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Abstract The Early Jurassic Donggiao ophiolite is located in the central segment of the Bangong Lake-Nujiang suture zone which
contains comparatively abundant podiform chromitite resources. The Dongqiao mantle peridotite is dominated by harzburgite which
chromitite is endowed in the vein dunite inside it. Both harzburgite and dunite indicate the characteristics of fore-arc mantle peridotite.
In harzburgite the Fo value of olivine is 89. 8 ~92.2 the Mg" value of orthopyroxene is 89.7 ~92.0 while clinopyroxene is 92.7 ~
95.1 and the Cr* value ( Cr* =100 x Cr/( Cr+ Al)) of Cr-spinel is 60. 8 ~75.9; In dunite the Fo value of olivine is 91.7 ~92. 5
the Mg" value range of orthopyroxene is 91.7 ~92. 1 while the Mg® value range of clinopyroxene is 94.0 ~94. 6 and the Cr* value of
Cr-spinel is 69. 0 ~ 83. 1. The Dongqiao chromitite outcrops with dense massive and disseminated structures contain various mineral
inclusions specifically including olivine orthopyroxene clinopyroxene amphibole and platinum group minerals in the Cr-spinel. The
Cr" value (72.45 ~86.92) and Mg" value (52.8 ~70.52) of Cr-spinel in Donggiao chromitite are relatively high while Al, O,
(6.25% ~13.55%) Ti0,(0.06% ~0.16%) and Zn( 518 x 10 ™° ~714 x10°) content are relatively low indicating the high-Cr
type and the equilibrium melts show boninitic affinities. The whole—rock platinum group elements ( PGE) range of harzburgite ( 14. 01
x 107" ~32.81 x10~°) approximate the primitive mantle while all values of IPGE( Ir  Ru and Pt) /PPGE( Os Rh and Pd) >1;
PGE contents of dunite ( 13.36 x10™° ~16.08 x 10 ") are a little lower than the primitive mantle while IPGE and PPGE contents are
enriched to an approximate extent; PGE contents of chromitite ( 108. 4 x 10 ™° ~645.7 x 10 ") are significantly higher than the PGE
contents in the primitive mantle and mantle peridotite which enriched IPGE and Rh as well as deficient Pt and Pd compared to the
original mantle show a negative slope distribution pattern and indicating the melt extraction and metasomatism process during
formation of the Dongqiao chromitite. Comparing the characteristics of typical podiform chromitite ore deposits we consider the
ophiolite in the Bangong Lake-Nujiang suture zone has a relatively great prospect for chromitite mineralization.
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Fo 80.8 ~92.2 Mg 80.7~92.0 92.7~95.1
Cr' (Crf =100 xCr/(Cr+Al))  60.8 ~75.9; Fo 91.7 ~92.5 Mg 91.7 ~92.1
Mg" 94.0~94.6 cr' 69.0 ~83. 1.
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Fig. 1  Tectonic outline of the Tibetan Plateau showing the distribution of ophiolites in Yarlung Zangbo Suture Zone and Bangong
Lake-Nujiang Suture Zone (a modified after Liu er al. 2020) and simplified geological map of the Dongqiao ophiolite in the
central segment of the Bangong Lake-Nujiang Suture Zone ( b modified after Dong et al. 2019)

ATF-Altyn Tagh fault; JSSZ-Jinshajiang Suture Zone; KF-Karakoram fault; LMF-Luobadui-Milashan fault; LSSZ-4.ongmu Co-Shuanghu-d.ancangjiang
Suture Zone; SS-Sumdo Suture Zone; BNSZ-Bangong-Nujiang Suture Zone

Harrison 2000; Metcalfe 2013 Zhu et al. 2016) , ( ) (

500km. ( 1b).
NNE-SEE 100km . . 8. Skm.
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2
(a) i (b) i) () i(e) P (1)
Fig. 2 Field photographs of the Donggiao mantle peridotite and podiform chromitite

(‘a) harzburgite with dunite dike; ( b) harzburgite outcrop; ( ¢) dunite outcrops; ( d) massive chromitite; ( e) veined chromitites; (f) disseminated

chromitites
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Fig. 3 Microphotographs of the Donggaio mantle peridotite
and podiform chromitite

