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	Metal
	Minérios
	Fórmula química/classe
	Propriedades diagnóstico

	IA

	Li
	
Ambligonite-Montebrasite
	
	
	ELSA/MF

	
	
Espodumena

	
	
	ELSA/MF

	
	
Lepidolite

	
	
	ELSA/MF

	
	
Petalite
	
	
	ELSA/MF

	
	Bikitaite
	
	
	

	
	Eucriptite
	
	
	

	
	Zinvaldite
	
	
	

	
	Litiofilite-Trifilite
	
	
	ELSA/MF

	
	
	
	
	

	Na
	Halite
	
	
	Ana Sofia

	
	Trona
	
	
	Ana Sofia

	
	Termonatrite
	
	
	

	
	Natron
	
	
	

	K
	Silvite
	
	
	Ana Louro

	
	Carnalite
	
	
	

	
	Cainite
	
	
	

	
	Langbeinite
	
	
	

	
	Polihalite
	
	
	

	Rb
	Polucite 
	Até 1.5% Rb2O
	
	

	
	Lepidolite
	Até 3.5% Rb2O
	
	Elsa/MF

	
	Biotite 
	
	
	v

	
	Feldspato
	
	
	v

	
	Minérios de K
	
	
	

	Cs
	Polucite
	
	
	

	
	Rodizite
	
	
	

	
	Minérios de K
	
	
	

	
	Salmouras
	
	
	

	Fr
	Minérios de U (semi-vida curta)
	
	
	

	IIA

	Be
	Berilo

	
	
	Pedro Correia

	
	Bertrandite

	
	
	Pedro Correia

	
	Helvina

	
	
	

	
	Milarite
	
	
	

	
	Barilite
	
	
	

	
	Crisoberilo
	
	
	Pedro Correia

	
	Eudidimite
	
	
	

	
	Fenacite
	
	
	Pedro Correia

	Mg
	Dolomite 
	
	
	v

	
	Magnesite
	
	
	v

	
	Brucite
	
	
	

	
	Carnalite
	
	
	

	
	Olivina
	
	
	v

	
	Água do mar
	
	
	

	
	Salmouras
	
	
	

	
	Epsomite
	
	
	

	
	Periclase
	
	
	

	Ca
	Calcite
	
	
	56% CaO

	
	Aragonite
	
	
	56% CaO

	
	Calcário (R)
	
	
	

	
	Mármore (R) 
	
	
	

	Sr
	Celestite
	SrSO4
	
	56,4% SrO  v

	
	Estroncianite
	SrCO3
	
	v

	Ba
	Barita
	BaSO4
	
	v

	
	Witherite
	BaCO3
	
	v

	
	Benstonite
	(Ca,Mg,Mn)7(Ba,Sr)6(CO3)13
	
	

	
	Sanbornite
	
	
	Elsa

	Ra
	Pichblenda ou uraninite
	
	
	Elsa

	
	Carnotite
	
	
	

	IIIB

	Sc
	Thortveitite 
	
	
	

	
	Subprodudo do urânio
	
	
	

	
	Terras Raras
	
	
	

	Y
	
	
	
	

	La
	
	
	
	

	Ac
	
	
	
	

	IVB

	Ti
	
Ilmenite

	
	
	Marinela/Catarina

	
	
Leucoxena

	
	
	

	
	
Rútilo

	
	
	Marinela/Catarina

	
	
Titanite ou esfena

	
	
	Miguel/Mário

	
	
Perovskite
	
	
	

	Zr
	Zircão
	
	
	Marinela/Catarina

	
	Baddeleyite
	
	
	

	Hf
	
	
	
	

	Rf
	
	
	
	

	VB

	V
	
	
	
	

	Nb
	Columbite
	
	
	Ágata/Júlio

	Ta
	Tantalite
	
	
	Ágata/Júlio

	Db
	
	
	
	

	VIB

	Cr
	Cromite
	
	
	Ágata/Júlio

	Mo
	
Ferrimolibdite

	
	
