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ASSIGNMENT 
• Lemitar field trip April 9 (Thurs, 1 PM) 
• Cripple Creek April 10-11 
• April 13—each will lead discussion on a paper, 

final given out 
• April 20—no class 
• April 24—NMGS Spring Meeting, Macy Center 
• April 27, project presentations (written and oral) 
• May 7, final exam, field trip reports, and written 

presentation due 
 



Midterms 

• 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. 

• Be is critical to national defense 



Complexities of the stock 
market—Au  
• Price of Au in April 2012 $1642, April 

2015 $1202 (drop of 27%) 
• Mining companies on the Toronto Venture 

and Toronto Stock Exchange 1716 in April 
2012 to 1471 Feb 2015 (drop of 13%) 

• 589 junior companies have negative 
working capital (40%) 

• 7 major gold miners were not profitable 
from 2003-2013 despite a gold price that 
escalated over 250%  (Cipher Research) 



Germanium 



Germanium 

• German chemist Clemens Winkler in 1886 
in the silver sulfide mineral argyrodite from 
Freiberg, Saxony, Germany 

• greyish-white, metallic in appearance, and 
metallic 

• Atomic number 32 
• Main source is sphalerite 



Germanium 

R. Höll et al. / Ore Geology Reviews 30 (2007) 145–180 



Germanium—uses  

• 35%: Polymerisation catalysts (plastics) 
• 25%: Infrared optics 
• 20%: Fiber-optic systems 
• 12%: Electronics/solar electrical 

applications 
• 8%: Other uses (e.g., phosphors (in 

fluorescent lamps), metallurgy and 
chemotherapy (toxic effects against certain 
microorganisms) 



Germanium—production 

http://minerals.usgs.gov/minerals/pubs/mcs/2015/mcs2015.pdf 



Germanium—growth  

• thin-film application for solar panels 
• digital video discs 
• SiGe chips 
• Ge-based semiconductors 
• other electronic devices 



Germanium 

http://www.epa.gov/osw/nonhaz/industrial/special/mining/mine
dock/id/id4-ger.pdf 



Germanium 

R. Höll et al. / Ore 
Geology Reviews 
30 (2007) 145–180 



Germanium 

R. Höll et al. / Ore Geology Reviews 30 (2007) 145–180 



Minerals 



Germanium 

R. Höll et al. / Ore Geology Reviews 30 (2007) 145–180 



Germanium—types of deposits 
• Volcanic-hosted massive sulfide (VHMS) Cu–Zn(–Pb)(–

Ba) deposits 
• Porphyry and vein–stockwork Cu–Mo–Au deposits 
• Porphyry and vein–stockwork Sn–Ag deposits 
• Vein-type Ag–Pb–Zn(–Cu) deposits 
• Sediment-hosted massive sulfide (SHMS) Zn–Pb–Cu(–Ba) 

deposits 
• Carbonate-hosted base metal deposits 
• Mississippi Valley-type (MVT) Zn–Pb–Fe(–Cu)(–Ba)(–F) 

deposits 
• Coal and lignite 
• Fe oxide deposits 



Germanium 

R. Höll et al. / Ore 
Geology Reviews 30 
(2007) 145–180 



Graphite 



Graphite 

• Greek (graphein): to draw/write 
• for its use in pencils 
• Graphite, plumbago, black lead 



Graphite—introduction 

• C 
• Iron-black to steel-gray, soft (1-2 hardness) 
• Confused with molybdenite, which is 

denser and has a silver blue streak 
• Gray streak 
• Luster is metallic to dull 
• Cleavage is perfect in one direction 





History 

• First use of graphite: primitive man to make 
drawings, and by Egyptians to decorate pottery. 

• Graphite processing: 1400 AD in the Haffnerzell 
District of Bavaria. 

• Through the Middle Ages graphite was confused 
with galena and Molybdenite.  

• First names: Plumbago (lead -silver) & black lead  

• Discovered: 1565 by Gessner (recognized as a 
mineral), but its composition was determined in 
1779 by  Scheele. 
 



