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DEFINITIONS 



A mineral occurrence is any 
locality where a useful mineral or 

material is found.  



A mineral prospect is any 
occurrence that has been 

developed by underground or by 
above ground techniques, or by 
subsurface drilling to determine 

the extent of mineralization.  



The terms mineral occurrence 
and mineral prospect do not have 

any resource or economic 
implications. 



A mineral deposit is any occurrence 
of a valuable commodity or mineral 
that is of sufficient size and grade 

(concentration) that has potential for 
economic development under past, 

present, or future favorable 
conditions.  



An ore deposit is a well-defined mineral 
deposit that has been tested and found to be of 
sufficient size, grade, and accessibility to be 

extracted (i.e. mined) and processed at a profit 
at a specific time. Thus, the size and grade of 

an ore deposit changes as the economic 
conditions change. Ore refers to industrial 

minerals as well as metals. 



Mineral Deposits versus Ore Bodies 

= 

ore body = 

mineral deposit = 

ore body 

reserves 

+ reserves 
+ unmineable 
+ uneconomic 
+ mined 

mineral deposit  



http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=26&ved=0CGAQFjAFOBQ&url=http%3A%2F%2Fwww.esta-
uk.net%2Findex_htm_files%2FMineralDeposits1Introduction_ian_kenyon.ppt&ei=W7TcUMGdHtGNrQHb54DQCw&usg=AFQjCNFe9wj9b44mEcqDy-
T57C13zjvBwQ&sig2=BzFdcc8OnllFX75PdKDYCw&bvm=bv.1355534169,d.aWM 
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uk.net%2Findex_htm_files%2FMineralDeposits1Introduction_ian_kenyon.ppt&ei=W7TcUMGdHtGNrQHb54DQCw&usg=AFQjCNFe9wj9b44mEcqDy-
T57C13zjvBwQ&sig2=BzFdcc8OnllFX75PdKDYCw&bvm=bv.1355534169,d.aWM 
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T57C13zjvBwQ&sig2=BzFdcc8OnllFX75PdKDYCw&bvm=bv.1355534169,d.aWM 
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CLASSIFICATION OF 
MINERAL RESOURCES 
ON U.S. FEDERAL LAND 



Locatable Minerals are whatever is 
recognized as a valuable mineral by standard 

authorities, whether metallic or other 
substance, when found on public land open to 
mineral entry in quality and quantity sufficient 

to render a claim valuable on account of the 
mineral content, under the United States 

Mining Law of 1872. Specifically excluded 
from location are the leasable minerals, 

common varieties, and salable 
minerals. 

 



Leasable Minerals The passage of the 
Mineral Leasing Act of 1920, as 

amended from time to time, places the 
following minerals under the leasing 
law: oil, gas, coal, oil shale, sodium, 
potassium, phosphate, native asphalt, 

solid or semisolid bitumen, bituminous 
rock, oil-impregnated rock or sand, and 
sulfur in Louisiana and New Mexico. 



Salable Minerals The Materials Act 
of 1947, as amended, removes 

petrified wood, common varieties of 
sand, stone, gravel, pumice, 

pumicite, cinders, and some clay 
from location and leasing. These 

materials may be acquired by 
purchase only.  



Other terms 



Canadian Instrument 43-101 

• Set of rules and guidelines for reporting information 
relating to a mineral property in order to present these 
results to the Candian stock exchange 
– created after the Bre-X scandal to protect investors from unsubstantiated 

mineral project disclosures 
– gold reserves at (Bre-X's) Busang were alleged to be 200 million ounces 

(6,200 t), or up to 8% of the entire world's gold reserves FRAUD 

• Similar to JORC (joint ore reserves committee code, 
Australia) 

• South African Code for the Reporting of Mineral Resources 
and Mineral Reserves (SAMREC) 



Other terms 
• Adjacent property  

– Company has no interest 
– Boundary close to project 
– Geologic characteristics similar to project 

• Advanced property 
– Mineral reserves 
– Minerals resources with a PEA or feasibilty study 

• Early stage exploration property 



Qualified person (43-101) 
• engineer/geoscientist with a university degree, or 

equivalent accreditation, in an area of geoscience, 
or engineering, relating to mineral exploration or 
mining 

• has at least five years of experience  
• has experience relevant to the subject matter of the 

mineral project and the technical report 
• is in good standing with a professional association  



LIFE CYCLE OF A MINE 





Stages of Mining 
• Exploration (discovery, premining, 

undisturbed) 
– Mineral resource potential 
– Prefeasibility/Feasibility study 

• Mine development (inc. continued exploration) 
• Operations (extraction/production/expansion) 

– Processing/beneficiation/milling/smelting/refining 
– Mine expansion/standby 

• Marketing 
• Closure/postclosure/post-mining use 



What is beryllium? 



