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Joe A. Ruiz
June 18, 1924 to February 1, 2017

Joe Ruiz contributed a vast amount of knowledge to study
of Arizona Minerals. For years he was an avid field collector, but
more importantly he then spent hours studying the material that
he collected. This resulted in him finding many new minerals,
many new to Arizona, and at least eight new to the world. Two
of the localities that were his favorites were the Christmas Mine
and the Mammoth-St. Anthony Mine. The mineral Ruizite from
the Christmas Mine was named in his honor.

Joe was born in the town of Sonora, Arizona (now part of
the Ray Mine open pit); he graduated from Ray High School,
and earned a Bachelor of Science Degree in Pharmacy from the
University of Arizona. In World War |l he was a corporal in the
first Marine Division in the Solomon Islands and Okinawa and
then in China at the end of the war, and he served in the
Korean Conflict as a First Lieutenant in the Air Force.

He opened a pharmacy, Mammoth Drug, in Mammoth,
Arizona in 1955 and played an important role in the politics of
Mammoth and Pinal County. His passion for politics came in
part from his roommate at the University of Arizona, Morris “Mo”
Udall. Udall a long time congressman for Arizona converted Joe
to the Democratic Party. He was Mayor and Councilman of the
town of Mammoth, he was a member and president of the
Mammoth/San Manuel School Board and he was Justice of the
Peace for over 19 years in Precinct 4 of the Tri-community area
around Mammoth.

Joe will be greatly missed, whether it is the hours that you
could spend at his house looking at minerals under the
microscope or his refreshments that always appeared in the
evening at Mineral Symposiums.
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Saturday, April 1 - Symposium Program

8:00 - &8:40 -
8:40 — 8:50 -
8:50 —9:30—
9:30-10:10 -
10:10 — 10:40 -
10:40 - 11:20 -
11:20 - 12:00 -
12:00 - 1:00 -
1:00 — 1:40 —
1:40 - 2:20 —
2:20 -2:40 -
2:40 — 3:20 —
3:20 — 4:00 -
4:00 -

6:30 -

Coffee Hour
Welcoming Remarks and Introductions

Piedmont Mine, Yavapai County — Barbara
Muntyan

Agates of the United States — Pat McMahan
Break

Silver and Gold in Arizona, the Mining History
and the specimens that resulted - Les Presmyk

Waulfenite, Arizona’s State Mineral — Raymond
Grant

Lunch

Geology of the Tucson Mountains — Jan
Rasmussen and Stanley B. Keith

Genesis of a Limestone Cave and Associated
Mineralogy- Anna Domitrovic

Break

Arizona Cerussite — Mark Hay

What’s New in Arizona Minerals — Ron Gibbs
Visit Arizona-Sonora Desert Museum

Dinner at the Holiday Inn Express with dealers
selling and other activities



The Piedmont mine: History, Minerals and Myths
Barbara L. Muntyan
Tucson, Arizona

The Piedmont mine, near Bloody Basin in Yavapai County, is one of
the most intriguing, mythic, and peculiar mining propetties in Arizona. And
it is the source of the “Holy Grail” for many Arizona mineral collectors:
spectacular pseudomorphs of malachite @ blocky azurite crystals to 4cm,
coated by pale to dark green quartz crystal druse or clear quartz points.
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Part of the Copper Creek mining district of Yavapai County, the
original seven claims of the Piedmont mine were located in 1892. Situated
in the Tonto National Forest, the Piedmont mine can be reached via an all-
weather dirt road approximately 17 miles east of I-17’s Bloody Basin exit.
Throughout its existence, the Piedmont mine has been heavily promoted,
including by Walter Douglas of Jerome, youngest son of James Douglas, the
president of Phelps Dodge. He even renamed the claims “the Arizona
Copper Queen,” clearly trying to gain legitimacy for the property by
implying it was connected to -- or as good as -- Bisbee’s Copper Queen
mine.

During the years of promoting the Piedmont mine, some trappings of
a promising operation were developed. There were four shafts sunk on the
claims, if the prospectuses are true. The shafts were dug originally all to a
depth of 300-350ft. Then one shaft, the Piedmont, was sunk to a depth of
1,050ft., and there was reported drifting on two levels. However, the
Piedmont Shaft collapsed at the collar, making actual mining very difficult
to prove. Only evidence of two of the four shafts was found, the Piedmont
and the Sunshine to the southwest, both collapsed at the collars, when
exploration geologist James McGlasson and I visited the site in October,
2016. Strangely, there are almost no dump piles surrounding the collars.
Where is all the waste rock? Neither were any of the huge dikes reported
by early analysts in evidence. When Wayne Thompson and his uncle of the
same name visited the Piedmont in 1981, they also noted the lack of dumps,
as well as the lack of significant quartz dikes. They even doubted the
existence of any shafts, other than as shallow prospect pits.

Yet in spite of having a new mining evaluation completed every ten
years or so, and a string of names (the Piedmont, the Arizona Copper Queen,
the Legal Tender, the Gold Flower, and the Copper Creek) none of the
Piedmont’s eventual 41 claims were ever patented by its various owners, and
despite its heavy promotion, only one carload of ore was shipped during its
entire 125-year history. Indeed, the Copper Creek District in Yavapai
County as a whole never amounted to much. But as Mark Twain once
quipped, the definition of a mine is “a hole in the ground with a liar on top.”

The Piedmont mine might have remained in quiet obscurity, except
for an important find of specimens of quartz coating malachite



pseudomorphs after blocky azurite crystals to 4cm. The find was either as a
result of a tip given to Wayne Thompson, Sr. or as a result of a clandestine
field trip to the locale in the early 1950s. The people involved were Evert
Thompson and Wayne Thompson, Sr. (both uncles of collector/mineral
dealer Wayne Thompson) and Monnie Speck (who owned a rock shop in
Phoenix with her husband). Wayne Thompson, Jr. says his uncle Wayne
went up to the mine, possibly following a lead, and discovered a huge
boulder alongside the road, containing pseudomorph specimens lining a
narrow crack.

According to a knowledgeable source, Arthur Flagg occasionally
arranged “special” field trips for some privileged MSA members. The
Thompsons and Specks and were members of the Mineral Society of
Arizona, the mineral club founded and led by Arthur Flagg, Arizona’s first
State Geologist and a tireless advocate for collecting Arizona’s minerals.
And all three were part of this inner circle. Little hard evidence exists for
these field trips. But the MSA files would surely not have publicized these
events, which excluded many club members. And most people who knew
the real story have long-since passed away. Whatever the true
circumstances, the three collectors made a spectacular find at the Piedmont
mine in 1951, consisting of dozens of quartz-coated pseudomorphs of
malachite @ azurite crystals in blocky, pseudo-rhombic habit.

Here begins another set of myths, lies, and intrigue. The most
commonly-heard story is that the three families were on a picnic outing,
having driven all the way from Phoenix (a very long way, indeed, in 1951).
The story goes that they found a huge, vug-filled quartz boulder and
collected approximately 50 of these unique specimens in a fit of energy.

The saddest corollary to this tale is that the best specimen was a huge plate,
some 30cm (12 inches) in length. Since none of the three collecting partners
would give up their claim to it, the specimen was summarily broken into
three sections so that each of the collectors could have a piece.






The real story about this find will probably never be known, but
several educated guesses can be made. First, it is highly unlikely that all the
specimens came from one boulder. As any experienced field collector
knows, the magmatic “porridge” which creates vugs tends to be chemically
consistent over short distances. While there can certainly be minor
variations, major differences in color, habit, size, or matrix strongly suggests
that the vugs were spread over several boulders and at least situated at some
distance.