	

	
	
Molibdenite

	
	
	Adelaide/Ariana

	
	
Powelite

	
	
	

	
	
Wulfenite
	
	
	Adelaide/Ariana

	W
	Volframite (série da

Ferberite-Hubnerite)
	
	
	Mara

	
	
Scheelite
	
	
	Mara

	
	Tungstite
	WO3.H2O
	
	

	Sg
	
	
	
	

	VIIB

	Mn
	
Psilomelano

	
	
	Adelaide/Ariana

	
	
Manganite

	
	
	Adelaide/Ariana

	
	
Criptomelano

	
	
	

	
	
Braunite

	
	
	

	
	
Pirolusite

	
	
	Eliandro/Venicia

	
	
Romanechite
	
	
	

	Tc
	
	
	
	

	Re
	
Subproduto da molibdenite
	
	
	

	Bh
	
	
	
	

	VIII

	Fe
	
Hematite

	
	
	Joaquim/Watson

	
	
Magnetite

	
	
	Joaquim/Watson

	
	
Goethite

	
	
	J. Carvalho/J. Gabriel

	
	
Siderite

	
	
	J. Carvalho/J. Gabriel

	
	
Limonite

	
	
	

	
	
Laterito

	
	
	

	Ru
	
	
	
	

	Os
	
	
	
	

	Hs
	
	
	
	

	VIII

	Co
	
Cobaltite

	
	
	

	
	
Lineíte

	
	
	

	
	
Carrolite

	
	
	

	
	
Eritrite

	
	
	

	
	
Pirite

	
	
	v

	
	
Laterito
	
	
	

	Rh
	
	
	
	

	Ir
	
	
	
	

	Mt
	
	
	
	

	VIII

	Ni
	
Garnierite

	
	
	

	
	
Millerite

	
	
	

	
	
Niquelite

	
	
	

	
	
Pentlandite

	
	
	

	
	
Skutterudite
	
	
	

	
	Ulmanite
	
	
	

	Pd
	
	
	
	

	Pt
	Platina nativa
	
	
	

	Ds
	
	
	
	

	IB

	Cu
	Azurite

	
	
	Miguel

	
	Calcocite

	
	
	Miguel

	
	Calcopirite

	
	
	Miguel

	
	Bornite
	
	
	Miguel

	
	Malaquite
	
	
	Miguel

	
	Cuprite
	
	
	Miguel

	Ag
	Ag nativa
	
	
	Mara

	
	(Galena) 
	
	
	

	
	Argentite
	
	
	

	
	Tetraedrite-tenantite
	
	
	Miguel/Mário

	
	Pirargirite
	
	
	

	Au
	Au nativo
	
	
	Mara

	
	Au “invisível”
	
	
	

	
	(Arsenopirite)
	
	
	

	IIB

	Zn
	
Blenda ou esfalerite
	
	
	Catarina/Ângela

	
	
Franklinite

	
	
	

	
	
Hemimorfite

	
	
	Eliandro/Venicia

	
	
Hidrozincite

	
	
	

	
	
Smithsonite

	
	
	Márcio/Joana

	
	
Willemite

	
	
	

	
	
Zincite
	
	
	

	
	  Vurtzite
	
	
	Catarina/Ângela

	Cd
	Subproduto de min. de Zn

( 0-100 ppm)
	
	
	

	Hg
	
Hg

	
	
	v

	
	Cinábrio
	
	
	v

	IIIA

	B
	Borax ou tincal
	Na2B4O7.10H2O
	
	Ágata/Júlio

	
	Ulexite
	NaCaB5O9.H2O
	
	

	
	Colemanite
	Ca2B6O11.5H2O
	
	Ágata/Júlio

	
	Datolite
	CaB2(SiO4)2
	
	

	Al
	Bauxito

	
	
	

	
	Gibbsite

	
	
	v

	
	Boehmite
	
	
	v

	
	Diásporo
	
	
	

