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This presentation describes the most important and interesting 
mineral species that have been found at Graves Mountain. 
 
It is not intended to be a formal scientific paper. While it includes 
a brief overview of the mine’s mineralogy, my primary focus is to 
provide information for collectors and micromounters. 
 
The verbalized chemical formulas are the interpretation of the 
author. 
 
Graves Mountain minerals without photographs are mentioned 
at the end of this document before the References.. 



 
Many people deserve credit for the mineral photographs, including Julian Gray, 
Sugar and Bob White, Joey Smith, Henry Barwood, and Shellie Newell. Tom Fales 
digitized many of the slides. 
 
Specimens photographed are from the collections of John Whatley and Don 
Reems, except where noted. 
 
Geraldine Vest of Venice, Florida typed the original descriptive document written 
by John Whatley. 
 
Sincere thanks go to Combustion Engineering Minerals, Asea Brown Bovari and 
property caretaker Clarence Norman Junior for allowing us many years of 
enjoying the Graves Mountain mine and its minerals. 
 
Design and preparation of this presentation was created by Shellie T. Newell.  
Edited by  Barbara Fenstermacher and Vincent Broderick.  Graves Mountain Mine 
photos (taken July 2017) are by Shellie, also. 



 
History and 
Description of 
Graves Mountain 

References: 

Cook (1985) and Santamaria (2003–2004) 



 
Graves Mountain is 
located about 5 miles 
SW of Lincolnton in 
Lincoln County, 
Georgia on the south 
side of US Highway 
378, roughly 40 miles 
northwest of 
Augusta 

 

Source: United States Geological Survey (Aonia 7-1/4’ 
quadrangle, contour interval 10 feet)  



Originally called Lloyds Mountain, it was renamed Graves 
Mountain after a prominent area landowner, John Temple 
Graves. 
 
It probably stands alone as Georgia’s finest mineral location in 
terms of world-class specimens. It is one of the most heavily 
visited collecting locations in the Southeast at this time. 
 
Charles U. Shepard published the first scientific paper about this 
site in 1859. George F. Kunz (1856–1932), who once co-owned the 
rutile-producing saddle area of the mountain, stated in 1892 that 
by then $20,000 worth of rutile specimens had been distributed 
to collections throughout the world.  



Mineralogical investigations, mostly German, were conducted on 
Graves Mountain rutile and lazulite until around 1900. 
 
In 1959, the first detailed survey and mapping was presented by 
Vernon Hurst (Georgia Geological Survey Bulletin, #68). 
 
The mountain actually consists of three hills, two of which stood 
over 400 feet above the surrounding countryside. Prior to 
mining, the highest point was 273 m (895.7 feet) above sea level. 
Mining has reduced the two prominent peaks to approximately 
200 feet lower than their former heights. 



The extensively mined west mountain is now the main mine pit. 
The Eastern-most pit also has been heavily mined and is still 
producing interesting mineral specimens, primarily iridescent 
hematite. 
 
Today’s highest point is part of the East Mountain. Much of the 
famous “saddle,” a former source of fine rutile crystals located 
between the East and West mountains, has been largely mined 
away. 



Graves Mountain 
Lincoln County, GA 



Graves Mountain 
East Pit 





Graves Mountain 
Main Pit 









 
Rocks are heavily metamorphosed  



The “Goat 
Cave” (center) 
and “The Slot” 
(upper right) 
were great sites 
for collecting 
rutile.  



Dominant rocks at Graves Mountain are pyrite-sericite 
(mica)-kyanite-quartz rocks, commonly referred to as 
kyanite-quartzite due to the dominant minerals. 
(Technically, they are pyritiferous-kyanite-granofels.) 
 
The primary ore mineral was kyanite. Commercial 
interest began in 1940, but operations actually began in 
1963 as Aluminum Silicates, Inc. (Washington, GA), 
managed by Paul Bennett (deceased). 



Combustion Engineering (CE) acquired the company in 
1965. The plant was enlarged to 60,000 TPY (tons per 
year), and at one time had the capacity to produce over 
half of the U.S. consumption of kyanite. CE Minerals 
operated the mine until 1984. 
 
From 1984 to 1986 the mine was leased and operated by 
Ed Pascoe, who paid Combustion Engineering out of the 
profits. He got all that he could out of it, but eventually 
low prices and decreased demand forced him to close the 
plant and the property returned to C.E. Minerals. 