Moreover, there is evidence that the collectors did not have big
enough chisels and sledges (or maybe muscle power), and came back several
times to get the specimens. Finally, Evert Thompson, who had been a miner
in the Black Hills of South Dakota and who worked for the Highway
Department, was familiar with the selective use of dynamite for eliminating
big rocks in the path of new roadbeds, returned to the Piedmont with
dynamite. This theory is supported by the number of chipped quartz
coatings on many of the specimens. Good field collectors -- and these three
were reputed to be among the best-- would not have caused that degree of
damage, even if the vugs were tight. While the use of dynamite does not
have to cause damage, if one sets off a full stick, it will blow a big rock to
pieces and the concussion will cause the carnage observed to otherwise
pristine specimens. The evidence does not support the theory that the pieces
~were contacted by removal from tight vugs.

There are reputed to have been about 50 pseudomorph specimens
collected on this trip to the Piedmont. Most are now owned by a handful of
major Arizona mineral collectors, as well as two or three others. Monnie
Speck’s specimens went initially to Sandi Aston of Phoenix; this group of
crystals was subsequently acquired by Mark Hay and Dick Morris, along
with Keith Williams, about a decade ago. Wayne Thompson, Sr. sold two
fine specimens in the early years. Ed Swoboda bought one in the 1980s, an
important example for his pseudomorph collection, which went first to Jim
Minette and then to Les Presmyk. Rukin Jelks purchased another
pseudomorph from Wayne, Sr. for the Desert Museum when he served as
one of ASDM’s trustees. The Desert Museum later obtained the bulk of



Wayne Thompson’s specimens. Finally, Les Presmyk bought many of Evert
Thompson’s specimens in two purchase agreements a decade apart.

Were there other specimens, comparable to this big find, collected by
others during the last 65 years? Were these the only habit of pseudomorphs
collected? Were there other quality specimens from this strange mine?
There are several specimens of bright green vermiform chains of malachite
pseudomorphs after an unknown material. Dick Morris, Les Presmyk, Paul
Matt, Jim McGlasson and I have such examples. There may be others.

Although all the immediate participants have passed away and the
memories of others grow dim, answers must await further research. If one
asks enough people enough questions, the truth eventually surfaces. We
can only hope that this happens.
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Agates of the United States
Pat McMahan

Pat has just completed “Agates, The Pat McMahan Collection”. This is a comprehensive
book of 500 pages which includes 1,250 color photos of agates from 300 agate deposits
worldwide including many agates from Arizona. It has personal collecting stories,
prospecting techniques, history of some locations and more.

Pat McMahan was born in Los Angeles, California in 1947. At the age of eight he met
Professor Ade, a well know rockhound who collected in the 1930’s. He taught Pat how to
cut, polish, distinguish the various rocks, document his collection, and prepare displays.
Pat focused on rocks until he was 12 years old then set the hobby aside until he was about
35 and had kids of his own. He got a guidebook and took his wife Kathy and two boys
Scott and Chad to the desert camping and rock collecting. With Professor Ade’s
influence Pat came to love sagenite and plume agate. Little did Professor Ade know that
he was creating a life-long obsession for Pat.

Pat graduated from the University of Southern California in 1969. His major was
business but he loved the earth sciences and studied
geology, systematic botany and more. Upon
graduation he worked in his family’s office furniture
business and after 15 years opened his own retail
stores in Santa Barbara and Ventura.

Selling his business at age 42 and retiring, Pat has
spent much of the past 25 years collecting agates.
His long years of intensive collecting resulted in the
best and most comprehensive collection of sagenite
and plume agate in the world. More than 8,000
polished agate specimens from over 550 locations
are in his collection. Most of these agates have been
collected in the field by Pat himself.

He has spent considerable time digging on the
Laguna and Coyamito Ranches with Gene Mueller
from thegemshop.com. He has dug “Condor
Agate” at over a dozen localities in Argentina and
has collected in all 11 Western states in the U.S.,
also in Canada and Alaska. In addition to plume,
sagenite and dendritic agates, he has a collection of
fine quality banded agates. He has displayed agates
in rock shows in Europe and across the U.S. He has
published articles in Rock and Gem Magazine and
the German magazine Mineralien Welt and is the
author of a chapter on agates with inclusions in the
authoritative book “Agates II”.




Silver and Gold in Arizona — Its Mining History and Specimens
Arizona Mineral Symposium — April 1, 2017

Les Presmyk

Silver - Silver King mine, Silver King, Arizona
Les & Paula Presmyk collection, Jeff Scovil Photo

The exploration of Arizona started with the search for silver and gold. As history would show, it
was not silver and gold that would prove to be Arizona’s chief resource, but these two metals
would provide the initial spark for bringing people, mining expertise and capital into many areas
of the state. Copper mining would prove to be the long-term economic engine for the state but a
number of the copper mines and districts including Globe-Miami, Mineral Park, Ray, Superior
and Morenci owe their beginnings to gold and silver. Many of the precious metal deposits did
not last more than ten years and it was not uncommon for communities like McMillanville to last
for five years before the high-grade ores ran out and the town was abandoned.

Spanish conquistadors, after their successes in South America, moved north through Mexico,
and then started hearing tales of the Seven Golden Cities of Cibola, starting in 1530. This story
was further enhanced in 1536 by Alvar Nunez Cabeza de Vaca and Estevan after being
shipwrecked off the coast of Florida and making their way cross country to Mexico. Three years
later, the first expedition was sponsored by Francisco Vasquez de Coronado and headed by



Friar Marcos de Niza and Estevan, making Friar Niza the first European to enter Arizona. They
did reach the Zuni pueblos, reputed site of the Seven Cities, and not wanting to be viewed as a
failure, Friar Niza came back with stories of the gold and silver they saw.

A second Coronado expedition entered Arizona in 1540 and again reaches the seven pueblo
villages but no gold and silver. This failed venture halted additional forays into Arizona until
1580 when Antonio de Espejo discovered what was thought to be rich silver ore but probably
located the outcrop of the United Verde deposit at Jerome. In 1888, Dr. James Douglas did not
buy this rich copper deposit because it was too inaccessible. It truly was in the middle of
nowhere the in late 1500s.

Padre Eusebio Francisco Kino entered Arizona in 1691 and while spending the next 25 years
exploring and building missions and churches in the south central portion of Arizona, his main
interest was in mining for souls, not silver and gold. He did report in 1705 some rich silver ores
and these were probably in the Santa Rita Mountains.

The first verifiable silver deposit was the Planchas (or Bolas) de Plata at Arizonac in northern
Sonora in 1736. The importance of this discovery was not because it occurred in Arizona but
that the location became the basis for our state’s name. Gold was first recovered from a placer
in the Quijotoa District near Ajo in 1774.

The first American scouts to enter Arizona were Sylvester and John Pattee in 1825. These two
were followed by Pauline Weaver in 1832. The seminal event for bringing explorers into
Arizona, however, was the California gold rush. California was the place where thousands
hoped to find their fortunes but the majority soon found themselves traveling back through
Arizona, headed for home. More than a few tested various placers with some success.

The Gadsden Purchase, which acquired lands from the Gila River to the establishment of
southern boundary of Arizona in 1853 prompted additional interest in this area. Charles Poston
began his search for gold and silver in the Tubac area in 1854 and the Santa Rita silver mine
was opened in 1856. The first lode gold mine was discovered in the Sacramento Valley of
Mohave County a year later. The Mowry lead-silver mine was located in the Patagonia
Mountains in 1858. While the silver was valuable, this was one of the first lead mines in Arizona
and the closest source for hundreds of miles for this important base metal.

The Heintzelman Mine in the Cerro Colorado Mountains was producing rich silver ore in 1859.
Although specimens were taken back east to interest potential investors, very few specimens
have survived. With the beginning of the Civil War, all U.S. troops were removed from the area.
Soon thereafter, the mine was overrun by Apaches in 1861 and the entire staff was killed except
for Raphael Pumpelly, who went on to become a professor at Harvard. The known specimens
from the Heintzelman Mine came from his collection.

