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Appendix A: Mass balance calculations

Inclusion oxide phase does not have the same chemistry and appearance in all peridotites
of the Zunhua belt, suggesting that the origin of this phase is different for different
populations. On the basis of these observations, two main populations of inclusions
recognized. Samples ZU02-04, ZU02-05, and ZU02-08 exist as blobs within the host
grain, and contain significant amount of Fe, Cr, and Al., samples ZU02-01, ZU02-02, and
ZUO02-07 occur in grain cracks and rims only and are composed of magnetite with
negligible Cr and Al. The difference in chemistry and distribution of the inclusion oxide
phase suggest that the origin of this phase is different for each population. The Fe, Cr and
Al rich blobs were likely exsolved from the host oxide phase and therefore are secondary.
The Fe in magnetite cracks and rims was mobilized during the serpentinization of olivine

grains, and therefore are likely to have been an original component of the source.

In order to determine the composition of the mantle, spinels must be extracted from the
whole-rock XRF data. This includes host oxide phase from all seven peridotites, and
inclusion oxide phases from samples ZU02-04, ZU02-05, and ZU02-08. In mass balance
calculation, it was assumed that Archean mantle had an average Cr content of 0.43%, the
average value for peridotites reported by Herzberg (1993). This chromium content is
similar to those reported in other compilations (Maaloe and Aoki, 1977) and to fertile

mantle peridotites (Sun and McDonough, 1995).
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The mass fraction of X oxide added to the mantle was determined from the mass balance
equation:

(1) XRFc203=X(Ccro03"%)+(1-X)(0.43)
Where XRFcr03=Cr,03 content of the Zunhua peridotites determined by whole rock
XRF analysis; X=the mass fraction of the oxide phase; C=the weight percent
concentration of Cr,O3 in the bulk oxide phase; and 0.43=the Cr,O3; content of average

mantle peridotite (Herzberg, 1993).

Once the mass fraction of oxide X was determined, the composition of the Archean
mantle was calculated for all other oxides with the mass balance equation:

(2) Zunhua XRF=(1-X) (Archean mantle) + X(bulk oxide composition)
The results of the mass fraction of oxide added to each peridotite sample are given in

Table 6.
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Tablke 1.A verage m heral chem istry of Zunhua peridotites*

