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The Mineral Symposium is organized each year by the 
Mineral Museum at the New Mexico Bureau of Geology and Mineral Resources.

Sponsors:
Albuquerque Gem and Mineral Club

Chaparral Rockhounds
Los Alamos Geological Society

New Mexico Geological Society Foundation
Friends of Mineralogy

City of Socorro
Grant County Rolling Stones

Friends of Mineralogy–Colorado Chapter

The New Mexico Mineral Symposium provides a forum for both professionals and amateurs interested in mineralogy. The 
meeting allows all to share their cumulative knowledge of mineral occurrences and provides stimulus for mineralogical studies 

and new mineral discoveries. In addition, the informal atmosphere encourages intimate discussions among all interested in 
mineralogy and associated fields.

The cover photo is Aurichalcite from the Kelly Mine, Magdalena District, Socorro County, New Mexico.
Mineral Museum no. 19443. Photo by Kelsey McNamara
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PROGR A M
Friday  November 11, 2022
 5:00–7:00 pm Friends of the Museum Reception—Headen Center (Bureau of Geology) atrium. 

 Appetizers, and Cash Bar 

 7:00 Informal motel tailgating and social hour, individual rooms, Comfort Inn & Suites 

 (#1 on map) and other venues—FREE

Saturday November 12, 2022
 8:00 am Registration, Macey Center; continental breakfast

 8:00–3:30 pm Silent auction to benefit the New Mexico Mineral Symposium

 8:50 am Opening remarks, main auditorium

 9:00 Crystal faces and crystal forms—John Rakovan

 9:30 The many faces of New Mexican fluorite—Herwig Pelckmans

 10:00 Coffee and Burrito break

 11:00 A copper bowl with a silver lining—Tom Rosemeyer

 11:30 120 years of the A.E. Seaman Mineral Museum of Michigan Tech—John Jaszczak 
 12:00 pm  Lunch 
 1:30 The most infamous frauds, scams, and poor business practices in the history of Colorado mining—

 Ed Raines 

 2:00 Outstanding crystallized minerals of the Colorado mineral belt—Phil Persson

 2:30 Crystal Peak: Lesser-known mineral finds—Mark Jacobson, Brad Meese, Thomas Cheatham,
 Joseph Dorris, and Markus Raschke

 3:00 Coffee break

 3:30 Weieliczka salt mine: Unesco World Heritage site; Kraków, Poland (a behind the scene tour)—

 David Stoudt

 4:00 Criminal Minerals: Investigating minerals that break the laws (of classical crystallography)— 

 John Jaszczak (Featured Speaker) 

 5:30 Sarsaparilla and suds: cocktail hour, cash bar—Fidel Center Ballrooms

 6:30 Dinner followed by a voice auction to benefit the New Mexico Mineral Symposium— 

 Fidel Center Ballrooms

Sunday November 13, 2022
 8:00 am Morning social, coffee, and donuts

 8:50 Welcome to the second day of the symposium and follow-up remarks

 9:00 Mines and Minerals along New Mexico’s old Route 66—Anna Domitrovic

 9:30 A shining past—a glowing future —The Steeple Rock mining district, Grant County, 

 New Mexico—Patrick Rowe

 10:00 Coffee break

 10:30 New Mexico copper, cuprite, and delafossite—Ramon DeMark, Michael Michayluk,

 and Tom Katonak

 11:00 Type locality minerals from the Land of Enchantment—Nathalie and Paul Brandes

 11:30 Occurences of orbicular granite in New Mexico—Tom Katonak, Dave Wells, and Joan Karrie 
 12:00 pm Lunch

 9:00-1:00 pm Silent auction, lower lobby, Macey Center, sponsored by the Albuquerque Gem
 and Mineral Club for the benefit of the Mineral Museum (FREE)





4

Symposium Keynote Speakers 1979–2021

Year # Keynote speakers and Abstract
1979–
1982

1–3

1983 4 Robert W. Eveleth, “Of Bridal Chambers, jewelry shops, and crystal caverns—a glimpse at New Mexico’s mining camps, 
characters, and their mineral treasures”

1984 5 Laurence H. Lattman, President, New Mexico Institute of Mining & Technology; “High-tech materials for modern society”
1985 6 Peter Bancroft, “Gem and crystal treasures”
1986 7 Vandall T. King. “Pegmatite petrology through phosphate mineralogy”
1987 8 Robert W. Jones, “Copper throughout history”
1988 9 Peter Bancroft, “Gem and mineral treasures II”
1989 10 Philip C. Goodell and Kathryn Evans Goodell, “Adventures in the Sierra Madre, Batopilas, Chihuahua”
1990 11 Peter K.M. Megaw, “Mineralogy of the rhodochrosite-bearing “silicate” ore-bodies of the Potosi mine, Santa Eulalia mining 

district, Chihuahua, Mexico”
1991 12 Gilbert Gauthier, “Mineral classics of Shaba, Zaire”
1992 13 Stanley J. Dyl, II, “Mining history and specimen mineralogy of the Lake Superior copper district”
1993 14 Bernard Kozykowski, “Franklin—its mines and minerals;” and, “The Sterling mine—a precious hillside preserve”
1994 15 Fred Ward, “The ‘precious’ gems: where they occur, how they are mined;” and, “Jade”
1995 16 Dr. Miguel Romero Sanchez, “The Romero Mineral Museum”
1996 17 Robert W. Jones, “Gemstones of Russia”
1997 18 Carl A. Francis, “A fourth world occurrence of foitite at Copper Mountain, Taos County, New Mexico”
1998 19 Terry Huizing, “Collectible minerals of the Midwestern United States”, and, “Colorful calcites”
1999 20 Rodney Ewing, “Mineralogy, applications to nuclear waste”
2000 21 Richard Houck, “Sterling Hill: Yesterday, Today and Tomorrow”
2001 22 Jeff Scovil, “Sampling the Finest”
2002 23 Robert Barron, “Recovery of A 17 Ton Copper Boulder from Lake Superior”
2003 24 John Rakovan, “The Cause of Color in Fluorite with special reference to the Hansonburg District, NM”
2004 25 Harrison H. Schmidt, “Lunar Geology and Mineralogy”
2005 26 Terry Wallace, “Silver of the American West”
2006 27 Ed Raines, “The Leadville Silver Deposits”
2007 28 John Rakovan, “Mineralogical Meanderings in Japan”
2008 29 John Medici, “Some highlights of 45 years of Medici Family field collecting”
2009 30 Ray DeMark, “Thirty Years of symposium presentations: a retrospective”
2010 31 R. Peter Richards “Geology and Mineralogy of Mont Saint-Hilaire, Quebec, Canada”
2011 32 Dr. Anthony Kampf, “Solving Mineral Mysteries”
2012 33 Jean DeMouthe, “Ancient and modern uses of gems & minerals: talismans, tools & medicine”
2013 34 Allan Young, “Collecting Thumbnail Minerals”
2014 35 Virgil W. Lueth, “The Past, Present, and Future of the New Mexico Bureau of Geology & Mineral Resources—Mineral 

Museum”
2015 36 Robert Cook, “An Overview of five great American Gold Specimen Locations”
2016 37 John Cornish, “Upside down and in the future, mining Tasmania’s Adelaide Mine”
2017 38 Bob Jones, “The History of the Bristol Connecticut Copper Mine”
2018 39 Peter K.M. Megaw, “The Santa Eulalia Mining District, Chihuahua, Mexico”
2019 40 Brad Cross, “An overview of the agates of northern Mexico and southern New Mexico”
2020 Cancelled due to Covid-19
2021 41 Jeffrey Post, “The Smithsonian Gem Collection—Unearthed: Surprising Stories Behind the Jewels”
2022 42 John Jaszczak, “120 Years of the A.E. Seaman Mineral Museum of Michigan Tech”
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CRYSTAL FACES AND CRYSTAL FORMS

JOHN RAKOVAN
New Mexico Bureau of Geology and Mineral Resources

801 Leroy Place, Socorro, NM 87801
John.Rakovan@nmt.edu

 One of the most alluring aspects of crystals 
is their flat surfaces (crystal faces), which naturally 
develop during crystal growth. Pliny the Elder 
(AD 23/24 – 79) noted “the polish on the faces 
of crystals is so exquisite that no art can possibly 
equal it!”. Even the seasoned mineral collector takes 
great pleasure in viewing the natural “polish” and 
geometric perfection every time they hold a pyrite 
cube from Navajun, Spain.