The competing Willis Mountain Mine in Dillwyn, Virginia 
had better yields and was located closer to markets. 
 
 
Graves Mountain mine is currently owned by Asea Brown 
Bovari, Inc. (ABB). 





The kyanite and some pyrite (which was used as a 
coloring agent in glass) was concentrated by 
floatation.  Some calcining (to mullite), bagging, and 
loading was done at the Little River plant on the 
railroad near Washington, Georgia. 



   Geology Overview  
    Graves Mountain 
  
 References: 

 
 Hartley (1976); Santamaria (2003–2004). 
  
 Dr. Paul Schroeder, University of Georgia, reviewed  
 the content (2017). 



The initial origin of the Graves Mountain rocks was 
volcanic. These rocks were first deposited in the early 
Cambrian period some 560 million years or more 
ago, around volcanic islands. 
 
As the volcanic ash was deposited on land and the 
sea bottom, a bedded rock known as tuff formed. 



A local area around the tuff bed, where Graves 
Mountain now sits, was hydrothermally leached of 
Ca, Mg, Na and, to a lesser extent K, from below by 
hot volcanic solutions.  This formed lenses of silica-
rich and aluminum-clay– rich rock. 
 
Regional metamorphism (continental collisions 
during the Alleghenian Orogeny 330–260 million 
years ago) produced heat and pressure that 
transformed this rock into the quartz-kyanite rock 
seen today. 



The kyanite has been said to have formed 5 +/– miles 
deep at 500°C (Vernon Hurst, verbal presentation 
4/24/92). Sometime after the period of the most 
intense metamorphism, quartz veins and quartz 
crystals, rutile crystals, lazulite, pyrophyllite, and 
pyrite were formed by hydrothermal activity and 
metamorphism. 
 
Oxidation of the pyrite formed the hematite and 
goethite that are common in Graves Mountain rocks. 



Weathering and erosion left the resistant kyanite-
quartzite as hills, the surface of which was shaped by 
wind and rain into unusual rock formations and 
crags. These could still be seen in 1968, but they have 
since been mined away. 
 
This type of hill is called a MONADNOCK. Graves 
Mountain is one of a series of monadnocks that occur 
at irregular intervals to the northeast into central 
North Carolina and Virginia. 



Locally, Graves Mountain lies within a thick sequence 
of metamorphosed volcanic and sedimentary rocks 
known as the Little River series (Lower Paleozoic). 
The Little River series lies within and correlates with 
the Carolina slate belt. Graves Mountain lies at the 
southwestern end of the Carolina slate belt. 



Environmental 
Remediation at Graves 

Mountain 



Acid mine drainage is a major problem for Asea 
Brown Bovari (ABB), the present owner of the 
mine.  Rocks at Graves Mountain have a high 
acid-generating capacity due to the pyrite in the 
rocks, which, when oxidized, produces highly 
acidic waters. 
 
ABB maintains an active environmental program 
initiated in 1990. 



Pyrite + water, due primarily to rainfall, forms iron hydroxides + 
sulfuric acid as the pyrite oxidizes due to weathering. 
 
Iron hydroxides show up as brown suspensions in the run-off 
water, with sulfuric acid at a pH of ~2.5. (Tea Pond) 
 
The Run-off water treatment process involves neutralization 
with limestone and lime, sediment (holding) ponds and clear 
water ponds, followed by large wetland areas where 
remediation is enhanced by plants to further improve the 
quality of the water prior to discharge. 
 
Treated water free of turbidity and at a near neutral pH, when 
released, drains into small streams at the south end of the site. 



“Tea” Pond Run-off Water Treatment 



 

Wetlands  



 

Graves Mountain 
Minerals and Micro minerals  
 
References:  
Hurst (1959); Cook (1985); Schroeder (1999); discussions with 
Dr. Henry Barwood; and the personal experience of the 
author  



             Graves Mountain Mineralogy 
 
Fifty mineral species from Graves Mountain have been listed. Specimens have 
thrilled amateur collectors, species collectors, and micro-mounters alike. 
 
Not a lot of collecting was allowed during the mining years. Professor Henry 
Barwood (Troy University, Troy, AL) and George Gordon (Harlem, GA) identified 
some interesting species. A few of these were described in Rocks and Minerals 
(Barwood, deceased former professor at Troy State University, Troy, AL; 1970). 
 
