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Table 3 Element partition coefficients of orthopyroxene
MI & i) 3 A
HR I I l m v
EL RAN N| AVE RAN N AVE RAN N| AVE RAN N AVE
Li 0.16—1.50 8| 0.44
Rb 0.00—0.42 |21 D.21 0.06 1 0.06 0.001—0.12 |6} 0.03
Cs 0.30—0.75 (2] 0.53 | 0.44—0.77 { 2 0.61
K 0.001 1| 0.00 0.000—0.11 |50/ 0.02
Na 0.075 1| 0.08 0.04 1 0.04 0.002—0.05 |46} 0.02 | 0.01—0.03 4 0.02
Sr 0.01—0.08 |13 0.04 0.003 1 0.00 0.005—0.19 {13 0.04
Ba 0.00—0.01 12 0.01 0.003—0.13 9| 0.04 | 0.01—0.30 4 0.09
Ca 0.03—0.40 (18] 0.14 0.18 1 0.18 0.04—1.04 |55| 0.20 | 0.66—2.11 7 1.11
Mn 0.41—2.10 {4] 1.11 1.23 1 1.23 1.17—33.6 10| 7.74 | 37.0—53.5 4 45.4
Fe 0.46—1.80 [19| 0.85 1.18 1 1.18 0.45—9.20 |53} 1.33 | 17.7—28.2 7 23.3
My 1.76—7.00 |20] 2.85 4.25 1 4.25 2,35—50.6 !53] 7.05{ 3.36—162 7 84.6
Cu 0,03—4.00 6] 0.82
Pb 0.86 1] 0.86
Zn 0.35—18.5 71 8.24
Co 2.00—4.00 }3) 2.67 1.30—2.10 5 1.70 0.95—59.0 ]9]10.5 84.0—196 2 140
Ni 4.00—7.40 | 3| 5.47 2.40 1 2.40 1.80—11.7 6] 5.20
Be 0.28—0.47 |2] 0.38
La 0.001—0.012 5 0.007 0.72—18.0 4 7.64
Ce 0,003 1{0.00 | 0.003—0.010 3 0.008 G.02—0.54 81 0.16 | 0.87T—15.6 4 6.62
Nd 0.03 1(0.03 | 0.009—0.017 2 0.011 0.03—1.02 81 0.26 | 1.20—14.0 | 4 6.08
Sm 0.01 1] 0.01 § 0.012—0.026 G 0.019 0.05—1.06 8] 0,30 ] 1.51—9.30 4 4.75
Yu 0.02 110,02 0.017—0.026 6 0.022 0.06—0.27 8] 0.15 | 0.81—3.30 4 1.84
Th 0.05 1] 0,05} 0.041—0.075 3 0.050 1.80—6.30 4 3.69
Dy 0.12 1] 0.12 0,12—0.55 [7] 0,36 | 1.80—4.40 | 4 2.83
Er 0.16 1} 0.16 0.16—0.73 7] 0.52
Yb 0.11 1] 0,11 1 0,089—0.200 | 6 | 0.140 0.24—0.99 (7] 0.72 | 2.01—2.60] 4 2.28
Lu 0.11 1(0.11 | 0.110—0.250 6 0,180 0.65—1.14 71 0.85 | 2.10—3.30 4 2.48
Y 0.18—0.20 {2] 0.19 0.30—0.80 |4} 0.49 ] 0.90—1.00 ] 4 0.93
Ce/Cc* 0.69 0.97
La/¥Yhb 0.05 3.35
Cce/Yb 0.00 0.06 0.22 2.90
Sc 0.21—1.65 (L1[ 0.62 0.80—1.60 5 1.10 0.36—7.51 (8 2.77 | 14.0—28.1 7 | 20.3
Cr 10.0 1/10.0 2.80—8.80 4 5.90 1.09—530 52|30.8 0.62—0.71 2 0.67
In 0.45 1] 0.45
Ga 0.70 1] 0.70 0.50—0,70 (5] 0.59 | 0.81—1.00| 3 0.86
Al 0.02—0.43 |19] 0.17 0.48 1 0.48 0.02—0.17 {50/ 0.09 { 0.03—0.06 | 4 0.05
B 0.,04—0.15 [4] 0.09
U 0.09 1] 0.09 | 0.12—0.30 | 4 0.22
Th 0.05—0,.21 2 0.13 0.,13—0.18 310,15 | 0.11—7.80 | 4 3.34
Zr 0.03—0.18 2} 0.10 0.08 1] 0.08 0.20 1 0.20
HE 0.027—0.06 6 0.04 0.04—0.20 |2} 0,12 ] 0.18—0.22 | 2 0.20
Si 1.04—1.15 |18} 1.08 1.09 1 1.09 0,84—1.04 |66/ 0.95 | 0.63—0.73 | 4 0.70