 Crystals were first recognized by their flat 
faces and symmetric or geometric morphology. The 
word crystal derives from the ancient Greek word 
κρύσταλλος (krustallos), meaning “cold drawn 
together”, or ice. It was later applied to rock crystal, 
also by Pliny the Elder, because he postulated that 
quartz was ice that had frozen so cold that it would 
not melt. With the advent of X-ray diffraction in the 
early 20th century scientists learned that a regular 
repeating arrangement of atoms comprised all 
crystals. One of the quantifiable properties of the 
repeating arrangement of atoms in a crystal structure 
is symmetry.

 Equally alluring and particularly intriguing 
are the symmetric shapes of crystals, which result 
from the combination of faces that develop during 
their formation. The external symmetry observed in 
crystal shapes (Fig. 1 & 2) is ultimately the result of 
the internal symmetry of the crystal structure. In the 
English language a common synonym for shape is 
form. However, in crystallography and mineralogy 
form has a much more specific meaning that is not 
equivalent to shape or morphology. In these contexts 
a form is defined as a set of crystal faces that are 
related to one another by the symmetry of the crystal 
structure. Such faces are said to be symmetrically 
equivalent. Accordingly, we can simply  define a 
form as a set of symmetrically equivalent crystal 
faces. There are 47 possible form types found among 
crystals (excluding those found on quasicrystals). 

These include pedion, pinacoid, prism, cube, etc. The 
morphology or habit of a crystal is governed by the 
forms present and by the relative development or size 
of the faces among those forms.

 Though related to the symmetry of the 
crystal structure, apparent external symmetry can 
be influenced by extrinsic factors during crystal 
growth; for example, unequal development of the 
faces of a cube  can result in a crystal with the 
shape of a square prism, leading to an apparent 
symmetry or pseudosymmetry that is different than 
that of a cube (Fig. 2B). Understanding the basics 
of crystallography, with concepts like symmetry, 
face indices (e.g. Miller indices), and forms, can 
lead to a much deeper appreciation of the beautiful 
crystals that adorn mineral collections, and lays 
the foundation for recognizing unexpected crystal 
characteristics; i.e. specimens that violate the laws of 
classical crystallography (the topic of John Jaszczak’s 
abstract and presentation at the 42nd Annual New 
Mexico Mineral Symposium).

Figure 1. SHAPE® rendering of a cube with graphical symbols of all 
of the symmetry elements (e.g. axes of rotation (dark blue) and mirror 
planes (light blue)) superimposed.
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Figure 2. A) Cuprite crystal showing equal development of the faces in the cube form, modified by dodecahedral and octahedral faces along the cube 
edges and corners. B) Cuprite crystal showing unequal development of the faces in the cube form resulting in a pseudo tetragonal symmetry. Laszlo 
Toth photos.

AA BB
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Fluorite is a very common, widespread mineral. I bet you it 
can even be found in your collection!

To give you a better idea of how widespread it is, we'll have a 
look at Mindat for up to date data.

The composition of fluorite is very simple: it is calcium fluo-
ride: CaF2

Some basic properties of fluorite: 
* it comes in about any color 
* it has a vitreous = glassy luster,
* if you crush it up, it will be a white powder
* it has perfect cleavage, and no less than 8 cleavage 
planes

=> like calcite has cleavage rhombohedrons, fluorite 
has cleavage octahedrons 

* its hardness is a standard on the Mohs hardness scale = 4
=> in other words: it is a reference species.

Fluorite is named for the Latin verb fluere, which means to 
flow. Since the Middle Ages, fluorite has been used as a flux for 
melting iron ore. It will make the ore melt at a lower temperature. It was Georgius Agricola, a German scientist who named it 

after this property. He also specified in his description: it is simi-
lar to gemstones, but not as hard. 

In 1747 the Swedish chemist and mineralogist Johan Gotschalk 
Wallerius named it "glassy spar" referring to its luster and to the 
fact that it did not contain any ore.

Carlo Napione was an Italian engineer and the first scientist to 
use the word "fluorite" in his 1797 book on mineralogy.

Fluorite has seven basic crystal forms. Three of those are 
fixed: the cube, the octahedron and the dodecahedron. The other 
four are variable: the tetrahexahedron, the trapezohedron, the tris-
octahedron and the hexoctahedron. In this talk, we will have a 
look at each, and then study the combinations of these forms that 
have been found in New Mexico (and were available to me as 
digital photographs).

THE MANY FACES OF NEW MEXICAN FLUORITE

HERWIG PELCKMANS
N. Theelenstraat 1, B-3500 Hasselt, Belgium (Europe)

herwig.pelckmans@gmail.com 

Fluorite crystals from the Sunshine No. 3 adit, Blanchard Mine, Bing-
ham, Hansonburg District, Socorro County, New Mexico, USA. Field of 
View: 1.9 mm. Photo & collection Jerry Cone.

Fluorite crystals from the Caballo Mountains Mining District, Sierra 
County, New Mexico, USA. Field of View: 1.3 mm. Photo & collection 
Jerry Cone.





8

TITLE42nd New Mexico Mineral Symposium - Abstracts and Program 2022

This year’s talk at the symposium will dwell on the silver spec-
imens from the Michigan Copper Country.  In the title the copper 
bowl refers to the largest native copper deposit in the world ever 
mined, and the silver lining refers to the silver specimens found 
within that now grace mineral collections worldwide. 

The first silver recovered was probably by Paleo- Indians 
who fashioned tools and weapons from “float copper.”  Some of 
the “float copper” contained globs of native silver and the term 
applied to this combination of silver/copper was “halfbreeds.”  
This term is still used for silver/copper specimens from the region.

The first mining of native copper from the Keweenaw was 
from fissure veins cutting across the Portage Lake Volcanics. 

A COPPER BOWL WITH A SILVER LINING

TOM ROSEMEYER
Magdalena, New Mexico

tajmahal@gilanet.com    

Silver on copper.   7.2 cm, Southwest orebody, White Pine mine, Onto-
nagon County, MI. Peter Rodewald specimen and photo.

Silver  specimen,  9 cm,  Quincy mine, Hancock, Houghton County, MI.  
Tom Rosemeyer specimen, Terry Huizing photo.

Many beautiful specimens were recovered from the mines when  
miners soon learned the value of the specimens. The most out-
standing specimens were from the Cliff mine and Central mine. 
The Kearsarge copper-bearing amygdaloidal lode produced the 
most beautiful and best crystallized silver specimens and are now 
highly sought after. A late comer for crystallized silver specimens 
was the White Pine mine in Ontonagon Country which mined a 
sediment hosted chalcocite deposit.