Today Graves Mountain opens to the public twice a year—a long weekend in the 
spring and fall—for a modest donation after signing a liability waiver. 



 

Barite 
Micr0crystals  



 

Barite, barium sulfate, occurs as 
sharp, colorless crystals, usually 
micro, often with complex faces. 
They occur in vugs with kyanite and 
sandy quartzite, very often with dark 
brown or black goethite-hematite. 
Two-centimeter- long tabular crystals 
have been reported.  



 

Cacoxenite 
Microcrystals  



 

Cacoxenite, hydrated iron 
aluminum phosphate 
hydroxide, is rarely found at 
Graves Mountain, and occurs 
as yellow fibrous balls and 
tufts.  



Crandallite 
Replacing variscite 
Microcrystals 



 

Crandallite, calcium aluminum phosphate hydroxide, 
forms much of the white chalky alteration product of the 
lazulite crystals.   
 
Some casts (possibly anhydrite, calcium sulfate) in lazulite 
zones contain botryoidal crusts of white crandallite.  
Botryoidal crusts with variscite and in other areas are 
probably crandallite.  Carandallite forms the white center 
of some variscite balls.  



Crandallite 
Microcrystals 



Microcrystals 



 

Dickite, aluminum silicate 
hydroxide, occurs as colorless 
micaceous or sugary coatings. 
Some crystals form distinct, 
but very tiny (micro) 
pseudohexagonal platelets.  





 

Dravite, a tourmaline, sodium 
magnesium aluminum silicate 
borate hydroxide, occurs rarely 
as black to brownish prisms 
frozen in quartz, and as matted 
crystals in quartz veins.  



Goethite 
after pyrite 

Microcrystals 



 

Goethite, iron oxide hydroxide, as 
yellowish to brown coatings, is present 
on most mineral surfaces at Graves 
Mountain, and I suspect that some of 
what is called hematite contains much 
goethite.  Goethite also occurs as a 
precipitate in the red runoff water 
ponds of the main pit.  



Gold 
owned by 

Travis Paris, 

now on loan 

to the Tellus 

Museum 

 

Photo by 

Julian Gray 



Graves Mountain was one of the early sites of gold 
prospecting in Georgia and gold has been found in the 
quartz-kyanite rock. Old shafts and trenches were once 
seen on the mountain, but have since been destroyed by 
mining. The best specimen I have seen (pictured) shows 
a spongy gold mass in quartz. 
 
The specimen in the photograph was found in a gold 
prospecting adit on the East side of the Mountain, which 
is not actually in the kyanite-bearing area. 
 
Pyrite concentrates from Graves Mountain have been 
analyzed and were found to contain gold assaying from 
0.1 to 0.5 oz/ton. When the proportions of pyrite in the 
deposit are taken into account, the average gold grade 
would not be significantly less than economic deposits 
elsewhere in the Carolina Slate Belt, including the Barite 
Hill, Ridgeway, Haile, and Brewer mines in South 
Carolina. 



“Trace amounts of gold were detected 
during mining (Bennett) and a few 
collectors have gold specimens from Graves 
Mountain (Paris).  The gold occurred in two 
very abundant minerals: pyrite and 
goethite (a weathering product of pyrite). 
This may sound intriguing at first, but 
geologist Travis Paris said, ‘I’ve done gold 
assays of the pyrite concentrates. Taking 
into account mining, milling, and recovery 
costs, you might just break even on the 
gold.  The pyrite is worth more.’” Matrix. 2003–

2004;11(Winter): 244. 



Micro-Gold 
 
On hematite 



Gypsum 
Microcrystals 



Gypsum, hydrated calcium 
sulfate, occurs as colorless 
prismatic microcrystals with 
oblique terminations. 



Hematite 
botryoidal  

form  



Hematite, iron oxide, is one of the very common minerals on 
the mountain and is also found in very attractive specimens. 
Large masses of botryoidal iron oxides were common prior to 
mining, often coating bladed kyanite; this material contained 
some rutile crystals. 
 
