home mine are relatively pure
stoichiometric end-members. However, tetrahedrite/tennantite and
rhodochrosite are not. Tetrahednte/tennantite spans most of the
solid solution senes between the two end members (see Fig. [99)
Although rhodochrosite does not have such extensive solid solu
tion, the content of Fe+Ca+Mg does substitute so significantly for
Mn that the color of rhodochrosite 1s dramatically altered (see
chapter on color in rhodochrosite, this issue). Likewise, sphalerite
shows very minor enrnichment in Fe.

Coincidentally the “contamination” of rhodochrosite, tetrahe
drite and sphalente generally occur within the same areas of the
Sweet Home mine. High-antimony tetrahedrite/tennantite, higher
Fe+Ca+Mg rhodochrosite, and higher-iron sphalenite all occur in
the Tetrahednite Stope whereas the Main Stope 1s just the opposite
(Figs. 214A, 214B). The Coors Pocket (Fig. 214C) and the
Watercourse Raise (Fig. 214D) contain some low and some
moderate trace-element substitution in their crystals

Higher As tetrahedrite/tennantite and low Fe sphalerite correlate
nicely with the areas of the highest quality, gemmy cherry-red
rhodochrosite: the best comes from the Main Stope (Fig. 214B),
and 1if these four areas are ranked the Tetrahedrite Stope is fourth in
quality

CONCLUSIONS

I'he electron microprobe has provided quantitative chemical
analyses of most mineral phases known to be present in the Sweel
Home mine, including some that are only 2-3 microns in size
Owners of Sweet Home sulfide specimens can feel more confident

in the labels put on their specimens than 1s often ssible
other mines where no specimens have been chemically analyzed
Overall the samples analyzed duning this study indicate that ther
twice as much tetrahednrite as tennantite, and that the two phass
are intnicately INErgrown in mans x_".r|l['|.'~_

In addition to clantving the chemstry of Sweet Home mineral
the microprobe has been instrumental in determining the amount of
trace elements contaminating certain muneral species found
conjunction with rhodochrosite. In particular, analyses have showi
that 1ron substitution in sphalente and high antimony in tennantits
ietrahednite correlate well with the Fe+Ca+Mg substitution in the

[

low-temperature rhodochrosite (see section on color in rhodochro

site. e |87 this 1ssue). Analvzed veins and [!Luln"!w that show

elevated ron contamination in the sphalente, and high antimony

lo-arsenic ratios in the tetrahednte/tennantite (toward the tetrahe
drite end-member), match up with the same veins and pockets that
contain Fe+Ca+Mg contamination in the rhodochrosite. Area
which contain such trace-element contamination of sphal
tetrahednite and rhodochrosite have histonically produced lower
quality rhodochrosite

I he mining company now uses this information as an explora
ton tool. When a sulfide vein 1s encountered, and contains no
visible rhodochrosite, its \]‘,".i'l‘t|1.'1t'li' and tetrahednte can be ana
Ilvzed for iron and antimony, respectively. If elevated levels of these
elements are found, that vein will not be a primary target and may
be avoided completely. If the tetrahednte and sphalerite have the
proper chemistry, then the vein may offer a favorable exploration

largel




Figure 216. Rhodochrosite on quartz, 10.4 cm,
from the Blueberry Pocket, found through GPR
exploration work. Photo by Jeffrey Scovil.




© ROSPECTING

THE APPLICATION OF
(GROUND-PENETRATING
RADAR TO MINERAL
SPECIMEN MINING

Bryvan K. Lees
PO. Box 1169
CGolden, Colorado 80402

INTRODUCTION

In the summers of 1993 and 1994, a new approach to explore for
crystal cavities was tested: it involved the use of ground-penetrat
ing radar, or GPR for short. GPR is similar in many respects 1o
sonar and seismic methods, and 1s typically used 1o detect near
surface objects such as buried o1l drums, subsidence features and
unstable ground in coal mines.

Typical penetration depths for GPR systems range from just a
few inches to up to 100 feet. The resolutions of these systems vary
with the antenna size, but features as small as 12 inches are
detectable. Larger features are more readily discernible, especially
those measuning 5 feet or more in diameter. The Sweet Home GPR
survey, although unconventional, was an i1deal test for this type of
geophysical technique because crystal cavities typically measure in
the 1 to 5-foot range and are usually discovered within 20 feet of
the “surface.” The GPR surveys, done underground at the Sweel
Home mine, examined tunnel walls with hopes of being able to
“see” into the rock 20 to 30 feet.

BACKGROUND

Ground Penetrating Radar has been around for several decades:
it 1s not a new technology. Early vanations of GPR were used for
locating enemy tunnels during the Vietnam War. These early
systems were slow, complicated and not very field-worthy. What
has suddenly made GPR so usable is the development of portable
high-speed personal computers and better interpretive software
programs. The new PCs are capable of handling the volumes of

L

complex data generated by the GPR systems and processing them
in the field immediately. Users can literally see the results of
ground scans as fast as they can do them

Today, GPR’s use has expanded into many applications includ
ing locating bunied drums for environmental cleanups, discovering
buried cables, delinecating bad ground in coal mines, locating
hidden karst topography in Flonda, and mapping old underground
mine tunnels, to mention a few. In the hield of mineral collecting, 1
was only a matter ol ume before this new technology was tned. It
1s a field collector’'s dream to be able to “see™ into the rock being
prospected for crystal cavities. As little as 10 years ago, this type of
technology was unavailable

ELECTROMAGNETIC THEORY AND GPR

Volumes have been wrnitten about electromagnetic theory and its
application to GPR: most of it i1s beyond the scope of this article
I'he paragraphs below cover some very basic electromagneti
principles as they apply to GPR use. For further research into
clectromagnetic theory and its apphicaton 1o GPR, the reader
1992. Reitz and

Milford, 1962: Scaife and Annan, 1991: and Telford er al., 1976

referred 1o Davis and Annan, 1989: Fisher er af

A typical GPR system consists of a computer, radar box, printer
plotter, car battery and one or two antennale). The system 1s used
by pulling the antenna along the ground while the other compo
nents remain stationary. The antennae are attached to the radas

-\}nlq,_‘n'l by, T!h;_'[ |'|rll|\_ ..,.1hli_'

Radar Pulses

The radar produces short-duration pulses of high-frequency
electromagnetic energy. Typical frequencies range from 10 o 900
Mhz. This energy is transferred into the ground through the
antenna array in a cone-shaped beam. The energy 1s reflected by
features within the ground and retumed 10 the system as signals
(Fig. 218). These signals are amphified by the receiver, digitized
and stored in the computer. The digitized information can be seer

&

in real-time or can be stored for post-survey processing

Penetration Depth

Penetranon depths vary with the electncal conductivity of the
ground matenal. As electncal conductivity increases, the radar signa
1s dissipated as heat into the ground. Matenals with high conductin
ity can limit penetration depths to a few feet. For instance, sand and
granite have conductivities in the range of 0.01 mS/m (milhiSiemens

per meter) and can be scanned to depths of over 50 feet. Air has a




conductivity of 0 mS/m. Clay and sea water, however, have conduc-
tivities in the range of 1000 to 3000 mS/m and dramatically limit
signal penetration down to a few feet. High-conductivity matenals
are not good mediums for GPR use. However, regardless of conduc-
tivity, after a certain distance, the GPR signal dies out anyway
through absorption by the rock and i1s converted into heat. As the
signal dies out, a maximum penetration depth is achieved. Each GPR

TIMING application’s penetration depth 1s dependent on the ground’s conduc-
(Radar Box) tivity, and hence, the composition of the host rock.

Relative target depths are determined by measuring the time it

TRANSMITTER RECEIVER ]

takes for the electromagnetic pulses, typically lasting 2 to 5
* t nanoseconds, to penetrate the rock strata and then retumn to the
receiving antenna. Differences in rock type create differences in

signal velocities and return imes. Once the velocity of the target
rock 1s calculated, the iming of the return signals can be calibrated
and transformed into depth measurements. For example, if a

particular signal takes 100 nanoseconds to retumn to the system and
this corresponds to rock penetration of 15 feet, then, a signal
returning in 200 nanoseconds may correspond to a rock depth of 30
teet, and so on.

Dielectric Variability

Block Diagram depicting the

= Another important component of electromagnetic wave propa-
main components of a GPR system

gation through earth matenals 1s the ground’s dielectric constant

Figure 217. (above) Block diagram de-
picting the main components of a GPR Antennoe j¢—— AX —pf

58. 68 BB
! 4 ¥ .
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. . R_rocter
Figure 218. (right) Radar wave trans- (Point-like Reflector
mission through rock showing wave
reflections.

Bearcc;:\'_'_”_L\ ‘r_,’—r
(Continuous Reflecion

A Distance between radar
sampie readings

A. Radar wave tfransmission through rock showing wave reflections. Waves

reflect upon intersection with underground features such as lithologic changes
and open Spoces

Position

avel lime

r
|

Pocket
(Point-like Reflector) - -

—
Bediock
(Continucus Reflector)

B. Retum signal data showing what the GPR unit “sees” when waves are reflected by
fhologic changes and open spaces Geologists and geophysicists interpret
this aala 10 locate hidden rock units, faults and open spaces

*




When an electrical field is applied to a material it is stored (in the
material) as energy. When the field 1s turned off, the matenal
dissipates that charge and returns to its earlier state. This 1s what
happens when energy in the form of radar waves is applied to the
ground by the GPR system. Each matenal reacts to flows of
electrical current in a different manner. This ability of a matenal to
store and release electromagnetic energy i1s measured by s
dielectric constant, and each earth matenal has a unique constant
K. The constants for air, water, granite and clay are 1, 80, 6 and
5-40 respectively. As GPR waves propagate downward, signal
reflections are generated by changes in dielectric constants as the
radar waves interact with different compositions of ground mateni-
als and void spaces. The changes in dielectric constants create
reflections which show up on the printouts as wavy lines.

reflections which show up on GPR printouts. This illustration is nol
taken from the Home but
limestone karst in Florida. The limestone is

wdeal conditions for the use of GPR. The

Sweel mine, from a hypothetical

homogenous and
contains small cavities
signals easily detect the voiuds as the electnical properties change
between the air pockets and limestone. The reflected signals
produce a senes of hyperbolic-looking hillocks on the GPR
system s printer (or screen), thus signaling the presence of a voud
This 1s a common example of GPR’s use for cavity detection
Unfortunately, not all applications are quite as simple as this one
Varniables such as changing lithologies, fractures, water, interbedded
clay and matenals mixed with heavy mineral content all influence
the electrnical properties of the host rock, and thus complicate

interpretation. These properties all played an important part in the

Figure 219. Void detection in limestone
rock using GPR system. (After MultiView
(reoservices Inc. manual, 1994.)

A. Solution cavities along fracture zones
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B. GPR data trace showing detection of solution cavities
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To summanize, different earth matenals can be delincated with
GPR by their contrast in electrical properties, particularly conduc-
tivity and dielectric constant. The GPR system’s emission signals
are altered by these properties as they propagate through earth
materials. The altered signals are reflected back to the system after
a few nanoseconds where they are processed and stored in the
computer. The geophysicist analyzes the printouts looking for
signs of faults, buried objects and crystal
cavities.

lithologic changes,

Cavity Detection
Figure 219 illustrates a situation showing how voids create

GPR results and the data interpretation of the Sweet Home mine
GPR Survcy.

Finally, it should be mentioned that not all of the factors
influencing electromagnetic wave propagation and their relation
ship to GPR have been covered in this article. The interested reader
should look up the cited references for further, and more advanced.

reading.

SYSTEM TYPES AND FEATURES

When looking for crystal cavities, one would like to know their
approximate size and onentation. The reason for this 1s that voud
size is inversely proportional to the radar frequency used to find it
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For example, a 50 MHz antenna may penetrate up to 50 or 60 feet
into the rock at the Sweet Home mine. Unfortunately, the 50 MHz
antenna, while attaining deep penetration, does so at the expense of
resolution. The 50 MHz antenna, in Sweet Home mine rock, will
only “see” objects that are about 5 feet across and larger.

