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Chalcopyrite (CuFeS2) Galena (PbS) Sphalerite (ZnS)
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Tatsumi (1995)



Tatsumi (1995)

AM: amphibole, 
CHL: chlorite, 
PH: phlogopite, 
SP: serpentine
TA: talc

Mg7Si8O22(OH)2 → 7MgSiO3 + SiO2 + H2O  

Anthophyllite Enstatite Quartz



Tatsumi (1995)
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LILE: large-ion lithophile elements, 
HFSE: high-field-strength elements

Ridely (2013)

Pt
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Smith (1961)





Louw (1979)

Abraham (2009)





Uranophae Ca(UO2)2(SiO3OH)2·5H2O



Betafite: U4+(Nb,Ti)2O6OH
Abraham (2009)



• U content of host rocks
10ppm

• Dres: 0.01-0.1
• 5% partial melt (F=0.05)
• Concentration of U into 

granite melt: 7 17 times
70-170ppm

• How 310ppm U 
concentration can be 
realized?
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Bowen’s reaction series
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McNaughton et al. (1993)

Zaaiplaats geology map
McNaughton et al., 1993)



– Unmineralized granite : 8-14ppm Sn
– Cassiterite (SnO2) in orebody:  270 ppm Sn
– Fractional crystallization concentrated Sn
– Sn is incompatible D=0.1.
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Chalcophile elements
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Magmatic deposits
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Cumulate texture in anorthosite, Lower Zone of the Bushveld complex, 
South Africa. Major constituent minerals are olivine (specific gravity: 3.2-
4.4), pyroxene (3.2) and plagioclase (2.5-2.7).
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Jeong et al. (1989)
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Hadong ilmenite [FeTiO3] deposit, Korea