Hematite occurs as a black coating on many mineral surfaces 
(such as kyanite) and a red stain in the fine grained rocks (such 
as the mica schists). Many hematite specimens show brilliant 
iridescent surfaces, called turgite by collectors.  The “rainbow” 
iridescence may be due to a submicron thick coating of 
aluminum phosphate, which causes thin film interference. 
Stalactitic specimens also occur; analysis of some of this 
material showed it to be a mixture of hematite, quartz, mica, 
and pyrophyllite, a typical Graves Mountain association. 
Hematite may remain stable or react with water to form 
goethite. 



Hematite 

cup (micro) 



Iridescent 

Hematite  



Stalactitic 

Hematite 



Ilmenite 



Ilmenite, iron titanium oxide, occurs as black 
platy crystals in quartz and quartzite, especially 
in boulders, at the lower end of the deposit near 
the tailings pond. Rich lustrous masses were 
found in the East pit. 
 
Ilmenite is said to account for 50% of the 
titanium in the kyanite-quartzite. Ilmenite 
plates sometimes show an iridescent tarnish. 



Ilmenite 
Microcrystals 



Jarosite
replacing 

lazulite 



Jarosite, potassium iron sulfate hydroxide, 
formed from the alteration of pyrite, is often 
found in the mine as yellow to brown 
coatings. Tiny microcrystals are often found, 
but the mineral commonly occurs as a 
brownish or yellow powder. It appears to turn 
more brown with exposure. 
 
Jarosite has been confused with sulfur and 
alunite. Sharp microcrystals, showing 
triangular faces, have been confused with 
adularia (potash feldspar). 



Jarosite 

microcrystals 



Kyanite 
Primary ore 

mineral at the 

mine 



 

With the exception of quartz, kyanite— aluminum 
silicate—the ore mineral at the mine, is the most 
common mineral at Graves Mountain. Roughly 10% to 
40% of the kyanite-quartzite matrix is kyanite.  
The normal color is pale blue-green in the white sandy 
quartzite, although it is very often stained brown by 
goethite-hematite. Crystals coated with iridescent 
hematite are quite attractive. Photos of sharp bladed 
microcrystals have been published nationally.  



Kyanite 

microcrystal 



iridescent 

hematite on 

Kyanite 



Lazulite 
Twinned crystal 



 

Lazulite, magnesium aluminum phosphate hydroxide, was 
actually the first Graves Mountain mineral to be described in 
detail. C.U. Shepard described the crystal forms in 1859, with E.S. 
Dana providing the crystal drawings.  
Most lazulite is azure blue, ultramarine blue, or “denim” colored, 
usually in embedded crystals. Crystals are usually less than ½ inch 
but can be up to 2-½ inches.  Forms are acute pyramids to tabular. 
Twinning is common.  Surface crystals are somewhat weathered 
and "sandy.“  Crystals below this zone may be very dark blue. 
Large undamaged crystals are rare (and command high prices) 
because they are hard to free from the quartzite-kyanite rock 
without damaging them.  



 

Crystals coated with sandy quartzite, muscovite, or 
pyrophyllite can sometimes be cleaned by very careful 
scraping.  More such specimens need to be recovered 
and preserved.  Deep blue lazulite in dense gray 
quartzite can be slabbed, cut into cabs, and even 
spheres.  
Much of the deep blue material is probably toward iron-
rich scorzalite in composition.  I had some x-rayed years 
ago which confirmed this, but more study is needed. 
Lazulite alters to pink phosphosiderite, white 
crandallite, gibbsite, woodhouseite, and brown 
goethite.  
My first Graves Mountain specimen was a lazulite 
purchased from Scott J. Williams in Scottsdale, Arizona, 
circa 1956.  



Lazulite 

bipyramidal 

form 



Lazulite 

blocky (rare) 

 

Kay Roberson 

Collection 

 

Photo by           

Jeff Scovil 



Limonite (No photo 

included) 

Limonite, hydrated iron oxide-
hydroxide, an essentially amorphous 
mixture of iron oxides, is very common 
in the Graves Mountain rocks.   It is a 
good term for the yellow to brown 
stains and masses in the rocks. 



Muscovite 
 (mica) 
microcrystals 
 



 

Fine-to-medium grained white mica is widely 
distributed in the Graves Mountain rocks.  There is a 
quartz-sericite schist that is nearly 75% mica.  Also, 
there is a paragonite component in the micas at 
Graves Mountain.  
 
