5 42 5 5 hOE R Vol.42, No.5
20154£10 A GEOLOGY IN CHINA Oct. , 2015

KK, AL, BEAAR, 55, MEG RS DRI A A 0 A SR DA A (0], TP IEHBIT, 2015, 42(5): 1443-1456.
Zhang Lan, Yang Jingsui, Xiong Fahui, et al. Origin of listwanite from Baer ophiolite, Yarlung Zangbo suture zone[J]. Geology in China, 2015, 42(5):
1443—1456 (in Chinese with English abstract).

i

il

=1+

B ES BRGNS AREFREKE

K OR" MEE BRE X W AXR

(1. PERFKRF (bF) HAFE FRFE, LT 100083; 2. iR P, KEMELSFHAFERELLRE, P EMRK
FF R RAT R PT, ALT 100037;3. P B3 K F A F 12, #14b KX 430074)

RE . AKGHA)BHEAREMS HEME 55 COMMRMIE R —ErE - RIRE LI AR S B R4 OR 252
B WA A AR I AR A2 O (F A DGR B 55 . EL R AR T U R FL M X, A SRS R
BN S  RAR AL R  H ER R 2 20 m, AU VY VY () AP TR o ARSCRGEMIGT T HES A 4% 57 108 B L /R it
SRR INT AR R W BRI . RIS A B T REE, X A BB — B Bea R A Th AR A
FOEAAAE, W BoA B3 B n A A LT 2R b AR (FRFRTE SRR B AR MR T ) o A2 B F MR AL 2= 2 Ry
Si0, . MgO } CO,, 8 FFEfh F T H A AR K, Si0/MgO HAR N shEe K, I e S8 86 1 oh e S Ak 2 i
P WESUA I 5 A SR B A B AR T 3R o A R, R W IR , (E AT A A ) Jd 2 - W B B A 9
ZFHE% LREE #RE H M AIUE 55 W 5 42 | DA MR AORS 5 281 W B BE A D25 86 HREE e 7 iU & 4 . Tl e R
FR i, SeAE I G 5 A R TR A O TE S, Lt B O AR B R M. BeAh , MR B SR AT
Au Hgt 1k,

X8 A EURATEETE Y kA A

hESES.P588.324 XERER:.A  XEHS.1000-3657(2015)05-1443—14

Origin of listwanite from Baer ophiolite, Yarlung Zangbo suture zone
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Abstract: Listwanite is a suite of silica— carbonate alteration products which are formed when CO,—bearing hydrothermal fluids
meet and react with serpentinized mafic and ultramafic rocks. This alteration product is of great importance for its economic
significance. Gold, mercury, magnesite and base metal deposits are often associated with listwanite. In China, Not enough attention

has been paid to the petrogenesis of listwanite and related mineralization. This paper reports the study of listwanite occurring along
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the northeast edge of Baer ophiolite in the western part of the Yarlung Zangbo suture (YZSZ). Baer ophiolite lies in Ngari Prefecture
of southwest Tibet. The Baer listwanite crops out along the northeast boundary of the ophiolite with a width of ca. 20 meters and
stretches a few kilometers in NWW direction. Based on the features of spinel under optical microscope, the authors recognized two
stages of listwanite: Stage I listwanite contains spinel relicts while Stage II listwanite rarely contains spinel relicts. This means Stage
IT listwanite experienced more intense alteration. Geochemically, Baer listwanite is mainly composed of SiO,, MgO and CO.. 8
samples (containing 3 Stage I samples and 5 Stage II samples) show variation of major oxides, and the MgO/SiO, ratios are not
consistent, which implies that the listwanization was not an iso—chemical process. Baer peridotite and two stages of listwanites show
similar trace elements distribution patterns. Both stages of listwanites show little enrichment of the LREE related to the protolith.
From peridotite to two stages of listwanites, the behavior of HREE might have experienced depletion followed by slight enrichment.
All samples show positive Sr anomalies and their values go up stage by stage. The values of Au and Hg in both stages of listwanites
show that they have not been subjected to Au and Hg mineralization.
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Fig.1 Geological sketch map of the Tibetan Plateau showing major tectonic units and the distribution of the YZSZ ophiolites (a);

geological sketch map of the western part of YZSZ (b); detailed geological map of the Baer ophiolite (c, after @ and reference [26])
1—Quaternary—Eogene; 2—Cretaceous; 3—Jurassic; 4—Triassic; 5—Permian; 6—Carboniferous ; 7—Devonian; 8—Silurian; 9—Ordovician; 10—