     
At present silver specimens are still being recovered by metal 

detecting and found as float, in mine dumps and near cabin foun-
dations where miners had stashed specimens and didn’t retrieve 
them.  If you visit the Copper Country a must is a visit to the A.E. 
Seaman Mineral Museum on the Michigan Tech campus where 
many beautiful specimens of silver/copper are on display.
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120 YEARS OF THE A. E. SEAMAN MINERAL MUSEUM 
OF MICHIGAN TECH

JOHN A. JASZCZAK
Director and John & Phyllis Seaman Endowed Curator

A. E. Seaman Mineral Museum, Michigan Technological University
jaszczak@mtu.edu

The first mining boom in the United States took place for 
native copper in the early to mid 1800s in the rugged Keweenaw 
Peninsula of Michigan, where indigenous peoples had extracted 
and worked copper for thousands of years. The need for training 
mining engineers and geologists was clear by the early 1860s, 
and in 1885, the State of Michigan established the Michigan 
Mining School (now Michigan Technological University) in 
1885. Included in the State’s charge to the school’s trustees was 
to “provide for obtaining and establishing a complete collection 
of minerals of the Upper Peninsula, and properly classifying the 
same.” From the beginning, mineral specimens were purchased 
for educational purposes, and in 1902, Arthur Edmund Seaman, 
the school’s first geology professor, selected a portion of the min-
eral collection for display, thus effectively founding the museum. 
It was named in A. E. Seaman’s honor in 1932, became the offi-
cial Mineralogical Museum of the State of Michigan in 1990, and 
is also a Heritage Site of the Keweenaw National Historical Park.

Thanks to the visionary collection building and care of A. E. 
Seaman and the museum’s subsequent curators and managers, 
the museum today occupies a 9,000-square-foot purpose-built 
facility on Michigan Tech’s campus. Approximately 4,000 speci-
mens are on display out of over 37,000 specimens that it curates, 
including nearly 15,000 specimens from the University of Michi-
gan Collection through the Michigan Mineral Alliance. Historic 
collections include those of A. E. Seaman, John T. Reeder, Lucius 

L. Hubbard, Thomas Whittle, Alan W. Pinger, George B. Robbe, 
and others. More recent collections include those of Donald C. 
Gabriel, E. Wm. Heinrich, Lance T. Hampel, Patrick W. Collins, 
Paul and Janet Clifford, and Donald Peacor, to name just a few. 
The museum’s exhibit hall includes themed galleries such as 
Mineral Treasures, Beauty of Minerals, and a renowned exhibit 
of Fluorescent Minerals. Three regional galleries focus on the 
minerals of the Great Lakes Region. World-wide minerals are 
featured in exhibits of gemstones, systematic mineralogy, and 
minerals in the context of the processes that formed them. While 
highlights of the collection include the world’s best collection of 
Michigan minerals (including copper crystals, copper-included 
calcite crystals, silver crystals, Lake Superior agates, and more) 
and the Great Lakes region, collectors and tourists alike find sur-
prises in almost all of the museum’s nearly 150 display cases. 
Adjacent to the museum building is the Phyllis & Jack Seaman 
Rock Garden, and a pavilion featuring a magnificent 34,000-
pound “Lake Copper” that was hoisted from the bottom of Lake 
Superior at Great Sand Bay.

This talk will review some the museum’s proud history, impact-
ful people, and of course, some outstanding specimens. We’ll also 
touch on some of the ways we look to impact the future. Founded 
in a geologically unique place, and built by dedicated, and cre-
ative people, the A. E. Seaman Mineral Museum continues its 
mission to display, preserve, study, educate and grow the appre-
ciation of some of the most wonderful natural treasures on earth. 

An exhibit highlighting some of the museum’s best specimens from “Copper Country” Michigan.
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THE MOST INFAMOUS FRAUDS, SCAMS, AND POOR BUSINESS 
PRACTICES IN THE HISTORY OF COLORADO MINING

ED RAINES
Colorado School of Mines

Golden, Colorao
eraines@mines.edu

In 1960 Rodman Paul delivered a presentation titled "Colo-
rado as a Pioneer of Science in the Mining West" at an anniver-
sary conference of the Western History Association. His thesis 
was developed around the idea that many of Colorado’s mining 
districts presented rather complicated ore suites that demanded 
new techniques to mine and process. On one hand, the mining 
business had to turn to science and engineering to make a profit. 
This is one of the reasons that the study of Colorado Mining His-
tory has always proven to be such an intriguing subject.

On the other hand, Colorado has had its share of the frauds, 
scams, and poor business practices that go hand in hand with 
most human activity. To mention a few, a group of Dutch inves-
tors had to deal with perfectly legal but unethical circumstances 

thrust on them when they purchased the Caribou Mine from Abel 
Breed. A few years later the Highland Mary Mine at Silverton 
was very slow to reach prosperity simply because the mining 
methods were guided by seances and spiritualism. To say that 
the Spirits did not understand ore deposits is an understatement. 

Leadville, perhaps Colorado’s most famous mining district, 
suffered from some of the same stock scams that plagued the 
Comstock Lode. Several of those unscrupulous perpetrators later 
moved to New Mexico where they marred the famous Bridal 
Chamber. To round out the story, Samuel Newhouse’s “Mighty 
Argo” Tunnel went bankrupt several times and then became the 
scene of one of Idaho Springs’ worst mine accidents of the 20th 
century.
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OUTSTANDING CRYSTALLIZED MINERALS OF THE 
COLORADO MINERAL BELT

PHIL PERSSON
Denver, Colorado

 philip.m.persson@gmail.com

Due to favorable geology and a 150+ year history of mining 
and discovery, Colorado has produced some of America’s most 
iconic mineral specimens. Many of these are from metallic ore 
deposits, which are concentrated along the Colorado Mineral 
Belt, a ~500 km long, ~25-50 km wide zone of intense miner-
alization dominated by igneous rocks of Laramide age (~40-75 
million year old; Chapin 2012). For over 150 years, these ore 
deposits have sustained a robust mining industry which has 
resulted in the production of over 45 million ounces of gold, 
500 million ounces of silver, hundreds of millions of pounds of 
molybdenum, lead, and zinc, as well as lesser Copper, uranium, 
and other metals (coloradogeologicalsurvey.org; 2018). Many of 
the major mining districts of Colorado have and continue to pro-
duce outstanding crystallized minerals in addition to their metal 
value. Notable localities for high-quality collectible minerals 
include the Leadville District, the Alma/Breckenridge Area, the 

Cripple Creek District, the Aspen District, the Creede District, 
the San Juan Triangle (Ouray-Telluride-Silverton), the Summit-
ville District, the Boulder County Gold Telluride Belt, and the 
Idaho Springs and Central City Mining Districts. Minerals which 
occur in either best-of-species or world class crystals in these dis-
tricts include rhodochrosite, gold, gold tellurides (e.g. calaverite, 
sylvanite), quartz, fluorite, and numerous sulfide minerals. This 
talk will provide a brief overview of these localities and some 
notable minerals they have produced. A detailed list of important 
mineral localities related to the metallic ore deposits of Colorado 
can be found in Eckel, E. B. (1997) ‘Minerals of Colorado’. 

References:

Chapin, C.E. 2012, Origin of the Colorado Mineral Belt, Geosphere (2012) 8:1 
28-43.