(a b) harzburgites under CPL; ( ¢) dunite under CPL; ( d)
chromitite under PPL.  Ol-olivine;  Opx-orthopyroxene;  Cpx—
clinopyroxene; Sp-spinel; srp-Serpentine

( 2a ¢

(>95%) .
(1% ~3%) ( <1%) ( 3¢)os
0.5 ~5mm
0.1~0.3mm ( 3¢)o < 1mm
2.3
( 2 o N
o 5% ~85%
( 2d4) .
0.2 ~0. 6mm ( 3d)
. ( 3d)
3

3395

° JEOL JXA-8100
3 1 X o
20nA 15. 0kV 2pmo
JEOL JXA-8100.INCA
20nA 15. 0kV 2pmo
LAICP-MS 0

Agilent 7700x
ESI  NWR 213nm

64 pumo T
ICPMS
30s 50s o -
o 7 Fe
GOR-28
QCCr o
5% 10%
10% -
o Na, B, 0, Na, CO;.SiO, .

1000 ~ 1200°C .

PGE  Ni,S,
HC1 ICP-MS
( TIAPQEXCELL) . : Ru.
Ir«Pd.0s <0.3 x 10" Pt.Rh <0.06 x 10",
(GPT24  GPT27) .
FEI ( NanoSEM450)
20kV 20nA Sume
(INCA X-Max50 EDS) ,
4
4.1
50
1.
Fo 89.8 ~92.5.
Fo 89.8 ~92.2 MnO =0.05% ~

0.17% NiO =0.31% ~0.46% FeO =8.1% ~10.3%;
Fo 91.7 ~92.5 NiO =0.32% ~0.46%
MnO =0.08% ~0.16%
Fo Fo NiO

53



3396

Acta Petrologica Sinica

2022 38(11)