In contrast, the 100 MHz antenna may only “see™ 25 feet into the
Sweet Home mine rock but does so with minimal sacrifice in
resolution. The 100 MHz antenna can discern objects down to 1 or
2 feet.

Resolution is an important factor at the Sweet Home mine
because the average pocket size is about | to 2 feet. So, if the
50 MHz antenna is used, there 1s a risk of missing small but
valuable rhodochrosite pockets. Thus, the 100 MHz antenna was
employed throughout the radar survey.

Note also that radar frequency is inversely proportional to
penetration depth. If one were looking for large targets (in the 5 to
|0-foot range), one could use antennae with frequencies down to
10 MHz and possibly “see™ upwards of 100 feet into certain types
of rock. Therefore, if the potential targets are large enough, deeper
penetration can significantly increase the odds of finding a pocket
simply because one 1s scanning a large volume of matenal.

Using GPR systems underground is not easy. Many systems are
engineered for surface work and are not protected against the rigors
of underground use. Extremely wet or cold conditions make
system use difficult.

At the Sweet Home mine, two different GPR systems were tried
The first tests were conducted using a Sensors and Software Inc
pulseEKKO IV(TM) system from Toronto, Canada. The second set
of tests employed a Geophysical Survey Systems, Inc. SIR-3(TM)
system from North Salem, New Hampshire. At the time of the tests,
each system had some difficulties dealing with underground condi-
tions. Moisture and cool temperatures were the biggest problems
System shutdowns occurred periodically: however, persistence
paid off and each system performed well in the end. Since 1993,
when the original test was conducted, several advances in GPR
systems have made them more user-friendly and field-worthy
Field packs have better waterproofing and some systems come
with built-in heaters 1o maintain proper operating temperatures

SWEET HOME MINE GPR SURVEY

GPR surveys were made through the entire mine using several
different types of antennae and scanning techniques. Since it was
not known what to expect from the scans, several different setups
were tned. After two days of scanning, the best results were
obtained by using the 100 MHz antenna. This antenna, for reasons
described above, worked best for locating the small voids that
typically occur in the Sweet Home mine.

Depth penetration was a problem at the Sweet Home mine
Hindered by irregularities in the wunnel surfaces, the survey team
was unable to make tight antenna-to-wall couplings. Too much air
space between the antenna and wall meant that some of the radar
signal could not make 1t into the tunnel wall; some of the radar
energy was lost in the air space. This resulted in only a 20-foot
penetration of the granite walls instead of the desired 50-foot
depth. Still, 20 feet allowed a peek into the surrounding rock

GPR detects changes in electrical properties of rock. Unfortu-
nately, however, it does not interpret them. Data interpretation
usually requires someone who is familiar with GPR readouts from
similar applications. Up until 1993, few people had tried to use

GPR for crystal cavity exploration; hence, there were no blueprints
against which to check Sweet Home results. Basically, the mine
staff drew new “blueprints” for Sweet Home GPR data. This
involved careful comparison of the geologic maps to the GPR data
followed by careful drill probing and tunnel development.

-

SWEET HOME MINE DATA INTERPRETATION

The mine area studied and GPR surveyed in detail was Crosscut
No. 3. This area shows complex geology as well as interesting
looking GPR traces.

Figure 220 shows the raw GPR data used in the third crosscut
interpretation. Interpretation is difficult, but careful analysis of this
GPR scan identified the proposed fractures and cavities shown in
Figure 220b. The difficulties arise in noticing the subtle changes
within the GPR data. After careful study, certain linear and
hyperbolic features in the third crosscut scans became noticeable.
The linear features in GPR data are called “continuous reflectors”
(CR-1 and CR-2, in the figure) and the hyperbolic features are
called “point-like reflectors™ (PR-1 in the figure).

Linear features in the GPR data constitute a significant change in
electrical properties from one area to another and account for
things like faults and lithology changes. Point-like reflectors
signify a small localized change in electrical properties such as
open space or buried objects.

The host rock in the survey area is composed of Precambrian
granite gneiss. The granite gneiss 1s intruded locally by Tertiary
quartz monzonite porphyry dikes. Both rock units are crosscut by
geologic features such as veins, faults and joints. Veins and faults
may contain massive sulfide minerals, crystal cavities, clay, or just
waler.

The first feature discerned by the Sweet Home mine GPR survey
was the existence of a quartz monzonite porphyry dike that had
gone undetected during geologic mapping. This linear feature
showed up as a continuous reflector (marked CR-l in Figures 220
and 221) in the 3rd crosscut scan. Upon visual examination of the
3rd crosscut tunnel wall, the dike was found, thus proving the
system’s capabilities to see changes in lithology.

To complete the interpretation of the Sweet Home mine scans,
GPR printouts were made to the same scale as the mine maps.
Then, the GPR printouts were overlain onto the mine maps (Fig.
221). This produced some interesting results. First, a linear feature
observed in the GPR data (marked CR-3 in Fig. 221) lined up with
known faults (thin blue lines in Fig. 221) mapped a year earlier by
Sweet Home geologists along the 3rd crosscut tunnel wall.

Next, upon further examination of the GPR traces, geologists
discerned additional linear features within the GPR data (CR-2 in
Figs. 220 and 221) that suggested the existence of faults that were
missed while doing the onginal mine mapping. Later, upon careful
examination of the third crosscut tunnel walls, these small faults
were detected. These same faults, when extrapolated eastward,
correlated with the same structures which created the Good Luck
Pocket in the Main Stope.

When the GPR interpretation was completed, it became obvious
that there were several places inside the tunnel wall where fault
intersections occurred (see intersection of CR-2 with CR-3). Some
of these were within 20 feet of the 3rd crosscut tunnel wall. Past
mining experience at the Sweet Home mine had already demon-
strated that pockets occur at fault intersections.

In addition to locating and extrapolating faults, examination of
the 3rd crosscut GPR data revealed a series of hyperbolic features
suggestive of open cavities, or potential crystal cavity zones (PR-I,
Figs. 220 and 221). These hyperbolic features coincided with the
fault intersection areas. The geologists now had an additional piece
of information to increase their confidence level that this was a
good pocket target area

To test the interpretation of the Sweet Home mine GPR data, a
short exploration tunnel was driven into the area thought most
likely to produce crystal pockets. The exploration tunnel followed
a fault (which coincided with CR-3 in Fig. 221) and intersected
iwo pockets in the areas suggested by the GPR survey (see Fig.
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Figure 220. GPR scan of the
Sweet Home mine, showing raw
data and interpretation.
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221, large purple dots). The pockets coincided with the fault

intersections. Each of the pockets was small, measuring 12 10 16
inches in diameter and 2 inches wide. The second pocket produced
the best material, about $40.000 worth (Fig. 216). The pocket was
named the “Blueberry Pocket™ because it contained several purple
blue octahedral fluorite specimens resembling bluebermes (Fig
215).

The GPR survey cost $7,000. Of this amount, Multiview
Geoservices of Ontario, Canada, received $5,500 for bringing their
equipment and personnel in from Canada. The balance went
toward associated mine costs during the survey. Driving the 30 feet
of wnnel to get to the target cost about $6,000. The high tunneling
costs were due to careful drill probe work done prior to each blast
Total project costs, including GPR survey work and tunnel dniving,
were $13,000.

The tunnel was successful not only from a production stand-
point, but it also showed us that very small pockets could be
detected by the GPR system. Even though we did not find a large
pocket with the system, we now had another tool with which to
prospect. And small pockets obviously can be valuable

GPR LIMITATIONS

Unfortunately, a major factor imited GFPR s widespread use al
the Sweet Home mine. A typical rhodochrosite pocket looks like a
vertically onented 14-inch-diameter x 2-inch-thick hollow “pan
cake” (imagine a pancake standing on edge). A 14-inch object is
near the detection limit of the antenna used for the Sweet Home
mine GPR survey. Because the pockets are usually lying inside a
vertically onented vein, most of our GPR scans were looking at
them “head on™ into their most narrow profile. It was hke looking
at a thin fish head-on underwater. So instead of scanming the side
view of the “pancake”-shaped pockets, the GPR system only saw
their end-views. With most of the targets already on the small side
12 10 18 inches in diameter, the end-view perspective significantly
cut down the GPR system’s ability to see pockets; unfortunately
most of our target veins fell into this categony

The success we enjoved in finding the “Blueberry Pocket™ was
because the survey angle used 1o scan this pocket zone was from a
side-view perspective. In this discovery, the vein containing the
“Blueberry Pocket” nearly paralleled the wunnel wall scanned by
the GPR system, and thus, the GPR system saw the pocket's side
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3rd Crosscut GPR Scan

Figure 221. Ground-penetrating radar response
at the Sweet Home mine, showing correlation
between mapped and subsequently discovered
structures.

view. If the wnnel walls had been perpendicular to the vein, the
GPR system would not have discovered the pocket

Most of the Sweet Home mine tunnels crosscul, or run perpen
dicular 1o, the pocket-bearing veins. And, because of their small
size, most of the targets are at the detection limit of the GPR
systems. These two factors limited the utility of GPR use at the
Sweet Home mine.

During our survey we discovered a total of 12 GPR anomahes
suggesting pocket locations. One of these produced the “Blueberry
Pocket,” two produced small low-value pockets (in the $1,000
range). and the other nine tumed out to be small sulfide-filled
pockets contaiming no open space or value

Another difficulty in GPR use at the Sweet Home was that the
coupling of the antenna to the wall was so rough that much of the
signal energy was lost before it entered the wall rock. Air gaps
between the antenna and wall rock were responsible for this. A
50% decrease in penetration depth because of this problem was
estimated.

Because of the inherent “pancake™ viewing problem, the an-
tenna-to-wall coupling problem and the small pocket sizes, GPR
has not become a “magic bullet™ for finding rhodochrosite pockets
at the Sweet Home mine. It was secretly hoped that GPR would
find huge crystal cavities: in this initial study case, the discovery of
huge pockets simply did not come to pass. GPR only found pockets
at the Sweet Home mine when spatial onientations were correct,
and such conditions were rarely encountered. From what we have
learned at the Sweet Home mine, GPR will be useful in discovering
midden geologic structure, confirming previously mapped structure
and penodically, locating small pocket anomalies

*

One final point to make here is “Why go to all of the effort to use
GPR?” Because mining costs are so high, saving a day or two of
production costs by using GPR to avoid unproductive areas saves

thousands of dollars. This 1s why so much effort goes into target

definition by most mining companies. GPR can provide another
way 1o help minimize production costs.

CONCLUSIONS

While results at the Sweet Home mine were mixed, GPR showed
that 1t can be an important tool in mineral specimen exploration
I'he underground application was not the best traiming ground for
GPR systems, however newer systems promise to better handle the
harsh conditions found in underground situations. Based on results
at the Sweet Home mine, the feeling 1s that GPR provides enough
utility to be used as an aid to finding structural features such as
faults and lithology changes. GPR also works for underground
pocket exploration when the targets are large or properly oriented

It should be noted here that GPR should work particularly well
in surface surveys where targets are large or oniented such that a
large profile will present itself 1o the system’s signals. This may be
very good news for future mineral specimen exploration by miners
who try their hand at GPR, particularly those digging at the
surface.

Improvements in software will continue to increase the utility of
GPR systems. Also, system costs are coming down. In a few years,
GPR may be available for a very low cost which would make
specimen prospecting with this tool affordable by everyone
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Stoneham Project
July, 1989

GOLD
“The Dragon™

Colorado Quartz Gold Mine Project
January, 1998

T'he Collector’'s Edge Minerals, Inc.

About our company ...

lelf Scowil

Collector’s Edge specializes in locating, exploring and developing mining properties for
their mineral specimen potential. We have developed special specimen location and
extraction techniques that dramatically improve the quality and quantity of specimens
removed from crystal cavities.

Our company maintains a full-time world-class mineral cleaning and preparation facility
in Golden, Colorado, which cleans and prepares everything from our mining projects.
Direct marketing completes the picture as all completed materials are marketed at
mineral shows internationally.