Eckel, E.B., Cobban, R.R., Mosburg, S.K., 1997, Minerals of Colorado, ISBN-13: 
978-1555913656, 676 p. 
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CRYSTAL PEAK: LESSER KNOWN MINERAL FINDS
 

MARK IVAN JACOBSON*, BRAD MEESE, THOMAS CHEATHAM, JOSEPH DORRIS, 
AND MARKUS RASCHKE

* 1714 S. Clarkson St., Denver, CO 80210
markivanjacobson@gmail.com

Most people have seen and enjoyed the smoky quartz and 
amazonite specimens that have for more than a hundred years 
been collected from the pegmatites surrounding the Crystal Peak 
area, north of Florissant, Colorado. Fewer people have seen the 
rarer minerals from the area. This presentation will illustrate 
many of these rarer species, a little bit about the environment 
where they are found and who found them. Most of these rare 
minerals have been documented in the mineralogical literature 
but not illustrated. Perhaps the only reason more of these species 
have not been found is that most people have not recognized their 
appearance, especially because the crystals range in size from 
1-2 cm to micro-minerals. Most of the illustrated specimens were 
found during the last twenty years.

The largest and most common of the rarer minerals have been 
topaz, phenakite, cassiterite, and columbite. Topaz on amazonite 
has been found since the 1870-80s. In Joseph Dorris’ collection 
is a Lazard Cahn topaz (pre-1940) that might have been collected 
by Ed Over, Willard Wulff or George White. Much more recently, 
Ray Berry recovered several topaz crystals at his Second Mesabi 
claim in Park County. In 2017-2018, Joseph Dorris and legal 
visitors to the Smoky Hawk mine also found etched gemmy topaz 
crystals scattered in mine debris.

Similarly, phenakite on amazonite and cleavelandite have been 
found since the 1880s but not frequently. Ray Berry found a few 
phenakites during his years of collecting. Most recently, Joseph 
Dorris recovered a handful of loose phenakites from the Buckner 
pegmatite on the Smoky Hawk claim in 2009.

Cassiterite has been found by several collectors including 
Daniel Kile, George Fisher, and more recently by David and 
Linda Leidy, and Joseph Dorris. 

Columbite (when analyzed, it was found to be ferrocolumbite) 
was identified soon after the recognition of Crystal Peak as a 
mineral locality by Smith (1877). In recent years the best crystals 
have been found by Bodie and Kim Packham (Figure 1). One 
of their pocket specimens, with two terminated columbites on a 
matrix of cleavelandite, was sold to Philip Persson and found its 
way into the Mines Museum collection. It is currently on display 
in Golden. The Packhams have retained their largest terminated 
crystal. Numerous imperfect columbite crystals have been found 
within matrix at the Smoky Hawk mine.

With the Smoky Hawk mine being the most active mining 
effort in the Crystal Peak pegmatite field, it also has produced 
the most rare minerals. Joseph Dorris, as the mine operator, 
has probably uncovered the greatest diversity of rare minerals. 
His largest was a single genthelvite octahedron. His other rare 
minerals were found in thumbnails and sometimes smaller size 

such as acicular milarite crystals, a cluster of glassy monazites 
and a single crystal of xenotime embedded in amazonite. 

Thomas Cheatham with Dorris’ permission has collected from 
abandoned pocket debris on the Smoky Hawk claim for many 
years, finding an abundance of tiny vugs with micro-minerals. 
From these vugs, with the photographic help of Brad Meese, 
they have recovered and documented numerous species. These 
include anatase, ilmenite, rutile as needles as well as blocky 
crystals, niobium-rutile, xenotime, monazite, synchysite (in two 
morphologies), and bastnaesite.

Bob Carnein and allied research associates, during the last few 
years have reported on other unusual minerals from the Crystal 
Peak area such as pocket barite found by Eva Germano in 2007, 
botryoidal SW fluorescent blue apatite (possibly hydroxylapatite) 
found by Valerie Babbitz in 2017 (Carnein 2019b), and a rare 
aluminofluoride suite of cryolite, pachnolite, prosposite, 
hydrokenoralstonite, and gearksutite in a pegmatite (Carnein, 
Persson, and Raschke 2021).

Bertrandite from the Crystal peak area is quite rare. Only three 
discoveries are known. The first was from a pocket dug by John 
and Barbara Muntyan and Charles Baldwin. The second is one 
specimen dug by Al Ordway in 1978. In September 2021, Derek 
Leidy opened an amazonite-smoky quartz pocket that contained 
numerous clusters of flat, bladed crystals, either loose or on 
amazonite and smoky quartz (Figure 2). The largest single crystal 
in one cluster was 4 x 7 mm. 

Zircon has been recovered as a single crystal with slightly 
rounded faces by Daniel Kile, single elongated crystals by 

Figure 1. Columbite on amazonite, plagioclase and quartz, Repeat 
Pocket II, Crystal Peak area. Dug in 2011, 6.5 x 4 x 2 cm. Bodie and 
Kim Packham specimen, Mark Jacobson photograph.
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Ray Berry, and as a rounded mass of interlocking crystals with 
cyrtolite morphology by Brent Rovedo. 

Richard Frettard from the Holy Moses pocket recovered 
besides his smoky quartz, microclines, and fluorites, a glassy 
terminated apatite at 15 x 5 mm in size.

Since lead (with water) has been attributed and proven to be 
the cause of the green, blue, and blue-green colors of amazonite 
since the 1960s, the finding of galena has been expected. Don 
Smith, Sr. noted a large mass of galena in the 1986 Keyhole vug. 
A sample from this mass was analyzed but never photographed. 
More recently, Michael Wild in 2019, uncovered a lustrous 
nodule of galena in one pegmatite on the Henrietta Roy claim.

Pseudomorphic pyrite has been found as crusts of 0.5 to 1.0 
mm crystals on smoky quartz by Chris van Cleave from Crystal 
Peak. At this point, only Daniel Kile has noted lustrous, shiny 
micro-crystals.

Calcite has been found by a handful of people. Dan Kile before 
1997 found a large cluster of calcite crystals, not particularly 
attractive, but it weighed eighteen pounds (8.2 kilograms).  More 
recently small clusters of yellowish white crystals were found on 
the PA claim as a late stage mass on smoky quartz. The most 
attractive was a cluster of lustrous, translucent yellow crystals 
found by Brent Revedo in the center of a smoky quartz microcline 

Figure 1. Bertrandite cluster, uncleaned. Largest vertical crystal is 4 x 
7 mm, specimen 1.2 x 1.9 cm. Derek Leidy specimen, Mark Jacobson 
photograph.

pocket. Scalenohedron pseudomorphs of manganese oxide after 
calcite are much more common. Joseph Dorris and Derek Leidy 
have both found attractive clusters of these pseudomorphic 
calcite crystals.

The rhombohedral pseudomorphs of goethite or hematite after 
what is speculated to be siderite or maybe even after calcite are 
quite abundant as late stage crystals in miarolitic cavities, but 
alas, no unaltered or partially altered rhombohedral crystals have 
been announced by anyone. By analogy to the White Mountain 
pegmatites of New Hampshire, rhombohedral pseudomorphs 
have been found with residual, unaltered cores of siderite 
(Lovering, Falster, and Simmons 2020; Al Falster 2022, personal 
communication). 

Lustrous metallic black rhombohedral crystal clusters, some 
with fluorite cubes on them are occasionally found. These are 
almost always labeled as hematite, with the high luster being 
used by many as proof of hematite. Whether these are primary or 
pseudomorphic crystals has rarely been discussed.