1 (wt%)
Table 1  Representative microprobe analyses ( wt% ) of olivine from the Dongqiao mantle peridotites
Si0,  TiO, ALO; FeO  MnO MgO0  CaO0 Na,0 K,0 Cr,0; NiO  Toal  Fo
YQ24.72 40.16 0.00 0.01 8.27 0.13 49.27 0.04 0.00 0.00 0.01 0.39 98.28 91.8
YQ24.75 40.43  0.00 0.00 8.16 0.11 49.56 0.02 0.04 0.04 0.00 0.37 98.73 92.0
YQ22.12" 40.34  0.00 0.00 9.82 0.13 49.33 0.0l 0.00 0.00 0.01 0.41 100.05 O91.1
YQ22.17" 40.39 0.02 0.00 9.86 0.13 48.70 0.02 0.00 0.00 0.00 0.42  99.53  90.2
YQ-6241.5° 40.38  0.00 0.01 9.81 0.09 49.06 0.03 0.00 0.00 0.01 0.39 99.77 90.6
YQ70-8.23" 40.01  0.00 0.00 10.18 0.10 48.51 0.02 0.00 0.00 0.00 0.39 99.21 90.4
Y(Q70-8.27° 40.49  0.00 0.00 9.70 0.13 48.96 0.02 0.00 0.01 0.03 0.38 99.70 90.4
YQ-618.3" 40.52  0.00 0.00 8.19 0.14 49.64 0.02 0.00 0.00 0.03 0.39 98.91 91.7
YQ-618.6" 40.74  0.00 0.00 8.42 0.09 49.98 0.02 0.00 0.00 0.00 0.39 99.64 91.7
YQ-618.7" 40.47 0.02 0.00 8.26 0.16 49.78 0.04 0.00 0.00 0.01 0.36 99.10 92.0
YQ-61-8.15 40.13 0.03 0.00 8.25 0.10 49.46 0.03 0.00 0.00 0.00 0.41 98.40 92.0
YQ-61-8.16 40.09 0.00 0.01 8.32 0.12  49.21 0.01 0.00 0.00 0.01 0.38 98.14 91.8
YQ-618.29" 40.20 0.00 0.00 8.52 0.12  49.98 0.03 0.01 0.00 0.04 0.34 99.25 92.5
:Fo=100 x Mg/( Mg + Fe?*); *© 2019
155
3.
(Engg 504 Wous 5506) Mg
92.7~95.1 AL, O; Cr,0, 0.12%
~1.05% 0.35% ~0.77% . TiO, 0.05% CaO
23.15% ~25.90% NiO  0.01% ~0.11%;
Mg* 94.0 ~94.6
Al, O, 0.72% ~ 1.23% Cr, O, 0.22% ~
0.51% CaO 23.20% ~24.34% Mg*
( 6
4 NiO-Fo (
Pagé et al. 2008) 153
Fig. 4 Plot of NiO vs. Fo compositional variation of olivine 4. Cr, 04
in the Dongqgiao mantle peridotites ( after Pagé et al. 2008) 46.60% ~56.05% Al, O, 11.95% ~20.90% Ti0,
<0.08% Cr* 60.8 ~75.9 FeO
2, En 16.45% ~23.65% MgO 9.83% ~12.59% Mg’
88.5~91.2 o 47.5 ~60. 4 ( Trvine 1967) ;
Mg* 89.7 ~92.0 AL O, = Cr, 04 51.47% ~60.05% Al,O,
0.10% ~0.98% NiO 0.15% Cr,0, =0.27% ~0.50% 8.20% ~15.48% Cr* 69.0 ~83.1 NiO
Ca0=0.34% ~1.00%; 0.02% ~0.15% FeO 18.35% ~23.88% Mg"
Mg* 91.7~92.1 Al, O, 36.8 ~57.7 TiO, 0.07% ~0.24%
1.00% ~ 1.36% Cr, O, =0.31% ~ (Irvine 1967) .
0.53% NiO =0.08% ~0.14% Ca0O =0.40% ~1.08% Si0,Na, 0.K,0  CaO.
AL O, Mg*  Cr,0,Mg"* ( 5a b) TiO, 0.06% ~0.16% Cr,0, 52.9%
~63.12% Al, O, 6.25% ~13.55%
Mg* AL O, MgO 10.47% ~ 14.7% FeO 14.61% ~
. 22.47% Mg" 52.8 ~70.5 cr' 72.5
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Fig. 5 Plot of AL,O, vs. Mg*('a) and plot of Cr,0,vs. Mg®( a) of orthopyroxene in the Donggiao mantle peridotites ( after Pagé et

al.  2008)
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(

Pagé et al.

2008)

Fig. 6 Plots of Mg" against Al,0,(a) TiO,(b) Cr,0,(c) and CaO (d) of clinopyroxene in the Dongqiao mantle peridotites

( after Pagé et al. 2008)
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5 (x107%
Table 5 Trace element contents ( x 10™°) of Cr-spinels in representative samples and calculated compositions of parental magmas for

the Dongqiao dunite and chromitite

Y0494 YQd92 YQ23204 YQ23202 YQ233d4 YQ2332 Y(02333 YQS853d4 YQ8532 Y(Q8533

Sc 6.98 6.20 7.90 8.11 2.52 2.61 3.56 5.18 5.68 6.47
Ti 0.11 0.11 0.17 0.16 0.22 0.23 0.23 0.05 0.05 0.05
v 1247 1203 1103 1053 854 869 896 859 850 843
Mn 1317 1317 1362 1348 1162 1162 1007 1351 1322 1325
Co 249 243 257 251 232 237 244 323 322 312
Ni 1164 1151 1174 1107 1897 1881 1915 1015 975 936
Zn 518 541 607 566 661 683 714 1389 1326 1347
Ga 33.6 33.8 42.2 38.3 70.7 70.8 75.0 35.9 33.0 33.1
Sc 34.90 31.00 39.48 40.57 12.60 13.05 17.80 25.91 28.41 32.33
Ti 0.15 0.15 0.23 0.21 0.29 0.31 0.31 0.06 0.06 0.06
\ 161 156 143 136 110 112 116 111 110 109
Mn 1343 1343 1390 1376 1185 1185 1027 1379 1349 1352
Co 65.0 63.4 67.0 65.4 60.6 61.9 63.7 84.4 84.0 81.5
Ni 889 879 896 845 1448 1436 1462 775 744 715
Zn 75.1 78.4 88.0 82.0 95.8 99.0 103.5 201.3 192.2 195.2
Ga 18.4 18.5 23.1 20.9 38.6 38.7 41.0 19.6 18.1 18.1