Thirty years after entering Arizona for the first time, Pauline Weaver discovered the La Paz gold
placers in 1862. The following year the Castle Dome District was discovered. The Arizona and
New Mexico territories were established by President Lincoln in 1863 partially due to the gold
discoveries in Arizona including the Moss and Vulture Mines. Prescott was named the
territorial capital.

It was not until 1874, with the end of the Civil War and a concerted effort to subdue the
Apaches, that prospectors felt safe and ranching and mining began in earnest. The silver



deposits around Globe, including Richmond Basin and the Stonewall Jackson mine propelled
Globe into a booming mining center. The Silver King and Silver Queen (Magma) mines were
discovered in 1875 and development on both began. The rich copper/silver ores of the Silver
Queen were soon depleted but the orebodies of the Silver King would last for almost a decade.

This was followed by Ed Scheiffelin’s finding and staking the first claims in Tombstone, named
after a warning given to him by a friend, that the only thing he would find was his tombstone.
The rush to Tombstone was on and culminated in a number of mines being opened and the
town being established as one of the most famous and infamous in early Arizona history.

Other silver and gold mines were discovered over the next two decades including the Harqua
Hala in 1878, the Fortuna Mine in 1895, the rich gold ores of Oatman in 1900, to name a few.
However, the long term economic fortunes based on mining were in copper. Even though most
of the early high-grade silver and gold mines lasted between five and ten years, Arizona has
continued to rank in the top half dozen gold and silver producing states throughout the 1900s
because these metals have been significant by-products of the numerous copper mines.

Specimen production was at best sporadic. Considering the remoteness of most of the early
mines and the difficulties of getting there, relatively few specimens were saved. The earliest
native silvers found in collections generally came from the Silver King and Stonewall Jackson
mines. Other notable specimens have been found in Mohave County, notably around Mineral
Park, and at the Monte Cristo Mine at Groom Creek south of Prescott.

Virtually all of the gold, whether it was in nuggets from the placers or the richest vein, went to
the U.S. mint. A very significant gold nugget collection from around Prescott was held intact for
years in the First National Bank vault there. It is now on display at the Wells Fargo museum in

Phoenix.

Yuba Mine, Greaterville, Arizona — Les & Paula Presmyk collection, Jeff Scovil Photo



The best native gold specimens that have been saved date from the 1950s, mostly as a result of
metal detecting both placer deposits and the dumps of underground mines. The mines around
Greaterville and other districts in Pima County, along with several localities in Yavapai, Mohave
and La Paz counties have been the most prolific. One of the most notable pockets of
crystallized gold was recovered in the 1950s from the Yuba Mine at Greaterville. A miner was
working one of the underground veins without any success. Of course he was near the end of
his money to keep mining and that night he had a dream about hitting the “pocket’. The next
day he blasted into 50 ounces of gold. A few of the specimens were saved and surfaced in
1989.

The old saying that “gold is where you find it” is certainly true. At the 1992 Tucson Show Ed
Huskinson brought in a small batch of gold specimens that had just been found at the Mystic
Mine, just north of Sun City. In 1996, two retired gentlemen decided to do some metal detecting
in the south end of the Bradshaw Mountains, north of the Castle Hot Springs area and stumbled
onto a small prospect pit dating from the 1920s. When they were done, they had found over 50
ounces of gold. One mass of gold, considered to be the largest existing gold specimen from
Arizona, weighing in at 70 ounces, was discovered in 1989 and made the front page of the
Globe (similar to the National Enquirer) and Treasure magazine. A current gold collector from
Tucson has been very successful at Greaterville and an undisclosed locality outside of
Kingman.



Waulfenite
Arizona’s Official State Mineral
Raymond Grant

On March 22, Governor Doug Ducey signed the bill
officially making Wulfenite Arizona’s Official State Mineral.
Dr. Alex Schauss led this effort with help from Chris
Whitney-Smith and all the collectors who called, emailed and
wrote to their legislators and the Governor.

Waulfenite was found in Arizona from the early days of
mining. W.P. Blake in his Annotated Catalogue, 1866, lists
wulfenite (molybdate of lead) in good crystals from an
unnamed mine in the Weaver District. Blake in 1881
described wulfenite from Castle Dome District, Red Cloud
Mine, Oakland Boys Claim, and other points in the Silver
District. Benjamin Silliman also in 1881 described wulfenite
crystals of rare beauty found in the Red Cloud Mine. By the
early 1900s there were many wulfenite localities known in
Arizona.

At present Randel Heath and I have a list of about 273
wulfenite localities for Arizona (Mindat.org has about 250
wulfenite localities listed for Arizona). We think that when we
are done compiling all the data, it is possible there will be
more than 300 localities.

Woulfenite has been found in every county in Arizona
with the exception of Apache and Navajo Counties. The
following is a list of Arizona counties with the number of
wulfenite localities that we have for each: Coconino — 1,
Cochise — 37, Gila — 24, Graham — 7, Greenlee — 3, La Paz -
28, Maricopa — 12, Mohave — 37, Pima — 42, Pinal — 31, Santa
Cruz — 21, Yavapai — 12, and Yuma — 18.

Many of these localities are world famous (Red Cloud
Mine, Glove Mine, Defiance Mine, Mammoth-St. Anthony



Mine, Tombstone, Rowley Mine, Old Yuma Mine, and 79
Mine) and well known to collectors. Many of the others have
produced only micro-crystals and some are not well
documented and need further investigation.

Why does Arizona have so much wulfenite including the
best in the world? There are several reasons for that. First, you
need lead and molybdenum to make the chemical formula of
lead molybdate (PbMo0Q,). There are many lead deposits in
Arizona and molybdenum is also fairly abundant. Second you
need to have the right conditions for the formation of the
wulfenite. This is complex and depends on ground water
availability, acidity of the water, oxidation conditions, and
other factors. Conditions over much of Arizona must have
been good for the formation of wulfenite.



Geologic History of the Tucson Mountains Jan C, Rasmussen & Stanley B. Keith

Geologic History of the Tucson Mountains
By Jan C. Rasmussen and Stanley B. Keith

Numerous episodes of mountain building, volcanism, mineralization, and sedimentation have left a record
in the rocks of the Tucson Mountains (Table 1). The oldest rocks exposed are the gray phyllites of the
Pinal Schist of Paleoproterozoic (early Late Precambrian) age, which was dated at before 1,695 Ma
(Mega-annum or million years ago) in the Little Dragoon Mountains (Silver, 1967). The Pinal Schist, a
product of the Mazatzal orogeny, is intruded by Oracle Granite, which has been dated at 1,410 to 1,440
Ma in the nearby Santa Catalina Mountains (Keith and others, 1980). The Oracle Granite is a product of
flat subduction at the end of the Picuris orogeny in the Mesoproterozoic. The Precambrian rocks only
crop out in the northernmost Tucson Mountains at Twin Peaks (Lipman, 1993).