Collector’s Edge 1s a full service specimen mining company which takes properties from
the development phase through the finished product marketing phase. If you have a mining
property and are interested in developing its mineral specimen potential, we would be
interested in talking with you. Please call us any time for a confidential review.

Bryan K. Lees, President




R . —

Jeff Scowil
RHODOCHROSITE
Sweet Home Mine Project
September, 1992

AMAZONITE
Two Point Mine Project
June, 1997

Worldwide
Specimen Mining
Professionals

P.O. Box 1169, Golden, Colorado 80402 U S .A.

Tel: 303-278-9724 Fax: 303-278-9/763

Mining inquiries: bryan@collectorsedge.com
Specimen inquiries: sandor@collectorsedge.com

L
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FINE MINERALS
P.O. Box 32704, PHOENIX, AZ 85064 ® 602-678-0156

photo by Jett Scon il
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WOULD LIKE TO THANK THE MINERAL AND FOSSIL
DEALERS WHO PARTICIPATE IN THE FOLLOWING SHOWS:

Tucson ¢ Denver ¢ Costa Mesa + Springfield + Pomona
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Bitner’s, Inc.

42 West Hatcher

Phoenix, Arizona 85021
(602) 870-0075

Wholesale Minerals &
Fossils, by the piece, }"Hl.:l[hi
or flat, since 1945

Copper City
Rock Shop

John & Karen Mediz

566 Ash Street

Globe, AZ 85501

lel: (520) 425-7885

FAX: (520) 425-4506
Southwestern minerals
since 1970, See us at shows
or visit our store (call first)

Kino Rocks &
Minerals

6756 S. Nogales Highway
Tucson, Arizona 85706
(520) 294-0143
9-11:15/Noon-5:30
(Closed Sun.)

No Catalog—No List

David Shannon
Minerals

[};i‘u Ii.i & ( L!HLTT‘I

6649 E. Rustic Drive

Mesa, Arizona 85215

(602) 985-()557

Minerals, Boxes & Supplies
Send 3 stamps for list

Em’s Gems
Plus Three

Em & Ogle Love

8846 E. 35th Circle
[ucson, Arizona 85710
(520) 886-6942

Fine moderately
priced specimens for

collectors and museums. Shows

L'I'I]'-.

Crystal Pockets

George Godas

6304 S. Clark Drive
[empe, Arizona 85283
(602) 8B20-306/
Arizona Lead Mineral

Evan Jones
Minerals

31520 N. Rose Circle Dr
Scottsdale, AZ 85251

Tel /Fax: (602) 946-5826

By Appointment Only

Fine Minerals for Collectors
Specializing in Arizona,
Mexico & Worldwide Classics
We Buy Collections

Top-Gem Minerals

1201 B North Main Street
[ucson, Arizona 85705
Tel: (520) 622-6633
}\\ ‘!|'.1 q“l "ru‘m‘
‘\Iun-i-n 8:30-4:30
and by Appt.
No Catalog or List
Wholesale Only
Mex. & Tenn. minerals, boxes
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he 1997 Carnegie Mineralogical Award goes to. . .

Bryan Lees 7
@,

he Carnegie Mineralogical
Award honors outstanding contributions
in mineralogical preservation,
conservation and education that maich

ideals advanced in Camnegie Museum of

Natural Historv's Hillman Hall of
Minerals & Gems. Established in 1987
through the generosity of The Hillman
Foundation, Ing., the awand comisists of a
bronze medallion, a certificate of
recognition and 4 $2500 cash prize. it is
presented each Februarv during the
lucson Gern and Mineral Show

Nominations are-now being accepted for
the 1998 award. Mineral enthusiasts and
collectors, educators, curators, mineral
clubs and societies, museums, uiiversit
and publications are eligible. The
deadline is December 31

For 2 nomination form, contact
Mare L. Wilson

Section of Minerals

Carnegie Museum of Natural Histon
4400 Forbes Avenue

Pittsburgh, PA 15213-4080

TEL: (412) 622-3391

FAX: (412) 622-883]

CARNEGIE
MUSEUM OF
NATURAL
HISTORY




Colorado Dealers

DENVER MUSEUM OF SATURAL HISTORY

David Bunk Minerals
David Bunk
|441 W, 46th Street, #8
Denver, CO B0211
303-477-6897 (by appointment

Colorado & Worldwide Specimens

Columbine Mineral Shop

Benjy & Liz Kuehling

P.0O. Box 541

633 Main Streel

QOuray, CO 81427
970-325-4345. 9 am. 10 9 p.m
Open 7 days. May 1-Oct. 31
Off-season by Appointment
Fine Minerals for Collectors

The l'..i'_'] 'H’Hf Carri rH;}
George Fisher & Doug Collyer
511 Foothills Road
Colorado Springs. CO 80906
719-634-0635 (Bv \F'-P'l Unly)
Amazonite & Smoky Quartz
Fine Colorado Minerals

(r€01es1S .-’.IIH h

Mel & Pam Bersch

248 Lutle Park Rd

Grand Junction, CO R1503
970-242-3134 (call for appt.)
I'sumeb Minerals, Western Colo
Fluorite/Amethyst & Fossils
E-mail: MPBERSCH@ aol.com

Glacier Pe 'f“’{ Art.
CGrems ¢

Winerals

Joseph & Susan Dormis

1686 S0. 21s1 Streel
Colorado Sprninegs., CO 80904
T19-44 2663
Producing Colo Amazonie &
smoky Quartz

Worldwide Minerals

h'1;‘- WWww. Irni.com/=glacier

Green Mountain Minerals

Stlaniey Korzeb

| 3043 [ Anizona Ave
Aurora, CO 812
303-368-1209 (Call for Appt.)

\'ﬁl:"".'i._'i." FI.’!;.' "-EHH'.’.I!* wrile Tor | 151

Bill Havward Minerals

Bill & Christopher Havward
A 256 Quitman Street

Denver, CO 80212

YL ASK.1497 (C all o \:111[

Colorado & Pikes Peak Minerals

L & T Creations
Lee A. McKinney
| RO Winheld Drive
Lakewood, CO B0D215
By Appt. Only 303-232-64
Colorado Amazonite

-~

COLORADO MINERAL)

AND FOSSIL SHOW |
Holiday Inn Denver North

SEPT. 16-20, 1998

10 a.m. to 7 p.m. Daily
INFO: P.O. Box 999 » Evergreen, CO 80437

L]P—Colorado

Larry & Carmen Piekenbrock
| 180 York Avenue

Canon Cuy, CO 81212-861
719-275-7530 (Call for Appt

Fine Minerals., Micros, el
WWWeb:http://www.collectors-mall

5

Georpe Witters Minerals

George & Cindy Witters
2210 Park Lake Dn
Boulder, CO 80301

) 3-664-5864

FAX: 303-926-1933

Fine Minerals, Worldwide
By Appointment Only

Wountain Minerals
Internationcl

Dudlev Blauwet
P.O. Box 32
Louisville, CO B0027-0302
Wi-665-0672

FAX: 303-664- 1009
Buv/Sell/Trade

Minerals. Gems. Gem Rough

The Sunnviwood Collection

Bill & Elsie Stone

| 2068 E. Amherst Place
Aurora. CO 8014
303-368-7497 (by Appt. only)
Premium Minerals, Fossils &
Carvings Amstucally Mounted

www . sunnvwood.com

\TAI—Dennis Becls
Denmis & Dhane Beals
66 S. Hollv St.. Suite 256
Englewood, CO B011 1
303-771-9225 (by Appt. only
FAX: 303-771-9308

Fine Mexican minerals & more

|6() &




Califormnia Benitoite

LIFORNIA D

Bourget Bros.
Nancy Hasse, Leonard Bourget
1636 11th Street
Santa Monica, California 90404
Tel: (310) 450-6556
FAX: B00-607-2201
Wholesale and Retail

Coogan Gold Company
Ed and Kav Coogan
0. Box 1631
lurlock, CA 95381
lel: (209) 634-5222

Micromounts, TN’s, Min

Cab

Si and
Ann Frazier

S1 and Ann Frazier
Suite 306, 6331 Fairmont Ave
El Cerrito, California 94530

Gemini Minerals
loe & Susan Kielbaso
PO. Box 70062
San Diego, CA 92167
[el: (619) 223-0620
FAX: (619) 223-(385

By Appointment OUnhy
Fine Minerals, Wholesale and Retail

Cal Graeber Minerals
Cal and Kerith Graeber
P.O. Box 2347
Fallbrook, California 92088

-

lel: (619) 723-9292

By Appointment Only

Jewel Tunnel Imports
Rock H. Currier
13100 Spring Street
Baldwin Park, CA 91706-2283
lel: (B18) 814-2257
FAX: (818) 338-4617

Wholesale Only

Kristalle

875 North Pacific Coast Hwy

Laguna Beach, California 92651

Tel: (714) 494-7695
E-mail: leicht@kristalle.com
WEB: http

Debbie Meng’s Minerals
I ]'l'hhll' \{ "\.h-m;
PO. Box 117
Marina, California 93933
el /Fax: (408) 883-9348

E-mail: debbie. meng@usa.net

Spex 1alty: Fine Chinese Minerals

www.kristalle.com

Pala International &
The Collector

-

912 So. Live Oak Park Road
Fallbrook, Califormia 92028
e g

lel: (619) 728-9121

LS Wats

| <(8(0))-854-1598

Roberts Minerals

Ken and Rosemarv Roberts

PO). Box 126,

Iwain Harte, California 95383

lel: (209) 586-2110

Bruce & Jo KRunner
Minerals
13526 South Avenue
Delhi, California 95315
Tel: (209) 634-647
Micromount List $2

Showroom by Appt. only

Silverhorn
Mk Hldkiifh:

1155 Coast Village Road
Montecito, Califormia 93108

Tel: (805) 969442

® 6] &




Chamonx, France

Mont Blanc

Russell E. Behnke
Buying & Selling Gem
Sernd $750 for our Mineral Video Catalog. Crystals and Worldwide Classics
Over one hour of top quality Minerals ‘
from $75 to $25,000.

A R e R R R R R R R R R R R R R CALL (203) 235-5467

4 + 161 Sherman Avenue * Meriden, Connecticut 06450-3352
Stuart & Donna Wilensky

P.O. Box 386, Dept. MR, 203 Sullivan S
Wurtsboro, NY 12790
Shop (914) 888-4411 » Home (914) 695-1550
Fax (914) 888-2889
E-MAIL Address: STUWIL@AOL.COM
See us on the WEB at http members.aol.com

TUCSON SHOW POSTER SPECIMEN

Fluorite

Will be sent in response to your Want List!

stuwil /pagel.htm

S The SLRhy\_Nood
Collection

| “We specialize in the presentation of natural art.”

| Premium Minerals, Fossils & S i n: Pamela Zilly Phot
B o s VICTOR « YOU
-- _ « YOUNT

33188 | .|"I‘~]llrlf] I"\:i.l.![j

Warrenton, Virgima 20187-8834
lel: (540) 347-5599

Please Note our New Address!