Cambian—Sinian; 11, 12—Granite; 13—Ultramafic rocks; 14—Ophiolitic melange; 15—Faults; 16—Unconformity
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Fig.2 Geological profile of A—B from Fig. 1c (a); close—up view of the northern boundary fault,
south of which alteration halos occur (b, ¢)
1—Serpentinized Cpx—bearing harzburgite; 2—Dolerite; 3—Altered serpentinite; 4—Listwanite; 5—Cretaceous melange; 6—Triassic

sandy slate; 7—Lithologic boundary; 8—Fault contact
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structure resulting from differential weathering
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Fig. 4 Photomicrographs of Baer ophiolite and listwanite

a—Photomicrograph of partially serpentinized cpx—bearing harzburgite; b—A profusion of cracks along serpentine veins in partially serpentinized
peridotite; c,d—Mesh structure olivine relicts in the serpenetite matrix with well—developed magnesite and magnetite veins ; (c), crossed nicols, (d),

plainlight; e—Evidence of serpentine transform to talc in stage 1 listwanite; f—Serpentine relicts in stage 1 listwanite, Srp—Serpentine, Spl—Spinel,

Chl—Chlorite, Opx—Orthopyroxene, Ol-Olivine, Mgt—Magnetite, Cb—Carbonate minerals, Tlc—Talc
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Fig. 5 Microphotographs of listwanites from the Baer ophiolites, two phases recognizable
Phase 1: a, b— Banded texture of magnesite with dark brown stripe inside, anhedral, crosscut by fine—grained quartz veins; Phase 1:c—Coarse—

grained anhedral—subhedral magnesite and quartz; d—Radial texture of quartz intergrowth with subhedral magnesite, Mgs—Magnesite, Qtz—Quartz
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Table 1 Mineral composition of Baer altered serpentinite and listwanite