Ti 0.,10—0.36 |3] 0.23 0.17 1 0.17 0.,01—0.50 |36] 0.13 | 0.34—0.87 | 5 0.53
GCe 1.95 1 1.95
Sn 0.50—0.60 [2] 0.55
Mo 0.55 1| 0.55
Ta 0.20—0.70 |3] 0.50 | 0.13—1.29 | 4 0.65
v 0.60 1} 0.60 0.09—29.2 |9 4.74 | 4.40—10.1 3 6.51
w 1.11 1] 1.11
v 0.18—4.25 |[10] 0.76
Cl 0.07—0.26 41 0.13
0 0.96 4] 0.96
N 0.05—0.60 |3] 0.27
As 0.02—0.15 41 0.06
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Tab'e 11 Element partition coefficients of ilmenite
MI £ £ w
HR I 1| m v v v
EL RAN N| AVE RAN N AVE RAN N| AVE |IN| AVE |N| AVE |N| AVE
Rb 1 0.47
Cs 1| 0.08
K 0.03 1] 0.03
Na 1 0.04
Sr 1 0.68
Ba 1 0.40
Ca 7.002—0,02 (2 0.01 0.02—0.04 2] 0.03 1 0.01 1 0.07
Mn 1.90 111.90 [ 1.21—1.44 j2| 1.33 3.85 1] 3.85 1 39.7 1| 20.2
Fe 1.69—3.01 |3| 2.31 4,92—10.4 |2] 7.66 |1 20.0 |1 21.9 |1 23.7
Mg 0.60—1.28 (3| 0.97 1.75—2.58 |2 2.17 |1 7.00 1 0.78 |1 1.20
Cu 1.46 1] 1.46
Zn 0.38 1{0.38 1 125 1 7.81
Co 2.20 11 2.20 1| 4.30 1| 26.0
MNi 1] 3.50
e 1 0.04
La 0.03—0.,10 |2] 0.06 1 0.39 1 7.10 |11 1.31
Ce 0.,03—0.11 [2] 0.07 |0.002—0.011|3] 0.005 1 7.81 1 1.19
Nd 0,04—0.14 2] 0.09 [0,001—0,007/3| 0.003 11 7.60 (1] 1.19
Sm 0.05—0.15 |2] 0.10 0.001 1t 0.00! 1 6.90 |1 0.58
Eu 0.02—0.10 {2 0.06 [).001—0.004| 23| 0.002 1] 0.30 [1| 2.50 |1 0.40
Gd 0.05—0.14 |2 0.09 0.006 1] 0.006
Tb 0.10—0.14 2| 0,12 1 0.40 (1| 6.50 1| 0.36
Dy 0.13—0.20 {2 0.17 [0.010—0.020]3 0.013 1 4.90 1 0.37
Yh 0.,17—7.39 |2 0.28 1 4.11 1 0.55
TLu 0.,19—0.47 |21 0.33 (0.060—0.090} 4 0.073 1 3.60 [1] 0.74
Eu/Eu® 0.63 0.57
Ce/Ce* 0.93 1.06 0.95
Lul/Yl‘ 002] 10?3 2.38
Ce/Yb 0.25 1.90 2.16
Sc 1.80 1] 1.80 1 1.50 |1 5.90 |1 18.5
Cr 10.0 110.0 6.00—21.9 13| 15.6 1] 4.20 |1 3.01
in 2.50 1] 2.50
Ga 0.14 1] 0.14
Al 0.04—0.85 |3| 0.30 | 0.02—0.,11 (2| 0.06 1| 0.00141| 0.001
B 1| 0.09
] 1| 0.44 [1] 3.20 |1| 0.06
Th 1| 0.55 |1f 7.50 (1| 0.43
Zr 0.28 110.28 | 0.27—0.38 [22| 0.31 1 0.40
Hi 0.94 110.94 | 0.39—0.44 |8| 0.42 1 0.38 |1 3.11 1 0.65
Si 0.001 1| 0.00 0.005 2] 0.01 1 0.002
Ti 50.0 1/50.0 | 6.44—13.1 |3| 8.74 18.4—30.9 [2|24.7 |1} 100 1| 117 1] 380
Ge 1] 0.34
Sn 3.00—6.43 |4] 4.72
Mo 1{ 3.00 f{1]11.0
Nb .80 110.80 | 0.80—1.03 |9] 0.89 2,26—4.56 |2] 3.41
Ta 2.68—6.58 |2] 4.63 {1 0.53 1 106 1] 18.0
A% 12.0 1112.0
w 2.84 1| 2.84 |1
I 1| 1.83
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Table 12 Element partition caefficienis of garnet