WILLIS’ EARTH|
TREASURES

CLOSE-OUT SALES—SPECIALS
SEE US IN TUCSON
EXECUTIVE INN—ROOM 138

Frankhn Fluorescent Minkrals
Worldwide Mineral Specimens

12068 E. Amherst Place .."‘;'.i
Aurora, Colorado 80014 e
tel/fax 303-368-7497 ﬂ | Joyce & Dick Willis

I
— } 309 Prospect Street
E-mail: minerals@sunnywood.com Stewartsville, NJ) 08886

We accept all major credit cards (908) 859-0643




Handbook of —

MINERA_L O GY NOW AVAILABLE

Vol. llI—Halides, Hydroxides,
From the Oxides—628 p., 1997

: ' - SS100.00 + $6.00 S
Mineralogical Magazine LSS .00 S&H
ISBN (0-962%97-92.4

'

il

“This work 1s thus an extremely
Vol. 1I—Silica and Silicates
M4 p.n 2 books., 1995
LUS$144.00 + §7.50 S&H
(ISBN 0.9629007-1 -5

comprehensive data source

. . . I'he typography is clear,
the data are up-to-date and
there appear to be almost no
errors . . . it will surely be an Vol. I—Elements, Sulfides,

indispensable work for all Sulfosalts—588 p., 1990
mineralogists to have available. LU'S$94.00 + $6.00 S&H

Jo jooqpuwgl

ADOTVHENIN

ADOTVHININ
L . ...- " -I"'I'. ‘-.. M

L ® il

The price is very reasonable (ISBN 0-9622097-0-8

od -

Fiaig

for the size and for the stan-
dard of the i}t'n{lm non and

VISA/MASTERCARD ACCEFPTED
this should help make it

' @ i

available in all earth

MINERAL DATA PUBLISHING

FULFILLMENT SERVICES INC.
. | A 1955 W. Grant Rd., Suite 230

working mineralogists. : e

2 ¥ Tucson, Arizona 85745 USA

Anthony ® Bideaux ® Bladh ® Nichols Tel: (520) 798-1513 FAX: (520) 798-1514

-

science hibranries and on

the I""‘“"”“] shelves of

..“-.ht PR tl‘

Phoenix Treasure Marker of

Minerals, Jossils, Gems & Jewelry
Phoenix Civic Plaza - Hall C L

Third & Washington St., Phoenix, AZ

November 20-22, 1998

Hours: Friday, 10 am - 7 pm; Saturday, 10 am-6 pm; Sunday, 10am -5 pm 2

Produced by GeoExpositions and hosted by The Mineralogical Society of Arizona

Admission: $5.00/3 days
Children under 14 free with adult

Spring Show in the R ockies

Minerals - Fossils - Gems - Jewelry

Holiday Inn-Denver North & Best Western-Central Denver
4849 Hanrjm.mck St, & 200 W. 48th Ave.
April 16-18, 1999
Hours: Friday & Saturday, 10 am - 7 pm; Sunday, 10am - 5 pm
FREE Admission - OPEN to the public - FREE parking
Wholesale and Retail Dealers

Show Info: GeoExpositions, P.O. Box 5054, Golden, CO 80401
(303) 278-1218 (phone or FAX) : (303) 978-9926
Karen Wenrich & Regina Aumente

® 163 &




“Massic specimens at rational prices.

Call now for a free video catalog!

® Satisfaction guaranteed on all purchases.

® We pay top prices for fine specimens/collections.

® Passing through Texas? We'd enjoy meeting you.

FREE VIDEO: Call (972) 5406999

International orders: $25 for PAL or SECAM video; credit cards onh

LLyMAN SMITH

PO. Box 2256 ®* McKinney, TX 75070 ® (Dallas area)
(972) 540-6999 e FAX (972) 540-1907 ™ @

E-mail: info@fineminerals.com ® Website: www.fineminerals.com

MINERALS

Jordi Fabre

C/Arc de Sant Marti 79 Local
08032-BARCELONA (SPAIN)

T (34) 93-450-4478
Fax (34) 93-450-4745

By Appt. only
No Catalog

Now on The Web
at the
FABRE MINERALS
Home Page!

fabre-minerals.com/index.html
E-mail:
enquiry@fabre-minerals.com

See you at

St-Marie- Munich
aux-Mines Show
Show (stand
(Theatre) 2505)
L ]

L ]
Tucson

Show,
Executive
Inn Lobby

IN THE FISHBOWL!

Fine Minerals on video
featuring 100 new specimens

I.C. MINERALS

P.O. Box 1376
Goldenrod, FL 32733-1376
Tel. & Fax: 407-679-0905
e-mail: icmin@aol.com
®
$10 postpaid in US
Subscriptions available
PAL or SECAM call or write for info

20 minutes from doumtoun Orlando

P.0. Box 1384 » Somerset West 7129
South Africa
International Tel: 27 21 - 855 3267
International Fax: 27 21 - B55 4118
E-mail: owen@intekom.co.za

Colin & Helga Owen

SPECIALIZING IN MINERAL SPECIMENS FROM
N'CHWANING AND WESSELS MINES
KALAHARI MANGANESE FIELD

By Appointment Only
Just 30 Minutes Drive from Cape Town

[
OLD & RARE BOOKS

GEMOLOGY, MINERALOGY
ECONOMIC GEOLOGY, MINING HISTORY

Catalogue 52

Frederick Blake

* Bookseller »
|1 Oakway Dnive
Stony Brook, NY 11790
(516) 689-3754




£ Eugene Kooger
(303) 781-5740
3349 S. Marion St. Englewood CO 80110

E-mail: ckooper@rmi.net
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¢ CAD/GIS & Mapping | =1
Services e %

¢ Orthorectification of
Aerial Photography

¢ Satellite Image
Processing




DENVER GEM &
MINERAL SHOW

September 18 - 20

DENVER MERCHANDISE MART
Expo Hall

[-25 & Exit 215
e Museum & Competitive Exhibits
e International Dealers e Lectures

“The Year of the Fossil'

Denver Council
P.O. Box 621444 e Littleton, CO 80162
(303) 233-2516

Usgk
Y |[EXPO 98
September 16 - 20

THE TRAVELODGE
[-25 & 48TH Ave.

e Gems e Minerals & Fossils

e Retail & Wholesale

U.S. Gem Expos
P.O. Box 8862
Tucson, AZ 85738
(520) 791-2210
Fax (520) 825-9915

Mineral, Gem, Jewelry, Bead and Fossil Shows

p

September 16 - 20

HOLIDAY INN - DENVER NORTH
4849 Bannock St. (I-25 & 1-70)

e 250 Top Quality Mineral
& Fossil Dealers

e 60 Dealers from
Jforeign countries \
Museum Benefit Auction - -
Wednesday, 5 - 7 p.m.

P.O. Box 999 @ Evergreen, CO 80437-0999

NG
September 17 - 20
DENVER MERCHANDISE MART
PAVILION BUILDING
I-25 & Exit 215
Wholesale Gem & Jewelry
120 Derwood Circle

Rockville, MD 20850
(301) 294-1640 » FAX (301) 294-0034

The

Bead Renaissance

Sholvs

Your Ubiimare Bead, Bumon &

Jewelny Show
Holiday Inn, Northglens
25 & 1200k Ave.

Sepremben 17, 18, 19 & 200k

Rewail & Wieolesals

Bead Amrises, Menchann & Tuadems

Apciemt, Vimags &

Comrpmponsry  Beads
Desigmen Biads & Bumoss

Fxbibiross & Buyrims Inio
|} & | Peomovioss, LLC

B007 W. Collax CS - 27 Box 334

Lakrwond, CO 8021%

503-252-7T147 I 303-232-52b3

the .
r ’
pcan
Gem, Mineral & Fossil Show

September 16 - 20
New Location//

The Radisson Greystone Castle |
North Denver
83 East 120th Avenue
Thomton, Colorado 80233
(303) 451-1002

Contact: KAK Nanapement

Kay or Socrates: (MM0) TT9-8505

PARK [N BACK!

Of the Merchandise Mart

NEW
IN 1998

COLORADO FOSSIL EXPO
SEPT. 18 - 19 - 20

Mart Plaza Annex
(North side of Mart)

Martin Zinn Expositions
P.O. Box 999 » Evergreen, CO 80437-0999
Fax (303) 674-2384

PARKING!

Pavilion-
Wholesale Fossil
Gem Show | Show

bt TS =

Plaza-

Expo
Building
Cem &

Merchandise Mineral

Mart Show

PARKING

Washington St

—

*




The Most Complete Pictorial Reference On Minerals

“The Photo- Ag‘lcas
of Mmerclgf

b,

A

"‘\,._ :!. '.,' -
Produced by

\‘1
The Gem & Minaral Council

Los Angaigs County Museum of Natural History
¥

-

Only $49.95 ... <

Orders from California add 8.25% sales rax

Pav bv check or credit card (Visa or Master Card)
113

Orders accepted by mail, phone, fax and e-mail Phone

7163-31326

I II'l.l“‘_'., on one convenmient CD-ROM 1s
a comprehensive reference tool for min
eral enthusiasts, students, teachers and pro

IThe Photo-Atlas ol
Minerals, a production of the Los Angeles County
Museum of Natural History's Gem & Mineral Coun
Dr. Anthony R. Kampfi
museum s Curator of Mineral Sciences, and by Dn
Gerhold of Western Washington University. It contains nearly
6,500 high-resolution color images bv well-known mineral
photographers Dr. Wendell E. Wilson,
others. Mare than 800 different mineral species are illus-
trated! Descriptive data on these and thousands of other
minerals round out the CD-ROM’s coverage of the entire
mineral kingdom. Other features include
mineral pronunciation guide, a linked g
terms, the latest mineral classification scheme

fessional muneralogists

cil, was developed by the

[11'I-'fl~._’L'

Lows Perloflf and

an audio-based
lossary of mineral
according 1o

Strunz, and

cross-indexing capabihinies for easy searches
much more. The CD-Rom can be used on all PC-compatible

computers running Windows

The Gem & Mineral Council
Los Angeles County Museum of Natural History
900 Exposition Boulevard, Los Angeles, CA 90007

Fax: 213-749-4107 WWW: http://nhm.org/~ gmg

HHow was [ to
/‘fﬂﬂm ;M"J 33{-
S0 upsef ?

$42/year ($46 foreign)

DON'T STEAL
THIS MAGAZINE

If you're looking at a friend’s copy of the
Mineralogical Record right now, be wamed:
he’ll notice 1if it’s missing! Record readers keep
and treasure every back issue. Don’t risk life
and limb trying to snitch a copy. Get your own
subscription and you'll soon be enjoying your
own copies. But you'll have to keep an eye on
them . ..

Mineralogical Record,

P.O. Box 35565, Tucson, Arizona 85740




Europe’s Top Show

35* International
Mineral - Gem - Fossil Show

Dealer’'s Day
GEOFA: Oct. 30
(Pre* registration required)
Public Fair
BORSE:

Oct. 31 - Nowv. 1, 98
9am -6 pm

daily

New Fairground
MUNCHEN-RIEM

Special Exhibit
THE RED MINERALS

.

.Unu ralogist

A New Magazine about |

Designed to appeal to the serious collector at all
levels of experience,; lllustrated with beautiful color
photography throughout; covers the following drop in and browse
topics (in French) through my large inventory in all price
In-depth articles on French and worldwide categories including the well-known
mineral liocalmies
limely show reports describing recent mineral
and fossil discoveries 2 (Many P”ft"d well under one hundred dollars!)
Short reviews on individual species
Complete Show Calendar
Classified ads Lﬂwren(‘e H- Cﬂnklin
A one-year subscription includes é bimonthly issues | 2 West 46th Street
plus 1 special-series issue (subscriptions cover the New York, NY 10036
calendar year beginning with the Jan.-Feb. issue) 212-382-0304
In France: 300 F/year; Other countries: 400 F/year
VISA/Mastercard accepted!

EDIMONS pu Piar Gallery-showroom hours 10 to 5
| bis, rue de Piat Mondays-Fridays
F-43120 Monistrol/Loire, France No appointment necessary.
TEUFGK 33_‘:1? 1' 'OO'SdO? Ask to receive my free lists which are now }‘U}."-Il*-l‘n.'d regularly

| encourage visitors to New York to

Louis Zara and Doris Biggs collections.




DAN & JiLL ‘WEINRICH

NEW MINERAL VIDEO WITH 75 OF OUR

Send S8 (outside U.S. and Canada—S5S25)

LOOK for us on the internet—FREE PHOTOS
of any specimen in our stock sent upon request!

www.DanWeinrich.com ¢ e-mail: Weinrch@aol.com

16216 Copperwood Lane ® Grover, MO 63040
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Now
Dispersing
the Collection
of

Robert
Ferguson
(1767-1840)

OLD
EUROPEAN
CLASSICS!

See:
Rob Lavinsky
www.theark-

enstone.com
John Veevaert
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i i

Mark S hnesier
14l

L]

Dealers in Fine Mineral Specimens

BEST SPECIMENS!

FREE Hlustrated catalogs issued!

Fel: 314-230-8323 © FAX: 314-256-6540 www.irinity-

minerals.com

———
(|
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Oceanside

gem IHI[}H}‘N, Inc.

