
ME551/GEO551 Geology of 
Industrial Minerals  

Spring 2014 

Commodities, Part 5 
Manganese, nepheline syenite, 
silica, strontium, sodium sulfate, 
talc, trona (soda ash), niobium, 

zeolites, zircon 



Schedule 
• project presentations next Wed 
• This weekend potash mine, Carlsbad 
• Final and project report due May 10 



Manganese 



Introduction 
• Manganese (Mn) was discovered by Scheele and 

isolated by Gahn in 1774 
• A silver–gray metal, resembling iron but  
 harder and more brittle  
• Forms 0.09% of earth’s crust 
• Atomic Number : 25  
• Relative Atomic Mass : 55  
• Melting Point : 1245oC  
• Boiling Point : 2150oC  
• Relative Density : 7.43 
• Hardness on Mohs scale: 5.0 

 
 
http://www.ucc.ie/ucc/depts/chem/dolchem/html/elem/elem025.html 

www.theodoregray.com/ 
PeriodicTable/Elements/027/ 

http://www.ucc.ie/ucc/depts/chem/dolchem/html/elem/elem025.html
http://www.theodoregray.com/PeriodicTable/Elements/027/
http://www.theodoregray.com/PeriodicTable/Elements/027/


Manganese Minerals 

• Mn does not occur in 
nature as a native 
metal, but in over 100 
minerals including, 
oxides, carbonates 
and silicates 

Industrial Minerals and Rocks  



Commonly Mined Mn Minerals 
Pyrolusite (MnO2)  

Psilomelane [(BaH2O)2Mn5O10] 

Rhodochrosite (MnCO3)  

http://mineral.galleries.com/minerals/ 

http://mineral.galleries.com/minerals/oxides/psilomel/psilomel.jpg


Geology of Mn ores 

• Occurs worldwide in various geological 
environments 
 

• Two major types of economic Mn ore deposit 
– Sedimentary deposits 
– Residual deposits 

 
• Minor type of ore deposit 

– Metamorphic deposits 



Geology of Mn ores 
• Sedimentary deposits 

– the most common, usually stratiform or lenticular. Formed by 
chemical processes during the deposition of marine sediments. 
Contain manganese oxides and carbonate minerals, interbedded 
together or with limestone or shale 
 

• Residual deposits 
– formed by alteration of existing manganese deposits or by 

concentration of the manganese minerals when other minerals 
are washed away by weathering or ground water processes 
 

• Metamorphic deposits 
– regionally metamorphosed sedimentary or residual deposits, 

occurring in marbles, slates, quartzites, schists, and gneisses  



Manganese Nodules 
• Potato-size chunks of Mn mixed with Fe, Ni, Co and 

other useful metals 
 

• Exist in deep ocean floors: e.g., at depths between 
14,000ft and 17,000ft in the Pacific ocean 
 

• Deep Ocean Mining Project 
–  Howard Hughes built Glomar Explorer at a cost 

of over $200 mil, funded by CIA, to retrieve a 
Soviet submarine on June 20, 1974. 

– The Soviet Golf-II Class ballistic missile 
submarine had sunk on April 11, 1968, ~750 
miles northwest of Hawaii 

– (Miners News, Vol. 20, Issue 1) 
• Manganese nodules have not been mined yet 

www.theodoregray.com/ 
PeriodicTable/Elements/02
7/ 

http://www.fas.org/irp/program
/collect/jennifer.htm 

http://www.theodoregray.com/PeriodicTable/Elements/027/
http://www.theodoregray.com/PeriodicTable/Elements/027/
http://www.theodoregray.com/PeriodicTable/Elements/027/


Major World Mn Deposits 

http://www.mapquest.com/atlas/?region=world 

Nikopol, Ukraine and Tchiatoura, Russia 

Kalahari, S. Africa 
Groote 
Elyandt, 
Australia 

Sedimentary Residual Metamorphic 

Amapa, Brazil 

Nsuta, 
Ghana 

Moanda, 
Gabon 

Franklin, NJ 

S. Appalachian, U.S. 



Major Mn deposits in USA 

http://www.aphis.usda.gov/vs/nahps/approved_markets/usa-map-bw.jpg 

Chamberlain, SD  

Batesville, AR  

Cuyuna iron range, MN 

S. Appalachian; 
Shenandoah 
Valley, VA, via 
Cartersville, 
GA, to AL  

Artillery Mountain, AZ 

Three Kids, NV  



Mn Minerals Production 
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Uses of Manganese 
• Manufacture of steel and other important alloys 

– Mn removes impurities such as sulfur and oxygen 
and improves rolling and forging qualities as well 
as strength, toughness, and durability in steel 
 

• Depolarizer in dry cells 
 
 

• Pigments, glazes, colors, paint dryers and 
preservatives  
 

• As a catalyst and laboratory reagent, e.g., potassium 
permanganate 



Uses of Manganese 

• Enzymes for the metabolism of fats and proteins  
• Food supplement 

– To regulate blood sugar levels and support the immune 
system 

– To aid bone development and reproduction 
– To provide vitamin K and the B-complex group  