Paleozoic rocks occur in only three small areas in the northwestern, western, and southwestern Tucson
Mountains. Paleozoic rocks include quartzite, limestone, and siltstone ranging in age from Middle
Cambrian (about 500 Ma) through Middle Permian (about 260 Ma). Early Paleozoic rocks were formerly
exposed at Twin Peaks in the northernmost Tucson Mountains, but have mostly been mined out by the
limestone mine for California Portland Cement’s plant on the west side of I-10 at Rillito. The earliest
Paleozoic rocks include the Middle Cambrian-aged, brownish Bolsa Quartzite and the Late Cambrian-
aged, thin-bedded Abrigo Formation of limestone, dolomite, sandstone, siltstone, and shale.
Unconformably overlying the Cambrian rocks in the northern Tucson Mountains are the Late Devonian-
aged Martin Formation of brown dolomite and the Early Mississippian-aged, cliff-forming, light gray
Escabrosa Limestone. Pennsylvanian-Permian formations are exposed in the western Tucson Mountains
at Sus Picnic Area, where limestones at and near the contact with the Amole Granite have been
metamorphosed to marble. The so-called Tucson Mountain ‘meteorites’ are large magnetite nodules from
this skarn or contact metamorphic zone. Paleozoic formations at Sus P.A. are mostly Pennsylvanian-aged,
light to dark gray, thin-bedded, ledgy slopes of Horquilla Limestone, and some Middle Permijan-aged
Scherrer Formation of white to brown sandstone and dolomitic limestone. The Middle Permian-aged,
thick-bedded, cliff-forming, gray limestones of the Concha Limestone and Rainvalley Formation are
exposed at Snyder Hill adjacent to Ajo Road in the westernmost Tucson Mountains. The presence of
Paleozoic formations below the Tucson Mountains is indicated by abundant exotic blocks of gray
limestone brought up from depth in the Cretaceous volcanism (Lipman, 1994).

The Nevadan orogeny produced Jurassic volcanic and sedimentary rocks (201-145 Ma) that occur in the
western Tucson Mountains at the Sus Picnic Area, near the Arizona Sonora Desert Museum, and in
Brown Mountain. These lower Mesozoic rocks include the red-brown-colored mudstone, siltstone, and
sandstone of the Recreation Red Beds of possible Triassic age, Jurassic-aged basaltic lava flows,
sandstone, and rhyolite ash-flow tuffs, and a small intrusion of andesite porphyry (159 Ma) in Brown
Mountain south of the ASDM on the west side of Kinney Road.

Cropping out in most of the lower slopes of the western Tucson Mountains are sedimentary rocks of
Jurassic or Cretaceous age (Lipman, 1993). These rocks include a volcanic conglomerate correlative with
the Glance Conglomerate, the Amole Arkose of presumed mid-Cretaceous age (120-100 Ma), and the
Tuff of Confidence Peak and sandstone and shale of Late Cretaceous age. The gray to brown Amole
Arkose was deposited as sandstones, conglomerates, siltstones, mudstones, and limestones in alluvial
valleys and freshwater lakes adjacent to mountains. The Early to mid-Cretaceous Amole Arkose rocks
were deformed by northeast-directed folding and faulting (such as the steeply west-dipping, northwest-
trending, Museum reverse fault) before the volcanism in the Late Cretaceous. This deformation is also
shown by the angular unconformity under the Cat Mountain Tuff (68-72 Ma). Some leg bones of a large
hadrosaur (duck-billed dinosaur) of Late Cretaceous age (83-66 Ma) were found in an exotic block in the
Cat Mountain Tuff (Lucas and others, 2015). The exotic block was an arkosic sandstone (probable
equivalent of the Ft. Crittenden Formation) that probably overlaid the Tuff of Confidence Peak, which is
shown in the Lipman cross sections as underlying most of the Cat Mountain Tuff.
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Geologic History of the Tucson Mountains Jan C. Rasmussen & Stanley B. Keith

The earliest part of the Laramide orogeny (Hillsboro Assemblage of Keith and Wilt, 1986) (85-75 Ma)
may be represented by the Yuma Mine Volcanics in the northeastern part of the Tucson Mountains. These
volcanic andesites, flows and dikes host the Old Yuma Mine, which is famous for its museum quality,
wulfenite and vanadinite specimens. The Old Yuma Mine was the most productive mine in the northern
Tucson Mountains, with a production of about 5,700 tons of gold, lead, and copper (with minor silver and
zinc) ore. Mineralization at the Old Yuma Mine is in a steeply dipping, lensing, and faulted ore body
along a major fracture zone cutting Cretaceous andesite and associated with a Laramide porphyritic
intrusive. Other minerals reported from the Old Yuma Mine include anglesite, calcite, cerussite,
chrysocolla, descloizite, fornacite, kermesite, malachite, mimetite, mottramite, palygorskite, plattnerite,
willemite, and quartz (www.mindat.org). The mine is now included in the Saguaro National Monument
and no collecting is allowed. Production from mines in the northern Tucson Mountains is listed in Table
2 and minerals from these mines are listed in Table 3. Early Laramide deformation of these earlier
Cretaceous rocks is shown by broad to tight, upright folding of the combined Amole Arkose-Ft.
Crittenden equivalent section on the west side of the Tucson Mountains. In addition, the east-directed,
reverse motion on the Museum fault that juxtaposes the Triassic-Jurassic section against the Amole
Arkose probably took place at this time, as the fault is intruded by the Amole Granite.

The early part of the Laramide orogeny (Tombstone Assemblage of Keith and Wilt, 1985, 1986) (75-65
Ma) is represented in the northwestern Tucson Mountains by the 73 Ma Amole Granite, its border phase
of Amole Granodiorite, and the 72.3 Ma Silver Lily dikes of light gray to tan porphyritic rhyolite dacite,
and fine-grained granite. These rocks and associated volcanics, such as the Cat Mountain Tuff (rhyolite),
in the northern Tucson Mountains have a characteristic metaluminous alkali-calcic geochemistry on
whole rock samples. Lead-copper-silver mineralization is associated with the Late Cretaceous igneous
rocks related to the Amole pluton and associated Silver Lily and other dikes. Production from most of
these mines was very sporadic and was mainly produced during World War I and II (Table 4). Most of the
mineralization consists of spotty copper carbonates, oxides, silicates, and sulfides (Table 5). The small ore
bodies were emplaced along strongly altered shear zones or quartz veins associated with Cretaceous
andesite or intrusive dikes, especially in or near dolomite and limestone. The majority of the outcrop of
the Tucson Mountains consists of this Cat Mountain Tuff of gray-brown to red-brown, rhyolitic ash-flow
tuff with varying degrees of welding and crystallization.

The basal part of the Cat Mountain Tuff, which was formerly called the Tucson Mountain Chaos, consists
of multiple horizons of lenticular and irregular masses of chaotic megabreccia, with some of the exotic
blocks as big as a car or house. These exotic blocks consist of pre-existing rocks, such as rare Pinal
Schist, abundant Paleozoic limestone, Cretaceous Amole Arkose, Jurassic rhyolite, Cretaceous andesite
and dacite. They have been variously interpreted as: 1) out-of-place blocks shed from thrust sheets
(Brown, 1939), 2) landslide clasts shed or glided from a high-relief topographic feature (Kinnison, 1959),
3) fluidized blocks lifted and erupted instantaneously by rising magma (Mayo, 1963), and 4) landslide
breccia associated with collapse of an Upper Cretaceous ash-flow caldera (Lipman, 1993). We prefer the
interpretation that the exotic blocks are giant lithic clasts plucked from the sides of the Cat Mountain
rhyolite magma chambers and incorporated as unaltered lithic clasts into violent, pyroclastic fissure
eruptions. We believe there is no need for a caldera, which is interpretive and has no physical evidence
for its existence. In our interpretation, the Amole pluton was emplaced in a syn-volcanic, shallowly
emplaced, hypabyssal, dome complex late in the eruptive history of the Cat Mountain ignimbrite
eruptions. Whatever the origin, the Tucson Mountain Chaos is a basal megabreccia member and
interfingers upward into the welded tuff member of the Cat Mountain Tuff, as shown on the map and
cross-sections by Lipman (1993).