Graphite—properties 
• Milled, drilled and turned in a lathe to a desired 

shape  
• Making brushes 
• Conductive 
• Chemically stable 
• High strength 
• Hardness 1-2 
• Specific gravity  2.2 
• Good conductor of electricity 
• Lubricant 



Physical Characteristics 
• Color is dark gray, black, or black silver.  
• Luster is metallic to dull.  
• Transparency crystals are opaque  
• Crystal System is hexagonal  
• Hardness is 1 - 2  
• Specific Gravity 2.2  
• Cleavage is perfect in one direction.  
• Fracture is flaky.  
• Streak is black gray to brownish gray.  
• Melting Point of 3,500ºC. 
• Graphite is an excellent conductor of heat and electricity.  
• Other Characteristics: thin flakes are flexible but inelastic, mineral 

can leave black marks on hands and paper. 
• Best Field Indicators are softness, luster, density and streak. 
 



Mineralogy 
Graphite is a native element composed only of carbon. It has the same composition as 
diamond, however it has very different structures. 
•Diamond crystallizes in the Isometric system X graphite crystallizes in the hexagonal 
system.  

Source- http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Lecture1/Lec1.html 



Graphite 

http://www.phy.mtu.edu/faculty/info/jaszczak/borrowdale.html 



Graphite—uses 

• Refractory applications 45% (brick and 
linings) 

• Brake linings 20% 
• Lubricants, 5% 
• Dressings and molds in foundry 

operations, 5% 
• Other uses 25% (batteries) 

 



Graphite—uses 

• Pebble-bed nuclear reactors 
• Lithium-ion batteries 
• Graphene 
• Fuel cells 
• Solar panels 



END-USES 
 Main uses are in refractors, 

lubricants, brake linings, foundry 
molds, and electrodes (batteries). 
Non-traditional  applications 
include  expanded graphite and 
graphite foils (a thin graphite 
cloth). 

  
  
  

Graphite Foils 

Graphite Packing Expanded Graphite  

Uses of natural graphite in 2004

13%

24%

8% 9%

46%

refractory applications

brake linings

foundry operations

lubricants

steelmaking and other uses
(pencils, battery...)









Graphite—substitutions 

• Graphite powder 
• Scrap from discarded machined shapes 
• Calcined petroleum coke 
• Molybdenum disulfide 
• Finely ground coke with olivine 

 
 



Graphite—production 

USGS Commodities Summary 



Graphite—production 

USGS Commodities Summary 



Graphite 





Graphite—geology 

Types of  Natural Graphite : 
     Disseminated flake  

    Crystalline vein (lump or high crystalline graphite) 

      Amorphous  

 Associated Minerals include quartz, calcite, micas, iron 
meteorites, and tourmalines. 

 





Graphite—geology 

• Disseminated in metamorphosed, silica-rich 
sedimentary rocks 

• Flake graphite disseminated in marble 
• Metamorphic coal or carbon-rich sediments 
• Veins filling fractures, fissures, and cavities 
• Contact metamorphic deposits in sedimentary 

rocks 



Geology 
Flake graphite: 
•  is found in metamorphic rocks uniformly distributed through the  ore 

body or in concentrated lens shaped pockets.   
• Graphite flake occurs as a scaly or lamella form in certain 

metamorphic rocks such as limestone, gneisses and schists.   
• Carbon concentrations vary between 5% and 40%.  
• Flake graphite occurs in most parts of the world.  Notable deposits are 

Canada, Brazil, Madagascar, Australia, USA(Texas-1980, Alabama 
&Pennsylvania-1960’s), Germany 

• Flake: marble, gneiss, and schist (most common rock types) 

  

Source -http://www.alibaba.com/catalog/10876290/Natural_Flake_Graphite.html 













Crystalline vein graphite: 
•  is believed to originate from crude oil deposits that through time, 

temperature and pressure have converted to graphite.   
• Vein graphite is found along the intrusive contacts of pegmatites with 

limestone.  
• The vein fissures are typically between 1cm and 1 m thick, and are 

normally > 90% pure.   
• Although this form of graphite is found all over the world, it is only 

commercially mined in Sri Lanka (hand cobbing).  
 