Manganese oxides, sometimes hydrated, have been found in 
many pockets but are frequently not saved. Psilomelane is the field 
term (but not an IMA approved mineral name) for unidentified, 
relatively hard, black, masses. Specific identification of these 
black masses though, has always been problematic which is 
normal for manganese oxide minerals. Collectors have in the 
past identified them as todorokite (Na-K-Ca-Ba-Sr-rich hydrated 
manganese oxide), romanéchite (Ba rich hydrated manganese 
oxide), pyrolusite (manganese oxide), or cryptomelane (K-rich 
manganese oxide). Without both compositional data and x-ray 
diffraction (XRD) analysis, identification is suspect – physical 
properties are not distinctive nor is XRD. One sample of an 
attractive black branching mass from the Smoky Hawk claim, 
provided by Joseph Dorris, was from analysis by “The Mineral 
Lab, Inc. of Golden,” a mixture of several manganese oxide 
minerals, dominated by cryptomelane (>75%) with minor 
amounts of romanéchite, pyrolusite, and braunite. Ray Berry’s 
former collection had todorokite and pyrolusite specimens but it is 
unknown if these were supported by analyses or x-ray diffraction.
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WIELICZKA SALT MINE: UNESCO WORLD HERITAGE SITE; 
KRAKOW,  POLAND  (A BEHIND THE SCENE TOUR)

DAVID STOUDT
Santa Fe, New Mexico
dlstoudt@gmail.com 

The Wieliczka Mine is the 5th largest salt mine in the world. 
Founded in the 13th century by Polish King Casimir the Great, 
it is now 700 years old. Commercial mining was discontinued in 
1996 after mining 40 million tons of rock and salt (halite). The 
mine covers over 5,000 acres to a depth of 1100’ with 188 miles 
of tunnels and 25 vertical shafts.  It became a UNESCO (United 
Nations Educational, Scientific and Cultural Organization) site 
in 1978. It is now one of Europe’s major tourist attractions with 
1.9 million visitors per year.  Much of the tourist route views 
amazing religious and cultural cravings in the salt walls. Tourist 
visitors see less than 2% of the mine, whereas the presentation 

will include the authors behind the scenes tour of amazing halite 
crystals, “crystal caverns” and halite/sediment deformation struc-
tures. 

Wieliczka halite is of Miocene age and was deposited 13 mil-
lion years ago with a thickness up to 400 feet. It can be tied into 
the “great Miocene salinity crisis of Europe and the Mediterra-
nean ( 5000’ thickness of halite).”  The halite was later deformed 
by the south to north directed uplift of the Carpathian Mountain 
front. The halite became mobile, forming spectacular small scale 
deformation structures seldom seen by the public in the subsur-
face mine.  

Halite carving of Joseph and Mary and halite carved tile floors.

Halite carving of Pope John Paul II (Polish pope).

Halite crystals (2 foot photo width). David Stoudt photograph.

Halite and halite bearing gray shale in a faulted deformation structure
(8 foot photo width). David Stoudt photograph.
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CRIMINAL MINERALS: INVESTIGATING MINERALS THAT BREAK 
THE LAWS (OF CLASSICAL CRYSTALLOGRAPHY)

JOHN A. JASZCZAK
Director and John & Phyllis Seaman Endowed Curator

A. E. Seaman Mineral Museum, Michigan Technological University
jaszczak@mtu.edu

The laws of classical crystallography are well established for 
hundreds of years and have been immensely successful in sci-
ence and technology. The foundational law of crystallography, 
from which others follow, has been that a crystal must possess a 
periodic translational order, or symmetry, in the way its atoms are 
arranged in space. Simple!

As naturally occurring crystalline materials, minerals are sub-
ject to these laws too. But lots of things can go wrong when a 
crystal grows, thanks to entropy and countless complicating fac-
tors provided by dynamic geological contexts. As such, minerals 
break the laws of crystallography routinely, although one might 
consider many of them minor infractions, with things like impuri-
ties, some law-breaking habits even lead to what collectors find 
desirable- like twinning. 

Some old, and especially some newer minerals are simply 
incorrigible, however, with broken periodic translational symme-
try an inherent and inescapable part of their very natures. Despite 
classical crystallography’s successes, atoms will do what nature 
allows! 

After reviewing the laws of classical crystallography and some 
of their implications, this talk will then illustrate, using a variety 
of examples of parked cars, a spectrum of mineralogical law-
breakers. These ranging from minor infractions (impurities and 
defects), to repeat offenders (twins), to the incorrigible- which in 
fact lack the periodic translation order that defines what a crystal 
is. Familiar examples of incorrigible minerals include calaverite, 
franckeite, cylindrite, and merelaniite. Modern X-ray diffraction 
detectors continue to uncover more examples, as these intrinsic 

law-breakers still give sharp X-ray diffraction patterns- some-
thing that was thought to be possible only in crystals with peri-
odic translational order. Finally, a class of lawbreakers known 
as quasicrystals, which have quasiperiodic rather than periodic 
translational order, are now represented in the mineral kingdom, 
and spectacularly reveal their criminal nature by manifesting 
crystallographically forbidden 5-fold (icosahedrite) and 10-fold 
(decagonoite) rotational symmetries. 

Cylindrical whiskers of merelaniite in diopside, from the Merelani tan-
zanite mines, Manyara Region, Tanzania. Like its cousin cylindrite, 
merelaniite lacks the three-dimensional periodic translational symmetry 
of a crystal. The longest whisker section in this frame is 0.5-mm long.
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MINES & MINERALS ALONG NEW MEXICO’S OLD ROUTE 66

ANNA DOMITROVIC
Arizona-Sonora Desert Museum

Tucson, Arizona
adomitrovic@desertmuseum.org 

The Lincoln Highway, dedicated in 1913, was the first road to 
connect the East Coast, starting in Times Square in NYC, to the 
West Coast in Lincoln Park, San Francisco. It stretched across 
13 states but was no more than a well-traveled trail. But the first 
paved road, completed in 1938, connected the Midwest, with its 
start in downtown Chicago, to the West Coast in Los Angeles. 
Known by many names, including Main Street America, the 
Mother Road and the Will Rogers Highway, it is probably best 
known as Route 66.

The original Route 66, today, has been overtaken by state and 
interstate highways but there are some sections still navigable in 
New Mexico and Arizona. We will follow old Route 66 across 
northern New Mexico, much of which underlies interstates 40 
and 25 in the eastern, central and western portions of the route. 
Route 66 in the northwestern part of New Mexico strays from 
I-40 where sections of the original route are still visible. This pre-
sentation will deal with what remains of Route 66 across northern 
New Mexico but will also note mining districts and some mineral 
commodities it connected with or crossed.

This presenter arbitrarily divided the area traversed into three 
sections – the eastern, the central surrounding Albuquerque and 
the western across Cibola and McKinley counties.

Metal deposits were discovered in the 1950’s in the eastern 
districts of Logan and San Jon. No production was reported but 
the deposits yielded some copper (Cu), silver (Ag) and gold (Au). 
Also in the eastern section, uranium (U) was discovered in the 
district surrounding Tucumcari.

The majority of the mining districts in the central portion of 
the target area surrounding Albuquerque were metal deposits with 
some U in the Hagan Basin and La Bajada and industrial minerals 
adjacent east and west of Albuquerque. Of note are occurrences 
of Au in the New and Old Placers and turquoise from the Cerril-
los District. Other mineral occurrences include Cu, Ag, lead (Pb) 
and zinc (Zn).

The western section in Cibola and McKinley counties was 
mainly mined for U and coal in the Laguna, Ambrosia Lake and 
Church Rock-Crownpoint sub districts. Also in the western por-
tion, mining activity in the Zuni Mountains in Cibola County 
produced metals from the early- to mid-1900’s. Ore minerals 
included those for Cu, Au, Ag, fluorine (F) and Pb.

Minerals from the Arizona-Sonora Desert Museum’s micro-
mount collections were pulled and photographed for this presen-
tation. Other photos were taken by the presenter in the Mineral 
Museum while still others were gleaned from MinDat.

Andersonite,ASDM#3994,Valencia County, New Mexico, K. Don 
photo.

