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Abstract: Zetang ophiolite is mainly composed of peridotite, gabbro and basalt. Hornblende gabbro, which was intruded into the
peridotite, comprises amphibole, prehnite + pumpellyite and minor Fe— Ti oxides. The amphibole in hornblende gabbro is brown
euhedral with homogeneous interference color and has higher ALO; (7.0%—11.0%), TiO, (1.0%—2.5%), as well as Na,O (1.0%—
1.9%) values than the amphibole of metasomatic genesis, implying that the amphibole is of primary magmatic origin. The Fe—Ti
oxides consist of magnetite (Ti0,=1.2%—13.2%; Fe.0,=40.6%—61.4%; FeO=31.1%—43.6%) and ilmenite (Ti0,=36.2%—50.8%;
Fe,0:=2.5%— 24.6% ; FeO=33.0%— 43.7% ). The ilmenites always exhibit trellis and sandwich textures or are closely spaced
(composite type) in the magnetite host. The oxygen fugacities (expressed as —logfo,) of the Fe—Ti oxides calculated by ilmenite—
magnetite geothermobarometry are 12.4—22.8 (approximately NNO+1), indicating that the presence of high water activities during
crystallization. The positive eud(t) values (+11.0 to +19.8) of the sample suggest that it came from depleted mantle (DM). The
hornblende gabbro is characterized by high ALO; (20.4%—22.4%) and TiO. (1.0%—1.5%), low MgO (4.1%—5.5%) values, similar to
features of high— alumina basalt (HAB). The hornblende gabbro might have been formed by evolved mantle— derived hydrous
magma rich in volatile, Ti and ALOs;. However, the sample shows depleted light rare earth element (LREE) patterns, which is
different from features of HAB in the subduction zone. The rocks were probably formed by partial melting of mantle wedge induced
by dehydration of serpentinized subducted oceanic lithosphere.
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Fig. 1 Geological sketch map of Zetang area
a—Sketch map of the Tibetan Plateau”®"; b—Geological map of the Zetang area, southern Tibet™; T;—Late Triassic flysch; J;—K,—Late Jurassic to

early Cretaceous volcanic—sedimentary rock; K; —Late Cretaceous chert; K ; —Late Cretaceous volcanic rock; R, —Luobusa conglomerate Formation;

Q—Quaternary sediments; %—Ultramafic rock
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Fig.2 Occurrence of Zetang hornblende gabbro
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Fig.3 Photomicrographs of Zetang olivine pyroxenite and hornblende gabbro
a—Olivine pyroxenite; b—Clinopyroxene replaced by amphiobole in olivine pyroxenite; c—Ilmenite and magnetite completely altered into chlorite in
hornblende gabbro; d—Contact zone between olivine pyroxenite and hornblende gabrro; e—Contact zone, trellis intergrowth involving thin ilmenite
lamellae in all directions of {111} planes of the host magnetite, and sandwich intergrowths; f—Contact zone, ilmenite granules in magnetite as
composite; Ol—Olivine; Cpx—Clinopyroxene; Opx—Orthopyroxene; Am—Amphiobole; Ilm—Ilmenite; Chl—Chlorite; Prh—Prehnite;
Pmp—Pumpellyite; Fe—Ti Oxide— Fe—Ti oxide; Mgt—Magnetite
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Table 3 Compositions of coupled magnetite-ilmenite (%) with calculated temperature and oxygen fugacity from the Zetang
hornblende gabbro

W55 20-5-1 20-5-2 20-5-3 20-5-4  20-5-5  20-5-6  20-5-7  20-5-8  20-5-9  20-5-10 20-5-11  20-5-12

R ™
Si0, 0.08 0.28 0.07 0.09 0.06 0.33 0.12 0.05 0.27 0.08 0.43 0.10
TiO, 4.62 5.61 2.69 1.17 3.39 3.53 3.40 3.67 3.12 1.75 2.31 4.34
AlLO3 2.84 1.36 223 1.37 2.40 3.20 1.85 272 1.44 2.40 1.56 228
Cr03 0.71 0.55 0.52 1.51 0.76 0.68 0.92 2.10 1.49 0.79 0.77 1.17

FeO" 83.95 81.10 84.58 86.36 83.59 83.48 83.29 81.91 82.64 84.22 84.47 82.19
Fe,O3 55.01 51.65 5826 61.36 56.58 55.88 56.34 54.56 55.82 58.94 5838 53.97
FeO 34.46 34.63 32.16 31.14 32.68 33.20 32.59 32.81 32.41 31.19 31.94 33.62