Pagé and Barnes ( 2009)

Zn
1326 x10° ~1389 x10~° V 843 x10° ~859 x 10 ~°
Ni 936 x 10 ~° ~ 1015 x 10 ™° Ga 33.0x10°°
~35.9x10°°,
Mn.Ni V 1107 x 10~°
~1362 x107°.1007 x 10 7° ~ 1915 x 10™° 854 x107° ~ 1247
x107°, Ga 33.6x10°° ~75.0 x10™° Zn
518 x107° ~714 x10~° Zn. 7
MORB
MORB
TiNi Ga V. Mn. Co Zn
7 MORB
4.2 ( Zhou et al. 2014)
MORB Pagé and Barnes (2009)
’ Fig. 7  MORB-normalized trace-element distributions of Cr—
’ 8 ’ ’ 6. spinels in the Donggiao chromitite and dunite ( after Zhou et
al. 2014)
20_~ Boninite and MORB values are from Pagé and Barnes (2009)
50 m ( 8a b) ( 8¢ d).
MgO  NiO AL O; Cr,O,
( 6 . - 5~

50 m ( 8e). (8.
. . 5 ~40pm Si0, 52.37% ~54.09%
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6 (wt%)
Table 6 Representative microprobe analyses ( wt% ) of mineral inclusions in the Cr-spinel of Donggiao chromitite
$i0,  Ti0, ALO, Cr,0; FeO MnO Mg0  Ca0 Na,0 K,0  NiO  Total
YQ4.6 0l 41.66  0.04 0.01 0.59 3.30 0.05 52.82  0.03 0.00 0.02 0.65 99.18
YQ9832.2 0l 41.81 0.00 0.01 0.37 3.78 0.04 52.88 0.06 0.04 0.01 0.68 99. 68
YQ4d.2 Srp 39.03 0.03 0.26 3.19 3.34 0.03 38.51 0.03 0.04 0.00 0.04 84.50
YQ7832.3 Srp 40.96  0.01 0.10 1.12 3.00 0.00  38.87 0.04 0.00 0.01 0.45 84.56
YQ44.4 Cpx 54.09  0.05 0.91 1.67 1.48 0.05 17.26  24.04  0.36 0.02 0.02 99.95
YQ7832.6 Cpx 52.37  0.09 0.98 1.49 1.76 0.01 17.37  24.69 0.19 0.00 0.10 99.06
YQ-78-32.9 Cpx 53.04  0.05 0.90 1.08 1.62 0.08 17.71  24.24 0.3l 0.00 0.02 99.04
YQ44.3 Amp  44.88  0.35 9.93 3.43 1.96 0.01 20.17  12.36  2.91 0.18 0.10 96.29
YQ44.5 Amp 45.19 0.31 9.70 3.48 1.97 0.04 19.87 12.27 2.85 0.14 0.10 95.93
YQ-7832.1 Amp  44.81 0.40 9.72 3.21 2.00 0.02 20.15 12.14  3.06 0.00 0.18 95.69
YQ-78-32.4 Amp 46.40 0.54 8.71 2.80 1.85 0.04 20.44 11.70 2.69 0.33 0.09 95.59
YQ-7832.5 Amp  45.82  0.56 8.88 3.10 1.99 0.03 19.76  11.74  2.66 0.41 0.07 95.03
YQ-78-32.7 Amp 46.20 0.49 8.02 2.78 1.84 0.05 20.38  12.14 2.49 0.36 0.09 94.83
YQ-7832.8 Amp  46.53 0.50 8.62 3.03 1.77 0.04 20. 81 11.68 2.70 0.32 0.15 96.15
8
0Ol- ; Opx— ; Cpx— ; Amp— ; PGM-
Fig. 8 BSE photos of inclusions in the Cr-spinels of Donggiao chromitite
Ol-olivine; Opx-orthopyroxene; Cpx-clinopyroxene; Amp-amphibole; PGM-platinum group mineral
MgO 17.26% ~17.71% Al,O; 0.90% ~0.98%, o
Spm ( Yamamoto et al. 2009) . (Guo et al. 2021) . (