	
	Coríndo industrial e gemas
	
	
	v

	Ga
	Subproduto do bauxito
	
	
	

	In
	Subproduto de min. de Zn

( 0-100 ppm)
	
	
	

	Tl
	Subproduto de min. de Zn

( 0-100 ppm)
	
	
	

	IVA

	C
	Grafite
	
	
	

	
	Diamante industrial e gemas
	
	
	

	Si
	Quartzo pegmatítico
	
	
	Mara

	
	Quartzo filoniano
	
	
	Mara

	
	Areias especiais
	
	
	

	Ge
	Subproduto de min. de Zn

( 0-100 ppm)
	
	
	

	Sn
	Cassiterite
	
	
	v

	
	Estanite
	
	
	v

	Pb
	
Anglesite

	
	
	Tânia

	
	
Cerussite

	
	
	Tânia

	
	
Galena

	
	
	Tânia

	
	
Piromorfite

	
	
	Tânia

	
	
Mimetite
	
	
	Tânia

	
	Zinquenite
	
	
	

	
	Jamesonite
	
	
	

	
	Boleíte
	
	
	

	VA

	N
	Niter
	
	
	

	
	
	
	
	

	
	
	
	
	

	P
	Fluoarapatie
	
	
	v

	
	Wavellite
	
	
	MF

	
	Fosforitos
	
	
	

	As
	
Arsenopirite
	
	
	Joaquim/Watson

	
	Auropigmento
	
	
	Joaquim/Watson

	
	Minérios complexos de Cu, Zn, Au e Ag
	
	
	

	
	Arsénio nativo
	
	
	Miguel/Mário

	
	Quermesite
	
	
	

	
	Lolingite
	
	
	

	Sb
	
Estibiconite

	
	
	

	
	
Estibina

	
	
	Miguel/Mário

	
	
Senarmontite

	
	
	

	
	
Valentinite
	
	
	

	Bi
	
Subproduto do Pb
	
	
	

	
	Bismuto nativo
	
	
	Márcio/Joana

	VIA

	O
	
	
	
	

	S
	Enxofre
	
	
	Catarina/Ângela

	Se
	Subproduto min. Cu*, Au e Ag   *(USA 1000 ppb)
	
	
	

	Te
	Subproduto min. Cu*, Au e Ag    *(USA 1000 ppb)
	
	
	

	
	Telúrio nativo
	
	
	

	Po
	
	
	
	

	VIIA

	F
	Fluorite variedades
	
	
	J. Carvalho/J. Gabriel

	
	Fluorapatite
	
	
	J. Carvalho/J. Gabriel

	
	Criolite
	
	
	Catarina/Ângela

	
	Sellaíte
	
	
	

	Cl
	
	
	
	

	Br
	Salmouras
	
	
	

	
	Subproduto de sais de K
	
	
	

	I
	Algas marinhas secas
	
	
	

	
	Salmouras subterrâneas
	
	
	

	
	Depósitos de nitratos – 


	
	
	

	
	Lautarite
	
	
	

	
	Bruggenite
	
	
	

	
	Dietzeíte
	
	
	

	At
	
	
	
	

	
	
	
	
	

	U
	Uraninite ou pecheblenda
	
	
	Elsa

	
	Autunite 
	
	
	Elsa

	
	Torbernite
	
	
	Elsa

	
	Carnotite
	
	
	Elsa

	TR e Y
	
Bastnaesite

	
	
	

	
	
Monazite

	
	
	Eliandro/Venicia

	
	
Microlite

	
	
	

	
	
Perovskite

	
	
	

	
	
Samarsquite
	
	
	Eliandro/Venicia

	
	Xenótimo
	
	
	Márcio/Joana

	Ta e Nb
	
Columbite

	
	
	

	
	
Niobite

	
	
	

	
	
Tantalite
	
	
	

	Metal
	Minérios
	Fórmula química/classe
	Propriedades diagnóstico

	MGP
	
Sperrilite

	
	
	

	
	
Braguite

	
	