Geology 

Source - http://www.asbury.com 



Geology  
Amorphous graphite:  
• Amorphous graphite is found as minute particles in beds of 

mesomorphic rocks such as coal, slate or shale deposits.   
• The graphite content ranges from 25% to 85% dependent on the 

geological conditions.  
• Most of the amorphous deposits with economic importance are 

formed by metamorphism of coal or carbon rich sediments.  
• Notable occurrences are in Mexico, North Korea, South Korea and 

Austria.  
 

 

Source - http://kuroko.mus.akita-u.ac.jp/sampimag/11767e.htm 



Artificial Graphite 
• Synthetic graphite can be produced from 

coke and pitch.  
• Synthetic Graphite consists mainly of 

graphitic carbon that has been obtained by 
graphitisation, heat treatment of non-
graphitic carbon, or by chemical vapour 
deposition from hydrocarbons at 
temperatures above 2100K . 

• Synthetic Graphite tends to be of higher 
purity though not as crystalline as natural 
graphite.  

• On the whole, synthetic graphite tends to be 
of a lower density, higher porosity and 
higher electrical resistance.  

• Its increased porosity makes it unsuitable 
for refractory applications. 
 

 Source - http://www.intertrade.com. 



Mining Method 
 Graphite is commonly extracted through open-pit methods. In some 

cases, it has been extracted through underground mining (vein deposits 
in Sri Lanka). 

 Mining - Graphite ore is extracted  with the  use of shovels & 
bulldozers that load dump trucks with the crude ore.  

 Mechanical concentration - The ore is crushed by a primary crusher 
and then submitted to  a series of roll crushers and classifiers to remove 
the oversizes and gangue. Flotation is used for the 
mechanical  separation of the graphite from impurities present in 
the  ore. The cycle mill-flotation is repeated until a grade between 87 -
96% of carbon is reached. 

 Chemical concentration - Concentration with the use  of chemical 
agents is used to remove impurities that  remain in the graphite after 
the mechanical concentration  process. Some firms make high purity 
graphite (98% - 99%carbon) by leaching concentrate with strong acids 
or alkalis. 

Primary Crusher 

Mill 

Flotation Cells 

Dryers 



Indium 



Indium 

• In 
• 0.05 ppm crust 
• 0.072 ppm oceanic crust 
• Silver-white, malleable, ductile metal 
• High plastic properties even at freezing 
• coat glass, forming a mirror surface with 

equally good reflective properties and more 
corrosion resistance than silver  



Uses 



Indium 

• Solar panels 
• Flat screens (LCDs) 
• Solders and alloys 
• Semiconductors  

 



Indium in solar panels 

 50 metric tons required for enough solar panels to 
provide 1 gigawatt of energy 

 $500/kg in 2009 
 2008—US used 800 megawatts of energy by solar 

panels connected to the grid (0.1% total US energy) 
 600,000 metric tons reserves in the world in 2009 

• Zinc sulfide deposits 
• Tin-tungsten veins 
• Porphyry copper deposits 

 



Production 



Production 

http://minerals.usgs.gov/minerals/pubs/mcs/2015/mcs2015.pdf 



Companies 



Price 



Mineralogy 

• indit (FeIn2S4)  
• roquesit (CuInS2)  

http://pubs.usgs.gov/of/2005/1209/2005-1209.pdf 



Geology 

• Base metal deposits 
– Chalcopyrite 
– Sphalerite 
– Stannite 

• Tin and tungsten vein 
deposits 
– Difficult to recover 

• Volcanic massive 
sulfide deposits 

• Porphyry deposits 
• Skarn deposits 

• Bauxite deposits 
• Zinc deposits 
• Black shale deposits 
• Coal  
• Mississippi-valley 

type deposits 
• Pegmatites  
• Sandstone-hosted 

base-metal deposits 



Geology 

http://pubs.usgs.gov/of/2005/1209/2005-1209.pdf 



Porphyry copper deposits 
 Current 

• Gold 
• Silver 
• Molybdenum  

 Possible 
• Tellurium 
• Gallium 
• Germanium 
• Indium 
• Others   

 



http://pubs.usgs.gov/of/2009/1034/of2009-1034_text.pdf 



http://geology.com/articles/indium.shtml 



Lithium 



Lithium—introduction 

• Lightest of all metals 
• lithium rich brines (lithium salt) and 

hard rock ore (lithium minerals)  
– mineable brines is about 0.023 to 0.15%  
– ore is about 1 - 4%  