1II { ) I'lll 'X
Ocecanside. NY

2 ¢em. SCHNEEBERG

PROUSTITI

FAX

Classic Mineral Videos!

Aesthetic Minerals for sale on our 2-hour Video Catalog!
Fine specimens in all sizes! At least 4 Videos per year!
Satisfaction Guaranteed or your money Happily Refunded!
ORDER YOUR VIDEO—$%12 in any format
We buy specimens & collections—Competitive Prices Paid!
T]’ahff-!i;"‘.‘i {IL'k't'r!"'ft'If on f‘t'”fr Specimens (same "\If‘fl..'.'l_‘_'ﬂl
Buy-backs on wanted specimens!

THE ARKENSTONE
Robert Lavinsky
P.O. Box 948672, La Jolla, CA 92037 USA = Tel: (619) 587-114

(619) 534-8180 (ATTN: ROB) ®» E-mail: lavinskv@biomail.ucsd.edu

i
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julv 11-12 ulver City, CA
July 18-19 Colorado Springs, CO
julv 31-Aug. 1 w Carrollton, MD
Aug. 1-2 San Francisco, CA
Aug. /-9 West springhs id, MA
Sept 16 Denver, (0O
o0d Enougt
Holhiday Inn—Bannock

Dealers (Only

Main Retail Floo

Franklin, N
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JOHN BETTS

FINE MINERALS

-
NEW ARRIVALS

i
SHOW SCHEDULE
i

Frank
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-
ONLINE MINERAL GALLERY
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Who We Are:

Vol 1, No 1, Mineralogical Record, Spring 1970

The Friends of Mineralogy was founded in Tucson, Anizona, on
February 13, 1970. lts objectives were 1o promole better mineral

appretiation, education and preservation. The chief aims and activities
of FM include

Compiling and publishing informatnon on mineral localines, and
important muneral collections

Encouraging improved educational use of mineral specimens

collecuions, and localites

Support a semi-professional journal of high excellence and interest
designed 1o appeal 10 mineral amateurs and professionals, through

which FM activities may be circulated

Operating informally in behalf of minerals, mineral collecting, and

descnptive mineralogy, with voluntary support by members

The Mineralogical Record has agreed 1o an affiliation with the Frniends
of Mineralogy whereby it will publish its wnitten matenal and news of
s activities. The Friends of Mineralogy will suppon the
Mineralogical Record, since the aims of both are similarly educational
and directed toward better coordination of the interest and effons of

amatcurs and professionals

Co-Sponsor, with the Tucson Gem & Mineral Society and the
Mineralogical Society of Amenca, of the Annual Tucson

Mineralogical Symposia

Pacific Northwest Chapter: For information about the Pacifi
Northwest ¢ napter contact Wes Gannawav. Pressdent

1604 Brookwood Dr., Ferndale, WA 98248 26-184-4208

Pennsylvania Chapter: Remuniscences of a Mineralo

Arthur Montgomery. Order from: Fnends of Mineralogy. PA Chap

For information about the Pennsylvania chapter contac
Hlll.ﬂh! Ejnllll.‘.!ll.i" 115 ‘\1_|-T|‘.--r-‘. ]!‘1 \:"u._rl :il i'}-

Al )

2-T31-R40)7
Southern California Chapter: For information contact
Bob Reynolds, President, 2024 Orange Tree Lan

Redlands. CA 92374-285() 9)9-TOR-8570

NOTE! Enter the Werner Lieber Photo Contest! Sponsored by,
A traveling museum exhibit will be created from the best entnes
Catevories: Jumor, Adult Amateur, Professional, and Dhenal or

| 1x14 matie, full
captioned, of a MEXICAN muneral. Submission Deadling
NOVEMBER 1, 1998 Mail 1o: Dr. Karen Wenrich, PO. Box

Golden, CO BO401 (for info contact Karen at ( 303) 27TR-1218

Computer-Enhanced. Submit Bx 10 print in

CrystalsUL@& aol.com

Chapler News:

Colorado Chapter: Order Now!! Minerals of Colorado
Order from: Friends of Mineralogy—Colorado Chapter
PO. Box 11005, Denver, CO 8021 1-0005

5150 + 53 p.&h. (Colo. residents add 7.3%)

For informanion about the Colorado chapter contact: Ball
Chimside, 2157 S. Cole Cr., Lakewood, CO 80228: 3(03-989-874K

Great Basin Chapter: For information about the Great Basin
chapter contact: Jim Abbot, Highroller@ hotmail.com

Midwest Chapter: Visit out Web page at

www. indiana.edu/~minerals

For information about the Midwest chapter contact
Dr. Henry Barwood, President, Indiana Geological Survey
611 N. Walnut Grove, S-409-A. Bloomington, IN 47405

President:

Nelson Shaffer. SM Cabot Cr.. Bloomungion. IN 47408
(B12) B55-26K7 e-mail: shallfermni@ indiana.edu
Vice-President:

Susan Enksson Creology D ™ Yirginma lech., Bla ksbwry
(5S40 231-5360)

Secretary:

‘h’lk;' 'il"n-k,ﬂls IS W R-I-r'\l."kl,'lt R|1 | T0aE

501) 296- 1877 e-mail: IMichaelH@ aol.con
Ireasurer:

Roland Bounds, 315 Stamford Dr., Newark., DE 1971

(302) 73]1-B407 e-mail: 25628@ LU/ Del.Edu

For Membership Information Contact

Membership ( hair:
Regina Modreski, 8075 W. Freemont Dr., Littleton
CO RBDI23-4315

Ireasurer:
Roland Bounds, 315 Stamford Dr., Newark, DE 19
MS6286 LU De) Edu

(302 73] -RB407 e-mail

Newsletter Editors:
Credo Schwab, 4701 W. San Ralael St., Tampa. FL 33629
Mike Howard., 3815 W. Roosevelt Rd.. Little Rock. AR 7T22(M




Think about it: If you sold half of your mineral collection, you
would have the cash to spend on some of the beautiful new minerals
coming out. Or sell the whole thing and begin again in a different
specialty. With the experience you have now, you can do a better
job than you did the first time around. If you think that it’s time for
a change in your collection, give us a call for an evaluation. We pay
cash. Appraisals and specimen restoration available.

.
'

[

estern 1 inerals

GENE & JACKIE SCHLEPP
P.O. BOX 43603 + TUCSON, ARIZONA 85733 + NO LISTS « CALL COLLECT: (520) 325-4534

'L l]ll I‘UI' dn d},"}"’l"ll"l“'lh‘lﬂ O Visit our I'I'III'H.'I'(“ 1-~||'Ii1"|."v.'I"J.‘J-l.'ll‘.f"l "n"'.'hl,‘ﬂ :'.'l.lll—rl‘ in [LH'HHH.
\ FAX: (520) 318-0573

DENVER BOX

Supplier of MFF-Line Flats,

N . b . 4 Perfect Fit“, Cotton Filled
guides. a ml Ia Setup, Foldup, Perky

Discover Namibia's famous geomorphology,
geology and mineralogy with the assistance of
professional geo-scientists and experienced tour

Geo-Tours

Study and sample unique mineral occur-
rences in Namibia's remotest locations. Enjoy
our vast, untamed landscapes and wildlife in Call or Write for a Free Price List
exclusive style. Phone (303) 428-8771

Each tour is restricted to a small, elite group Phone: + 264-61 - 225120 Fax (303) 428-8773
and is designed to meet individual requirements  Fax + 264-61 - 229259 8890 N. Federal Blvd., 52-D
based on the group's level of expertise in earth E-mail: pha@nam.lia.net Denver, CO 80221

Collection & Display Boxes for
Rocks, Minerals and Fossils

Contact Geo-Tours Namibia

sciences, from amateur to professional level

Keeping in time with

Franklin and Sterling Hill

Got Rocks?

The Franklin-Ogdensburg Mineralogical
Society, Inc

Membership fee: $10.00

John Cinciulli, Treasurer,

60 Alpine Road, Sussex, NJ 07461

OsoSoft Does!

http://www.osomin.com

Order Desk 1-800-762-5639

Wholesale only 1o the trade. please have your tax # ready

FOR SALE: COMPLETE SET of
Mineralogical Record, vol 1-28. Very
;_'w.ui condition. Includes extra copies
of Tsumeb, Arizona I-11-111-1V-V. Best
offer. Contact R. Lindegger:

Tel: (416) 261-0403 Fax: (416) 2619182




Copper Crystals

Silver Crystals

Calcite Crystals with
Copper Inclusions
Datolite

Copper-Silver
“Halfbreeds™

Other Related Michigan
Copper Range Minerals
Large selection of
Flambeau Mine
Chalcocites

Michigan Enthusiasts!

Keweenaw Minerals
P.O. Box 66, Copper Harbor, Michigan 49918

Be Sure to Visit Our
Extensive Showroom in
Beautiful Copper Harbor

When Visiting the Midwest
_and American Federation
Conventions and the
Red Metal Retreat
August 10-16
in Houghton, Michigan

Located on
US-41
in Copper Harbor,
Michigan

Al, Mary and Jim Billings

Mineral Specimens
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» Specializing in *

®rrat Classics

i!uhan % lialustam

[
Urumnmr flincrals. ; ,

lists issued. - = _

See me at Booth M7, Tucson Convention Center
1'll have Pakistam Gem XLS and Old Classics

from a collection recently purchased

. Ohodda

8ox 31
Short Hills, N.3. 07078
(973) 467-D2]12

Tucson-Executive Inn—Feb. 3-15, 1998
Cincinnati — May 2-3, 1998

Springfield, MA—August 7-9, 1998

Carnegie Museum—August 28-30, 1998
Denver Holiday Inn—September 15-20, 1998

NORTH STAR MINERALS

SPECIALIZING IN THE MISSISSIPPI VALLEY-TYPE
DEPOSITS OF SOUTHERN ILLINOIS

Ross C. Lillie
7249 Woodlore Dr

W. Bloomfield, MI 48323 - Tel./Fax: (248) 926-9929 “;:lljtm

S— —

PERT (

Mineral Specimens - Peruvian Pyrite by the ” [0,{ W/
fon - Quar &z Points - Rough Blue & Pink
Andean Opal - Chrysocolla - St onecarvings GE ”"5 AND MINERALS

in Hard & Soft Stone - F ossils - Peruvian
Handicraft Beads

> WHOLESALE ONLY =

Vicjon Enterprises Inc.

12025 W. Wisconsin Drive

Lakewood, CO 80228 1 Belen, New Mexico 87002

Tek: (303) 987-1296 - FAX: (303) 988-7883 Plasis sond SR GA (e ouits L8 0o o

SEE US IN DENVER HOL. INN N. #290, SEPT. ||___1-year subscription to our mineral kst. |

® 19 @




'New York Mineralngiral_(__‘lub ﬂ

/ Fine Mineral Specimens! | = Founded 1886
RIGHT S ‘We Buy Collections! CALL FOR

| ., SHOWS: f PAPERS
ROCK !- s ) 1998 George F. Kunz ("nm[‘n:nm-\:-

—_— = e —— —————

In order 10 further the research and publication

(Holiday Inn Rm. 115)
Sl =22 . of the mineralogy of the northeastern United
i 114 L2TON, Vil . - .
H OP : 5 5 - States, the New York Mineralogical Club an

nounces the 1998 George F. Kunz Prize for the

best paper about northeastern United States

3612 ALBERT PIKE, HOT SPRINGS, AR 71913 « Tel: (501) 767-4800 minarsiagy. AR suoss s iuvied 3o sibesi

—_——— e J previously unpublished articles to the compet

tion by October 1, 1998, The pnze, named after

=

’ . George F. Kunz, founder of the New York
UNUSU a I CRYST ! I S "'-1l1'|.t"!'.t||!;._‘rl....i| Club, has a 500 firsi prize
ine Australian & Worldwide Minerals For detailed descnption and entry form contact

FROM Fossils, Rare Australian Species New York Mineralogical Club
AROUND THE WORLD Meteorites & Tektites. Retail & Kunz Prize Coordinator

\ "l'..r'\ ;r o Muier sinde b Ll T7 )
Wh e UM ince 1984 PO. Box 7//. Planetarium Station
oW b n the main floor at the

CORUNDUM IS I e e T Sl \t_u. \_'nrk. NY 10024-0077
OUR SPECIALTY!