	

	
	
Mechenerite

	
	
	

	
	
Pt
	
	
	


Minerais Petrográficos

	Almandina
	
	
	

	Andradite
	
	
	

	Grossulária
	
	
	Marinela/Catarina

	Piropo
	
	
	

	Espessartite
	
	
	

	Uvarovite
	
	
	

	Flogopite
	
	
	

	Nefelina
	
	
	

	Natrolite
	
	
	

	Analcima
	
	
	

	Chabazite
	
	
	

	Philippsite
	
	
	


Outros Minerais

	Triplite -Zwiselite
	Flúor -Fosfato de Manganês e ferro
	
	ELSA/MF

	Coríndo
	Óxido de Al
	
	Sérgio/

	Pirrotite
	
	
	Sérgio/

	Topázio
	
	
	Sérgio/

	Melanterite
	
	
	Márcio/Joana


ELEMENTS
Aluminum - The ore is mined from rocks that have been exposed to weathering in a tropical environment, bauxite. The main ore minerals in bauxite are gibbsite, bohmeite, and diaspore.
Antimony - The primary ore of antimony is it's sulfide, stibnite.
Arsenic - Recovered from other metal processing streams (primarily from the sulfosalts such as tennantite etc.). Arsenopyrite is the most common arsenic mineral. The relatively low demand for arsenic as compared to the amount of arsenic mined that is associated with other metals means it can be supplied from the waste streams of other ore processing.
Barium - The chief source of barium is barite with minor production of witherite.
Beryllium - The major ore mineral for beryllium in the U.S. is bertrandite while worldwide the major source is from pegmatites that contain beryl.
Bismuth - Primarily a byproduct of lead processing. Also found in a number of minerals such as bismuthinite and as a constituent in various sulfosalts.
Boron - Chief source is playa lake deposits of borax, colemanite, kernite, ulexite.
Bromine - Chief sources are brines from wells and Dead Sea.
Cadmium - Unlike many other commodities cadmium is produced as a byproduct of zinc (sphalerite) mining.
Cesium - The major ore mineral is pollucite, a pegmatite mineral. Production and use of this metal is extremely small (a few thousand kilograms per year).
Chlorine - Produced from the mineral halite (rock salt).

Chromium - The chief source is the mineral chromite which is found in large layered intrusives and serpentine bodies.
Cobalt - The primary minerals for cobalt is cobaltite. Some cobalt is also produced from weathered tropical orebodies.
Columbium (see Niobium)
Copper - Most copper ore bodies are mined from minerals created by weathering of the primary copper ore mineral chalcopyrite. Minerals in the enriched zone include chalcocite, bornite, djurleite. Minerals in the oxidized zones include malachite, azurite, chyrsocolla, cuprite, tenorite, native copper and brochantite.

Gallium - A byproduct of zinc and alumina processing. Some primary "ore" may contain up to 200 ppm. Ga.
Germanium - A byproduct of zinc ore processing. Also a deposit in China is associated with coal.
Gold - The primary mineral of gold is the native metal and electrum (a gold-silver alloy). Some tellurides are also important ore minerals such as calaverite, sylvanite, and petzite.
Hafnium - Primary ore mineral is zircon.
Indium - Primarily is a byproduct of zinc processing.
Iodine - Initial production was from seaweed. Iodine is extracted from natural gas field brines (up to 1200 ppm iodine in the brines).
Iron - Two major minerals in the production of iron are it's oxides, hematite and magnetite. These are found in preCambrian iron formations. Historically there was also production from goethite and siderite. The iron sulfides (pyrite and pyrrhotite) were not used as iron sources due to the difficulty of removing sulfur from the metals and the brittleness this sulfur caused in the metal.
Lead - The primary ore mineral for lead is it's sulfide - galena. Some minor production from the past has come from secondary lead minerals - cerussite and anglesite.
Lithium - The former primary ore minerals were pegmatite deposits of spodumene, lepidolite, and petalite, amblygonite. Currently the major U. S. production is from lithium carbonate brines.
Magnesium – Although magnesium is found in many minerals, only dolomite, magnesite, brucite, carnallite, and olivine are of commercial importance.  Magnesium and other magnesium compounds are also produced from seawater, well and lake brines and bitterns.