What is beryllium? 
• Beryllium 

– Average of 0.52 mg/kg in soil 
– Occurs as minerals, trace 

concentrations in other minerals 
Beryllium metal 

Beryllium oxide Beryllium ore Beryllium alloys 





Beryllium 

• 4th element on the periodic table 
• 44th element in abundance 
• Gemstone 
• low density (1.85 grams/cubic centimeter)  
• it has a very high melting point: 1,278° C 
• resistance to creep, shear strength, tensile 

strength, comprehensive yield strength and just 
its fracture toughness 
 



Beryllium—Properties 
• Low absorption cross-section with respect to thermal neutrons 
• Light element 
• Ability to withstand extreme heat 
• Remain stable over a wide range of temperatures 
• Function as an excellent thermal conductor 
• Transparent to x-rays 
• Light 
• Non-sparking  
• High heat capacity 
• Stronger than steel 
• In small amounts prevents metal fatigue failure in alloys with 

other metals 



Beryllium—Uses 
• Electronic and electrical components  
• Aerospace and defense applications 
• Used as pure metal  
• Mixed with other metals to form alloys  
• Processed to form salts that dissolve in 

water 
• Excellent refractory=processed to form 

oxides and ceramic materials 
• Reflector of neutrons=application in nuclear 

reactors 
 



Beryllium—Uses 

 

• Air bag sensors 
• Ignition 
• Power steering and 

electronic auto systems 
• Fire extinguishers 
• Sprinkler heads 
• Pacemakers 
• lasers 
• Military electronic 

targeting and infrared 
countermeasure systems 

• Circuits controlling electric 
windows in cars 

• computer chip heat sinks 
 
 

• Nuclear fuel 
• Wind turbine components 
• Golf club shafts 
• Engine blocks 
• Disc drives 
• Wheel rims 
• Cellular phones 
• Home temperature 

controls 
• Ceramics 



USGS 



 

 Because the number of beryllium 
producers is limited and the use of 
substitute materials in specific 
defense-related applications that are 
vital to national security is 
inadequate, several studies have 
categorized beryllium as a critical 
and strategic material (National 
Research Council, 2008, p. 170).  



USGS 



Beryllium—Substitutions 

• Be is used in applications in which its 
properties are crucial, so few substitutions 
for many applications 

• Graphite 
• Steel 
• Titanium 
• Aluminum nitride 
• Phosphor bronze 

 
 



Beryllium—Production 
Metric tons 

USGS Minerals Yearbook 2017 

https://minerals.usgs.gov/minerals/pubs/mcs/2017/mcs2017.pdf 

Brazil ships beryl 
to Utah 
Russians opened 
Malyshevsky 
emerald mine 



Be consumption 2013 
250 mt, $114 million  

Be alloy 
• 32% aerospace applications 
• 20% consumer electronics 

applications (computers) 
• 14% automotive 

electronics applications 
• 12% energy applications 
• 12% telecommunications 

infrastructure applications 
• 8% appliance applications 
• 2% defense and medical 

applications 

Be metal 
• 52% defense and science 

applications 
• 26% industrial components 

and commercial aerospace 
applications 

• 8% medical applications 
• 7% telecommunications 

infrastructure applications 
• 7% other 



https://minerals.usgs.gov/minerals/pubs/commodity/beryllium/myb1-2014-beryl.pdf 



https://pubs.usgs.gov/fs/2016/3081/fs20163081.pdf 



https://pubs.usgs.gov/fs/2016/3081/fs20163081.pdf 



• Brush Resources is currently the sole US producer of 
beryllium concentrates. 