Topaz, ASDM#7536,Rock Hill Quarry, Valencia County, New Mexico, 
K. Don photo.
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A SHINING PAST - A GLOWING FUTURE – THE STEEPLE ROCK 
MINING DISTRICT, GRANT COUNTY, NEW MEXICO 

PATRICK A. ROWE
Los Alamos, New Mexico
rowe_patrick@ymail.com

During the 2008 NM Mineral Symposium, Bob Walstrom gave 
a presentation titled Micromineral Occurrences, Steeple Rock 
District, Grant County, New Mexico. In his abstract he stated – 
“Although the Steeple Rock district did not appear to have many 
possibilities for collectable mineral specimens when researching 
the published data, on the ground searching of the dumps and 
mines turned up a surprising number of collectable items”. Over 
the last year or so, Christina Johnson and I have been following 
in Bob’s footprint. This presentation is dedicated Bob Walstrom 
for his many contributions to NM mineralogy.

This presentation started out as an update to Bob’s list of col-
lectable minerals, but I realized this was only part of the story. 
The purpose of this presentation is twofold, to remind the listener 
of the district’s shining history and geological characteristics 
(with some photos of specimens recently found); and to describe 
Santa Fe Gold Corporation’s plans to reopen the Jim Crow group 
of mines in the southern part of the district and the Billali Mine 
in the northern part of the district. Other mines may also be re-
opened in the future if determined to be economically viable. 

The Shining Past

In 1846 Lieutenant William H. Emory led a detachment of 
topographical engineers across an area southwest of Santa Fe 
for the purpose of establishing wagon roads. After visiting the 
Copper mines at Santa Rita, the group moved to the Gila River 
and down that waterway to camp at a point at what is now the 
border between New Mexico and Arizona. To the north the group 
observed a distinctive rock formation and by consensus named 
the edifice Steeple Rock. The name was duly noted in the margin 
of their survey map. 

It was not until the 1860s that mineralization was noted north-
west of Steeple Rock. However, it was not until 1880, after the 
Indian threat had abated, that the Steeple Rock district was orga-
nized and mining began. The district is located about 15 mi north-
east of Duncan, Arizona, approximately 3 miles inside Grant 
County, New Mexico. The district, from 1880 to 1993, produced 
approximately 151,000 oz of Au, 3.4 million oz of Ag, 1.2 mil-
lion lb of Cu, 5 million lb of Pb, 4 million lb of Zn in addition to 
commercial amounts of fluorite and manganese. 

Rocks exposed in the Steeple Rock district are essentially a 
sequence of Tertiary units consisting of andesite, basaltic andes-
ite, and dacite lavas. Mineralized epithermal quartz veins are 
structurally associated with generally northwest-southeast trend-

ing faults. Vein matter consists of quartz as much as 10 ft wide 
with some reaching several miles long. 

Ore minerals include: gold, silver, acanthite, galena, sphalerite, 
chalcopyrite and pyrite. Published mineral species for the district 
include: acanthite, albite, alunite, augite, azurite, barite, biotite, 
calcite, chalcocite, chalcopyrite, chlorite sp., chrysocolla, dufren-
ite, epidote, fluorite, galena, gold, hematite, jarosite, kaolinite, 
limonite sp., magnetite, muscovite, orthoclase, plumbojarosite, 
pyrite, pyromorphite(?), quartz, silver, tetrahedrite, and vanadi-
nite(?). Species new to the district include: aurichalcite, brochan-
tite, cerussite, chalcanthite copper, cuprite, descloizite, dolomite, 
duftite, goethite, gypsum, libethenite, malachite, mimetite, mot-
tramite, pyrolusite, siderite, smithsonite, vanadinite, and willem-
ite. 

Most of the larger mines have been patented or otherwise are 
located on private property, and permission to collect must be 
obtained for access. Roads are gravel or compact dirt and include 
the Carlisle Road approaching from the southwest and Bitter 
Creek Road approaching from the northwest, both of which are 
well marked and county-maintained.

The Glowing Future

The Company’s properties consist of the Jim Crow group of 
mines of patented and unpatented claims in the southern part of 
the district and the Billali with a patented mining claim in the 
northern part of the district, all of them are fully permitted. The 
Billali mine is a lode mining claim patented in 1899. The Billali 
Mine has been rehabilitated, and Santa Fe Gold plans on starting 
underground mining production in late 2022 or early 2023. The 
Jim Crow group is made up of seven patented and two unpatented 
mining claims. Initial site investigations have been completed at 
the Jim Crow group of mines, and Santa Fe Gold plans on extend-
ing underground operations starting in late 2023.

A complete crusher circuit is in place and was used to pre-
pare Flux material from the Summit Mine. A mill site in Duncan 
AZ has been acquired for milling operations. The property was 
originally the site of a Cotton Gin. The proposed mill circuit will 
produce concentrate at a projected rate of 50:1. The milling site 
will be advantageous and cost effective to ship the generated con-
centrate. Based on RDI (Resources Development Inc.) lab testing 
results have indicated an estimated recovery grade for Gold of 
98% and Silver 93%, with head ore content of .2 toz/t or 6.22g/t 
of Gold and 8 toz/t or 248.8g/t of Silver.
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NEW MEXICO COPPER, CUPRITE, AND DELAFOSSITE

RAMON S. DEMARK*, MICHAEL MICHAYLUK AND THOMAS KATONAK
*Albuquerque, New Mexico

raydemark@msn.com

 Native copper has a long history in New Mexico.  Copper 
artifacts from 3,500 to 5,000 years ago have been described 
(Northrup, S.A. and La Bruzza, F.A., 1996) and reputedly first 
mentioned by Europeans in 1535.  The Santa Rita (Chino mine) 
copper deposit was shown to the Spanish by an Apache Chief in 
1800 and by 1804 the Spanish were transporting the ore by mule 
train to Chihuahua, Mexico.  Copper and cuprite have been men-
tioned as occurring in seventeen of New Mexico’s counties and 
delafossite (copper iron oxide) has only been reported from two 
locations (one of which is doubtful).

 
The Chino mine in Grant County is the premier location for 

copper and cuprite in New Mexico.  It has produced excellent 
specimens for many decades. The Chino mine is a wholly owned 
subsidiary of Freeport McMoran Copper and Gold.  A compre-
hensive article on the Chino mine in Rocks and Minerals Maga-
zine (Lueth, V.W.,Gibbs, R.B. and North, R. M., 2009) provides 
detailed information on the history, geology and mineralogy of 
the Chino mine.  Of particular note were finds starting in 2001 
to 2006 of large, well developed, blocky crystals and exceptional 
spinel twins by Stan Espenshade and Jay Rosenbauer.  New 
Mexico’s finest cuprites have also come from the Chino mine.  

Large (up to 2.5cm) crystals are known and aggregates of small 
cuprite crystals intergrown with copper, several inches across, 
surface occasionally with mineral dealers.  Delafossite, CuFeO2, 
had not previously been reported from the Chino mine, but speci-
mens collected by Chris DeWitt from the Oswaldo ore body and 
acquired in 1989 were positively identified by XRD (personal 
communication, K. McNamara, 2022).  Copper and chalcotrich-
ite were found in association.  The only other confirmed occur-
rence of delafossite is a specimen from the Silver monument 
mine in the Chloride district of Sierra county.  This specimen is 
in the NMBGMR Mineral Museum collection.

 
The Hanover mine, north of the Chino mine, has historically 

produced huge amounts of copper.  According to Jones, F. A. 
(1904), “…the celebrated Hanover mine; exceeded in production 
and renown only by that of Santa Rita”.  Excellent specimens 
from this mine can be viewed in the NMBGMR  museum.  Speci-
mens collected in more recent times are sparse and not excep-
tional.