NiO 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.06 0.01 0.00 0.03 0.00
MnO 0.16 0.13 0.17 0.07 0.12 0.16 0.16 0.18 0.14 0.14 0.15 0.14
MgO 0.55 0.25 0.40 0.21 0.52 0.83 0.41 0.67 0.30 0.34 0.46 0.40
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.03 0.04 0.04 0.02 0.04 0.08 0.03 0.03 0.07 0.02 0.00 0.01
K,O 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00

Total 98.47 94.49 96.55 96.93 96.59 97.89 95.83 96.86 95.07 95.66 96.02 96.03

XUsp 1511 18.35 8.75 3.82 1113 1170 1115 1260 1046 5.89 7.49 14.59
NIRN
SiO, 0.00 0.15 0.22 474 0.02 0.02 0.03 0.04 0.02 0.04 0.01 0.03

TiO, 49.29 50.35 41.32 31.81 4878 48.74 4941 50.75 50.20 4342 49.74 49.71
AlLO3 0.05 0.19 1.22 0.72 0.05 0.08 0.03 0.03 0.00 1.92 0.00 0.02
Cr03 0.03 0.13 0.36 1.06 0.06 0.05 0.04 0.21 0.21 0.50 0.11 0.09
FeO" 46.02 45.09 5421 57.30 49.15 48.16 47.39 4578 4772 50.46 47.67 4742
Fe;O3 6.69 245 21.67 31.57 9.03 9.52 7.95 4.61 6.29 16.15 6.50 6.26

FeO 40.01 42.88 3471 28.89 41.02 39.60 40.23 41.64 42.05 3593 41.82 41.79

NiO 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.98 1.71 1.58 1.11 1.07 1.02 1.00 1.37 1.78 2.02 1.52 1.47
MgO 1.87 0.48 0.63 227 1.00 1.82 1.81 1.50 0.75 0.64 0.78 0.83
CaO 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.01 0.01 0.02 0.05 0.03 0.05 0.01 0.00 0.05 0.00 0.00 0.00
K,O 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.00 0.00 0.03 0.00 0.01

Total 98.92 98.36 101.76 ~ 102.40  101.07 100.89  100.55 100.13  101.36 100.64 100.49 100.21
X'TIm 93.33 97.56 78.65 66.93 91.26 90.68 92.20 95.46 93.90 83.76 93.67 93.88
Joo -16.9 -22.8 -12.8 -12.4 -15.8 -15.5 -16.3 -19.3 -17.7 -13.8 -17.8 -17.4
(C) 683 579 762 731 697 707 685 629 656 717 645 672

PEMIELARA T 170 Ma ZE A7 IR TIR G A — M SRS KA RRHCIE K A 1785 A 8 T 4
A R T g, 150 Ma Z2 A 7EIRATIAEE Z 20 o U-Pb B4F, 200l 3545 T (131.4+1.1) Ma (131.7£0.9)
R 5 (4) TRIETE IR AL T 8Ca h R R Mafil(137.8+1.0) Ma FU4ERY , HUE X BE42 A A DL K
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Table 4 Representative compositions of ilmenite in the Zetang hornblende gabbro (%)

W5 20-1-1 20-1-2 20-1-3  20-1-4  20-1-5  20-1-6  20-1-7  20-1-8
Si0, 0.02 0.03 0.03 0.00 0.21 0.07 0.15 0.56
TiO, 4758 4763 4823 4887 4985 5390 5134 5143
ALO; 005 0.04 0.03 0.14 0.17 0.04 0.05 0.02
Cr0; 003 0.02 004 005 0.04 0.00 0.16 0.00
FeO" 5128 5057 4923 4846 4834 4516 4679 4624
Fe,0; 1125 1035 813 6.77 517 0.00 247 152
FeO 4116 4126 4191 4237 4369 4516 4457 4487
NiO 0.01 0.00 0.00 005 0.01 0.00 0.00 0.00
MnO 1.40 1.45 135 1.44 0.98 0.91 151 1.72
MgO 0.15 0.09 0.08 006 0.04 0.00 0.11 0.12
Ca0 0.00 0.00 0.00 003 027 0.13 0.05 0.08
Na,0O 001 0.03 0.06 008 0.05 0.00 0.03 0.03
K,O 0.02 0.01 0.00  0.00 0.00 0.00 0.00 0.00
Total  101.68 10090 99.87  99.86 10046 10020 10043  100.36
XIm 8924 9003 9210 9341 9501 10000 9761 9852
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Table 5 Major (%) and trace elements (10°) of the Zetang olivine pyroxenite and hornblende gabbro