30um(  8g) - 2022) . ( Zhao et al.  2020) .
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( 2015 )

Fig. 9 Mineral classification diagram of amphibole

inclusions in the Cr-spinels of Dongqiao chromitite

( modified after Liu et al. 2015)

( Xiong et al. 2021)

Ca0  Si0,
2009; Griffin

( Yamamoto et al.

et al. 2016) .

- 30 ~200um
( 8h) Na, O 2.49%
~3.06% FeO 1.77% ~2.0% MgO 19.76% ~
20.81% Al,0, 8.02% ~9.93%
( 9.
5pm(
8i) Os-Ru IPGE
4.3 ( PGE)
PGE
. PGE Ir
( IPGEs Os.Ir  Ru 2000°C) Pd
( PPGE Rh.Pt Pd 2000°C) ( Woodland et
al.  2002) . IPGE
: PPGE
( Zhou et al.  1998;
2013) 8 3 8
7.
PGE 14.01 x107° ~
32.81x10°° 22.49 x107° .
Ir 2.23x107° ~5.55 x10™° Pd
0.07 x 107 ~0.65 x 107° . Pd/Ir (0.03 ~

2022 38(11)

Acta Petrologica Sinica

10
( PGE) (
and Sun 1995)
Fig. 10 Primitive mantle-normalized bulk PGE patterns of

McDonough

the Dongqiao peridotites and chromitite ( normalization

values from McDonough and Sun 1995)