Copper spinel twin from the Chino mine

Cuprite crystals with Japanese label

Cuprite crystals (2mm FOV) from the Chino mine
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Copper pseudomorphs (roses) after azurite are unique to New 
Mexico.  They are found at the Rose mine near San Lorenzo, 
east of Silver City.  The crystals were first advertised by George 
English in the American Geologist, 6(2) 1890.  The crystals and 
location were comprehensively studied by Hanson, T.A. (1994).  
They are not homogenous and much of the copper has been ret-
rograde pseudomorphed by cuprite and malachite.  Most crystal 
groups are from 2.5 – 4.5cm.

The Nogal district, southeast of Carrizozo in Lincoln County, 
is best known for gold (Helen Rae and American mines). Wayne 
Holland however was very successful in recovering rough crys-
tals and masses of copper in alluvium, west of the town of Nogal, 
using a metal detector.  In 1986, Wayne and one of the authors 
(RD) collected numerous alluvial specimens along with matrix 
specimens of anhedral copper and cuprite from a nearby andesite 
outcrop.  Some pieces were associated with thomsonite.

Although rarely seen today, copper at the Kelly mine was 
apparently quite common in earlier years.  Copper specimens 
with smithsonite have been recovered.  Bill Dobson (deceased) 
sold specimens from the nearby Graphic mine from his rock shop 
in Magdalena.  The Juanita mine, adjacent to the Kelly mine has 
produced beautiful micro octahedrons of cuprite, mostly altered 
to allophane and malachite.

Jones, F.A. (1904) reported copper and cuprite from the 
Jerome mine in the San Lorenzo district south of Socorro.  Noth-
ing had been reported from this district for many years, but in 
2015, Pat Haynes recovered several thin, platy and micro-crystal-
line copper specimens.

Northrop, S.A. and La Bruzza, F.A. (1996) cited “fine speci-
mens of native copper reported in 1882 locally abundant at the 
Torpedo mine.”  The Torpedo mine is just south of San Agustin 
pass in Doña Ana County.  Large, platy, arborescent masses were 
collected from the dumps of this mine in the early 1990’s by the 

Delafossite with copper and calcite (8mm FOV) from the Chino Mine

Massis family.  More recently, one of the authors (MM) acquired 
some very nice micro-crystals from this location.

Chalcotrichite was reported to be abundant at the Sternberg 
mine in the Hillsboro district of Sierra County (Northrop, S.A. 
and La Bruzza, F.A. 1996).  In researching this location, it was 
determined that this mine was “eaten up” by the open pit of the 
Copper Flats copper mine and is no longer in existence.  Chalco-
trichite, however, has been found in a dike at the west end of the 
pit by Ron Gibbs.

Minor occurrences of copper and cuprite are found elsewhere 
in New Mexico.  Of note are micro cuprite octahedrons altered to 
rosasite that have been collected from the Carnahan mine near the 
San Pedro mine in Santa Fe County, and a single occurrence of 
micro anhedral copper and cuprite that was found in the Sunshine 
#4 adit at the Blanchard mine.  Cuprite also occurs at this location 
as very fine inclusions in hemimorphite.

In 1973, one of the authors (RD) acquired a 7.5 – 10cm anhe-
dral solid mass of copper and cuprite from Lois Heister, a part-
time mineral dealer and one of the earliest members of the Albu-
querque Gem and Mineral Club.  The specimen was reputed to 
be from Señora de los Milagros mine in the Manzano mountains.  
Northrop S.A. and La Bruzza, F.A. (1996) noted that “Accord-
ing to new reports, a carload of copper  ore shipped in 1948 by 
the Manzano Mountains Gold mines from the west side of the 
Manzano mountains, 16 airline miles southeast of Albuquerque, 
was predominantly cuprite.”  A visit by one of the authors (RD) 
to the mine in 1983 did turn up some minor cuprite specimens on 
the dump.

Copper mining continues at Chino and Hanover.  New discov-
eries may arise!

Mines and locations mentioned in this abstract are either pri-
vately owned or are on private mining claims.  Permission to 
enter these properties must be obtained by the owners.
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In 1958, the International Mineralogical Association was 
founded. The following year, the Association established the 
Commission on New Minerals and Mineral Names to bring con-
sistent guidelines to the naming of new minerals. Under the com-
mission’s guidelines, to name a new mineral, it is necessary to: (1) 
prove it’s a new mineral, (2) prove it’s not an existing species, (3) 
analyze the material, (4) prepare a formal proposal and name, (5) 
if accepted, publish a scientific paper describing the new mineral 
species, and (6) provide the original specimen (Type Specimen) 

NEW MEXICO ORIGINALS: TYPE LOCALITY MINERALS FROM 
THE LAND OF ENCHANTMENT

1NATHALIE N. BRANDES AND 2PAUL T. BRANDES
1Lonestar College-Montgomery, 2Hudson Institute of Mineralogy

eclogite@pasty.com

to a museum or university. Today, there are over 5820 recognized 
mineral species with an average of 100-200 added yearly.

There are around 2270 mineral species recognized in the 
United States. Of those, 883 are type locality species, meaning 
the source of an original type specimen is located in the United 
States. New Mexico, the fifth largest state in the United States is 
home to 724 confirmed mineral species, including 19 type local-
ity species (Table 1).

MINERAL TYPE LOCALITY YEAR NAMED NAMED FOR
Ferro-ferri-fluoro-leakeite 
Na(Na2)(Fe2+

2Fe3+
2Li)(Si8O22)

(F)2

Cañada Pinabete pluton, 
Questa, Taos County

1992, leakite group redefined 
2012

Bernard Elgey Leake Scottish 
geologist who was chairman 
of the IMA subcommittee to 
revise amphibole nomenclature

Galileiite Na3Fe2+Fe2+
11(PO4)9 Grant meteorite, Cibola County 

(discovered 1929, fall date 
unknown)

1996, published 1997 Galileo Galilei, In honor of his 
astronomical work

Georgechaoite 
NaKZr[Si3O9]·2H2O

Wind Mountain, Cornudas 
Mountains, Otero County

1985 George Yanji Chao; Professor 
of Mineralogy at Carleton Uni-
versity, Ottawa, for his work on 
zirconium silicates

Goldmanite 
Ca3V

3+
2(SiO4)3

Sandy Mine, Laguna subdis-
trict, Cibola County

1964 Marcus Isaac Goldman, USGS 
geologist who studied the 
Entrada Sandstone, host rock at 
the type locality

Grantsite 
(Na,Ca)2+x(V

5+,V4+)6O16·4H2O
F-33 Mine, East Grants Ridge 
Mining District, Cibola County; 
Parco No. 23 Mine, Grand 
County, Utah

1964 Grants, New Mexico; Location 
where mineral was found

Hendersonite 
(Ca,Sr)1.3V6O16·6H2O

Nelson Point mine, Shiprock 
District, San Juan County; J J 
Mine, Uravan Mining District, 
Montrose County, Colorado

1962 Edward Porter Henderson; 
Curator of Meteorites at the 
Smithsonian Institution, who 
also contributed to the knowl-
edge of the mineralogy of U–V 
deposits

Lannonite 
Mg2Ca4Al4(SO4)8F8·24H2O

Lone Pine Mine, Wilcox 
Mining District, Catron County

1983 Dan Lannon; Discovered tel-
lurium in the Wilcox district in 
1889 and staked the Tellurium 
Mine claim in 1893

Maxwellite 
NaFe3+(AsO4)F

Squaw Creek Mine, Taylor 
Creek Mining District, Catron 
County

1987, published 1991 Charles Henry Maxwell; USGS 
geologist and mineralogist who 
studied the Taylor Creek district