i AR RV Ve R RS RS R
VAR Qtz Qtz Mgs Mgs Mgs Mgs X W X W
SiO, 99.07 98.60 2.85 361 4.10 1.86 75.32 73.22
Na,O 0.06 0.02 - 0.05 0.03 0.01 0.01 0.03
Cr,05 - 0.00 0.03 0.02 - 0.02 0.02 0.03
KO 0.02 0.01 0.04 0.01 - 0.00 0.15 0.22
MgO 0.08 0.11 38.70 38.71 38.10 38.56 11.21 11.88
AlLO4 0.30 0.15 0.13 0.09 0.13 0.02 1.90 2.31
MnO 0.03 - 0.10 0.10 0.07 0.11 - 0.01
CaO 0.01 0.03 043 0.19 0.19 0.22 0.23 0.31
FeO 0.15 0.23 4.94 4.15 5.10 6.99 141 1.79
TiO, - - 0.01 - - 0.01 0.00 0.02
NiO - - 0.05 0.18 0.19 0.14 0.51 0.47
Total 99.72 99.14 47.26 47.11 4791 4794 90.76 90.29
pagis AR AV IR A YRR AR LU AR IS ARSI AU
/S X% X W) Spl Spl IIm Ilm Mgs Dol
SiO, 69.60 68.92 0.06 - 0.03 0.79 1.25 1.92
Na,O 0.13 0.15 0.02 0.05 - 0.06 0.02 0.07
Cr, 05 0.03 0.01 3525 35.08 0.05 0.08 0.01 0.02
K,O 0.59 0.54 0.01 - 0.02 - 0.01 0.02
MgO 15.02 1597 9.32 9.87 0.08 0.09 37.86 22.00
AlLOs 3.05 299 25.02 24.59 0.01 0.00 0.00 -
MnO 0.03 0.02 0.30 032 2.18 1.87 0.39 0.52
CaO 023 0.21 - - 0.21 0.71 0.96 26.97
FeO 1.84 201 29.38 3042 4523 43.13 5.08 1.22
TiO, - - 0.12 0.06 5322 52.63 - -
NiO 0.09 0.10 0.06 0.10 - 0.03 0.17 0.01
Total 90.59 90.90 99.54 100.49 101.01 99.40 4574 5273
i AR AU AR R AU AR A AR A AR R AR AU MARREACS  ARREAUs
[E/ES! % {74 srp H% (7 srp % {74 srp 1% (% srp H% (7 srp Lt sp Lt sip SEft stp
SiO, 45.30 44.03 44.56 4539 43.57 4134 39.57 41.16
Na,O 0.00 0.01 0.04 0.01 0.00 - - -
Cr,0; 0.00 0.04 0.01 0.02 0.04 - 0.06 0.00
K>O - 0.02 0.03 0.01 0.01 0.01 0.01 0.01
MgO 3939 39.07 39.28 39.13 3793 3998 3937 39.70
AlLOs 0.14 0.36 0.76 041 041 0.18 0.13 0.18
MnO 0.06 0.07 0.07 0.03 0.07 0.07 0.07 0.03
CaO 0.05 0.08 0.04 0.09 0.09 0.02 0.13 0.04
FeO 1.79 1.85 2.19 1.69 1.77 5.01 6.32 5.20
TiO, - - - - 0.00 0.01 - -
NiO 028 0.22 0.12 032 025 0.26 025 0.25
Total 87.01 85.73 87.09 87.09 84.14 86.88 8591 86.56
I AR S AR L AR AR S AR IS AR S MARRECE Rk ECE
WA So s stp Self stp A-Opx A-Opx A-Opx A-Opx A-Opx A-Opx
SiO, 40.92 41.32 54.61 55.75 53.79 55.34 55.89 53.63
Na,O 0.01 - 0.11 0.06 0.20 0.03 0.09 0.05
Cr,05 0.02 0.01 0.02 048 0.22 0.00 - 0.30
K,O - - 0.20 0.09 0.35 0.07 0.15 0.04
MgO 39.80 3984 2558 2576 2524 26.88 26.57 31.83
AlLO; 0.16 0.08 0.09 0.07 0.19 0.21 0.51 0.89
MnO 0.02 0.04 0.03 - 0.02 0.04 - 0.06
CaO 0.04 0.02 0.30 0.18 0.37 0.22 0.16 0.24
FeO 5.09 4.62 5.03 5.13 3.76 333 4.28 230
TiO, 0.01 - 0.01 0.06 - - - 0.01
NiO 024 0.28 0.63 0.67 0.63 0.72 0.53 0.14
Total 86.32 8621 86.61 8822 8476 86.83 88.19 89.49
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e AR AL ThAR AL AR A ThAR AL ARACS  MARRRECE diARArs AR
R A-Opx A-Opx A-Opx Ttn Ttn Ttn Spl Spl
SiO, 57.50 56.50 56.24 24.94 8.30 13.94 0.03 0.04
Na,O 0.09 0.02 0.01 0.03 0.03 0.03 0.00 0.02
Cr03 0.55 - 0.01 0.06 0.02 0.02 43.61 42.58
K,O 0.11 0.05 0.07 - 0.00 0.04 - 0.00
MgO 27.36 26.64 26.96 0.08 0.06 0.03 11.57 10.52
ALOs 1.30 0.23 022 1.53 0.50 0.77 21.88 21.48
MnO - - 0.01 0.70 2.09 1.54 0.31 0.34
CaO 0.10 0.19 0.18 21.86 727 11.82 - -
FeO 325 434 447 9.69 33.03 25.09 21.53 24.82
TiO, 0.00 0.01 - 42.00 49.36 46.51 0.09 0.02
NiO 0.13 0.60 0.64 0.05 - - 0.04 0.06
Total 90.41 88.56 88.81 100.94 100.66 99.79 99.06 99.88
ok AR A AR 2L AR A AR 2L AL MARRRSCE divRars iR acs
(B A-Cpx A-Cpx A-Cpx A-Cpx A-Cpx A-Cpx A-Cpx A-Cpx
SiO, 51.77 51.40 53.99 51.89 52.03 52.76 53.07 53.34
Na,O 0.27 0.32 0.17 0.30 0.27 0.63 0.97 1.14
Cr04 0.32 0.31 0.08 0.02 0.32 0.01 0.10 0.02
KO - - 0.00 0.01 0.00 0.01 - 0.01
MgO 16.71 16.71 18.52 16.94 17.14 10.59 11.25 10.95
AlLOs 391 3.81 1.98 3.88 3.77 1.51 2.65 232
MnO 0.15 0.14 0.21 0.17 0.13 0.50 0.42 0.51
CaO 21.04 21.15 18.77 20.07 19.95 22.69 21.57 22.00
FeO 555 554 537 6.64 495 10.65 9.87 9.11
TiO, 0.49 0.40 033 048 0.48 0.09 0.15 0.18
NiO - 0.03 0.03 0.01 0.00 0.01 0.01 0.03
Total 100.21 99.80 99.46 100.40 99.04 99.44 100.07 99.60
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Table 2 Chemical composition of Baer listwanite (major elements: %)