• Dry feeds for cattle, pigs, & poultry 
– It helps to prevent breeding complications in cattle, 

ensures optimum growth for pigs, and aids hatchability 
and shell quality in poultry 

• Fertilizers and fungicides 



Nepheline syenite 



Nepheline syenite 

• light-colored, silica-deficient feldspathic 
igneous rock 

• sodium and potassium feldspars 
• nepheline, no quartz 
• not mined in US but in Canada 



Nepheline syenite—properties 

• In glass, alumina from nepheline syenite 
improves product hardness, durability, 
and resistance to chemical corrosion 

• in ceramics, nepheline syenite is used 
as a flux, melting at an early stage in 
the firing process and forming a glassy 
matrix that bonds together the other 
components of the system 
 



Nepheline syenite 

• alumina acts as a matrix of stabilizser, 
enhancing the workability of molten glass, 
and increasing the resistance for scratching, 
breaking and chemical protection 

• alkali acts as a flux agent, lowering the 
melting temperature of the batch (no need 
for soda ash) 



Uses 

• Glass 
• Ceramics 
• Fillers, extenders, paint, coatings, roofing 

granules 
• Dimension stone, aggregate, abrasive 
• Alumina source  

– Russia produces most of its alumina from 
nepheline syenite 













Silica 



Silica 
• Quartz 
• Citrine—yellow to brown color, similar to topaz 
• Tridymite 
• Cristobalite 
• Coesite 
• Stishovite 
• Melanophlogite 
• Lechatelierite 
• Agate—banded, multicolored 
• Flint—gray to black, opaque 
• Chalcedony—fine grained chert 

– Carnelian—red to reddish brown 



Silica—introduction 
• SiO2 
• industrial sand and gravel 
• silicon 
• quartz crystals 
• special silica stone products 
• tripoli (microcrystalline silica) 

– rottenstone 
• novacullite (whetstones, microcrystalline 

silica) 
• spiculite 

 



http://minerals.usgs.gov/minerals/pubs/commodity/silica/780292.pd
f 



Industrial sand and gravel—introduction 

• Silica 
• silica sand 
• quartz sand 
• sand and gravel with a high SiO2 

content 
 



Industrial sand and gravel—uses 

• glassmaking sand, 38% 
• foundry sand, 22% (molds, cores, 

castings) 
• abrasive sand, 5%  
• hydraulic fracturing sand, 5% 
• 30% for other uses (flux) 

 
not more than 0.6% iron oxide 

 
 



USGS Commodity Reports 



Industrial sand and gravel—uses 
• Glassmaking (high specifications, no Fe) 
• foundry (98% SiO2, low CaO, MgO, grain size and 

shape) 
• abrasive, blasting sand (clean metal, concrete’ 

angular shape) 
• hydraulic fracturing (frac) applications (well rounded) 
• ceramics 
• chemicals 
• ground silica (fillers, extenders; bright, reflective) 
• filtration (pure) 
• roofing granules 
• flux 
• optical fiber 

 
 
 

 



Industrial sand and gravel—regions 
 
 
 

 

USGS Commodity Reports 



Industrial sand and gravel—regions 
 
 
 

 

USGS Commodity Reports 



 
 
 

 

USGS Commodity Reports 



Industrial sand and gravel—geology 

• Sedimentary, especially where multiple 
cycles of erosion and deposition has 
upgraded the deposits 
– What geologic environments are we 

looking at? 
 
 
 

 



Silica sand—geology 

• White Maddi sand is 
used in foundries, 
filters, and glass 
products, Gabal El 
Kahshab near 
Maadi, Cairo 



Industrial sand and gravel—substitutions 

• For glass, foundry, molding 
– Zircon 
– olivine 
– staurolite 
– chromite sands 

 
 
 

 



Silicon 



Silicon—introduction 

• Silicon metal and alloys 
• Ferrosilicon 

 



Silicon—uses 

• ferrous foundry  
• steel industries 
• aluminum and aluminum alloys  
• chemical industry 
• semiconductor industry, which 

manufactures chips for computers from 
high-purity silicon 
 
 
 



Silicon—substitutions 

• ferrosilicon 
– aluminum  
– silicon carbide 
– silicomanganese 

• semiconductors and infrared 
– gallium arsenide   
– germanium 

 
 
 
 



 
 
 

Silicon—production 

USGS Mineral Yearbooks 





• Norway, 27% 
• South Africa, 15% 
• Russia, 11% 
• Canada, 10% 

 
 
 