0.27) TPGE (10.35 x 10™° ~20.58 x 107°)
PPGE (3.32x107° ~13.47 x1079) .
IPGE/PPGE 1.
( McDonough and Sun 1995)
Os-Ir<Ru Pt Pd Rh
Pd ( 10).
PGE 13.36 x
107° ~16.08 x10™° Pd/Ir (0.34 ~3.24) IPGE
(7.60x107° ~9.17 x10™°)  PPGE (5.76
x107° ~8.52 x 107%) « IPGE/PPGE
0.89 ~1.53 IPGE  PPGE .
Ir Rh ( 10).
108.4 x107° ~
645.7 x 10~° ( McDonough and Sun
1995) PGE IPGE/PPGE
10 IPGE Rh Pt Pd
PGE
( 10).
5
5.1
PGE
N ( Barnes et
al.  1985) . .
( Shi et al. 2012;
2019) ( PGM)
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7 (x107%)
Table 7 Wholewock PGE compositions ( x 10™°) of the Dongqiao mantle peridotites and chromitite
Os Ir Ru Rh Pt Pd >PGE PPGE IPGE IPGE/PPGE Pd/Ir  Pt/Pt"
YQ-85-2 2.47 1.31 5.39 1.38 4.16 0.44 15.15 5.98 9.17 1.53 0.34 1.71
YQ-853 2.25 0.91 4.40 0.97 4.60 2.95 16.08 8.52 7.56 0.89 3.24 0.87
YQ-8540 2.09 0.99 4.52 1.02 4.28 0.46 13.36 5.76 7.60 1.32 0.47 2.00
YQ2=2 3.05 2.23 5.41 0.79 2.46 0.07 14.01 3.32 10.69 3.22 0.03 3.34
YQ-6740 3.92 2.58 5.76 0.94 3.71 0.09 17.00 4.74 12.26 2.59 0.04 4.08
YQ-704 2.75 2.45 5.37 0.88 2.53 0.65 14.63 4.06 10.57 2.60 0.27 1.07
YQ-70-6 4.23 3.04 6.16 0.87 4.05 0.09 18.44 5.01 13.43 2.68 0.03 4.63
YQ70-8 6.71 5.55 8.32 1.39 10.55 0.29 32.81 12.23  20.58 1.68 0.05 5.31
YQ-7040 6.36 4.87 8.33 1.39 8.25 0.17 29.37 9.81 19.56 1.99 0.04 5.43
YQ-744 5.03 3.35 6.59 1.05 12.08 0.34 28.44  13.47 14.97 1.11 0.10 6.46
YQT779 5.74 4.14 6.97 1.01 7.24 0.13 25.23 8.38 16.85 2.01 0.03 6.39
YQ44 47.50 28.20 47.20 4.92 2.02 0.47 130.3 7.41 122.9 16.59 0.02 0.42
YQ44d5 189.0 131.0 163.0 10.90 13.00 0.86 507.8 24.76  483.0 19.51 0.01 1.36
YQ448 27.30  17.90  55.00 5.73 1.74 0.73 108. 4 8.20 100.2 12.22 0.04 0.27
YQd-6 130.0 73.50 118.0 7.60 5.18 0.81 335.1 13.59  321.5 23.66 0.01 0.67
YQ44 228.0 140.0 179.0 10.70 13.40 0.79 571.9  24.89 547.0 21.98 0.01 1.47
YQ-2320 67.50 55.70 82.70 6.47 11.80 2.18 226.4  20.45 205.9 10.07 0.04 1.00
YQ233 202.0 196.0 215.0 9.92 21.20 1.60 645.7 32.72  613.0 18.73 0.01 1.70
YQ7832 202.0 82.90 73.00 3.27 5.85 0.74 367.8 9.86 357.9 36.30 0.01 1.20
(Pt/Pt” =(Pt/8.3) / (Rh/L.6) x(Pd/4.4 2
2003) o
PGM PGE
PGE PGE ( Grieco et al. Pd/Ir P/PC
2007) . ( Barnes et al. 1985; Garuti et al. 1997) .
( ) (2% ~ Pd/Ir( 0. 006 ~0. 041) IPGE/PPGE
15%) (10.07 ~36.30) ( 7) Pd/Ir-Pt/Pt" >, PGEAPGE/
PGE (Pd/In) <1.0. PPOE PeE
(>15% ~20%) PPGE. Au. ¢ 1) PGE
Re.S.Se.Te Cu IPGE
(=20%)
PGE (=<
IPGE PGE ( Barnes et al. 1985; Zhou 20%) PGE
eial. 1998) . IPGE ( Prichard et al. 2008) . Ru Ir
PPGE
(Alard et al. 2000) ( Finnigan et al. 2008) AP*.Crt Fet
20% ~25% IPGE
( Prichard et al. 2008) . 10 Ir Ru
PGE ( Ballhaus et al. 2006)
PGE
( Barnes et al. 1985) .
Pt °
Pt Pd
5.2
Pd ( Luguet et al. Fe' MnO
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11 PGE  Pd/L-Pt/Pt’ (a Gamtietal. 1997 ) YPGEIPGE/PPGE (b)

Fig. 11 Pd/Ir vs. Pt/Pt" diagram (a modified after Garuti et al. 1997) and Y PGE vs. IPGE/PPGE diagram ( b) of the

Donggiao ophiolite

12

(a) FeO/MgO-Al, 04 ( Barnes and Roeder 2001) ; ( b) TiO, AL O, ( Derbyshire et al. 2019); ( c) MORB

( Zhou et al. 2014)
Fig. 12 Composition diagrams of parent magmas of the Dongqiao chromitite

(a) plot of FeO/MgO vs. Al, O; in parent magmas ( after Barnes and Roeder 2001); ( b) plot of TiO, vs. Al, O; in parent magmas ( after

Derbyshire et al. 2019) ; (¢) MORB-normalized trace element patterns of parent magmas ( after Zhou et al. 2014)

In( FeO/MgO)  =0.47 -1.07 x Al*  +0. 64 x Fe"
+ In( FeO/MgO)

( Evans et al. 2013; Khedr and Arai Al* =Al/( Cr+ Al + Fe**) Fe* =Fe** /( Cr + Al +