Paragonite, sodium aluminum silicate hydroxide (the 
sodium analog of muscovite, potassium aluminum 
silicate hydroxide), cannot be visually distinguished 
from muscovite.  It may be best to label the material 
muscovite-paragonite.  Light green to brilliant green 
chromium-bearing muscovite is often found mottled 
with red-brown hematite stains.  The Cr2O3 content is 
only 0.5% max., not high enough to call the material 
fuchsite, which should have a Cr2O3 content of 5%.  



Micro-
muscovite 
(green mica 
variety) 
 
 



Phosphosiderite 

classic twin 

Courtesy of Don Reems 

Microcrystal 



 
 
 
 

 

Phosphosiderite, hydrated iron 
phosphate, occurs as pink, tabular, 
twinned microcrystals in cavities, 
and rose red aggregates of larger 
crystalline masses.  It also occurs as 
pink stringers in altered lazulite 
crystals and as pink pseudomorphs 
after tiny pyrite crystals.  

 
Phosphosiderite   

Microcrystal 
 
 
 

(formerly called 
metastrengite)                 
 
 
 



Phosphosiderite 
after pyrite 

Microcrystal 



Phosphosiderite 
after pyrite 

Microcrystal 



Pyrite 
on lazulite 



 

Pyrite, iron sulfide, is one of the most common Graves Mountain minerals, 
especially in the deeper, bluish- gray kyanite-quartzite rock. Pyrite 
abundance is 0.5% → 4.9%, and in some zones up to 10%.  
 
Forms are tiny cubes and pyritohedrons with distortions.  Sharp ¼- to ½-
inch pyritohedrons occasionally can be recovered.  
 
Many cavities occur where the pyrite has weathered away.  Barite and 
jarosite get their sulfur from weathered pyrite.  Nice pseudomorphs, some 
of which are hollow, of goethite or hematite after pyrite have been found, 
especially in the East pit.  
 
Pyrite was separated from the ore in a floatation plant and was sold as a 
high purity “glass makers” grade for use as a coloring agent in such 
products as brown beer bottles.  The gold content of the Graves Mountain 
pyrite was discussed previously.  
 
Pyrite is the main source of Graves Mountain’s environmental problem.  



Pyrite 
Microcrystal 



Pyrophyllite 



Pyrophyllite, aluminum silicate hydroxide, 
always has been considered one of the 
important collectable species at Graves 
Mountain.  It occurs in attractive radiating 
aggregates that are white, red, brown, yellow, 
and more rarely green in color.  Most 
pyrophyllite specimens in museums around the 
world are from Graves Mountain. 



Pyrophyllite 

structure 

Microcrystals 



Pyrophyllite 
Microcrystals 



Green 
Pyrophyllite 
Microcrystals 



Quartz 
SiO2 

milky 



 

Obviously the most widespread and abundant mineral at 
Graves Mountain is quartz, silicon dioxide.  It comprises 
approximately 70% of the kyanite-quartzite rock. 
Interesting, etched, melted-appearing crystals coated 
with hematite (often iridescent) are Graves Mountain 
classics.  Crystals up to a foot long have been recovered. 
Sharp micro quartz crystals also occur.  
 
Blue quartz grains, masses, and very rarely tiny crystals 
are common in the West pit.  The blue color is probably 
due to included rutile.  Sandy quartz grains and powder 
make a mess when trimming Graves Mountain 
specimens.  



hematite-coated 

Quartz 



Hematite-Coated 

Quartz 
Featuring original 
natural fracture 



Quartz 
Micro blue 
crystals 



Rutile 
in matrix 



 

Rutile, titanium oxide, is, of course, the mineral for 
which Graves Mountain is world famous.  These are 
the world’s finest and reside in all the major 
museum collections and top private collections all 
over the world.  
 
Crystals are beautifully formed, lustrous when fresh, 
and occur up to 6–9 inches long and 12–18 pounds in 
weight.  (Cook; 1985, mentions a crystal 25 cm. long 
weighing 8 kg)  
 
Originally, and even today, many crystals were 
collected as float on the slopes of the mountain, 
especially in the saddle that separated the western 
most summits.  The float crystals are slightly surface 
oxidized and don’t display the luster and red fire 
seen in crystals from fresh rock.  