Samplke ZU 0201 ZU 02-02 ZU 02-04 ZU 02-05 ZU 02-07
M nemal Chl (=10) Semp f0=25) Serp =20) Serp =25) Opx =25) Amp (=40) Serp =15) Amp f=15) Serp =20) Cpx 0©=30)
S, 3123 4068 4150 42 58 56 46 44 21 42 62 43 99 42 82 54 25
TO, 028 001 001 0.03 0.03 044 0.01 040 0.00 0.03
ALO, 10.71 011 003 131 1.75 1228 0.77 1269 047 0.79
CxrO, 042 019 0.04 013 020 110 0.01 113 0.06 020
FeO 789 246 119 260 6.75 4 82 258 497 210 211
M nO 0.02 0.03 001 0.05 019 010 0.02 0.07 0.07 0.09
MO 3239 3984 4026 3682 3330 18.05 3826 17.79 3868 1725
cao 001 0.03 0.02 021 026 1190 0.03 1189 0.04 24 46
Na,0 001 001 001 0.00 003 225 0.00 240 003 015
K0 036 0.00 0.00 001 001 033 0.01 038 001 0.01
ND 0142 0375 0178 0273 0.069 0101 0258 0.090 0187 0.032
H,0 1653 1627 16.77 1599 0.00 442 1543 421 1553 0.00
Total 100.00 100.00 100.00 100.00 99 .04 100.00 100.00 100.00 100.00 99 34
Mg‘#1 879 96.7 98 40 96 2 898 87.0 97.0 865 97.0 936
Spinel Host =25) RC (=10) Host =25) RC (=25) Host (0=50) Thc (=50) Buk Host 0=25) Tnc (=25) Buk Host f0=40) RC (=10)
S, 0.008 0.074 001 0.045 0.004 0.053 0.013 0.002 0.032 0.010 0 0117
T, 036 0.04 032 0.06 018 080 029 019 0.78 035 033 0.09
ALO, 1294 001 12.76 0.02 3258 332 2704 3097 403 2356 1394 096
Cu0, 4047 155 42 87 3.07 2735 17.70 2551 27 49 1814 24 92 34 34 3.70
FeOr 40.00 97 98 3824 96 32 28.72 74 A1 3733 3115 73.78 42 88 4529 94 27
M nO 046 0.05 043 0.09 034 161 058 035 121 059 051 028
MO 566 012 524 015 1056 118 8.78 958 125 729 530 040
ND 0128 0175 0101 0235 0273 0931 0397 0263 0.788 0407 0263 0181
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100 100
Si 0.000 0.003 0.000 0.002 0.000 0.002 0.000 0.000 0.001 0.000 0.000 0.004
Ti 0.009 0.001 0.008 0.002 0.004 0.021 0.007 0.004 0.021 0.008 0.008 0.002
Al 0509 0.001 0505 0.001 1148 0139 0982 1104 0168 0874 0546 0.040
Cr 1.068 0.044 1137 0.087 0644 0496 0621 0657 0507 0620 0903 0104
Fe’ 0414 1952 0350 1909 0204 1342 0390 0235 1304 0497 0543 1849
Fe’ 0.702 0.987 0.723 0982 0514 0863 0572 0553 0876 0632 0.716 0965
Mn 0.013 0.001 0.012 0.003 0.009 0.048 0.015 0.009 0.036 0.016 0.014 0.009
Mg 0282 0.006 0262 0.008 047 0.062 0403 0432 0.066 0342 0263 0.021
Ni 0.000 0.005 0.000 0.007 0.007 0.027 0.010 0.006 0.022 0.010 0.007 0.000
Mg#2 286 06 266 08 478 6.7 413 439 7.0 351 269 22
Cut 67.7 98.9 693 98.9 360 781 388 373 752 415 623 721

*Chl: chlorite; Serp: sevpentine; O px : orthopyroxene € px : clnopyroxene; Am p: am phibole; ic: iclusion;RC :Rin -Crmack
n = num berof analyses; Fe,0; and FeO in spinel calculated fiom stoichiom etry .M gl = 100 (M gO+Fe0OT); M g2 = 100 M g0 +FeO ) fnolar)

Page 3 of 9



Data Repository item 2006118

Table 1.Contnues

Sampk ZU 02-08 ZU 02-14

M inemal Semp (=10) Opx ©=37) Cpx (=25) Amp ©=25) Semp (1=10) Cpx ©=25) Amp (©=25)
S, 4086 56 42 54 69 46 30 4251 54 .03 49 54
TO, 001 0.02 0.02 015 001 0.06 016
ALO, 035 121 092 950 089 163 821
Cxn0, 001 016 019 101 0.04 013 052
FeO 202 751 229 4 37 240 260 4381
M nO 0.06 021 0.09 0.07 0.06 0.09 022
M O 3915 33.77 1760 18 82 3987 1726 1935
Ca0 003 029 24 03 1221 0.02 24 37 12 06
Na,0 0.01 0.02 013 148 001 0.05 055
K50 001 0.00 0.00 031 0.00 0.00 043
N 0177 0.055 0.035 0.083 0125 0.037 0.091
H,0 1733 0.00 0.00 5.70 14 .07 0 4 .06
Total 100.00 99 67 100.00 100.00 100.00 10026 100.00
M gH 972 889 932 885 96.7 922 878
Spinel Host 0=25) Tnc (=15) Buk Host (n=25)