• Spor Mountain and Hogs Back mines produce 
bertrandite. 

• Processing plant at Delta, UT produces beryllium 
hydroxide from bertrandite and beryl for sale to 
beryllium markets. 
 

• Can you afford to ship product to Delta, UT at the 
price Brush will pay?  

• Will Delta accept your product? 

Beryllium Market Structure 





Supply/Demand 

♦ The uses for beryllium and thus the market are 
expanding. 

♦ The Brush Resources operation has reserves sufficient 
to meet its needs for many years to come. 

♦ Mine production is based on the amount of beryllium 
hydroxide that can be sold and thus varies from year to 
year. 

 



Beryllium—Mineralogy 



Gemstones 

• Gems known to ancient man 
–Romans had emerald mines >2000 yrs ago in 

Egypt 
• Emerald (green) 
• Aquamarine (blue, gree) 
• Chrysoberyl (golden beryl)=alexandrite  
• Beryl 
• Goshenite (colorless) 
• Helliodor (yellow) 
• Morganite (pink, orange) 



Simmons et al., 2012 







Barton and Young 



GEOLOGY 



https://minerals.usgs.gov/science/beryllium/images/world-Map-Of-Be-Deposits.jpg 



TYPES OF BERYLLIUM 
DEPOSITS 





Barton and Young 





Barton and Young 



A generalized cross-section 
showing geologic setting for the 
major types of Be deposits 
associated with metaluminous and 
weakly peraluminous magma 
systems and the relationship of 
volcanogenic Be deposits such as 
Spor Mountain to other type of Be 
deposits that are associated with 
magmas of this general 
composition. Modified from 
Barton and Young (2002). 



Volcanic-hosted replacement 
deposits 



USGS SIR-5070f 



USGS SIR-5070f 



Location of selected beryllium 
deposits found in southwestern U.S. 
and Mexico. Approximate line 
separating the Tertiary alkaline and 
calc-alkaline igneous rocks is from 
Price et al. (1987) and McLemore 
(1996). 



SPOR MOUNTAIN, UTAH 







USGS PP 818-A 



Beryllium belt of western Utah," also the 
"Deep Creek-Tintic belt. Be, F, U, Li, Cu, Au, 

base metals (USGS OF 98-524)  
 



Generalized geologic map of the Spor Mountain and Thomas Range area, Utah, showing the 
locations and distribution of Be deposits and fluorite pipes. Modified from Lindsey, 2001. 



Spor Mountain—Cross section 







Paragenesis Spor Mountain 



General 
model for 

formation of 
volcanogenic 
deposits of U 

and other 
lithophile 
elements, 
including 

Be, as 
proposed by 

Burt and 
Sheridan 
(1981). 



USGS OF 98-524 



Be at Spor Mountain has been mined 
by Brush Wellman since about 1970, 
Roadslide pit in 1970 (USGS OF 98-

524)  
 



Monitor pit as it appeared in 1979, 
also Brush-Wellman (USGS OF 98-

524) 



Controls of mineralization 

• magma chemistry 
• favorable host rocks 
• structure 
• extension tectonics (F, U, Be, Li, alkaline 

rocks) 



beryllium tuff (USGS OF 98-524) 



• First stage=rhyodacitic 
and quartz latitic 
composition, contain the 
largest trace 
concentrations of base 
metals such as Pb, Zn, and 
Cu 

• Middle stage=mostly 
rhyolite, contain the 
smallest concentrations of 
all trace  

• Third stage=Alkali 
rhyolite, post-caldera 
stage, contains the largest 
trace concentrations of 
lithophile elements such as 
Be, Li, thorium, and U 

(USGS OF 98-524) 



Be ore is concentrated in 
the upper part of the Be 
tuff member, as typified 
by the Roadside ore 
body (USGS OF 98-524) 



Th follows 
Be, but U 
does not 



Summarizes analyses 
of drill cuttings from 
many mineralized 
zones in the Be tuff 
member (USGS OF 
98-524) 





ROUND TOP MOUNTAIN, 
SIERRA BLANCA, TEXAS 

 









Round Top  

• 44.6 ppm 
or g/t U 
content in 
the Round 
Top 
rhyolites 

• 298,000 
tons of 
1.9% Be 
(historic 
resource) 





ROUND TOP MOUNTAIN, 
SIERRA BLANCA, TEXAS 







Mining districts in New 
Mexico that contain 
beryllium (Be). More 
details are in McLemore 
(2010). 