Magnesium is the eighth most abundant element and constitutes about 2% of the Earth's crust, and it is the third most plentiful element dissolved in seawater.  Although magnesium is found in over 60 minerals, only dolomite, magnesite, brucite, carnallite, and olivine are of commercial importance.  Magnesium and other magnesium compounds are also produced from seawater, well and lake brines and bitterns.  Magnesium compounds, primarily magnesium oxide, are used mainly as refractory material in furnace linings for producing iron and steel, nonferrous metals, glass, and cement.  Magnesium oxide and other compounds also are used in agricultural, chemical, and construction industries.  Magnesium metal's principal use is as an alloying addition to aluminum, and these aluminum-magnesium alloys are used mainly for beverage cans.  Magnesium alloys also are used as structural components of automobiles and machinery.  Magnesium also is used to remove sulfur from iron and steel.
Manganese - The primary ores are oxides/hydroxides of manganese which include minerals such as hausmannite, pyrolusite, braunite, manganite, etc. and the carbonate, rhodochrosite. A large potential source is the deep sea manganese nodules.
Mercury - The main ore is the sulfide, cinnabar.
Molybdenum - The primary ore mineral is molybdenite.
Nickel - The primary nickel ores are pentlandite, nickel bearing pyrrhotite and a weathering product, garnierite (a mixture of népouite, pecoraite and willemseite).
Niobium (Columbium) -  The primary ore mineral is pyrochlore with minor columbite and tantalite-columbite.
Phosphorus - Main ore minerals are in the apatite group of minerals (hydroxylapatite, fluorapatite, chlorapatite).
Platinum group (Platinum, Osmium, Rhodium, Ruthenium, Palladium, Iridium) -  The primary ores are the native elements or alloys of the various elements or arsenides such as sperrylite. They tend to occur in layered intrusives associated with chromite deposits.
Potassium (potash) - The primary ore minerals are sylvite (primarily), brines, and langbeinite.
Radium is found naturally in uranium ores such as pitchblende (mostly UO2). One tonne of pitchblende might yield about 0.15 g of radium. Ores containing radium are found in Zaire, Australia, Canada, and USA (New Mexico, Utah, and in small amounts in carnotite sands from Colorado). Recovery is costly. Some estimates suggest that every square kilometre of soil to a depth of a 40 cm contains about 1 g of radium.

Rare Earth elements (cerium, dysprosium, erbium, europium, gadolinium, holmium, lanthanium, lutetium, neodymium, praseodymium, samarium, scandium, terbium, thulium, ytterbium, yttrium)  The major ore minerals containing rare earth elements are bastnasite, monazite, and loparite and the lateritic ion-adsorption clays. Major U.S. production of bastnesite is from Mountain Pass, California.
Rhenium - Produced as a byproduct of molybdenite.
Rubidium - Substitutes for potassium in lepidolite and pollucite. Production is small (a few thousand kilograms per year).
Scandium (see Rare Earth)
Scandium is never found as the free metal. Scandium is apparently a much more abundant element in the sun and certain stars than on earth. However it is widely distributed being present in very small amounts in nearly a thousand different minerals. The blue colour of beryl (aquamarine variety) is said to be due to scandium. Most scandium is recovered from thortveitite or is extracted as a by-product from uranium production plants.
Selenium - Recovered from copper processing.
Silicon - The primary source is quartz.
Silver - Silver production has been from the sulfide argentite/acanthite, native silver, sulfosalts such as pyrargyrite and proustite, chloride as cerargyrite. It is also found in small amounts in some tetrahedrites.
Sodium - Principle resources are halite (rock salt) or soda ash (see below).
Strontium - Main ore mineral is celestite, with minor production of strontianite.
Sulfur - Major production is from desulferizing natural gas and petroleum. Sulfuric acid is produced from the flue gases of metal smelters. Historically, sulfur was produced from native sulfur and pyrite.
Tantalum - Primarily from tantalite-columbite although minor amounts are found in tin concentrates.
Tellurium - Recovered in processing copper ores.
Thallium - Recovered from processing copper, lead and zinc ores.
Thorium - Recovered primarily from monazite.
Tin - Primary ore is cassiterite.
Titanium - Usually produced from placer deposits, the ore minerals are rutile, ilmenite, and leucoxene.
Tungsten - Primary ore minerals are scheelite and huebnerite-ferberite.
Uranium - The chief primary ore minerals are uraninite, pitchblende (a mixture of various oxides), coffinite and a host of secondary minerals such as carnotite and autunite.
Vanadium - Recovered from petroleum residues also produced from vanadium bearing magnetite rocks. In the past it was recovered from minerals in uranium deposits.
Zinc - The primary zinc ore mineral is sphalerite, zinc sulfide. Some past production has been from smithsonite and hemimorphite.
Zirconium - Major source is the mineral zircon.