MI V=] 1 A
HR I I Ir Vi Vi
EL RAN N} AVE RAN N| AVE RAN N| AVE RAN N| AVE AVE
Rb 0.50 1| 0450 | 0.15—0.,25 |2 0.20 0.01 1] 0.01
Cs 0.45—0.57 | 2] 0.51
K 7.,002—0.04 |4 0.01 |0.004—0.12 }12| 0.07 0.02 1] 0.02
Na 0.01—0.05 | 7| 0.03 |0.002—0.53 |21| 0.18
Sr 0.01—0.17 |4 0.09 | 0.01—0.16 | 7| 0.09 0.015 1] 0.02
Ba 0.10—0.28 y2} 0.19 | 0.07—0.11 |3} 0.10 0.017 1] 0.02
Ca 0.47—1.43 |8) 1.11 | 0.50—0.95 |7 0.73 | 0.87—1.06 |2 0.97 | 0.53—1.15 |3} 0.82 0.75
e 0.42—2.84 |9 1.74 | 0.20—2.68 |21| 0.82 | 4.92—9.82 |2 7.37 | 7.55—9.55 {3} 8.35 289
Fe*3 0.40 1] 0.40
Mg 2.39—3.48 | 7| 2.97 2.01—2.18 12| 2.10 | 3.35—7.66 (3| 4.91
Co 0.70—1.80 }5} 1.08 | 0.53—0.97 |4{ 0.78 | 1.70—9.00 |3| 4.17 | 2.20—3.60 |3] 2.93 18.1
Ni 0.,15—5.10 | 3| 1.83
La  J0.004—0.24 {4} 0,11 [0.001—0.12 |4| 0.04 | 0.08—0.37 |2 0.23 | 0,28—0.54 3] 0.40
Ce |0.008—0.22 |4} 0.11 |0,007—0.14 |4 0.05 | 0.35—0.53 [2] 0.44 [ 0.51—0.93 [3] 0.74
Nd 0.04—0.29 {4} 0.17 | 0.04—0.23 {2]| 0.13 | 0.53—0.81 | 2| 0.67 0.73 1| 0.73
Sm | 0.21—0.64 [4]| 0.41 | 0.07—=0.60 | 6| 0,27 | 1.25—5.50 [ 3| 3.14 | 0.76—1.04 |3| 0.89 2.22
Eu 0433—0.85 [4| 0.58 | 0.19—1.00 {6} 0.44 | 1.37—1.52 |3| 1.46 } 0.17—0.31 |3| 0.24 5.60
Gd 0.86—1.43 3] 1.19 | 0.46—2.10 |6} 1,10 | 5.20—13.6 | 3| 9.77 |} 3.70—5.30 | 3| 4.77
Tb 0.53—4.10 |5] 1.45 | 7,10—19.6 |2(13.4 7.20—11.9 3] 9.33 214
Dy 28.9—3.23 {41 3.06 | 2.11—2.56 2| 2.34
Ho .00 1 5400 1.24—13.2 |5] 4.17 23.8—31.2 | 2127.4 18.4—34.5 3] 27.0
Lr 5.21—7.04 3] 6.85 | 4.24—4.54 | 2] 4.39
T 4.80 1} 4.80
Yh 4.00—9.26 (4] 6.91 | 4.03—35.6 {6}10.6 26.0—53.0 [3139.7 26.9—67.0 [3] 49.3 904
Tou 5450—10.0 |4} 7.67 | 5.40—41.0 |6]12.5 23.5—57.0 | 3136.7 24.6—64.0 13] 45.2 786
Y 2:00—11.4 [6] 6.95