Silicon—production 

USGS Mineral Yearbooks 



Quartz crystal 



Quartz crystal—introduction 
• Hardness 7 
• any color 
• common mineral 
• cultured quartz crystals became 

important in 1971, no natural production 



Quartz crystal—properties 
• Piezoelectric effect 
• when compressed or bent, it generates 

a charge or voltage on its surface 
• if a voltage is applied, quartz will bend 

or change its shape very slightly 
• hardness 
• high electrical resistance 
• dimensional stability 



Growing quartz crystal 
• Process in Germany 50 years ago 
• grown in pressure vessels containing quartz 

dissolved in an aqueous alkaline solution at 
temperatures of 375 degrees centigrade and 
pressures of 800 to 2000 atmospheres 

• Seed crystals are placed near the top of the container 
• nutrient in the form of broken chunks of natural 

Brazilian quartz (lascas) as a nutrient are placed on 
the bottom 

• Convection currents move dissolved material from 
the bottom of the chamber to the cooler upper section 
where it deposits on the seed crystals 



http://www.itme.edu.pl/z18/syn... 



http://www.corningfrequency.com/library/qcao.html 



Quartz crystal—uses 
• single-crystal silica 
• Electronic applications 
• optical applications 
• filters, frequency controls, and timers in 

electronic circuits 
• carvings 
• gem stone 

 
 



Quartz crystal—geology 
• Pegmatites 
• in Arkansas veins filled cavities or 

fractures in the Crystal Mountain and 
Blakely Sandstones  
– 5 feet long and weighing over 500 pounds 

and clusters up to 15 feet long by 10 feet 
wide, weighing over 10 tons 

– end of the Ouachita Mountain orogenic 
cycle in Late Pennsylvanian to Early 
Permian (Ar/Ar) 



Quartz—production 

USGS Commodity Reports 



Special silica stone products 



Special silica stone 
products—introduction 

• abrasive tools 
– deburring media 
– grinding pebbles 
– grindstones, 

hones, 
– oilstones 
– stone files 
– tube-mill liners 
–  whetstones 

 
 

• Fillers 
• extenders 
• flux 



Special silica stone 
products—introduction 

• Sandstone 
• quartzite 
• vein quartz 
• silica pebble 

 

• novaculite 
• microcrystalline 

quartz 
• speculite 
• tripoli 
• tripolite or 

diatomaceous earth 
• amorphous silica 

 



• Sedimentary microcrystaline quartz 
• homogeneous 
• more compact than porous tripoli 
• whetstones 
• dense, hard, white to grayish-black in color, 

translucent on thin edges, and has a dull to 
waxy luster 

• resistant to erosion, it forms prominent ridges 
• Dev to Miss Novaculite Formation in Ark  

– 250-900 ft thick 

Novaculite 

 
 



• Common variety of tripoli 
• Penn--weathering of siliceous shale 

Rottenstone 

 
 



• Siliceous sponge spicules 
• replacement of spicule-bearing limestone 
• Texas 

Spiculite 

 
 



Tripoli 
• 1 to 10 micrometers 
• 98% to 99% silica, minor Al and Fe 
• white to cream 
• brown 
• red 
• yellow 
• abrasive 
• diatomaceous earth (different origin) 

 



Tripoli—geology 
• alteration of chert, chalcedony, or 

novaculite, or leaching of highly 
siliceous limestones 

• Paleozoic chert bearing limestones in 
Arkansas and Oklahoma, Illinois 
– NE Ar cherty limestones of the Boone 

Formation (Mississippian) 
– Ouachita Mountains leaching of a limy 

phase within the Upper Division of the 
Arkansas Novaculite 

• Arkansas tripoli is >99% SiO2 



• Arkansas 
• Wisconsin 

 

Special silica stone 
products—source 

 
 



Special silica stone 
products—uses 

• Craft 
• household 
• industrial 
• leisure uses 

 
 



Special silica stone products 

USGS Commodity Reports 



Environmental regulations of 
quartz 

• regulation of crystalline silica 
– hours workers exposure 
– water well monitoring 
– noise and dust control 
– water discharge 
– archaeological surveys 
– carcinogen 



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

 



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 



Zircon 



Zircon—introduction 
• ZrSiO4 
• baddeleyte ZrO2 
• highly resistant to weathering 
• high specific gravity 4.6-4.7 
• other potential minerals 

– Eudialyte 
– gittinsite 

 
 



Zircon—introduction 
• Zr resistant to corrosion by acids and 

other chemicals 
• alloyed with Nb it becomes 

superconductive (conduct electricity 
with very little loss of energy to electric 
resistance) 

• does not absorb neutrons 



Hafnium—introduction 
• Hf 
• in zircon and baddeleyte  

 



Zircon—uses 

• zircon ceramics 
• opacifiers 
• refractories 
• foundry applications 

 

• abrasives 
• chemicals 
• metal alloys 
• welding rod 
• coatings 
• sandblasting 

 



Hafnium—uses 

• addition in superalloys 



Production 

USGS Mineral Yearbooks 





Zircon—geology 
• Beach sands in Florida, Virginia and 

South Carolina (with Ti) 
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