	Elementos e respectivos símbolos químicos
	Minerais mais comuns e respectivas composições químicas

	Alumínio, Al
	Bauxite, mistura de hidróxidos de alumínio e minerais argilosos 

	Antimónio, Sb
	Estibina (antimonite), Sb2S3
Jamesonite, Pb4FeSb6S14

	Arsénio, As
	Arsenopirite, FeAsS

	Berílio, Be
	Berilo, Be3Al2Si6O18

	Bismuto, Bi
	Bismuto nativo, Bi

Bismutinite, Bi2S3
Bismite, Bi2O3

	Cádmio, Cd
	Greenockite, CdS

	Crómio, Cr
	Cromite, (Fe, Mg)Cr2O4

	Cobalto, Co
	Cobaltite, CoAsS

	Cobre, Cu
	Cobre nativo, Cu

Cuprite, Cu2O

Calcopirite, CuFeS2
Calcocite, Cu2S

Malaquite, Cu2[(OH)2CO3]

Azurite, Cu3[OH CO3]2
Covelite, CuS

	Ferro, Fe
	Magnetite, Fe3O4
Hematite, Fe2O3
Limonite, FeOOH-nH2O

Siderite, FeCO3
Pirite, FeS2

	Chumbo, Pb
	Galena, PbS

Anglesite, PbSO4
Cerussite, PbCO3

	Magnésio, Mg
	Magnesite, MgCO3

	Manganés, Mn
	Pirolusite, MnO2

	Mercúrio, Hg
	Cinábrio, HgS

	Molibdénio, Mo
	Molibdenite, MoS2

	Níquel, Ni
	Pentlandite, (Ni, Fe)9S8
Niquelina, NiAs

Cloantite, (Ni, Co)As3
Garnierite, (Ni, Mg)6[(OH)8Si4O10

	Ouro, Au
	Ouro nativo, Au

Silvanite, AgAuTe4
Calaverite, AuTe2

	Prata, Ag
	Prata nativa, Ag

Argentite, Ag2S

Silvanite, AgAuTe4
Estefanite, Ag5SbS4

	Estanho, Sn
	Cassiterite, SnO2
Estannite, Cu2FeSnS4

	Titânio, Ti
	Rútilo, TiO2
Ilmenite, FeTiO3

	Tungsténio, W
	Volframite, (Fe, Mn)WO4
Schelite, CaWO4

	Urânio, U
	Uraninite, UO2
Torbernite, Cu(UO2)2P2O8-12H2O

Autunite, Ca(UO2)2P2O8-8H2O

	Vanádio, V
	Descloizite, Pb(Zn, Cu)[OH VO4]

Vanadinite, Pb5[Cl (VO4)3]

	Zinco, Zn
	Zincite, ZnO

Esfalerite (blenda), ZnS

Smithsonite, ZnCO3