Table 1. Type locality minerals from New Mexico
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Metatyuyamunite 
Ca(UO2)2(VO4)2·3H2O

Laguna Mining District, 
New Mexico;Haystack Mine, 
Ambrosia Lake subdistrict, 
McKinley County; Shiprock 
District, San Juan County; 
Mesa No. 1 Mine, White Ash 
Peak, Lukachukai Mining Dis-
trict, Apache County, Arizona

1953 (IMA grandfathered) Tyuyamunite was named in 
1912 prefix meta- added indi-
cating a dehydration relation-
ship to tyuyamunite; Tyuy-
amunite named for the Tyuya-
Muyun Massif, Kyrgyzstan

Meurigite-K 
KFe3+

8(PO4)6(OH)7 · 6.5H2O
Chino Mine, Santa Rita Mining 
District, Grant County

1996, the K added in 2009 Sir John Meurig Thomas crystal 
chemist specializing in solid-
state chemistry and catalysts

Plumbojarosite 
Pb0.5Fe3+

3(SO4)2(OH)6

Cookes Peak Mining District, 
Luna County

1902 (IMA grandfathered) composition with dominant 
lead and relationship to jarosite

Rajite
Cu(Te4+

2O5)
Lone Pine Mine, Wilcox 
Mining District, Catron County

1978, published 1979 Dr. Robert Allen Jenkins, geol-
ogist with Phelps Dodge, who 
found the first samples

Ramsdellite 
Mn4+O2

Lake Valley Mining District, 
Sierra County

1943 (IMA grandfathered) Lewis Stephen Ramsdell; Min-
eralogy professor at the Uni-
versity of Michigan, who first 
described the mineral

Raydemarkite 
MoO3 · H2O

Summit group, Cookes Peak 
Mining District, Luna County

2022, not yet published Ramon DeMark; New Mexico 
mineral collector extraordi-
naire, presenter at every New 
Mexico Mineral Symposium 
ever held, and all-round gentle-
man 

Santafeite 
(Na,Ca,Sr)12(Mn2+,Fe3+,Al,Mg)8
Mn4+

8(VO4)16(OH,O)20·8H2O

Unnamed Uranium Mine, 
McKinley County

1958 (IMA grandfathered) Atchison, Topeka and Santa Fe 
Railroad; Conducted explora-
tion and development of New 
Mexico uranium deposits, 
owned property where mineral 
was discovered

Scrutinyite 
α-PbO2

Sunshine No. 1 adit, Blanchard 
Mine, Hansonburg District, 
Socorro County,

1988 Scrutiny Refers to the care 
required to make the initial 
identification of the mineral

Tellurobismuthite 
Bi2Te3

Little Mildred mine (Green 
mine), Sylvanite Mining 
District, Hidalgo County; 
Mosnap Mine, Moisesberg 
Mines, Fyresdal, Vestfold og 
Telemark, Norway;Boly Field 
Mine, Dahlonega, Lumpkin 
County, Georgia

1815 (IMA grandfathered) Tellurium and bismuth; Name 
reflects composition

Wilcoxite 
MgAl(SO4)2F · 17H2O

Lone Pine Mine,  Wilcox 
Mining District, Catron County

1979, published 1983 William Wilcox; Discoverer of 
the Wilcox Mining District

Windmountainite 
◻Fe3+

2Mg2Si8O20(OH)2 · 8H2O
Wind Mountain, Cornudas 
Mountains, Otero County

2019, published 2020 Wind Mountain; Type locality
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Figure 1: General map of New Mexico showing the localities of the type minerals. Galileiite, shown in 
red, was found in a meteorite sample and not related to minerals in the region. 

Photo 1: Maxwellite. Squaw Creek Mine, Taylor Creek Mining Dis-
trict, Catron County, New Mexico. Specimen from the collection of Ray 
Demark. Photograph by Michael C. Michayluk. FOV 2.0 mm.

Photo 2: Scrutinyite. Snake Pit Mine, Mex-Tex Mine, Bingham, Hanson-
burg District, Socorro County, New Mexico. Specimen in and photo-
graph by Gianfranco Ciccolini collection. FOV 1.7 mm.

BRANDES
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OCCURRENCES OF ORBICULAR GRANITE IN NEW MEXICO
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Orbicular Rocks are an uncommon rock type occurring across 
the globe.  They are nonsedimentary rocks which contain spheri-
cal or roughly spherical nodules, called orbicules, which generally 
present concentric layering of contrasting texture and mineralogy.  
Although commonly known as orbicular granites, such orbs can 
occur in all types of plutonic rocks from granitic to mafic, ultra-
mafic and carbonatite rocks. They can also occur in metamorphic 
and migmatitic rocks.  The most common origin theory has the 
orbicules formed through concentric nucleation of mineral layers 
around a mineral grain due to physical changes within a magma 
chamber. This origin theory is commonly embedded in the defi-
nition of an orbicular rock.  However, there are other theories 
of origin of orbicular rocks and it is likely that no one common 
origin can explain all the structures in all the occurrences.  

New Mexico contains occurrences of orbicular rock in two 
principal locations, the Sandia Mountains and the Zuni Moun-
tains.  They appear to have dramatically different origins and are 
unrelated to each other.  The Sandia Mountain orbicules formed 
within a more traditional plutonic regime.  In simplified terms, the 
host rock is Sandia granite and granodiorite with the orbs having 
the concentric layering of the traditional definition of orbicular 
texture.  The two small occurrences within the Sandia granite 
present somewhat differently, but the basic concept is maintained.  
Enz et al. (1979) describes how changes in temperature, pressure, 
composition, and water-enrichment, as well as physical move-
ment, within a magma chamber could result in the concentric 
layering of mineralogy as well as physical deformation that is 
common within the Sandia orbicules.

Polished sections of orbicular rocks from the Sandia Moun-
tain La Luz Trail site show the multiple layers of plagioclase and 
biotite with nucleation cores of various types as described by  

Affholter and Lambert (1982) within a host rock of Sandia gran-
ite.  Sections from the Sandia Mountain Tijeras Canyon site show 
a single thick shell of white plagioclase and 1 – 3 shells of inter-
grown salmon-colored microcline perthite and quartz.

North Sandia Orbicular Granite

In contrast with the Sandia sites, the Zuni Mountain orbicular 
rocks are found within a metamorphic regime.  The two small 
outcrops occur in gneissic quartz monzonite near the contact with 
quartz-feldspar gneiss.  Metamorphosed ultramafic rocks and 
ultramafic breccias also occur as xenoliths within the monzonite.

Specimens of Zuni orbicular rocks present a very different 
appearance than that of the traditional definition of orbicular 
rocks.  Within a pink granitic matrix, dark green orbs consist pri-
marily of amphibole, having no concentric internal structure and 
no core.  The texture of the orbs is very striking, in that plate-
shaped individual crystals of amphibole overlap each other in a 
helical pattern from the center of each orb to the edge (Lambert, 
1982).  The orbs frequently fall out of the matrix, leaving a thin 
shell of the amphibole within the resulting cavity. 

Lambert (1982) proposes that the Zuni orbicules were formed 
from intrusion of gneissic quartz monzonite into ultramafic 
bodies.  At a distance from the intrusive contact the ultramafics 

South Sandia Orbicular Granite
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were brecciated; closest to the contact, where the amount of mon-
zonite and the heat were greatest, the breccia fragments reacted 
with the monzonite to form the orbicules. 
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