GEM-FARE _t /" WASHINGTON, DC AREA

P.O. Box 213 * BUYING & SELLING GREAT MINERALS |

f/._.-f'
Pittstown, N_J. 08867 4; D‘U S ROX ; | AT SHOWS, BY APPOINTMENT IN |

= : % VIRGINIA. AND BY MAIL (NO LISTS)
Phone/Fax (908) 806-3339
\J1 / « ED. SWOBODA PSEUDOMORPHS!

REQUEST CRYSTAL LIST - a\’\/
58 C. CARTER RICH

) -t | ics
Robert Sielecki v -FINE MINERALS—

exploration geologist
/ : & See You In

i y i
lanine Rea fucson

BIUE Sky MiHiNq ﬁ":' :‘I..”-I: L mine geologist Tokvo

« SEE ME IN SYRACUSE. NY. AND NEW |
CARROLLTON. MD. IN JULY: AT |

e gl -y SPRINGFIELD, MA, IN AUGUST, AND
| Mines Shows . Denver DENVER AT THE HI IN SEPTEMBER

Melbourne, Victona 301, .'\- ni h
australia (phone (61-39-314-9612) |~ UNK PO BOX 69

FAX: (61-219-315-1819 | ~ ALDIE, VA 20105 (703) 327-6373

" JOURNAL OF
THE RUSSELL SOCIETY

The Journal of

['[‘IL]UII’IUH to

o : : . ' \ Harry W. Day
British Isles Topographical Mineralogy D 4 83 Hollywood Lane,

Frindsbury,
One issue per year. Subscription £15 for two Rochester,

airmailed issues (International Money Order or ' Kent ME3 8A1
Sterling check on UK bank) 1 - England

MEINERAL FPACK,

T'his 1s that ’r)’é. stuff “you don’t see” that everyone uses 1o mount
their specimens. lemporary to permanent, it holds both ways.

Doesn 't stain, dry up. or sag in show cases. Accept no imitations!

} (TS nvow aus ofF ahife Color }/3.::}3
Over 900 Mineral Listings plus Boxes & Supplies
— Send three stamps for complete catalog — PO. Box 6214
DAVID SHANNON MINERALS Rome, Georgia 30162-6214

6649 E. RUSTIC DR.. MESA, AZ 85205 (602) 985-0557 Tel: 706-291-4618
k No List. Please write for specific requests

¢ |50 ¢




Crystal Clear.

The Meiji EM Series of Modular Stereo M:croscopes

If you are looking for precision, durability, quality and value in a
stereo microscope, we Iinvite you to take a closer look at Meiji's
EM Series of Siereo Microscopes.

The modular design (A wide variety of bodies, single magnifica-
tion or zoom— rotatable 360°, auxiliary lenses, eyepieces,
stands, holders, etc.) gives you the freedom to create the ideal
instrument for your specific needs or application, and Meiji stands
behind every instrument with its limited Lifetime Warranty.

For more information on these economically priced stereo
microscopes, please call, FAX or write us today

xMEanI
TECHNO

MEIJI TECHNO AMERICA

2186 Bering Drive, San Jose, CA 95131, Toll Free Telephone: 800.832.0060
FAX: 408.428.0472, Tel: 408.428.9654

July 31-Aug. 2 New Carrollton, MD (Ramada)
Aug. 7-9 Springfield, MA (Eastern States Expo)
Sept. 18-20 Denver, CO (Merchandise Mart)

Mountain Minerals International

P.O. Box 302 * Louisville, Colorado 80027-0302
Tel: (303) 665-0672 » FAX: (303) 664-1009

Rare Minerals, Meteorites, Analytical Services & Microscopes—-Monthly Lists | 'y

EXCALIBUR MINERAL COMPANY | §iins

SUPPLY
1000 North Division Street « Peekskill, NY 10566-1830 CATALOG
Tel: (914) 739-1134 Fax: (914) 739-1257

52 ()
www.bestweb.net/ —excalmin

MICROMOUNTING

I'he Mineralogical Record
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Geology and Meteorite
Museums

University of New Mexico

Curators: Gary Smith (Geology
Adrian Brearley (Meteorites)
[el: (505) 277-4204

Dept. of Earth & Planetary Sciences

Northrop Hall, Univ. of New Mexico

Albuquerque, NM 87131

Hours: 9-4 M-F (closed on school
holidays)

Specialties: Worldwide minerals and
meteorites, New Mexico fossils,
Harding Pegmatite Mine Collection

Colburn Gem &
Mineral Museum

Executive Director: Rebecca Lamb
Curator: Susan Granados
Tel: (704) 254-7162
Fax: (704) 251-5652
iﬁlt L. "lJL = litihik.l{]lil].
Arts & Science Center
2 South Pack Square
Asheville, NC 28801
10-5 Tues.—Sat. (all vear);
-5 Sun. (June-Oct.);

Hours

Closed Mondavs and hohdavs
Specialties: North Carohina and
worldwide minerals and gems
Accessible to persons with disabilines

Montana Tech

Mineral Museum
Curator: Richard Berg
Adjunct Curator: Lester . Zethen
Tel: (406) 496-4414
c¢/0 Montana Tech
Butte, MT 59701-8997
Hours: 9-6 daily June-Labor Day;
9—4 Weekdavs
Labor Dav—-May
Specialties: Montana & Idaho minerals;
systematics

Museums listed alphabetically by city

i

Harvard Mineralogical
Museum

Curators: Dr. Carl A. Francis
Willham Metropolis
[el: (617) 495-4758

24 Oxtord Street

(“,amhridge, Mass. 02138

Hours: 9—4:30 M-Sat.: 1

\}‘t'-.'l.tfltif.'w Svystemati
Mineral Collection

4:30 Sun

William Weinman

Mineral Museum
Asst. Curator |1'|1Ll;,g Gravely
Iel: (7700 386-(0576
51 Mineral Museum Dn
White, GA 30184
Hours: 10—4:30 Tues
Specialty: Georgia &
worldwide minerals & fossils

Sat., 2—4:30 Sun

Western Museum of
Mining & Industry

Curator: Terry A. Girouard
Tel: (719) 495-2182
[elnet pac.ppld.ord (Library Cat
Ihr. of Educ.: Eric L. Clements
Tel: (719) 488-0880
Fax: (719) 488-9261
WWW. WITIML. OTE
1025 North Gate Road
Colorado Springs, CO 800921
Hours: 9-4 M-Sat., (12-4 Sun.,
June—Sept. only), closed hohdays
Specialties: Colorado minerals & ores,
Western mining equip. &
memorabiha, 11,000-vol. research
library

Denver Museum of
Natural History

Curator of Geology: Jack A. Murphy
Tel: (3)3) 3700-6445

Dept. of Earth Sciences

20001 Colorado Blvd

Denver, CO 80205

Hours: 9-5 daily

Specialties: Colorado minerals

Geology Museum
Colorado School of Mines

Curator: Virmma A. Mast

Tel: (303) 273-3823
Golden, Colorado 80401
Y—4 M-5Sat., 1-4 Sun

(closed on school holidavs &

Hours:

Sundavs 1in the summer)
Specialties: Worldwide munerals;
Colorado mining & minerals

A. E. Seaman
Mineralogical Museum

Curator (mineralogy):
George W. Robinson

Adyunct Curator: Dr. John A. Jaszczak
Tel: (906) 487-2572

Michigan Technological Univ

Houghton, Michigan 49931

Hours: 9—4:30 M-]

Specialty: Michigan minerals, copper
minerals & worldwide minerals

Houston Museum of

Natural Science
Curator (mineralogv): loel Bartsch
lel: (713) 639-4673
Fax: (713) 523-4125
] Herman Circle Drive
Houston, Texas 77030
9-6 M-Sat., 12-6 Sun
Specialty: Finest or near-finest

Hours

kHHHi]ﬂHWEHHWH
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Natural History Museum
of Los Angeles County

Curator (Mineral Sciences)
Dr. Anthony R. Kampft
l[el: (213) 763-3328

Collecnons Manager:
Dorothy |
Tel: (213) 763-3327
Fax: (213) 749-4107

900 Exposition Blvd

Los Angeles, CA 90007

10~4:45 Tues.—Sun

Ettensohn

I!HH['\

Specialties: Calif. & worldwide munerals

gold, gem crystals,

colored gemstones
Support organization

The Gem and Mineral Council
Website: http

nhm.org/~gm

University of Delaware
Mineralogical Museum

Curator: Dr. Peter B. Leavens
Tel: (3)2) R31-8106
E-Mail

PBL@BRAHMS.UDEI

L}L-r,n'[rnrur of ( "-'“i“!:"

EDU

University of Delaware
Newark, DE 19716

Hours: 8:30—4:30 M-F
Specialty: Worldwide munerals

Carnegie Museum of

Natural History
Collecion Manager: Marc L. Wilson
Tel: (412) 622-3391
4400 Forbes Avenue
Pittsburgh, PA 15213
Hours: 10-5Tues.—Sat.,
10-9 F, 1-5 Sun.,
closed Mon. & hohdays
Specialty: Worldwide munerals & gems

Museum of Geology
Dhrector: Phuhip R. Bjork
Iel: (605) 394-2467
South Dakota School ol
Mines & Technology
501 E. St ILr\:.'l"I Street
Rapid City, SD 57701-3995
Hours: 8-5 M-FE 9-4 Sat., 1
Specialty: Black Hills minerals

esp. pegmatites

4 Sun

New Mexico Bureau of

Mines & Mineral Resources—

Mineral Museum
irector: Dr. Virgal W. Lueth
[el: (S5005) B35-5144)
E-Mail
Fax

vwlueth@nmt.edu
)5 B35-63554%
Assistant Curator: Lvnn Heiwzler
R3S5-5166

New \1"\1- 0 IL"- h

801 Lerov Place

Socorro, NM 87801

Hours: 85 M-FE 10-3 Sat., Sun

Specialties: New Mexico minerals,

Tel: (505

muming artfacts, worldwide manerals

Penn State Earth &

Mineral Sciences Museum

Curator: Andrew Sicree

Tel: (B14) 865-6427

E-mail: sicree(a gCOsSC. psu edu
Steidle Building
University Park
State College, PA 16802
Hours: 9-5 M-F & by Appt

closed hohdavys

Specialues: Mineral properties

exhibats: “velvet” malachite: old

Penna. munerals, mining art

Arizona-Sonora
Desert Museum

Collections Manager &
.\11fll'f.1|.IT5._1§\! Anna M. Domitrovic
lel: (520

BR3-3033

Fax: (520) B8} L
2021 N. Kinnev Road
Tucson, AZ 85743-8918
Hours: 8:30-5 Daily (Oct.-Feb
Mar.-Sept

Arizona minerals

| A81) ext. 15,

— ¥
S -6 |}.|!‘,

Specialn

Europe

Giazotto Mineralogical

Museum
'\.\{.i“l‘{'T ]

Il'l 10} :1I| "IHIII].\'--“

. urator (s1azotto
Lungarno Gambacort 39
Pisa, Italy

Hours: by Appointment
Specialey: ltahan and Worldwide

minerals

Additional listings welcome!