 

Fine crystals are often found in iron-oxide–stained kyanite 
aggregates.  Crystals in green kyanite and white pyrophyllite 
are normally smaller and may show slash cuts from kyanite 
crystals.  Occasionally crystals occur with quartz crystals in 
white quartz veins.  Quartz-kyanite contacts in the rutile zones 
often yield good crystals.  Crystals are normally twinned; forms 
are quite complex.  
 
I’d like to see a good set of drawings of Graves Mountain rutile 
crystals.  Drawings in the literature often aren’t representative. 
Eightlings occur but are rare.  Substitution of tin and niobium 
may contribute to the complex crystallography. Goldschmidt—
an old German text—contains many Graves Mountain rutile 
drawings, but most do not seem to reflect the true character of 
typical crystals.  



 

Summarizing—the best crystals occur in iron 
oxide-rich quartz–kyanite masses, and to some 
extent with quartz and pyrophyllite veins in the 
area of what was the southwest summit and the 
old “saddle” between the western hills. 
  
Numerous great finds have been made over the 
years yielding hundreds of fine crystals and many 
museum quality specimens.  Small black rutile 
crystals occur with pyrite in certain areas, and tiny 
red microcrystals, looking like tiny garnets or red 
blebs, are extremely common in the kyanite.  



 

Rutile  
cyclic twins at 
the quartz-
kyanite contact  



Rutile 
 7-1/2 lb, 

5-½  5-¼  

4-½ inches 



Rutile 

with red 

fire   

Microcrystal 



Rutile 

Crystal   

in gossan 

matrix   



Rutile 

mirror face 

on hematite   

Microcrystals 



Rutile 

micro cyclic 

twin 



Rutile 

twin  



Rutile  

in typical 

quartz-

hematite-

kyanite 

matrix 



Siderite 
Microcrystals 



 

Siderite, iron carbonate, is very rare at 
Graves Mountain due to the acidity of rocks 
found there.  However, one specimen 
featuring modified rhombic crystals with 
lazulite or scorzalite was found by Ed O’Dell 
(Lexington, KY; pictured).  
 
This specimen was found in an area that 
was shielded from the mine’s acid runoff.  



Strengite 

Microcrystals 



 

Strengite, hydrated iron phosphate, is rare, 
but pink crystals showing the distinctive 
Roman sword-like crystal form have been 
found.  The usual form is balled aggregates of 
very tiny, near colorless to pinkish crystals.  
 
Strengite and phosphosiderite may occur 
together on the same specimen.  White 
smooth to fuzzy balls have tentatively been 
called alumino-strengite.  



Strengite 

or 

phosphosiderite 

Microcrystals 



Strengite 

Microcrystals 



Strengite  
tentatively 

called 

alumino-

strengite 

Microcrystals 



Sulfur 

crystals  



 

Sulfur, sometimes confused with yellow 
jarosite, occurs in tiny yellow crystals.  
 
An unusually large yellow mass in 
matrix is on display in the Tellus 
Museum in Cartersville, Georgia.  



Svanbergite 
Microcrystal 

Photo by Dr. Henry Barwood 



 

Svanbergite, strontium 

aluminum phosphosulfate 

hydroxide, occurs as equant, 

blocky, light brown crystals in 

light green mica and 
pyrophyllite in the East pit.  



Szomolnokite 

Crust 



 

Szomolnokite, hydrated iron sulfate, 
is probably the primary mineral in the 
nasty yellow sulfur-bearing “drapes” 
that ooze out of wet areas in the 
walls of the mine pits.   As they dry, 
they probably form copiapite 
(hydrated iron sulfate hydroxide), 
which forms as yellow crusts.  



brown topaz-
like 

Variscite 
Microcrystals 



 

A brief mention of the legendary Graves Mountain topaz 
should be made.  The only topaz (aluminum silicate fluoride, 
hydroxide) I know to be definitely identified was as rounded 
blebs under 1 mm in variscite crystal, identified by the late 
Dr. Henry Barwood.  Dr. Robert Cook mentions two 
references to Graves Mountain in 1980 and 1982, but he 
gave no specific description of the material.  

 
In the photo, prismatic variscite crystals appear to show 
basal pinacoids, slightly resembling topaz crystals, in 
orthorhombic cross sections.  I have seen Graves Mountain 
variscite sold as micro-topaz crystals.  Some micro-
woodhouseite could even be confused with topaz.   
  