According to Hagstrum and Lipman (1991), “The resurgent Amole pluton (~72 Ma) in the northern
Tucson Mountains was emplaced soon after eruption of the Cat Mountain Tuff, but cooled and was
magnetized after northeastward tilting (50°-85°) of the adjacent caldera-fill sequence.” East-directed
compression continued and the Cat Mountain Tuff is steeply east-dipping, with an angular discordance
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with the overlying Paleocene (58 Ma) Shorts Ranch Andesite (TKd, Dacite of Twin Hills unit of Lipman,
1993). This establishes that more than 90 percent of the tilting in the Tucson Mountains is Early Laramide
in age (73 to 58 Ma).

The middle part of the Laramide orogeny (Morenci Assemblage of Keith and Wilt, 1985, 1986) is of
Tertiary age, generally from 65-55 Ma, and is represented by minor porphyry copper mineralization in the
southern Tucson Mountains (Table 6). These mines and prospects are associated with the porphyritic
biotite granodiorite at Saginaw Hill, the 60.8 Ma biotitic tuff at Beehive Peak, the porphyritic biotite
granodiorite in the Sedimentary Hills, the Bee Hive Rhyolite, the andesite of John F. Kennedy Park, and
the 58.3 Ma biotite-hornblende Dacite of Twin Hills (formerly called the Shorts Ranch Andesite). These
rocks and associated volcanics in the southern Tucson Mountains have a characteristic metaluminous
calc-alkalic geochemistry on available whole rock samples (Dewhurst, 1976). The Dacite of Twin Hills is
the only unit in the Tucson Mountains that contains hornblende (as mentioned in the map explanations by
Lipman, 1993). The largest production from mines in the Tucson Mountains is from the Quien Sabe mine
area (Table 6), which is associated with the only hornblende-bearing igneous unit in the mountain range.
Hornblende is a well-known indication of wet, metaluminous magmatism, as documented by Keith and
Swan (1996). Sporadic production of a few hundred tons of Cu-Pb-Ag ore came from most of these mines
in the 1920s-1930s, although the Palo Verde and Papago Queen mines produced several thousand tons of
Zn-Pb-Cu ore (Table 6). Mineralization consisted of lead and copper sulfides in exotic Paleozoic or
Cretaceous blocks in sheared and fractured Cretaceous volcanics or associated with granitic porphyry
intrusions or rhyolite dikes (Keith, 1974). Minerals reported from the Sedimentary Hills (Table 7) include
garnet and epidote in carbonate beds in contact metamorphic zones with the porphyritic granodiorite.
Minerals reported from Saginaw Hill include sulfides (chalcopyrite, galena, pyrite, pyrrhotite, and
sphalerite) and secondary oxidized minerals (of the rare peacock blue cornetite, and of atacamite,
brochantite, chalcocite, chrysocolla, covellite, libethinite, malachite, and pseudomalachite), and quartz.

Perhaps the most significant Laramide structural feature in the Tucson Mountains is represented by the
prominent, low relief, peneplaned, unconformity between the mid-Tertiary volcanism of the mid-Tertiary
Galiuro orogeny and the underlying rocks of the Laramide orogeny. There is an angular discordance
between the Cretaceous (73 Ma) Cat Mountain Tuff and the Tertiary (60-58 Ma) Dacite of Twin Hills,
which indicates deformation during or after the extrusion of the Cretaceous volcanics and before the
intrusion of the porphyry copper-related rocks. There is also an angular unconformity between the Early
Tertiary rocks of the Late Laramide and the mid-Tertiary rocks in the northern Tucson Mountains. This
peneplane formed in the Eocene, between the 58 Ma Shorts Ranch Andesite and the overlying 39.5 Ma
Tertiary conglomerate north of Picture Rocks Road. We interpret this unconformity as representing the
uplift of the entire region and peneplanation into the Eocene erosion surface that was developed
throughout the Rocky Mountains, Basin and Range, and California batholith regions.

The Eocene erosion surface was the surface expression of the largest structural feature that formed during
the latest part of the Laramide orogeny (Wilderness Assemblage of Keith and Wilt [1985, 1986] from
about 50 to 40 Ma). This assemblage was characterized by very fast subduction, such that the down-going
slab was nearly flat. This flat subduction underplated the crust with material underthrust to the northeast
along the Maricopa thrust fault (shown in Keith and Wilt, 1985), creating a high peneplain similar to the
Altiplano of the Andes. These underthrust rocks were formed at depths of over 13 km and are now
exposed in the Santa Catalina Mountains as southwest-dipping sills of the Wilderness Granite. None of
these rocks are exposed in the Tucson Mountains. The rocks in the Santa Catalina mountains are a
window into ductilely deformed crust dominated by the peraluminous sill complex and southwest-
directed mylonite fabrics. The interface between the ductilely deformed crust and the overlying brittle
crust is the much-debated, Catalina low-angle fault. The initial origin of the fault was southwest-directed
thrusting, related to northeast-directed underthrusting of the Farallon plate under the North American
plate. Dehydration associated with the flat subduction created a water flood that rose into the North
American upper plate and hydrously melted, on a massive basis, sialic materials such as the Oracle
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Granite. These melted crustal rocks resulted in the widespread peraluminous magmatism that is the main
petrologic inhabitant of the ductile zone in the middle crust. Using depth-related arguments, the
southwest-directed transport on the Catalina fault of the Maricopa thrust system may have ranged
between 80 and 200 km. In this regard, the Catalina Mountains in the lower plate would originally have
resided 50 to 150 km southwest of the Tucson Mountains in the upper plate. In the mid-Tertiary, minor
amounts of normal slippage occurred on the Catalina fault during its uplift between 26 to 15 Ma, with an
uplift rate of about 1 km/million years.

Erosion of the low-relief Eocene erosion surface at the end of the Laramide orogeny produced minor
amounts of sediments assigned by Keith and Wilt (1985) to the Mineta Assemblage. In the northern
Tucson Mountains, representatives of this assemblage are shown by the conglomerate unit (Tc of Lipman,
1993) and a sandstone unit that rest on a tuff unit that has been dated at 39.3 Ma. Also in the southern
Tucson Mountains, a shallow lacustrine uraniferous marl was deposited in the vicinity of Cardinal
Avenue and Mission Road. The extremely deep erosion of the Eocene erosion surface focused very deep
chemical oxidation (due to pyrite weathering) that created the acid necessary to oxidize many of the
Morenci Assemblage porphyry copper deposits. This oxidation produced widespread supergene
enrichment (mainly as chalcocite with attendant malachite, azurite, and chrysocolla) so that the lower
grade (mainly as chalcopyrite) disseminated copper deposits were rendered economic.

At 43 Ma, a major plate reorganization ended the Laramide orogeny in southwestern North America.
After that, the vergence rates and the accompanied northeast-directed compressive forces slowed to half
what they had been previously. Aesthenospheric mantle was reintroduced between the descending slab
and the overlying North American plate, melting the plasticized aesthenosphere and allowing volcanism
to resume. During this ‘ignimbrite flareup’, volcanic activity returned to the Tucson Mountains at Safford
Peak in the northern Tucson Mountains, at Sentinel Peak (‘A’ Mountain) and Tumamoc Hill on the east
side of the mountains, and at Black Mountain in the southern Tucson Mountains. The gray to light brown,
Safford Dacite consists of dacitic to rhyolitic lavas, vent intrusions, spatter and volcaniclastic deposits,
including two vent necks at Safford Peak and south of Panther Peak. The Safford Peak tuffs are 28.6 to
25.9 Ma and the associated dacite lava flows are 25.1 Ma. The volcanic flows, volcanic conglomerates,
and ash fall tuffs at Sentinel Peak (‘A’ Mountain) are of similar ages. The basal Turkey Track Porphyry
along Mission Road is 28.6 Ma; the overlying basaltic andesite is 27.6 Ma; the Tan Tuff and overlying
Pink Tuff are 27.4 and 26.4 Ma; and the top basaltic andesite at Sentinel Peak is 23.7 Ma. Black
Mountain was dated at about 19.7 Ma. The lava flows and ash beds at Sentinel Peak and Black Mountain
are nearly flat-lying. Quarrying of basalt rock from near the base of ‘A Mountain’ in the early 20" century
has left a pit that misleads the general public into thinking it is the crater from which the lava erupted.
Basalt from this quarry was used for the construction of walls around the main gate of the University of
Arizona and for numerous foundations of houses in the university neighborhood.