Send vital informanon, as shown. to the editor

[ here 15 a

modest annual fee (lower than our regular advertising rates

o




COLORADO
MINERAL & FOSSIL SHOW

Holiday Inn - Denver North ¢ 4849 Bannock Street ® (where |-25 meets |-70)

September 16 - 20, 1998

Show Hours: Wednesday thru Saturday - 10 AM to 7 PM + Sunday - 10 AM to 5 PM

™\ (\K‘”’W * F R EE Admission * Wholesale & Retail *

L (= ! |
\‘ * ) *x220 TOP Quality Dealers *
e

S ( * Open to the Public %
<7 [
1<X| {mmn A

* Dealers on 3 floors of the Hotel %

x F R EE shuttle Bus to the Merchandise Mart %

Musewm Benefit Auction - Wednesday, 5 to-7 PM

Show Information: Martin Zinn Expositions *« P.O. Box 999 « Evergreen, CO 80437-0999 +« Fax (303) 674-2384

EAST COAST GEM, MINERAL & FOSSIL SHOW

Better Living Center « EASTERN STATES EXPOSITION ¢ 1305 Memorial Avenue ¢ West Springfield, MA

AUGUST 7, 8, 9, 1998

Show Hours: Fri. & Sat. - 10 AMto 7PM ¢ Sun.- 10 AMto 5 PM
3 Day General Admission - $6.00 ¢ 3 Day Senior Citizens - $4.00 ¢ 3 Day Students (13-18) - $4.00 ¢ Children (12 & under) - FREE

*x FREE PARKING * AIR-CONDITIONED HALL *

* Special exhibits from the Roy Smith Collection & Tom Wiesner, Ross Lillie, Harvard Museum

* Guest Speakers include: Roy Smith, Nancy Koskie, & Bob Jones
» FREE Mini-geode & Gold Panning For Kids (under 12)

* Fossils » Meteorites * Minerals * Gems =

* Beads « Jewelry » Lapidary = Door Prizes =
» 150 Top Quality Dealers
» Fun For the Entire Family

50 CASES OF ILLINOIS MINERALS
* THE BEST ILLINOIS DISPLAY EVER ASSEMBLED -

For Info: Martin Zinn Expositions ¢ P.O. Box 999 « Evergreen, CO 80437-0999 < Fax (303) 674-2384




THE 45th ANNUAL

GEM & MINERAL SHOW
FEB. 11-14, 1999

Featured Mineral: Mexican Minerals

TucsoN GEM & MINERAL Sociery SHOw COMMITTEE
P.O. Box 42543 ® TucsoN, AZ 85733 ¢ (520) 322-5773 * Fax (520) 322-603 1
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Encyclopedia of Mineral Names

by W .H. Blackburn and W.H. Dennen Hardcover

P B1/4 x 1| 3/4 format
The book you have all been waiting for! Over 300 pages
$40US in US and overseas
$40CON in Canada

Price includes shipping and handling

A treasure of information
and a promising research tool

r h IMA-approved mineral ies: Order from
o roves S — Mineralogical Association of Canada
* origin of the name

| - P.O. Box 78087
* discovery locality N o Meriline Postal Outlet
* key references - ' I 460 Merivale Road
» chemical formula " Ottawa, ON, Canada K2E 18I
* crystal system and symmetry T

Fax your credit card order
* correct spelling

: (Visa or Mastercard)
Up-to-date to the end of 1996 - to(613) 226-4651)

HAWTHORNEDEN

FINE MINERAL SPECIMENS

NMumbnail to Cabinet Siz¢
WANTED TO PURCHASEOLD COLLECTIONS

Open Mid-June 10 September
(Otherwise By Chance or By Appointment

Nhree miles south of Bancroft, Ontano. on the West side of Hwy. 62

Wendy & Frank Melanson
L 'Amable. Ontano KOL2LOD
II\'l If*i{I 1:: |I';:~.'\\ I.f'b1:||-:|';.~

NATIONAL MINERALS DIAMOND CRYSTAL SPECIMENS EMERALD CROWN
Your prime source for TOP QUALITY Kelsey Lake mine, Colorado : COLLECTIBLES
N aesthetic ZJEOLITES and Bulk Materia B . ; -
F AN By the Piece. Flat or Kilo Microcrvstals to 2 carats l1|||
Competitive Prices, Excellent Service PRISMA ENTERPRISES
FAX/Mail requirements to : s ey ‘: B
NATIONAL MINERALS, G3/7 Sunder Nagar P.O. Box 218, Timnath, CO 80547
Malad (W), Bombay-400064, INDIA Tel /Fax: 970-221-0338
el &1: 874-9984, 872-6874. Fax: 91-22-873-616] . o

® |55
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Rod & Helen Tyson
10549 133rd Street
Edmonton, Alberta Canada T5N 2A4

(403) 452-5357

Ed Rogers

Rare & Out
of Print Books

Catalogs issued (719) 539-4113
on mineralogy, Fax 539-4542
gemology, mining, Send or fax us
meteoritics, your want lists.
paleontology e-mail:
& exploration erogers@lynx.sni.net
ALTHOR PRODUCTS WEB CATALOG! https/mwww.geology-books.com/erogers

2 Turnage Lane, P.O, Box 640, Bethel, CT 06801 PO Box 455 - Poncha Springs, CO 81242 USA

Tel: (800) 688-2693 - FAX (203) 830-6064

Can’t make it to the Denver Show ?!?!

Can't take vacation? Want to use your money for rocks instead of travel expenses?

SHOP FROM HOME,
LIVE VIA THE WORLD WIDE WEB

We will have a large website updated twice-daily with information on new finds
appearing at the show (some offered exclusively over the internet) as well as a wide range
of individual specimens priced from $10 to $5,000.

http://www.thevirtualshow.com

Website now open! Send us your want list and we will attempt to find
specimens for you at the show!

All want lists due by 9/5/98.

a joint project of The Arkenstone, Trinity Mineral Company, and PaleoArt
(Rob Lavinsky, John Veevaert, and Chris French)




Interested in [talian Minerals?

RIVISTA

MINER

KEEP INFORMED on ltalhhan and European
minerals and localites—Subscribe to Rivisra

Mineralogica Iraliana. In Itahhlan, with
English abstracts, fine color photography.
550 U.S. for one year, airmail postpaid.
Back issues: $15 ppd.

Gruppo Mineralogico Lombardo,

¢/0 Museo Civico di Storia Naturale
C.so Venezia 55, 20121 Milano, ltaly

U.S. AGENT
Mineralogical Record
P.O. Box 35565
Tucson, AZ 85715
Tel: (520) 297-6709
Fax: (520) 544-0815

ITALIAN AGENTS
Renato & Adnana Pagano
P.O. Box 37
[-20092 Cinisello Balsamo
Milano (Tel: 39-2-618-1988)

(Fax: 39-2-612-1229)

. 7
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THE

ULTIMATE REFERENCE!

to a Quarter-Century of
Mineralogy & Mineral Collecting:

The

25-YEAR INDEX
To The

MINERALOGICAL RECORD

by Edwin L. Clopton
$35 + $3 shipping &) Wendell E. Wilson
312 pages, 8'/, x 11 inches
Bound Hardcover with a sewn binding to withstand years of heavy use!
Whether you own a complete set of issues or not, this is one reference you cannot afford
to be without.
Credit Card orders (VISA or MC) accepted by FAX. Order now!

Available Only From:
The Mineralogical Record
P.O. Box 35565, Tucson, AZ 85740 » 520-297-6709 » FAX 520-544-0815

WORLD DIRECTORY ESSENTIAL

OF

MINERAL REFERENCE!
COLLECTIONS |

- Werld ‘Directory of
@ Mineral Cellections

INTERNATIONAI
MINERALOGICAL by the

ASSOCIATION | International Mineralogical Association

L SESSM
516 plus $0 postage l"rm'i'df:s essential data on 4*.14 mineral‘ museums in
the United States and 31 foreign countries, including

ORDER FROM history, staff, address, phone and fax numbers, size

The Mineralﬁgi(;al Record and orientation of the collection, services provided,
P 0. Box 35565 hours open, etc. Arranged geographically for easy

lucson, AZ 85715 reference when traveling.

CREDIT CARD ORDERS (VISA, MC) ACCEPTED; FAX ORDERS ACCEPTED, FAX 520-544-0815
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NEW
MINERALS

1990-1994

-
-,

|
\ b 1B
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himeph A Mandann

by J. A. Mandarino
Detailed abstracts on 219

new mineral species
224 pages, 520 + $2 post

(softcover)

EF\\ 1{“ i:
“CREDIT CARD

a ¢ Il.'Hlet"

| 520-544-0815

C@llectam

Goldschmidt Locality Index

by W. E. Wilson
Locality cross-index for
Goldschmidt’s 23,606
crystal drawings
44 pages, 38 + 51 posi

{softcover)

The Mineralogical Record
P.O. Box 35565 ® Tucson, Arizona 85740

Glossary of

MINERAL
SPECIES

1995

by Fleischer & Mandarino
Basic information on

all 3.521 valid minerals
IR pages. 5K+ 5 posi

(sotlcover)

* MINERALOGY
* MINING

* METEORITES
* GEOLOGY

* JEWELRY

* GEMSTONES

ROCKS OF AGES

USED-RARE & OUT OF PRINT
BOOKS FOR COLLECTORS

Send $2 for Current Catalog of 500+ lems

ROCKS OF AGES

PO. BOX 3503 -

FUSTIN, CA 9278

WANT LISTS ARE
INVITED. WE ARE
ALWAYS INTERESTED
IN BUYING A SINGLE
BOOK OR A
COLLECTION OF

(714) 730-8048

FAX (714) 730-1644

ANY SIZE

Mu
Wo e
- &

Featuring: Articles on mineral localities in Russia

and neighboring countries, new discoveries, great
private and institutional mineral collections and

museums, cutting and lapidary arts
BACK

ISSUES #]1. 2. 3. 4. 7.8 9avail at 513 each (510 wath

subscription

tom;y

The new Russian journal of popular mineralogy & mineral collecting
Published Quarterly ¢ All in English! * 64 pages per issue

* One-year subscription: $52 (lour issues)

Send payment 1o

Ms. Carol Finnie
448 |

. Mulberry St.,
(513) 932-3069 (before 9:00 PM please)

Lebanon, OH 45036

® XV e




No. 1 Schmedel’s Erz Stuffen und No. 7 Sowerby's Exotic Mineralogy
Berg Arten (1753) with 46 color 1817), vol. 2, with 69 color

MIHE?’HZ({HH:H! plates. $200 [SOLD OUT] plates. All text in Enghish. $345
Record [SOLD OUT]

No. 2 Hebenstreit's Museum : . > 8
l , — i : No. B Rashlewgh's Specaimens of British
Richterianum (1743) wath 14 ;

- - A ! Minerals (1797 and 1802). vols. |
color plates. $250 [SOLD OUT]| .r,ll il -
ind 2 combined, plus new portrait
No. 3 Grew s Musaenum Regali and introduction; 233 speaimens
& - ] | AT f'lhl.

) i <2 | 2214
Societatis (1681) P]“‘" De Boate's illustrated 1in color. $310

T’{t rlnts Rare and Excellent Discourse on ISOLD OUT]
4 Minerals (1653) $100) No. l,'l_| G. Lenz s Mustentafeln der bi

nao l.t-]'.l['

(SOLD OUT| jerzt bekannter emfachen Mineralien

S_ _ 1794), with color illustranons of
ince 1990 the Mineralogical Record has  No. 4 Gauner d'Agoty’s Histoin 366 specimens from the collection

been producing hand-made limited-edition Naturelle Regne Mineral (1781 of the Grand Duke of Saxe

. . '.'uﬁfn T ‘.|:.|'|T Hl_{ g, :4_-,;._1':\ : & i
reprints of some of the rarest and most SOLD O “* - Weimar. $280 [SOLD OUT]
D OUT]

sought-after antiquarian color-plate mineral No. 10 Wulfen's famous monograph

books. Each edition has sold out quickly No. 5 Sueglitz's Spicilegium on wultenite, Abhandlung vom

3 b 3 G , : kamthnenschen Bleyspate: includes
J.”*.i h't‘\.-l"”".' | \'I)IIL“L"“”' 5 ”L*n] 1N It\ (OWn .I|I'|.F.'-'.-.f.4.|.l: Cn I ..'.arlu.:.'rlr.rn. . =i "

ubtervancorum (1769) with 22 new Enghsh introducton and
i Wil | ' | ] S s

right. These beautiful and interesting works color pletes and il Boalish biography, all 21 color plates

make fascinating and useful additions to any bl e reproduced, along with full text of |
library. People on our mailing list receive ISOLD OUT] the 1785 and 1791 editions;
advance notice of each new edition by mail. English translation of Waulfen's
No. 6 Sowerby's Exotic Mineralog) 1785 introduction plus Kumtsch's
1811). vol. 1. with 100 color rare 1810 brography and an
GET ON OUR MAILING LIST! plates. All text in English. $375 E]ih.lihh chapter on Wulfen’s
['he Mineralogical Record ISOLD OUT] wultenite locality, Bleiberg,
4631 Paseco Tubutama
[ucson, AZ 85715

Tel.: (520) 299-5274 « FAX: (520) 299-5702

A place on our list is vours for the asking . . .