S, 0.006 0.033 0011 0.019

T, 030 031 03 0.77

AlO, 1545 296 1475 336

Cxr0, 31.06 1601 3023 13.05

FeO 46 25 7736 4799 79 95

M nO 048 060 049 048

MO 615 1.72 59 1901

N 0306 0678 0327 0463

Total 100 100 100.00

Si 0.000 0.001 0.000 0.000

Ti 0.007 0.008 0.007 0.021

Al 0597 0124 0572 0142

Cr 0805 0448 0.787 0369

Fe* 0590 1419 0633 1468

Fe 0678 0872 0688 0924

Mn 0.013 0.018 0.014 0.015

Mg 03 0.091 0290 0.049

Ni 0.008 0.019 0.009 0.013

M gt 30.7 94 296 025

Cuf 574 94 6 579 723
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Tablke 2.A verage m meralogical com positon of the W utaishan dunites* .

Sampk 2002-88 2002-89 2002-90 2002-91
M el 01(=21) Semp h=24) Chl (@=16) 010=20) Chl(=25) Amp f=6) 01M=39) Sem (n=20) Amp (=20) 01(0=20) Sew h=3) Chlfp=12) Amp (=10)
s, 4232 4261 31.79 4115 3373 56 620 4095 43 64 5798 4084 4320 3237 57 64
TD, 0.02 0.03 0.06 0.02 0.05 0100 0.01 0.03 012 0.01 0.04 0.06 013
ALO, 0.00 0411 15.96 0.00 1260 0440 0.00 0.06 045 0.00 016 1435 082
C50, 0.01 0.02 140 0.01 116 0.050 0.01 0.01 0.03 0.01 0.01 142 0.08
FeO 439 202 257 456 263 1220 6.03 141 140 538 136 263 152
M no 011 0.06 0.01 010 0.02 0.050 011 0.03 0.06 015 0.04 0.02 0.07
M g0 5334 3837 3030 54 .09 34 60 22910 53.06 4095 2419 53.05 4050 3356 2385
ca0 0.02 0.04 0.02 0.00 0.08 16140 0.01 0.08 1295 0.01 0.01 0.01 12 60
Na0 0.01 0.02 0.02 0.00 0.01 0100 0.01 0.01 0.09 0.02 0.02 0.02 020
K.,0 0.00 0.02 0.02 0.00 0.00 0.020 0.00 0.00 0.00 0.00 0.00 0.01 0.01
ND 0362 0.057 0208 0408 0239 0.082 0122 0.041 0.059 0369 0.042 0223 0.084
H,0 0.00 16 64 17 64 0.00 14 88 2268 0.00 1374 268 0.00 14 62 1533 299
Total 100 60 100.00 100.00 100 34 100.00 100.00 100 32 100.00 100.00 99 85 100.00 100.00 100.00
M gt 956 (13) 971 955 955(14) 959 971 94008) 981 9% 9 946(11) 982 958 9% 5
M el M ag (=25) M ag (=15) M ag (=10) M ag (=10)

s, 0.035 0.068 022 019

TD, 045 029 0.04 030

ALO, 0.04 0.03 0.00 0.03

C50, 779 565 021 615

FeO 88 .80 90 40 96 64 8875

M no 057 029 0411 062

M g0 2.00 239 220 294

ND 0234 0865 0484 0684

Total 100 100 100.00 100.00

M gt 108 130 17 161

Cut 992 991 972 992

*0 1: olivine; Sexp : seypentine; chl: chlorite; Am p: am phibole; M ag:m agnetite
M g# = 100 M g0 +Fe0 ) m olar (1)
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Tablk 3.A verage com positions of podiform chrom ites