Eu/Eu* 0.73 0.64 0.23 0.08

Ce/Ce®* 0.79 0.59 0.98 1.31

La/Yb 0.02 0.00 0.01 0.01

Ce/Yb 0.02 0.01 0.01 0.02
Sc 1.64—5,50 (2| 3.57 | 1.35—11.6 13| 2.96 | 3.90—27.6 |4 14.6 | 13.6—20.2 |3| 17.7 1470
Cr 2.33—44.3 |3|17.5 1.13—3.60 (16| 1.95 | 3.70—17.5 [ 2] 10.6 3.70 1{ 3.70
Al 1.20—3.06 |8)| 1.57 | 1.29—7.88 |21} 2.34 | 1.12—1.16 |2} 1.14 | 1.37—1.49 (3| 1.43 1.38
U 0.30 1} 0.30
Th 0.50—0.60 |2| 0.55
Zr 0.30—0.74 [7]| 0.54 | 0.15—0.73 (8] 0.53 0.50 1| 0.50 1.20 1} 1.20
HE 0.69 1] 0.69 | 0.14—0.91 (12| 0.55 | 0.53—0.57 | 2| 0.55
Si 0.69—0.83 {7| 0.76 | 0.81—1.,54 |21} 1.01 | 0.59—0.62 [2| 0.61 | 0.53—0.55 |3 0.54 0.50
Ti 0.08—1.77 |10/ 0.67 | 0.08—0.59 |21} 0.33 | 0.40—0.50 | 3| 0.44 | 0.04—0.13 |[3| 0.07
Mo 0.42 1] 0.42
Nb N.02—0,10 (4] 0,05 | 0.02—0.15 4] 0.08
Ta 0.,06—0.17 |3} 0.12
v 0.20—1.45 [2] 0.83
P 0.04—0.06 { 3| 0.05 0.10 1] 0.10 [ 0.06—0.23 {2| 0.15
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Table 14 Element partition coefficients of spinel and rutile
M1 % A 2 & x
FIR I I} w
EL RAN N AVE RAN N AVE RAN N AVE AVE
Li 0.07 1 0.07
Rb 0.01 1 0.01
K 0.01 1 0.01 0.000 1 0.00
Na 20 1 0.20 0.000 1 0.00
Sr 0.01 1 0.01 0.000 1 0.00
Ba 0.01 1 0.01
Ca 0.001—0.05 6 0.0017 | 0.00—0.06 | 41 0.03
Mn 1.00—3.00 | 56 1.33 1.23—1.28 ) 2 1.26 1.21—2.67 | 2 1.94
Fe 0.58—1.76 | 56 1.38 1.75—2.37 ] 8 2.03 1.01—4.35 | 42 1.75 3.50
Fe*s 2.47—12.0 | 56 4.44
Mg 0.73—1.81 | 56 1.30 1.01—2.17 8 1.76 0.70—3.61 | 42 1.57
Cu 0.03 i 0.03
Zn 0.62 1 0.62
Co 1.90—10.0 3 4.73 3.21 1 3.21
Ni 5.00—5.,90 | 3 5.33
La N.010 1 0.010
Ce 0.08 1 0.08
Sin 0.05 1 0.05 0,006 1 0.006
Eu 0.03 1 0.03 0.006 1 0.006
Th 0.008 1 0.008
Yb 0.02 1 0.02 0.008 1 0.008
Lu 0.021 1 0.021
La/Yb 1.25
Cc/Yh 4.00
Sc 0.05 1 0.05 0.29 1 0.29
Cr 51.0—9586 66 323 77.0—209 3 149 6227700 41 1032
Al 0.87—1.80 | 56 1.30 0.58—3.40 | 8 2.59 0.63—1.63 | 42 1.13 0.06
Ga 3.72—4,85( 5 4.45 1.99 1 1.99
B 0.006 1 0.006
Zr 0.05 2 0.05
Si 0.002—0.01 7 0.005 0.00—0.03 | 41 0.007
T 0.25—1.00 | b6 0.63 2.03—2.50 2 2.27 0.08—1.00 | 32 0.59 33.1
Ge 0.11 1 0.11
Nb 29.8
'.I‘a. 14 t?
v 38.0 1 38.0 3.92 1 3.92
iy 0.03 2 0.03
Cl 0.06 1 0.06
(o] 0.91 1 0.91
S 0.30 1 0.30
As 7.05 1 0.05
N 0.62 1 0.62
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Table 15 Element partition coefficients of allanite,topaz and cordierite
M ®w WA ¥ E oW
HR v Vil Al
Ll RAN ™N AVE RAN N AVE RAN N AVE
Na 0.01—0.03 2 0.02
Ca 11.1—21.3 5 15.0
Mn 17.1—31.5 4 23.0
Fe 12.,8—22.6 4 16.2
Mg 7.8—107 2 57.4
b 0.10—0.72 11 0.37
Zn 24.0—30.0 2 27.0 4.00 1 4,00 0.84—2,74 3 1.80
Co 41.2—44.0 2 42.8 10.0—18.0 3 13.3
Ni 0.60 1 0.60
Be 0.07—0.22 3 0.13
La 920—2827 3 2003 0.78—1.10 2 0+94
Ce 635—2494 3 1731 1.02—1.16 2 1.09
Nd 463—1840 3 1234 0.86—0.98 2 0.92
Sm 2056—877 3 646 0.63—1.08 2 0.86
Eu 81.0—122 3 101 0.s24—0.40 2 0.32
I'h 71.0—311 3 206 0.43—0.47 2 0.45
Dy 123—150 2 137
Yhb 8.9—37.0 3 23.5 0.65—0.76 2 0.71
Lu Te7T—44.0 3 24.6 0.68—0.86 2 0.77
Y 28.4—45.0 2 36.7
Sc 49.4—62.3 2 55.8 0.30—0.75 0.52
Cr 369—391 2 380 1.58—2.12 1.90
Al 0.89—1.15 5 1.02
B 0.09—1.60 2 0.84
U 6.50—17.0 3 12.5
Th 168—548 3 379 0.85—1.20 1.03
HE 10.1—28.0 2 19.1 0.78—1.25 1.02
Si 0.39—0.43 5 0.41
Ti 4.,71—32.4 5 18.5
Sn 0.08—0.34 10 0.20
Ta 1.90—4.42 2 3.16
A% 5.50 1 5.50
w 0.63—6.87 9 1.87
r 5.00—15.0 2 10.0
r 2.83 1 2.83 8.68—19.9 8 12.9
Cl 3.00 1 3.00
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Mineral-Melt Element Partition Coefficients; Data and Major