As the southwest-moving North American plate over-rode the northeast-subducting slab of the Farallon
plate, the continuing compression created large, northwest-trending, mountain-sized arches, such as the
Santa Catalina Mountains. Erosion of this up-arch exposed the crystalline rocks from the lower plate as a
window into originally deeper mylonite and crystalline rocks. The shallowly northwest tilting of the
Safford Peak section and the very shallow north-northeast tilting of the Tumamoc Hill section could be
the western limb of a shallow synclinal axis that would lie between the Tucson and Catalina mountains.

After about 13 Ma, the San Andreas soft transform margin began to affect the Tucson region. Normal
faulting created the present-day Basin and Range topography, with the Tucson Mountains as a horst block
adjacent to the graben blocks of the Tucson basin to the east and the Avra Valley to the west. The Tucson
Mountains are part of the Basin and Range which formed as a collapse into a progressively enlarging no
slab window in the Farallon slab. The enlarging window was coordinated with a lengthening of the San
Andreas transform margin. The basins collapsed because they were no longer supported by the
subducting slab. This event is referred to by Keith and Wilt (1985) as the San Andreas orogeny. In terms
of strain domains, the San Andreas orogeny was divided into two main tectonic styles: the horst-graben

Flagg Mineral Symposium  April 1, 2017 W [BNrssrussarn, com 4



Geologic History of the Tucson Mountains

Jan C. Rasmussen & Stanley B. Keith

Table 1 Orogenies in Tucson Mountains and Associated Formations
Orogeni Age Arizona Alkali A
Orogeny ¢ Phase Age Ma (period) Magmatism nity Tucson Mts. formations
San Basin & 13-0 Latest anhydrous basaltic Tertiary-Quaternary alluvium, 12.9 Ma Recortado
Andreas Range Tertiary | volcanism Tuff in Roskruge Mts.
Late Quartz alkalic
Late 18-13 Tertia volcanics; MQA | None in Tucson Mts.
v detachment faulting
Alkali-calcic 39.5 Ma Tsf1 Safford lava flows; Safford Dacite
i - Mid- ighimbritic 25.1 Ma & Safford Tuff 25.9 Ma, Volcanics & tuffs
Galiie Middie 28-18 Tertiary volcanics & MG of Tumamoc Hill: 28.6, 23.7 Ma Tumamoc basalt;
plutons 27.4 and 26.4 Ma tuffs
Earliest | 39-28 Mid- Eer?:gi:gaf‘y ) Safford Peak conglomerate under volcanics;
Tertiary enrichment Cu dep. Uranium in limestone beds at Cardinal Avenue
Earl Peraluminous 2- None in Tucson Mts., 43 Ma Wilderness Granite
Late 5540 Tertiay mica granites at PAC | in Santa Catalina Mts.; Eocene erosion surface
v great depths under Tertiary volcanics NE Tucson Mts.
Porphyritic . - -
_—_ Tuff of Beehive Peak, porphyritic granodiorite of
Middle | 65-55 g_“?:ft;“ o i’i‘t‘;‘;m::]z :;f;‘;';s MCA | Sedimentary Hills & Saginaw Hill; Twin Hills
vy tuffs ! ’ dacite 58.3 Ma in S. Tucson Mts.
Laramide Granite-
Late granodiorite stocks, Cat Mountain Tuff (rhyolite & chaos lithic tuff
Early 80-65 Cretaceou | porphyritic rhyolite, MAC | members) 73.1 Ma; Silver Lily dikes in central
s dacite, dikes; ash Tuc. Mts.; Amole granite NW Tuc. Mts. 73.0 Ma
flows
Late High K, shoshonite, Yuma Mine voicanics in N. Tucson Mts.; Ft.
Earliest 85-75 | Cretaceou | latite, and rhyolite MQA | Crittenden equivalent sandstones containing large
s lavas hadrosaur bones (Campanian-Maastrichtian)
mid- . .
. Amole Arkose (Albian-Cenomanian) of western
Sevier 145-89 Cretz:ceou none Tucson Mts. ~ 100 Ma
Late | 160-145 Jul;::,i c volcanics MCA | Andesite porphyry at Brown Mountain 159 Ma
Nevadan Late &
Middi . Volcanic and .
- ~ ?
- 205-160 JMlddk? plutonic rocks Recreation Red Beds (~190 Ma?)
urassic
. . A Naco Group (Concha & Rain Valley) at Snyder
Alleghenian 290-260 | Permian | None Hill SW Ajo Rd.; Scherrer Fm. at Sus P.A.
Ancestral Rocky Middle B Horquilla at Sus P.A., Twin Peaks; Horquilla at
Mountains/Ouachita | 212307 | 'penn, | NoM® Twin Peaks
Acadian (E coast)/ . Martin, Escabrosa — at Twin Peaks Rillito Cement
Antler (NV) 41103360 | IOsvonian) | None ) mine; some Escabrosa at Sus P.A.
Taconic (E. coast) 470-440 | Ordovician | None - Cambrian Bolsa, Abrigo at Twin Peaks
Picuris 1440- rZ,ItZ?S;oi K-feldspar, PCA, | Oracle porphyritic granite (~1440 Ma) — Twin
1335 P c porphyritic granites PAC | Peaks south side
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Orogeni Age Arizona Alkali !
Orogeny ¢ Phase Age Ma (period) Magmatism nity Tucson Mts. formations
1750- Paleo-
Mazatzal 1600 proterozoi MC Pinal Schist (~1650 Ma) — Twin Peaks west side
c
Table 2 Production from mines in the northern Tucson Mountains - probable Earliest
Laramide Metaluminous Quartz Alkalic
Production Ore
No. | Mine Period (short | Au(02/T) | Ag (02/T) Cu (%) Pb (%) Zn (%)
(years) tons)
1 égfnc;na Consolidated (Uncle Early 1900s 1,100 trace 26 0.7
12 Old Yuma 1916-1947 5,700 0.1 1 1 4 0.6
18 | Twin Hill prospect 1944 40 0 1 0 4 4
Table 3  Minerals in mines of the northern Tucson Mountains - probable Earliest
Laramide Metaluminous Quartz Alkalic
No. | Mine Primary minerals Secondary minerals Other minerals
Arizona Consolidated ) Copper carbonates, copper quartz
1 (Uncle Sam) Copper sulfides oxides, copper silicates
Waulfenite, vanadinite, Quartz, calcite
anglesite, calcite, cerussite,
chrysocolla, descloizite,
12 Old Yuma Base metal sulfides fornacite, galena, hematite,
malachite, minium, mottramite,
plattnerite, tetrahedrite,
willemite
18 Twin Hill prospect Lead-zinc carbonate
Source: Keith, 1974, Index of Mining properties in Pima County, Arizona: Arizona Bureau of Mines Bulletin 189; Mindat.org
Table4  Production from mines in the central Tucson Mountains (Amole district) -
Early Laramide Metaluminous Alkali-calcic
H Production Ore Au
No. | Mine years foRG (0zIT) Ag (02/T) Cu (%) Pb (%) Zn (%)
4 Columbia (Mile Wide) 1954 130 0 04 2 0 0
5 Copper Bell (Mile Wide) 1937, 1956 90 Trace 1.1 4.6 0 0
6 | Copper King (Mile Wide) s 1400 |  Trace 0.5 6 0 0
1907-1912,
7 Gould 1940 1,500 0 0.1 2 0 0
8 Isabel 1919, 1962 170 2 1 3