Apache Warm Springs deposit, 
Socorro County, New Mexico 



BE Resources Inc. 

"continues to search for a suitable new project for 
the Company and to review its options for its New 
Mexico beryllium project which has been placed 
on care and maintenance." 





Geologic map and cross 
section of the Apache Warm 
Springs beryllium deposit 

and adjacent area (N section 
6, T9S, R7W). 

Interpretations are by the 
author from examination of 

drill cuttings, using available 
drill data (McLemore, 

2010a), and surface 
mapping. 



Apache Warm Springs beryllium deposit (Be), as 
delineated by P and E Mining Consultants, Inc. (2009) 

as determined from trenching and drilling, looking 
northeast (N section 6, T9S, R7W). 



Alteration map of the Apache Warm Springs beryllium 
deposit. The western fault (between BE27 and BE 24) is 

identified from drilling data (McLemore, 2010a). 



Clay zone with red hematite-kaolinite and white 
kaolinite surrounding the Apache Warm Springs 

beryllium deposit (N section 6, T9S, R7W). A sample 
collected from the site shown on the left contains 

kaolinite, quartz, and hematite (Mont-35, McLemore, 
2010a).  



A sample collected from the white clay shown in the 
photograph on the right contains quartz, kaolinite, illite, 
smectite and mixed layered clays (Mont-61, McLemore, 

2010a). 
 



Silicified zone, looking southwest. The Apache Warm 
Springs beryllium deposit is to the right (N section 6, 

T9S, R7W). 



Porphyry molybdenum 
(±tungsten) deposits and 

Carbonate-hosted replacement and 
skarn deposits 

 



Victorio Mountains, New Mexico 





Mines and prospects in the Victorio mining 
district, Luna County. 



Simplified geologic 
map of the Victorio 

Mountains (modified 
from Kottlowski, 1960; 
Thorman and Drewes, 

1980; unpublished 
mapping by Gulf 
Resources, Inc.; 

unpublished mapping 
by V. T. McLemore).  



Simplified cross section of the Victorio 
Mountains (modified from company drill data 
and unpublished mapping by K. Donahue and 
V.T. McLemore). Some of the drill holes are 

projected onto the cross section.  







Relative paragenetic 
sequence for the 

Victorio mining district 
showing the mineral 

relationships and 
alteration events (from 
Donahue, 2002).  The 

paragenetic sequence is 
for all three types of 

deposits.  1 = porphyry 
Mo , 2 = skarn, 3 = 
carbonate-hosted 

replacement deposit,  







Mineral zonation in the Victorio Mountains 
mining district. 

 



Also Be 



Arizona 

• Be along fractures in granite mined from Beryl 
Hill and Live Oak mines in 1950s in the Dos 
Cabezas Mountains 

• Tungsten veins in Yuma and Graham Counties 
• Pegmatites  

– Kingman, Mohave County 
– Bradshaw Mountains, Yavapai County  



AGS Bull 180 





GRADE-TONNAGE 



https://pubs.usgs.gov/fs/2016/3081/fs20163081.pdf 



Pegmatites 



Pegmatites 
• “an essentially igneous rock, commonly of 

granitic composition, that is distinguished from 
other igneous rocks by its extremely coarse but 
variable grain-size, or by an abundance of crystals 
with skeletal, graphic, or other strongly directional 
growth-habits.” (London, 2008) 

• Products of magmatic differentiation, residual 
parts of the magma 

• Increased volatiles and incompatible elements 
(large ionic radii) 



Pegmatites 
• Dikes, sills, veins, irregular masses 
• In part due to slow cooling  
• Grade into aplites, which formed if the magma losses 

suddenly the volatiles and only small crystals grow 
• mostly due to large volumes of gases (volatiles =H2O, 

Cl, F) 
– Make it difficult for crystals to form=fewer crystals 
– Makes the normally sticky granitic magma more viscous, 

which allows for elements to move around 
– Volatiles separate as bubbles surrounded by normal liquid 

magma and crystals can form from both 



Types  

• Acidic pegmatites or granitic pegmatites 
• Syenitic pegmatites (Na rich with little quartz) 
• Basic and ultrabasic (feldspar, olivine, 

amphibole, biotite) 



USGS OF13-1008 



Mining districts in New 
Mexico that contain 
beryllium (Be). More 
details are in McLemore 
(2010). 