Variation Regularities

Gan Guoliang

(Yichang Institute of Geology and Mineral Resources, Chinese Academy of Geological
Sciences)

Key words: mineral-melt; element partifion coefficients; data; variation
regularities

Abstract

This paper presents partition coefficients of 69 chemical elements (Li,Rb,
Cs, K, Na, Ca, Ba, Sr, Mn, Fe, Mg, Cu, Pb, Zn, Co, Ni, Be, La, Ce,Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y, Sc¢, Cr, In, Ga, Al, B,
Cd, Sb, Bi, U, Th, Zr, Hf, Si, Ti, Ge, Sn, Mo, Nb, Ta, W, V, P, F,Cl,
S, N, O, G, As, Pu, Re, Os, He, Ne, Ar, Kr and Xe) and the univalent
radical (OH) in 28 minerals (olivine, clinopyroxene, orthopyroxene, amphibole,
biotite, phlogopite, plagiocla-se, K-feldspar, quartz, magnetite, ilmenite, garnet,
zircon, apatite, allanite, topaz, sphene, cordierite, hauyne, leucite, nepheline,
whit-lockite, brookite, perovskite, melilite, armalcolite, spinel and rutile) from
8 types of rocks, namely metaluminous (ultra) basic rock, peralkaline (ultra)
basic rock, metaluminous intermediate rock, peralkaline intermediate rock,
metaluminous acid rock, peralkaline acid rock, peraluminous acid rock and
ultra-acid rock. It is found through an integrated analysis and comparison that
the composition and structure of minerals and melts seem to be the most
important factors controlling mineral-melt element partitioning. Importance
should be attached to minral structure and Al-supersaturation of melt which
have not been discussed by research workers.Finally,the present state and the
problems to be solved in the study of mineral-melt element partition coeffici-

ents are analysed, and the future trends of this research field are predicted.