FEd s 20-1 20-2 20-3 20-4 20-5 20-6 20-7 20-8 20-9 20-10
ik F A K MR
SiO, 43.15 43.04 42.16 42.8 42.06 4275 43.03 42.44 51.59 50.28
TiO, 0.99 1.17 1.45 1.29 132 1.38 1.02 1.01 0.12 0.14
Al O3 22.35 21.76 20.36 21.36 20.87 20.74 22.11 20.98 238 215
Fe,03 15 1.42 1.79 1.65 1.66 201 1.65 1.62 1.55 1.55
FeO 5.51 5.59 717 6.05 6.7 6.38 5.08 5.73 3.65 523
MnO 0.12 0.11 0.14 0.12 0.13 0.13 0.11 0.13 0.13 0.14
MgO 4.67 434 5.46 4.65 497 5.12 4.14 498 18.15 20.28
CaO 15.76 16.77 15.41 16.38 15.83 16.26 17.58 17.72 19.94 18.08
Na,O 19 1.61 1.6 1.6 1.53 15 1.39 1.11 0.15 0.16
K,0 0.12 0.12 0.1 0.11 0.1 0.1 0.11 0.09 0.04 0.03
P,0s 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 nd. nd.
LOI 3.63 3.36 322 3.46 3.53 332 3.52 347 1.48 12
Total 99.71 9931 98.87 99.48 98.71 99.7 99.75 99.29 99.18 99.24
Mg 54.8 53.0 52.6 524 52.0 52.7 52.9 55.3 86.5 84.5
Sc 51.6 55.6 68.8 61.7 66.5 64.9 57.7 63 74.6 76.1
\Y 203 223 273 244 277 247 221 217 183 206
Cr 23.6 10.9 9.15 9.99 10.6 8.52 14.7 17.6 2269 2168
Co 18.8 20 244 222 242 225 20.7 21.7 40.7 52,5
Ni 16.5 10.1 10.5 10 11.8 9.69 12 14.1 201 239
Cu 1.48 n.d. 5.93 10.8 8.42 9.78 118 3.39 10.6 16.8
Zn 435 42.1 529 46.6 52.7 47.7 41.7 44.4 20.6 26.4
Ga 16.4 18.1 16.2 17.5 17.5 16.7 18 159 3.52 249
Rb 247 2.32 2.05 227 2.18 2.07 228 1.9 227 1.88
Sr 1104 732 954 974 1046 950 848 643 13.1 10.6
Y 16.4 17.8 20 19.4 20 21 17.1 182 298 3.24
Zr 972 11.5 11 114 10.5 12.9 10.3 9.87 1.82 1.62
Nb 022 0.4 0.24 0.24 027 0.29 0.36 0.26 0.2 0.14
Cs 0.4 0.34 0.34 0.35 0.36 031 032 0.33 0.76 0.54
Ba 434 21.7 26.7 27.4 29.8 28.9 24.1 17 474 1.24
La 0.37 0.43 0.32 0.38 0.37 0.4 0.45 0.35 0.17 0.08
Ce 1.29 1.48 127 1.38 1.32 1.48 1.51 1.26 0.39 022
Pr 0.29 032 0.32 0.35 0.31 0.36 0.33 0.29 0.07 nd.
Nd 2.07 24 235 241 234 248 227 2.12 0.4 031
Sm 1.07 1.28 1.41 135 1.36 1.41 121 1.29 0.18 0.19
Eu 0.64 0.69 0.68 0.68 0.69 0.71 0.65 0.65 0.09 0.09
Gd 229 251 2.83 2.54 2.65 277 243 24 0.36 0.42
Tb 0.4 0.45 0.52 0.47 0.51 0.49 0.42 0.44 0.06 0.07
Dy 277 3.04 3.44 3.24 335 3.57 2.84 3.13 0.5 0.55
Ho 0.66 0.73 0.84 0.78 0.78 0.84 0.67 0.7 0.12 0.12
Er 1.71 1.92 218 1.97 2.05 215 1.8 1.97 0.29 0.35
Tm 025 0.31 0.33 031 0.31 0.33 0.28 0.29 0.05 0.05
Yb 1.63 1.83 2 1.87 1.91 2.02 1.72 1.7 0.32 0.35
Lu 0.24 027 0.29 027 0.28 0.28 0.25 0.24 0.05 0.05
Hf 0.5 0.57 0.55 0.56 0.55 0.59 0.5 0.49 0.08 0.08
Ta 0.09 0.14 0.1 0.11 0.09 0.09 0.11 0.1 0.07 0.09
Pb 0.32 0.36 0.29 0.33 0.36 03 0.35 0.26 0.47 0.38
Th n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.09 n.d.
U n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
La/Yb 02 0.2 02 02 0.2 02 0.3 02 0.5 02
JEu 12 12 1.0 1.1 1.1 1.1 1.2 1.1 1.1 1.0
(La/Yb)y 02 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.4 02
(Gd/Yb)y 12 1.1 12 1.1 1.1 1.1 1.2 12 0.9 1.0
(Dy/Yb)x 1.1 1.1 12 12 12 12 1.1 12 1.0 1.1