2016) . Fe’*) .
( Zhou et al. 8 Al O,

1996 1998; Kamenetsky 2001; Arai and Miura 2016; Hu et 12.12% ~15.44% TiO, 0.17% ~0.35% FeO/
al. 2022) . Al, 0, MgO 1.36 ~2.48;
Tio, ( Kamenetsky et al. AlLL0, 10.71% ~ 14.74% TiO,
2001) FeO  MgO o 0.15% ~0.26% FeO/MgO  0.83 ~1.48,

AL O, TiO, FeO/MgO FeO/MgO-AL O, ( 12a)

( Maurel and Maurel 1982; Kamenetsky et al. MORB
2001; Zaccarini et al. 2011) : : Ti0,-Al O, ( 12b)
(ALO; ) =5.2253 xIn( AL O, ) +1.1232 ( Zhou et al. 2014) , Troodos

(TiO, ) =1.0897 x( TiO, ) +0.0892 Thetford ( Derbyshire et al. 2019)
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Table 8 Representative calculated compositions of parental magmas for the Dongqiao dunite and chromitite

3405

ALO;(%)  TiOy( %) FeO/MgO Al* Fe' ALOs( %)  TiOy( %) FeQ/MgO
17yq-854.1 10.43 0.10 2.23 0.20 0.04 13.37 0.20 1.69
17yq-854.2 11.03 0.12 2.23 0.22 0.04 13.67 0.22 1.71
17yq-854.3 11.05 0.11 2.17 0.22 0.05 13.68 0.21 1.66
17yq-852.3 13.22 0.24 2.17 0.26 0.01 14.61 0.35 1.78
17yq-852.4 13.51 0.17 2.09 0.26 0.01 14.73 0.27 1.71
17yq-854.3 12.79 0.13 2.02 0.24 0.08 14.44 0.23 1.56
17yq-85-4. 4 12.66 0.11 2.08 0.25 0.08 14.39 0.21 1.60
17yq-854.5 12.80 0.12 1.99 0.24 0.08 14.44 0.22 1.54
17yq-85-5. 1 14.21 0.12 2.33 0.28 0.02 14.99 0.22 1.92
17yq-855.2 13.81 0.12 2.50 0.28 0.02 14.84 0.22 2.06
17yq-85-5.3 14.32 0.16 2.18 0.28 0.02 15.03 0.26 1.82
17yq85-5.5 14.90 0.14 1.69 0.28 0.04 15.24 0.24 1.39
17yq-855.6 14.55 0.11 1.63 0.28 0.03 15.11 0.21 1.36
17yq-85-5.7 15.48 0.24 1.68 0.30 0.03 15.44 0.35 1.42
17yq-8540.8 8.20 0.19 2.77 0.16 0.03 12.12 0.30 2.02
17yqd 4c. 1 7.97 0.11 1.85 0.15 0.07 11.97 0.21 1.30
17yq-d4c.2 7.97 0.06 1.94 0.16 0.07 11.97 0.15 1.37
17yqd4c.3 7.90 0.09 1.84 0.15 0.08 11.92 0.19 1.29
17yq4-6. 1 13.36 0.09 1.17 0.25 0.07 14.67 0.19 0.92
17yq4-6.2 13.37 0.12 1.15 0.25 0.07 14.67 0.22 0.90
17yq4-6.3 13.05 0.14 1.28 0.25 0.05 14.55 0.24 1.01
17yq2343.1 8.83 0.10 1.12 0.17 0.02 12.50 0.20 0.83
17yq2343.2 8.70 0.12 1.21 0.17 0.03 12.43 0.22 0.88
17yq2343.3 8.98 0.13 1.23 0.17 0.01 12.59 0.23 0.92
17yq43.1 9.87 0.13 1.53 0.19 0.01 13.09 0.23 1.17
17yq43.2 10.91 0.11 1.29 0.21 0.03 13.61 0.21 1.00
17yq4-3.3 10.89 0.15 1.27 0.21 0.03 13.60 0.25 0.97
17yq-58-4. 1 6.66 0.12 1.35 0.13 0.05 11.03 0.22 0.94
17yq-584.2 6.26 0.13 1.60 0.12 0.06 10.71 0.23 1.10
17yq-584.3 6.35 0.13 1.43 0.12 0.05 10.78 0.23 0.99
17yq-6225a. 1 11.09 0.10 1.69 0.21 0.07 13.70 0.20 1.27
17yq-6225a.2 11.78 0.11 1.83 0.23 0.06 14.01 0.21 1.41
17yq6225a. 3 11.29 0.14 1.79 0.22 0.06 13.79 0.24 1.36
CAIF = AL/(Cr+Al+Fe**) Fe* =Fe’* /(Cr+Al+Fe**) Al, 05 TiO, FeO/MgO Maurel and Maurel
(1982) .Kamenetsky et al. (2001)  Zaccarini et al. (2011)
2014) .
( Zhou et al. 2014) . Pagé and
( Reagan et al. 2010) Barnes ( 2009)
( 5 Se