Chrom ie pods Sm all Chrom ie gains
ZZ-45 h=25) CM 10-1{@=25) 1692 (=25) ZZ-56 0=25) ZZ-45 (h=15) CM 10-1 (=10)
SO, 0.095 0.038 0.025 0.007 0.019 0.018
TO, 014 015 012 0124 0144 014
AlO, 534 560 593 655 572 544
Cr0; 60 66 6292 5713 6383 56 68 6097
FeO ¢ 22 85 1947 2931 1582 3264 2516
M nO 036 033 037 025 047 040
M gO 1040 11 45 689 1327 420 7.76
ND 0111 0.076 0241 0110 0.083 0.064
Total 1000 1000 1000 1000 1000 1000
Si 0.003 0.001 0.001 0.000 0.001 0.001
Ti 0.003 0.004 0.003 0.003 0.004 0.004
Al 0211 022 024 0253 0236 0219
Cr 1608 1655 1548 1653 1569 1648
Fet 0174 0121 0209 0.091 0191 0128
Fe 0467 0421 0631 02343 0.764 0591
Mn 0.010 0.009 0011 0.007 0014 0.012
Mg 0520 0568 0352 0648 0219 0396
Ni 0.003 0.002 0.007 0.003 0.002 0.002
M ot 0527 0574 0358 0654 0223 0401
Cot 0884 0.883 0866 0.867 0869 0.883
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Table 4 .M ajporand trace elem ent concentrations forultram afic intrusions, pyroxenites, and am phibolites in the Zunhua ophiolitic belt.

Peridotites Pyroxenie Am phiolites
Samplkes ZU02-01  ZU02-02 ZU02-04 ZU02-05 ZU02-07 2U02-08  ZU02-14 ZU 02-15 ZU02-19  ZU0220 ZU0221* ZU(02-22%
sD, 4377 4117 4082 4134 4462 4397 4452 5444 50.70 5127 5421 58 94
TD, 006 007 017 013 006 007 009 011 040 044 023 010
A0, 139 134 583 4170 208 298 238 227 696 680 339 227
Fe0, 1290 1595 1388 1381 1114 1176 11.90 499 1000 1004 1354 875
Mo 009 008 018 018 013 012 016 013 017 015 023 014
MO 4155 4044 3732 3881 3911 3790 3792 1869 1970 1913 2041 24 80
ce0 010 081 148 085 270 29 287 18 90 1037 1053 724 482
K-0 011 012 009 007 008 008 011 010 067 056 055 007
N&0 001 001 019 010 008 015 002 035 081 087 020 009
P05 001 001 002 001 001 001 004 001 023 019 001 001
LoI 1248 1235 1043 1110 1092 1068 1094 127 194 168 288 390
M gt 864 834 842 848 874 865 863 881 796 790 749 849
Cr 22325 23467 28374 22632 16292 19232 5302 3326 2973 2506 3559 4776
Co 130 142 160 151 131 138 123 37 65 63 59 64
Ni 3294 2335 2642 2130 1943 1825 1455 nd. 869 796 747 1064
Cu 404 382 665 371 415 725 230 478 213 1060 1834 087
Zn 99 84 111 93 54 66 61 47 87 78 143 117
Pb 137 105 158 187 172 185 148 1220 278 345 225 068
Rb 11 10 16 12 15 12 a7 203 158 81 147 09
Sr 5 9 32 19 17 23 46 110 162 181 32 21
Ba 112 12 36 100 76 53 87 7 79 268 142 8
v 61 71 138 103 77 9% 40 40 138 129 83 42
Nb 0103 0.099 0395 0361 0131 0199 0224 006 240 238 165 072
Ta 0.009 0011 0030 0028 0.009 0013 0026 015 015 015 013 007
Zr 161 199 745 750 316 500 926 1031 4938 5511 2387 426
HE 005 006 024 024 009 015 026 034 149 158 nd nd.
Th 012 013 024 023 016 020 091 051 218 161 038 037
U 003 022 004 005 004 006 013 008 027 020 006 001
Y 056 046 236 187 097 127 121 204 107 94 120 35
La 110 058 152 121 059 082 189 150 1177 1113 450 186
Ce 235 112 350 279 126 182 449 388 2854 2656 1546 568
Pr 030 014 046 037 016 024 056 055 350 331 246 083
Nd 116 051 201 158 056 099 228 266 1388 1324 1135 359
Sm 025 013 048 038 017 023 051 073 291 2566 264 078
Eu 006 004 014 012 005 008 012 020 077 069 040 015
Gcd 017 008 047 039 016 022 036 063 253 237 246 073
Tb 003 002 007 006 003 004 005 008 038 033 038 011
Dy 014 009 044 035 018 023 023 045 205 184 220 062
Ho 002 002 009 007 004 005 005 008 040 035 044 012
Er 007 005 027 021 012 015 013 023 116 102 130 036
Tm 001 001 004 003 002 002 002 003 016 014 019 005
Yb 006 005 025 020 011 016 012 018 105 091 128 036
Lu 002 001 005 003 002 003 003 003 017 015 018 005
LaX b 1213 776 442 440 383 373 1103 6.00 8.04 873 252 368
Lasm e 287 286 206 209 218 230 238 132 261 2170 110 154
GAADb)m 217 130 157 162 123 117 240 291 199 215 159 167
EuEU* )y 095 109 089 093 093 107 089 089 087 084 048 061
Cefet)m 101 098 103 102 1.00 101 107 105 109 107 114 112
AL,0,/D, 24 19 34 38 37 44 27 20 17 15 15 22
ZrH £ 331 345 306 316 335 329 353 301 331 350
Nb/Ta 16 90 131 129 140 156 85 56 171 165 126 107
Zri 24 43 32 40 32 39 7.7 50 46 59 199 120
TifZr 213 209 137 100 106 81 58 66 49 48 6 15
NbA b* 010 013 024 025 015 018 006 003 017 020 046 031
Zyfr e 021 054 053 068 065 073 050 051 053 064 304 178
HEHf* 023 057 063 078 070 081 062 061 058 066
TiTH#* 069 163 089 081 082 073 051 041 037 043 022 034
Northing 40°13591' 40°113591' 40°14596 40°14596 40°14531 40°14531 40°14244 40°14 244 40°22538 40°22548 40°22538 40°22538
Eastng 118°00584 118°00584 118°04.790 118°04790 118°04:798 118°04.798 113°03 669 113°03 669 118°29.017 118°29.017 118°29.027 118°29.027