TE . d FoR (R TRIER o
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Fig.8 Cathodoluminescence (CL) image of zircons from Zetang hornblende gabbro
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Table 7 Hf isotopes data of zircons for the Zetang hornblende gabbro

WS HERMa Oy HE TOLo/HE VHEHE 20 THF'HA  en(0)  endt)  Tom/Ma TSy /Ma  fuums
20.1 127 0.021163 0.000577 0283119  0.000020 0283118 123 150 185 260 -0.98
202 130 0.059365 0.001480 0283166  0.000020 0283163 139 167 121 110 -0.9
203 130 0.057110 0.001394 0283210  0.000022 0283207 155 182 58 31 -0.96
20.4 129 0.090883 0.002252  0.283080  0.000021 0283075 109 135 251 396 -0.93
20.5 125 0.042753 0.001129 0283144 0000017 0283141 131 158 153 187 -0.97
20.6 131 0.042847 0.001061 0283184  0.000018 0283182 146 174 94 48 -0.97
20.7 129 0.030091 0.000768 0283136  0.000018 0283135 129 157 161 203 -0.98
20.8 127 0.034309 0.000920 0283112  0.000021 0283110 120 147 197 285 -0.97
20.9 129 0.048035 0.001287 0283167  0.000016 0283163 140 167 120 110 -0.9
20.10 128 0.033748 0.000958 0283162  0.000021 0283160  13.8 165 125 121 -0.97
20.11 128 0.032255 0.000838 0283134 0000018 0283132 128 156 165 211 -0.97
20.12 136 0.090385 0.002199 0283004  0.000022 0282999 82  11.0 363 633  -093
20.13 134 0.055052 0.001377 0283103  0.000021 0283099 117 145 213 310 -0.96
20.14 128 0.163128 0.003988 0283261  0.000026 0283251 173  19.8 -17 -174  -0.88
20.15 126 0.040226 0.001108 0283157  0.000022 0283154 136 163 134 144 097
20.16 131 0.058990 0.001567  0.283092  0.000018 0283088 113  14.1 230 350 -0.95
20.18 130 0.083190 0.002147 0283182  0.000023 0283177 145 172 100 65 -0.94
20.19 130 0.141915 0.003748 0283135  0.000021 0283126 128 154 178 231 -0.89
20.20 127 0.065976 0.001917 0283203  0.000020 0283198 152  17.9 70 0 -0.94

1 s ead 0)=[(""Hf/""H)s/("HE/ " Hf)eiomo—1]% 100005

£n)=10000x {[(Hf/""Hf),— ("Lu/"Hf)sx (e~ 1) V/[("HE " H)cromo— ( L/ "H)cuorx (€—1)] =1} 5

Tov=1/NXIn{ 1+[("HE/""Hf)s— (“Hf/""H)ou]/[ ("Lu/"Hf)s— ("Lu/ "Hf)ou]} 5

T8 =Ton— ( Tov—t) X[(F—£)/ E—for)] s fram=("Lu/ "HE)s/("Lu/ "HE) cor—1, FeFFA=1.865x10" year '®; (‘Lu/"Hf)s 1 ("Hf/'"Hf)s
S RE IR 5 (7 Lu/ THE) cne=0.0332 PL K (HE/ H)enor=0.282772%"; ("Lu/ " Hf)pn=0.0384, ("Hf/'"Hf)py=0.28325 , fin=0.16";
7% £.=—0.34",
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