~

( Pagé and Barnes

2009; Gonzalez-Jiménez et al.

12.6 x10°° ~40.6 x10™° Ti

110 x107° ~161 x10™° Mn
Co 60.6x107° ~67.0x107° Ni
75 x107° ~ 103 x 10™° Ga

107% Zn

0.15x107° ~0.31 x10™° V

1027 x 10 7% ~ 1390 x 10 ¢

845 x 10 ° ~ 1462 x
18 x 107°% ~41 x
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13 ( Pagé et al. 2008)
(a) Cr* Mg* i (b) Cr*-Ti0, i () Al,05<Cr, 0,4 ; (d) TiO, AL, 0, : MORB- ; BON- (IBM- - -
s TAT- ; FMM- MORB ; OIB- ; BAB- ; Are— ; LIP-

Fig. 13 Compositional variations of spinels in the Dongqiao mantle peridotite and chromitite ( after Pagé et al. 2008)

(a) plot of Cr* vs. Mg”; (b) plot of Cr* vs. TiO,; (¢) plot of Al,O5 vs. CryO5; (d) plot of TiO, vs. Al,05. MORB-mid-ocean ridge basalt;
BON-boninite; IBM-dzu-Bonin-Mariana subduction zone; IATHsland arc tholeiite; FMMfertile MORB mantle; OIB-oceanic island basalt; BAB-

backarc basalt; Arc-sland arc; LIP-arge igneous province

10°°, Se.Ti.V TiO, ( Pearce et al. 2000; Zhou et al.

25.9x107° ~32.3x107°,0.06 x 10™* 109  2005) . ¢’ Tio, ( 13b)
x10™° ~111 x10™® Mn.Co Ni 1349 x 107 ~ 25%
1379 x107°.81.5x10 °® ~84.4 x 10°® 715 x107° ~ 775 x TiO,
10 Zn  Ga 192x107° ~201 x107°  18.1 x PGE
107°~19.6 x10 %, 12¢ o Al,0,<Cr,0, ( 13¢)

N-MORB ScMn  Co
Ti V Ni.Zn Ga . Ti0,-Al, O, ( 13d)
( Choi et al. 2008) . °
(

13) cr' Mg* ( 13a) 5.3

( Leblanc 1980) . Ti .



( Boudier and Al-Rajhi 2014;
Miura 2016; Rassios et al. 2020) .

2015; Arai and

o

2011; Boudier and Al-Rajhi 2014) .
60km”

(70km?) ( 2008)

o

100t (

Kempirsai

( Boudier and Al-Rajhi 2014) .

( 2a; Shietal. 2007 2012; 2015)
- Cr'
(Cr+Al) ( Arai and
Miura 2016) .
( 13)
( 2013) ,
100km
( 2019; 2021) o
6
(1)
PGE
(2)
o AL O,
12.12% ~15.44%  10.71% ~14.74% TiO,
0.17% ~0.35%  0.15% ~0.26% FeO/MgO
1.36 ~2.48  0.83 ~1.48 o
N-MORB Se( 12.6 x

107° ~40.6 x 107°) . Mn( 1027 x 10™° ~ 1390 x 10°)  Co
(60.6x107° ~67.0 x107°%) Ti(0.15 x107° ~0.31 x
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