Austna. Caltskin Spine £290 .“!”i*
nm US. (+8$10 outside the U.S
WHILE SUPPLY LASIS

Limited Editions!

LEATHER-BOUND EDITIONS

MINES AND
MINERALS OF PERU

549 ;"]!Ll‘-. 51 I"uln]tl_}_“k' (US. & Can.)

(foreign orders add $1

THE SWEET HOME MINE

192 pages with over 2\ or itlustrat

5449 [":h]_n 51 postage (U.S. & Can

foreign orders add $1

”‘u"u' are LI\:,HI;””IE' from

the Circulation Manager

'l.:",_l:!_="| “L/FFLY | A\STS

The Mineralogical Record

PO. Box 35565 * Tucson. Arizona 85740
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ﬂ!?@ﬂ‘fﬁﬂt OF INDIAN GEOLOGICAL SPECIMENS

SUPERB MINERALS
INDIA PVT. LTD.

Exquisite « Unique « Rare » Aesthetic

. Rare Species?
Common
Minerals?

Your direct source from Indian Quarries and Mines.
Any Quantities « Any Sizes (Museum Specialists)
Look for us at top mineral and fossil shows around the world.

INDIA IN THE U.S.

K. C. Pandey, Managing Dir 1
Shyam Castle, Brahmgiri,

Nashik Road

Nashik, India 422 101

Tel: 91-253-566227 & 566237

Fax: 91-253-564598

E-mail: superb@giasbm01.vsnl.net.in

Timothy J. Young

Geology Stores

4295 Belleview Road
Petersburg, KY 41080

Tel: 606-689-7875

Kevin Desai

939 So. Main Street, Apt. 2
Hinesville, GA 31313

Tel: 912-877-4676

We Operate Around the Clock « It's Team Spirit!

I
()ur customers sav:  Quality matenal

‘ accurate labels, excellent wrapping Find

out why' $2 brings 20 pages of histings

-

3 F-lm-. vou on our mailing hist for a vear

- Minerals Unlimited

P.O. BOX 877-MR
RIDGECREST. CALIF. 93556-08

S ——

‘.Hlmtrnyn’;u: Minerals

rare '-F"h s O

— l 4 T a4
HE A T ML rOMmInErodis

1 S Nikhil Gems
_1-»: l Simkev Minerals l Mecrsh, frem lets ALL |

fine microminerals for discriminating collectors ond SCOLECTT ailat P Oualit T
MICROS ONLY - FREE LIST Pl e g e et List $1 or Intes ph

79 Pine 51.5., Port Hope, Ontanio, L1A 3G2, Canada * SPEL [T Emmerald. Rut . - ' P.O. Box 53077, Dorval, Québec
Ph (905) B85-5483 Fax:(905) B85-1161 yper CALLFAX your Kegusrement

95 SW4 CANAD
i hb “IRKIL G WS 11819, Diarive- Mahal -4 8 Swpraters Bosd, Voo S e H : ¢ CANADA
E-mail: simkeviinhb.com INDHA. Tel: 9122-%2.200 & M67-900 FAN: 91120605004 & 289977 51 58-0759 E-mail laszio M

‘ ':,.-' P
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Mineralogical Record Inc.
Board of Directors
Thomas M. Gressman (Pres )
7753 Emerald Peak
Littleton, CO 80127
igressman@aol.com
Marshall Sussman (Vice Pres )
618 Hartrey
Evanston, IL 60202
Patricia A. Carlon (Secr.)
1110 E. Emerson
Bloomington, IL 61701
104764 .1245@compuserve .com
Art Soregarol (Treas.)
1376 W. 26th Ave
Vancouver, BC V6H 2B1
Anthony R. Kampf
Mineral. Section
Natural History Museum
900 Exposition Bivd
Los Angeles, CA 90007
akampf@nhm.org
Mary Lynn Michela
7413 N. Mowry Place
Tucson, AZ B5741
staff@minrec.org
George W. Robinson
Seaman Mineral Museum, MTU
1400 Townsend Drive
Houghton, MI 49931-1295
robinson@mitu.edu
Abraham Rosenzweig
P.O. Box 16187
Temple Terrace, FL 33617
rosetwig@aol.com
Terry C. Wallace
Dept. of Geosciences
Univ. of Arizona
Tucson, AZ 85721
wallace@geo arzona.edu

Wendell E. Wilson
4631 Paseo Tubutama
Tucson, AZ B5750
staff@minrec org

Volunteer Coordinators
Eastern U.S.
Charles & Marcelle Weber
1172 West Lake Ave
Guiltord, 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-Apnl issue
May-June issue
July-Aug. issue
Sept.-Oct. issue
Nov.-Dec. issue

Oct. 15
Dec. 15
Feb. 15
April 15
June 15
Aug. 15
An additional 20 days past the
closing date are allowed in which
advertisers may make changes

(excluding size changes) in ads
already pad for

n
Wendell E. Wilson

Graphic Production
Capitol Communications
Croftion, MD

Printing
Cadmus Journal Services
Easton, MD

Color Separations
Holls Phototechnics

Tucson, AZ

Circulation
P.O. Box 35565
Tucson, AZ B5740
520-297-6709

Editing, advertising
4631 Paseo Tubutama
Tucson, AZ B5750
520-299-5274

Foreign Payments
Remittance may be made in local
currency, al prevaiing exchange
rates. without surcharge. 10 the
following people

Belgium
Paul Van Hee
Manale: 43
B-2900 Schoten

Canada
Mrs. J. W. Peal
36 Deepwood Crescent
Don Mills, Ontano M3C 1NB

Great Britain
Paul Lowe
Endsleigh
50 Danell Road
Truro. Cormwall TR1 2DA

Haly
Renato & Adnana Pagano
P.O. Box 37
I-20092 Ciniselio Balsamo MI

Japan
Bon Earth Scences
Tsukasa Kikuchi
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Searching the world . ..

.. . to bring you the finest in mineral specimens
and meteorites at competitive prices.

o Fine Display-Quality Mineral Specimens,
Rare sz'rir.f, and Fluorescent Minerals:
Send for our lists of thumbnail, mimature, and
cabinet specimens. First quality mineral specimens for
collection and display, plus rare species for systematic
collection, reference, and research. Fluorescent
minerals are available for display and systematic
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Micromount and Specimen Boxes of

All Kinds:

Separate histings are available detailling prices and sizes
of micromount, plastic magnifier boxes, white cotton
lined specimen boxes, display stands, gem dispiay
boxes, palecomagnetic mr‘n;‘rhn}; cubes. showcase
boxes, white hr|dll‘|.g boxes, di\p|.ﬂ. bases, etc.

Mineralogical Books:

Send for our separate price hist with information
covering new books on mineralogical subjects, as well
as older, out of print mineralogical and geology

books
Back Issues of the Mineralogical Record.

Ask for our listing of out-of-print issues currently in
stock. Send us vour want list, if vou need back issues
to complete vour set. Send us your offers, if you have
back issues available for sale

Worldwide Mail Ovder Service:

For more than 35 vyears, since 1959, we have been
supplving Minerals, Meteontes, Books, Boxes, and
back issues of the Mineralogical Record to collectors
around the world. Orders can be placed by mail,

phone, FAX, or e-mail—addresses are given below
Price Lists:
Send a very large SASE for price lists on any of the

above subjects. Non-USA, <end two International
Reply Coupons. OR

sit¢ on the internet to see price lists and color

Meteorites, Tektites, Moldavites,
Fulgurites, and Trinitite:
Specimens of all sizes tor private collections and

institutional display, from worldwide localities. New

Check out our new web
and used books also available

photographs: http:/ /www. minresco.com

Mineralogical Research Co.

Eugene & Sharon Cisneros
15840 East Alta Vista Way, San Jose, California 95127-1737, USA
e-mail: xtls@minresco.com ® PHONE: 408-923-6800 ¢ FAX: 408-926-6015
Look for our booth at major Western U.S. Shows
A Division of the Nazca Corporation

-

T120 ey o a N
Advertisers Index

Althor Products Jendon Minerals 180 Pala International
Arnizona Dealers o Kooper. C. Eugene 165 Prisma Enlerprnises
Arkenstone 16€ Kristalle C2 Proctor, Keith

Ausrox Keweenau Minerals 179 Le Regne Mineral magazine
Behnke, Russell Lindegger. R 178 Rich, C. Caner

Betts, John 3 L.A County Museum CD 167 Rivista Mineralogica ltalkana
Blake, Frederick Lyman & Smith 164 Rocksmiths

Biue Sky Mining Company Meiji Techno 181 Rocks of Ages

Caltornia Dealers Mineral Data Publishing Company 163 Rogers. Ed

Canadian Mineralogical Soc Mineralogical Record Russell Socety Journa
Carnegie Mineralogical Award Advertising Information 191 Shannon, David

Carousel Gems & Minerals Antiquanan Reprints Simkev Minerals
Collector's Edge Back Issues / Springfield Show
Colcrado Dealers Books for Collectors 1 Sunnywood Collection
Colorado Mineral & Fossil Show Subscription Information Superb Minerals

Conklin, Lawrence Mineralogical Research Co Thompson, Wayne
Denver Box Company Minerals Uniimited Tucson Gem & Minera
Denver Shows Monteregian Minerals Tyson's Minerals

Emeraid Crown Colleciibles Mountain Minerals Internationa Vicjon Enterpnses
Excalibur Mineral Company Munich Show The Virtual Show

Fabre Minerals Museum Directory Weinnch Minerals
Franklin Oe;'y‘t‘:tﬂnsnurg Min. Soc : National Minerais Western Minerals

Friends of Mineralogy New York Mineralogical Club Wilensky. Stuar

Gem Fare Nikhil Gems Willis Earth Treasures
Gemmary Books B North Star Minerals World of Stones magazine
GeoExpositions Obodda, Herben Wright's Rock Shop
GeoTours Namibia Oceanside Gem Imports Yount. Victor
Hawthormeden 5 OsoSoft Zinn Expositions

1.C. Minerals Owen, Colin & Helga




ONE OF THE WORID’S PrREMIER CRYSTAL COLLECTIONS

Featuring Gem Crvstals, Gold Specimens and Hundreds of Worldwide Classics
Hundreds ot Specimens Priced under S1,000. Write tor List
Order vour 96-mimute Video! (see below

OxE orF THE Worip's Finest RHODOCHROSITE COLLECTIONS
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You can preview this collection with a 96-minute, protessionally prepared video
specimens, individually filmed, and 35 mine location photos to illustrate the history
crystal treasures. This unique, educational video graphically llustrates the 1

To order your video send $29.50 plus $2.50 postage

1992

Dr. Wendell Wilson in his video review in M.H., Nov/Dec

p. 504, says “The collector of aesthetic mineral specimens wi
find much to savor in Keith Proctor’'s video catalog of his
collection It really delivers in terms of extraordinary
mineral images and specimen information and will stand for
many years to come as a historically valuable documentation
of one of the great private collections of our time
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Oil Painting by Wendell E. Wilson © 1978; Collection of William F. Larson
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912 South Live Oak Park Road « Fallbrook, California 92028 « 760-728-9121
_ 800-854-1598 « FAX 760-728-5827
Cash Pcu.d for Visit our Showroom Monday-Saturday 10-5:00
* New Finds

* Collections
* Duplicates

William F. Larson
President

_ Photo by
Just Opened: 7100 Four Seasons Point, Carisbad, CA 92009 Harold and Erica
Tel: (760) 603-9601

Van Pelt, Los Angeles
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