*V aribly altered sem ples
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Table 5.Lu-H f isotope data forthe Zunhua peridotites

Yeru/HE Lu fopm) Yoy £/ £ Hf ppm) €4 2547 M a)
ZU02-01 0.0319 0.0098 0282932+21 004342 79
ZU 02-04 0.0244 0.0379 0282570+08 02205 81
ZU 02-04d 0.0243 0.0378 0282580+11 02205 85
ZU 02-05 0.0208 00313 0282429+12 02136 93
ZU 0207 0.0307 00183 0282921+12 0.0844 95
ZU 02-08 0.0249 0.0242 0282603+19 01375 83
ZU 02-08d 0.0248 00241 0282621+14 01378 92
zU02-13 0.0131 0.0146 0282085+29 01580 104
ZU02-14 00114 0.0190 0281937+19 02366 81
72U 02-15 0.0155 00370 0282155+11 03386 8.7
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Table 6.M odel com positions of the A rchean m antle calculated from the Zunhua peridotites

ZU02-01  ZU02-02 2ZU02-04 ZU02-05 ZU02-07 ZU02-08  ZU02-14
SO, 45 99 4334 4537 45 44 4598 4591 4533
TO, 0.04 005 015 0.09 005 0.06 0.08
ALO, 050 046 277 233 162 231 238
C5Os; 043 043 043 043 043 043 043
FeO 923 1228 876 850 861 845 982
M no 0.06 005 013 013 012 010 016
M 9O 4323 4219 4028 4177 4010 3926 3858
ca0 011 085 164 094 278 3.09 292
Na,0 0.00 0.00 022 011 008 015 0.02
K0 012 012 010 0.08 0.08 0.08 011
P,0- 0.00 001 0.02 001 0.00 0.00 0.04
N D 0281 0197 0173 0164 0156 0151 0125
Spinelm ass fiaction added 0.0689 0.0690 01208 01074 0.0365 0.0513 00135
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