Minas Gerais, 
Brazil 

(Proctor, 1984) 



Minas Gerais, Brazil (Proctor, 1984) 



Bilal et al. (2012) 



A systematic compositional trend seems to suggest a petrogenetic 
link between the pegmatites of the region.  

Bilal et al. (2012) 



Bilal et al. (2012) 



Minas Gerais, Brazil (Proctor, 1984) 





London 
and 

Kontak 
(2012) 





Stages  
• Magmatic 

– Precipitation of feldspar and quartz, followed by other 
minerals 

– Formation of aqueous fluids 
• Hydrothermal  

– Fluids ascend from the magma (decrease temperature, 
pressure) 

– Boiling 
– Volatiles enter vapor phase 
– Metals precipitate 



Zoning  

• Unzoned or simple (quartz, feldspar, mica) 
• Zoned or complex 

– Core (massive quartz, spodumene) 
– Intermediate (giant feldspar) 
– Wall (graphic texture, beryl, quartz, feldspar, mica, 

tourmalene) 
– Border (albite) 



Jahns 





Simmons et al., 2012 







Sinclair, 1996 



Sinclair, 1996 



Sinclair, 1996 



Sinclair, 1996 



Harding Mine, New Mexico 
• Discovered 1910 
• Lepidolite mining 1919-1930 

– 12,000 tons of lepidolite-
spodumene ore, averaging 
3.5% LiO2 

• Microlite 1942-1947 
– 12,000 tons of lepidolite-

spodumene ore, averaging 
3.5% LiO2 

• Beryl 1950-1959  
– 12,000 tons of lepidolite-

spodumene ore, averaging 
3.5% LiO2 



Harding mine, New Mexico 



Harding Mine 
• BIOTITE + MUSCOVITE + QUARTZ ± GARNET ± 

MARGARITE ± SCHORL 
• QUARTZ + ALBITE + MUSCOVITE ± PERTHITE 
• QUARTZ ± ALBITE ± MUSCOVITE 
• QUARTZ + LATH SPODUMENE 
• MICROCLINE + SPODUMENE + LEPIDOLITE + 

ALBITE + MUSCOVITE + QUARTZ 
• CLEAVELANDITE + ROSE MUSCOVITE ± QUARTZ 
• CLEAVELANDITE + QUARTZ ± MUSCOVITE 
• BLOCKY PERTHITE ± QUARTZ ± ALBITE 
• QUARTZ + APLITIC ALBITE ± MUSCOVITE 



Be in Coal in NM 



Materion Brush Resources Inc. of the 
USA, wholly-owned subsidiary of 
Materion Corporation, is the only 
known fully-integrated beryllium 

company in world 
• Mines Utah to plant in Delta, Utah to form Be 

hydroxide 
• Elmore plant, Ohio produces beryllium metal and 

alloys 
• Lorain plant, Ohio produces ceramic grade powder  
• Reading plant, Pennsylvania produces produces strip 

and wire products 
 



Other companies 

• NGK Metals Corp, part of NGK Insulators of 
Japan 

• NGK Metals Corporation, Starmet and 
Advanced Industries International in USA 

• Ulba Metallurgical Plant (UMP) in Kazakhstan 



Beryllium—Processing 

• Similar to Al, therefore it is not simple to 
separate 

• maintain careful control over the quantity of 
beryllium dust and fumes in the workplace 

• Mined, crushed, melted, solidified, treated with 
sulfuric acid to form a sulfate 

• Be sulfate undergoes a series of chemical 
extraction steps resulting in pure Be hydroxide 



Processing 



Beryllium—Health risks 

• Toxic metal 
– Chronic beryllium disease, or CBD, is an 

inflammation in the lungs 
• Radioactive 
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