Variscite 

crystal 

Microcrystal 



 

Variscite, hydrated aluminum phosphate, occurs 
in very complex colorless to green crystals and 
crystal aggregates in vugs in kyanite-lazulite-
quartzite rock.  
 
Variscite has caused quite a collecting stir among 
micromounters in recent years, although we 
have known about it since 1986.  Crystals are 
usually equant with complex faces, although 
some are more prismatic and look like blunted 
Roman swords.  Ball-shaped crystal aggregates 
and radiating aggregates also occur. Inclusions of 
lazulite, rutile, pyrite, and a black unknown 
mineral occur in the crystals.  



Variscite 

green in a vug 



Variscite 

complex faces 
Microcrystal 



Variscite 

colorless 
microcrystal 



Variscite 

Yellowish 
microcrystals 



Variscite 
Microcrystal 
balls on 
quartzite 



Variscite 

black 
inclusions 

Microcrystals 



Variscite 

prisms in a 
vug 
Microcrystals 



Variscite 

prismatic 
terminated 
form, 
somewhat 
topaz-like 

Microcrystal 



Wavellite 

spray 



 

Wavellite, hydrated aluminum 
phosphate fluoride hydroxide, 
occurs as white radiating masses 
and terminated individual crystals, 
usually associated with green 
variscite.  



Wavellite 

Microcrystal 



Woodhouseite 
Microcrystals 



 

Woodhouseite, calcium aluminum phospho-
sulfate hydroxide, is also a major collectable 
among micromounters.  It occurs primarily in 
anhydrite casts (slashes) in gray quartzite in 
the northwest wall of the main pit.  The best 
recognized forms are blocky, yellowish 
pseudo-cubic crystals. 
  
Other forms include: elongated rhombo-
hedrons, white granular pseudomorphs after 
lazulite (intergrown with variscite and 
crandallite), tan to slightly pinkish somewhat 
granular anhedral masses, and flattened 
hexagonal plates.  



Woodhouseite 

Microcrystals 



Woodhouseite 
Complex microcrystals 

 



Woodhouseite 

Complex 
microcrystals, 
yellowish 

 



Woodhouseite 

striated 

 Microcrystals 



Woodhouseite 

trigonal form 

 Microcrystal 



Zircon  



 

Zircon, zirconium silicate, has 
been found in one specimen: a 
light brown imbedded crystal 
aggregate, tentatively 
identified by its somewhat 
greasy luster and yellow 
fluorescence.  



Alunite, potassium aluminum sulfate 
hydroxide, is relatively common, but 
massive and nondescript so that it is 
difficult to recognize. Some of the 
serpentine-looking material is largely 
alunite, and it occurs as a yellowish 
filling in some cavities. It also is a 
component of the white alternation of 
lazulite crystals 

Alunite 
KAl3(SO4)2(OH)6 



 

Andalusite  
Al2(SiO4)O  

 

Andalusite, aluminum silicate, 
occurs as massive, nondescript 
white to gray inclusions in lazulite 
crystals, and flesh-colored veinlets 
in rocks.  



Apatite 

 

Apatite, calcium phosphate fluoride. A 
small six-sided prism in Don Reem’s 
collection may be in the apatite group.  



Clays 

Fine white clays are found throughout 
the Graves Mountain site. These are 
mixtures of kaolinite (aluminum silicate 
hydroxide), and illite (potassium 
aluminum silicate hydroxide). 



Gibbsite 
Al(OH)3 

Gibbsite, aluminum hydroxide, occurs 
as small, chalky white balls on 
hematite.  



Pickeringite 
MgAl2(SO4)4 ·22H2O 
 
 

White hair-like needle crystals may be 
pickeringite, hydrated magnesium 
aluminum sulfate.  

 

 



 

Other minerals that may be worth 
mentioning include augelite (could be 
confused with variscite), the copper 
minerals chalcocite and covellite (copper 
occurs in the waste water), and vermiculite 
(weathered mica).  

 

Other 
Minerals  



 

Unknown 
Mineral 
“Outhouseite”  

Microcrystal 

Photo by Jim Stoops 



 
 
 

Unknown Mineral 
“Outhouseite”  

“Outhousite”, a very rare unknown mineral, 
has been given this epithet due to its 
morphology.  Crystals are prismatic and 
colorless with the general form of an 
outhouse.  They could be barite. 
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