Source: Keith, 1974, Index of Mining properties in Pima County, Arizona: Arizona Bureau of Mines Bulletin 189

Table5 Minerals in mines of the central Amole district - Early Laramide
Metaluminous Alkali-Calcic
No. | Mine Primary minerals Secondary minerals Other minerals
4 Columbia (Mile Wide) Spotty copper sulfides | Copper carbonates
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5 Copper Bell (Mile Wide) Spotty copper sulfides | Spotty copper carbonates
6 Copper King (Mile Wide) Chalcopyrite, pyrite Copper carbonates Amphibole, gamet, calcite
7 Gould Copper sulfides, pyrite | Minor copper carbonates Quartz, epidote, garnet
8 Isabel (Bonanza Park, Lead and copper Partly oxidized lead and copper
Sweetwater) sulfides sulfides

Source: Keith, 1974, Index of Mining properties in Pima County, Arizona: Arizona Bureau of Mines Bulletin 189; and www.MinDat.org,

Table 6 Estimated mine production, Southern Amole district - Middle Laramide
Metaluminous Calc-Alkalic
Production Ore Au
No. | Mine Period (short Ag (0zZ/T) Cu (%) Pb (%) Zn (%)
(0zIT)
{years) tons)
14,000
2 Battle Axe 1969-1970 smelter 0 traces 0.2 0 0
flux
3 Bee Hive 1925, 1929 smalil 0 12 4.5 1.5 0
1890s,
9 vy May 1920-1950 500 0.1 1.3 4 0.2 0
1920-1921;
10 Old Mission (Old Bat) 1923,1937- 150 0.1 10 1 0.3 0
1938
. w 1907-1909, 0.046
11 Old Pueblo (Quien Sabe) 1936 17,895 oT 6.19/T 0.8 0.0025
13 Palo Verde (Amole Gp.) 1918-1954 2,300 0.06 25 0.7 2.2 13
. . 1917-1934,
Papago Queen (Saginaw Hill, '
14 : smelter flux 3,700 0 0.5 1 0 0
Gold Hill, Amole Group) 1956-1959
45 | Pellegrin (Arizona, Old Padre, | 4948 1938 71 0.2 6 2 3 0
Starr)
16 Saginaw Pre-1900 100 0 0 0 0 0
17 Snyder Hill prospect 1922 15 0.01 301 0 5 0
Sedimentary Hills

Source: Keith, 1974, Index of Mining propetties in Pima County, Arizona: Arizona Bureau of Mines Bulletin 189; * from Keith, unpublished

data.
Table 7 Minerals from mines of the southern Amole district - Middle Laramide
Metaluminous Calc-Alkalic

No. | Mine Primary minerals Secondary minerals Other minerals

2 Battle Axe Acanthite, Weak and spotty copper oxides and Baryte, hematite,
chlorargyrite silicates; cerussite guartz, siderite

. Pyrite, chalcopyrite, | Spotty chrysocolla, malachite and partly

= Bee kiive galena oxidized galena Quartz
Lead and copper - .

0 vy May sulfides; bornite, cPuartrliyt/eomdlzed lead and copper sulfides;
pyrite P

. . . Barite, hematite,
10 | Old Mission (Old Bat) f:r‘;fgerr‘i’t’;'des' cerussite, argentite, jasper, massive
yie, manganiferous siderite

11 Old Pueblo (Quien Sabe) Chalcocite Copper silicates Drusy quartz
Sphalerite, galena, Slightly oxidized sphalerite, galena,

13 Palo Verde (Amole Gp.) chalcopyrite, pyrite chaicopyrite and pyrite

14 Papago Queen (Saginaw Hill, Disseminated cuprite and malachite, Quartz

Gold Hill, Amole Group) minor molybdenum oxides
15 Pellegrin (Arizona, Old Padre, Spotty oxidized lead and copper
Starr) mineralization
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16

Saginaw

Sparse, spotty base
metal sulfides, pyrite

Partly oxidized base metal sulfides;
cuprite, malachite, atacamite, adamite,
beudantite, brochantite, carminite,
chrysocolla, cornetite, libsthenite,
pseudomalachite, ‘limonite’

Epidote, garnet,
quartz, clay, feldspar

17

Snyder Hill prospect

Argentiferous galena

Silver halides; chlorargyrite, cerussite,
bindheimite, stetefeldtite

Baryte

Source: Keith, 1974, Index of Mining properties in Pima County, Arizona: Arizona Bureau of Mines Bulletin 189; and www.MinDat.org.
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GENESIS OF A LIMESTONE CAVE AND ASSOCIATED MINERALOGY
Anna M Domitrovic
Arizona-Sonora Desert Museum
Tucson, Arizona

In the early 1970’s, the Desert Museum conceived and initiated the formation of
the Earth Sciences Department, designed to interpret the geology of the Sonoran
Desert Region (SDR) of Arizona, the Baja Peninsula and Sonora, Mexico. The
vehicle for interpretation the Administration at the time decided to use was
artificial limestone caves.

Limestone in the SDR is late Paleozoic in age and the limestone in the Tucson
area ranges in age from early Devonian to Pennsylvanian, about 416 mya to 299
mya. Because of the nature of limestone, horizontal layering and vertical
fractures and joints, limestone solution caves occur. A limestone solution cave is
a naturally formed series of cavities, passages and chambers, the result of weak
carbonic acids reacting with the carbonate limestone. With enough time and
solutions rich in dissolved limestone, these caves can be highly decorated with
cave formations called speleothems. In addition to numerous wild caves, there
are several well-known commercial caves in southeastern Arizona — Colossal
Cave, Kartchner Caverns and Montezuma’'s Treasure Vault in the Huachuca
Mountains. The idea behind the Museum’s artificial caves is to give guests a
close-up and personal view of a limestone cave to take with them when they visit
commercial caves. The Baltimore Grotto of the National Speleological Society
coined a mantra that is used to signify the importance of conserving and
preserving natural caves and it has also been used by the Desert Museum in
interpreting its artificial caves — Take only pictures. Leave only footprints. Kill only
time.

The most common minerals found in natural caves are aragonite, calcite and
gypsum. They take on the various shapes of speleothems, like stalactites,
stalagmites, cave pearls and coral, cave flowers and rams horns and box work,
to name a few. But those same formations can also occur in minerals associated
with mines. The distinction we make between a cave and a mine is the manner in
which each was formed — one natural (a cave) and one dug by hand or machine
(a mine). With this distinction clarified, the Desert Museum can include in its
Permanent Mineral Collection (PMC) mineral specimens from mines that
resemble speleothems.



bird's nest
box work
cave coral
cave flowers
cave pearls

coke table

aragonite
aurichalcite
azurite

calcite
chalcanthite
chalcoalumite

chrysocolla

SPELEOTHEMS IN THE ASDM PMC

helectites
rams horns
soda straws
stalactites

stalagmites

SPELEOTHEM MINERALS IN THE ASDM PMC

goethite
gypsum
hemimorphite
malachite
psilomelane
siderite

smithsonite



CERUSSITE OCCURRENCES IN ARIZONA

Mark Hay

Arizona is known among mineral collectors world-wide for its secondary lead deposits. Localities
that fall in this category include some of the state’s most famous including the Red Cloud, Tiger,
Glove, Old Yuma and many others. The portfolio of fine mineral specimens that have come from
these mines include wulfenite, vanadinite, cerussite, mimetite, caledonite, linarite, leadhillite,
diaboleite to name a few. This presentation focuses on one of these — cerussite.

Cerussite is one of the more common minerals found in secondary lead deposits and therefore
occurs widely throughout these localities. It occurs in a wide range of forms, quality and
combinations with other minerals. This discussion is focused on Arizona localities that have
produced “collector-grade” cerussite specimens. In this usage, “collector-grade” is meant as
macro-specimens that due to their aesthetics, associations with other minerals, or other factors
make them of particular interest to mineral collectors.