 
 



Lithium—properties 

• silvery  
• highest specific heat of any solid 

element, it has found use in heat 
transfer applications 

• corrosive 
 



Lithium—uses 
• special glasses and ceramics 
• synthesis of organic compounds 
• alloying agent 
• battery anode material 
• Lithium stearate high-temperature 

lubricant 
• greases 
• Cosmetics and skin preparations 
• primary aluminum production 

 



Lithium—substitutions 

• sodic and potassic fluxes in ceramics 
and glass manufacture 

• calcium and aluminum soaps as 
substitutes for stearates in greases 

• zinc, magnesium, calcium, and 
mercury as anode material in primary 
batteries 



Lithium—production 

 
 



Price 





Market 

http://pubs.usgs.gov/c
irc/1371/pdf/circ1371_
508.pdf 



Uses 

http://pubs.usgs.gov/circ/1371/pdf/circ1371_508.pdf 



Lithium—geology 

• Lepidolite, spodumeme, petalite, and 
amblygonite  

• brines of Searles Lake, California and 
Nevada 

• pegmatites 
• clay mineral hectorite (smectite), 

bentonite 
• lacustrine/playa deposits 

 







Niobium and tantalum 



Niobium and tantalum—
introduction 
• Columbium 
• Nb 
• found with tantalum Ta 

 



Niobium—uses 

• Carbon steels, 33% 
• Superalloys, 23% 
• Stainless and heat-resisting steels,18% 
• High-strength low-alloy steels, 16% 
• Alloy steels, 9% 
• Other, 1% 

 



Tantalum—uses 

• capacitors 
– automotive electronics 
– pagers 
– personal computers 
– portable telephones 

• electrical applications 
 



USGS Commodity 
Summaries 



Niobium—uses (USGS OF01-348) 



Production—niobium 

USGS Mineral Yearbooks 



Production—tantalum 

USGS Mineral Yearbooks 



Tantalum Price vs. Time
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Niobium—geology 
http://www.tanb.org/niobium1.html 

• pyrochlore [(Ca,Na)2 Nb2(O,OH,F)7 ] in 
carbonatite and alkaline igneous deposits 

• pegmatites (Columbite and tantalite) 
• alluvial deposits 
• largest deposit in Araxá, Brazil, owned by 

Companhia Brasileira de Metalurgia e 
Mineração (CBMM) (460 million tons of 3.0% 
Nb2O5, or 500 yrs reserves) 

• Niobec mine in Quebec 
• tin slags produced from the smelting of 

cassiterite ores 
 



Lauzon 
Farm, Oka,                                                                  
Quebec, 
Canada. 3.9 
x 2.9 cm. 
http://www.webmi
neral.com/specim
ens/Pyrochlore.sht
ml 



Companhia Brasileira de Metalurgia e 
Mineração (CBMM), open pit mine for Nb, 

Minas Gerais, Brazil 
http://www.us.cbmm.com.br/english/sources/mine/operat/f_operat.htm 



Tantalum 

• Minerals--tantalite and columbite or niobite 
• Best deposits--Granitic rare-metal 

pegmatites and rare-metal granites  
• Grades--0.015 - 0.02 % Ta2O5  



Tantalium—price  

http://www.polinares.eu/docs/d2-
1/polinares_wp2_annex2_factsheet2_v1_10.pdf 



Tantalium—deposits  

http://www.polinares.eu/docs/d2-
1/polinares_wp2_annex2_factsheet2_v1_10.pdf 



Other critical and strategic 
minerals 
• Chromium 
• Cobalt 
• Manganese 
• Platinum-group metals 



Summary comments 









http://www.kotu.oulu.fi/projektit/oms/map3/Manuel_Regueiro.pdf 





Economics will prevail, which 
means metallurgists won’t risk 
lowering major commodity (for 
example, Cu) recovery to 
improve byproduct recovery (for 
example, Te, In, Ge, Ga).  
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