The Arizona localities that have produced collector-grade cerussite are widely spread
throughout the state. They are listed below by county:

Bisbee — Cochise County

Hilltop Mine — Cochise County
Tombstone — Cochise County
Castle Dome Mine — Gila County
C&B Mine — Gila County

79 Mine - Gila

Grand Reef Mine — Graham County
Heson Mine — La Paz County
Red Cloud Mine - La Paz County
Amethyst Hill — Maricopa County
Rowley Mine — Maricopa County
Old Yuma Mine — Pima County
Tiger — Pinal County

Flux Mine — Santa Cruz County
Glove Mine — Santa Cruz County
Hull Mine = Yuma County



What’s New in Arizona Minerals — 2017
Ron Gibbs

Over the last year or so many interesting developments have occurred in Arizona that were in
one way or another associated with mineral collecting. New finds, new minerals, new localities,
new research, new displays, and just new stuff have happened that are part of the excitement
we have for mineral collecting.

The sad news of the passing of Joe Ruiz in 2017 has touched every Arizona collector. Joe was
a first class person and a self-taught mineralogist. He taught many of us the value of carefully
and thoroughly examining specimens for even the tiniest crystals. This is just one reason he
was so successful in discovering new species and new occurrences of known minerals. He
may not have invented the “little red arrow” but he certainly made good use of them and taught
many of us their value! Joe will be missed but his teachings will live on.

The search for additional Arizona type minerals species continues and the list is at 85 species
from 33 localities. Several localities have numerous type species, including Bisbee,
Tombstone, Mammoth-St.Anthony, Christmas, and Grand Reef. 123 additional species have
been added to the Arizona Mineral List bringing the known total to 919.

Kim Fendrich and others at the University of Arizona took another look at the crystallography of
ruizite using a specimen from the Wessels Mine in Africa. They were able to determine with a
high degree of certainty that the space group is A2 as originally determined by Hawthorne in
1984. There are now at least 5 localities for ruizite; Christmas Mine in Arizona, Wessles Mine in
South Africa, N'Chwaning Mine in South Africa, the Cornwall Mine in Pennsylvania, and the
Cerchiara Mine in Italy.

The investigation of raygrantite uncovered a discrepancy in the chemistry of the related mineral
hemihedrite. Hemihedrite was described with the formula: Pb4eZn(CrO,)s(Si0O4).F2. However,
fluorine was not found in the samples recently tested. Additional test work confirmed that
fluorine was absent and that hydroxide was present instead. As a result, the authors are
suggesting that the formula should be revised to be: Pb1oZn(CrO4)s(Si04)2(OH).. Hemihedrite
becomes iranite if copper is exchanged for zinc and becomes raygrantite if sulfur is exchanged
with chromium,

Yangite was described as a new mineral from the Kombat Mine in 2012. It was published in
2016 and honors Dr. Hexiong Yang, research mineralogist with the Geosciences department of
the University of Arizona. Yangite, PbMnSi;OgH0, is a lead manganese silicate. Dr. Yang has
described many new minerals while at the University of Arizona. He is currently also in charge
of the Mineral Museum in the Flandrau Science Center on campus.



Waulfenite is well on its way to becoming the official state mineral of Arizona. It has successfully
passed the House and Senate and now awaits the governors’ signature.

The old Pima County Courthouse is undergoing renovation. The courthouse was built in the
1920's and is now a National Historic landmark. Exterior renovation is complete and interior
renovation is underway. There is considerable interest in the creation of a new Mineral Museum
in the old courthouse. An agreement with the University of Arizona is being considered. Other
tenant s of the building will include the Western National Parks Association. They will move
from their currently location in Oro Valley. The new building will feature museum space, offices,
an auditorium, and a gift shop. One of the old court rooms used for the prosecution of John
Dillinger is also being preserved.

Several new exhibits are available at the University of Arizona Mineral Museum at the Flandrau
Science Center on campus. An exhibit of 79 Mine minerals has been installed by John
Callahan. The case highlights the varied species that occur in the mine and includes several of
the finest specimens found there. An exhibit of Rowley mine minerals features some of the
very fine recently found mimetite and wulfenite specimens. The mimetite shown includes the
brilliant red spherical habit. Upstairs is an exhibit of fine gemstones from all over the world.
The exhibit was installed by Somewhere Under the Rainbow and Gem-A and will be on exhibit
through next January.

Several new minerals finds have been made at the Rowley Mine. The new mineral Rowleyite
has been approved by the IMA. Rowleyite,
Na(NH4,K)eCLIIV:*"*(P,As)Osls:n[H20,Na,NH4,K,Cl], is an ammonium rich vanadate. Several
other minerals have been found which are new to Arizona; wheatleyite and antipinite. These
are oxalate minerals which formed on bat guano. Another new compound was found growing
on a wire, CuZnCI(OH);. Since it is man-made, it does not qualify as a mineral.

A new mineral for Arizona, perroudite, AgsHgsSs(l,Br).Cl;, has been found in altered galena
associated with cerussite and anglesite at the Red Cloud Mine in La Paz county. The mineral is
found as very small elongate red crystals.

There are some new exhibits at the Arizona Sonora Desert Museum. One exhibit highlights
Type Minerals while the other, How Did You Get That, gives examples of how museum
specimens are acquired. These exhibits are on display in the mineral area by the cave.

Another new species for Arizona is carlosbarbosaite,(UO.)2Nb20s(OH)2-2H,0, found in the Big
Horn Pit in Maricopa county. The mineral was erroneously described as brockite in a 2007 talk
for the Arizona Mineral Symposium. Subsequent analysis using Raman spectroscopy and
qualitative EDS at the University of Arizona has confirmed the new identity. According to the
listing in Mindat, this would be the second world occurrence for the mineral.

The 2017 TGMS Show featured many excellent mineral displays following the theme of
“Mineral Treasures of the Midwest”. Some more loosely followed the theme but all were



entertaining and educational. The 2018 TGMS Show theme is Crystals and Crystal Forms, so
start planning now for your next exhibit!

In a bill working its way through the system, The Arizona Mining, Mineral and Natural Resources
Education Museum would be transferred to the University of Arizona permanently. Renovation
of the Polly Rosenbaum building could take two years but then the museum would open with
exhibits focused on the natural resources of the State and sustainable land use. This would
also include a mineral display.

The Flagg Mineral Foundation has been busy. Some of their best specimens have been on
display at the University of Arizona Mineral Museum in the Flandrau Science Center on campus.
Come see it if you have not already. Several exciting specimens have been added to the
collection over the year including; calcite and dioptase from the Magma Mine, “sand calcite”
from the Lake Havasu area (looks like Rattlesnake Butte, South Dakota), polished malachite
and chrysocolia from the Old Dominion Mine, variscite with pyrite from the Cole Shaft at Bisbee,
and bobmeyerite from the Mammoth-St. Anthony Mine at Tiger. As a reminder, the 46™ Annual
Flagg Show is January 5-7, 2018.

Some small but beautiful specimens of iridescent hematite have been recovered at the 79 Mine.
These prompted a review of the literature since many people refer to these types of specimens
as turgite. But what is turgite? The literature is vague on this issue but Dana mentions
hydrohematite. However, whatever it is likely using thin-film interference to create the rainbow
colors. I'm curious to know what the audience knows about this issue.

Lastly, how many localities do we have in Arizona for Japan-law twinned quartz? Five are
mentioned in the 3™ Edition of Mineralogy of Arizona. | have found two other localities, the 79
Mine and the Christmas Mine. Doubtless there are many more and | hope the audience can
add to the list.
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