FEf S 12YB-1 12YB-2 12YB-3 12YB-4 12YB-5 12YB-6 12YB-7 12YB-8
Si0, 3251 3895 3332 31.13 39.16 3459 3273 39.82
ALO; 035 0.47 0.41 1.14 1.34 1.7 1.84 243
Fe,Os 0.05 0.26 0.63 0.16 0.11 0.16 0.11 0.14
FeO 3.95 393 415 523 465 5.01 53 6.09
Ca0 043 0.42 0.67 3.03 1.52 0.5 0.71 0.83
MgO 28.62 2537 27.58 25.99 24.45 2633 27.1 229
K0 0.04 0.04 0.06 0.07 0.06 0.08 0.08 0.04
Na,O 0.1 0.07 0.08 0.05 0.07 0.07 0.06 0.07
TiO, <0.01 <0.01 0.01 0.02 0.02 0.04 0.04 0.03
MnO 0.08 0.09 0.09 0.11 0.09 0.07 0.09 0.1
P,0s 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
H,O+ 12 1.04 1.16 038 1.74 1.56 1.68 232
CO, 30.59 2736 285 30.02 24 81 2623 26.04 20.73
LOI 32.78 2931 3195 326 2851 30.51 31.57 26.38
Total 98.92 98.92 98.96 99.54 99.99 99.07 99.64 98.84

Rb.Ba Th & EH{H Y B Ere, H—BrBos i —
prBos, ATREAE TR AR T iR

5 1 &
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Table 3 Chemical composition of Baer listwanite (trace elements: 10°)

PE L 12YB-l  12YB2 12YB-3 12YB4 12YB-5 12YB-6 12YB-7  12YB-8
HRRR —I BRI ES BRI ES
La 0.14 0.15 0.15 0.10 0.12 0.07 0.15 021
Ce 0.29 031 0.29 0.19 023 0.15 0.32 033
Pr 0.03 0.03 0.04 0.02 0.03 0.02 0.05 0.06
Nd 0.14 0.15 0.18 0.10 0.15 0.11 022 022
Sm 0.04 0.04 0.05 0.05 0.04 0.03 0.06 0.04
Eu 0.01 0.01 0.01 0.03 0.02 0.01 0.02 0.02
Gd 0.04 0.03 0.06 0.08 0.08 0.08 0.11 0.07
Tb 0.00 0.01 0.01 0.02 0.01 0.02 0.02 0.01
Dy 0.04 0.04 0.06 0.14 0.13 0.14 0.16 0.09
Ho 0.01 0.01 0.01 0.04 0.03 0.04 0.04 0.02
Er 0.02 0.02 0.04 0.10 0.09 0.11 0.12 0.06
Tm 0.00 0.00 0.01 0.02 0.02 0.02 0.02 0.01
Yb 0.02 0.03 0.04 0.12 0.14 0.14 0.17 0.09
Lu 0.00 0.00 0.01 0.02 0.02 0.02 0.02 0.01
Y 0.42 0.37 0.42 0.90 091 0.97 L11 0.72
SREE 121 121 137 1.93 2.03 1.92 2.60 1.97
LREE 0.65 0.70 0.72 0.49 0.59 041 0.82 0.88
HREE 0.57 0.51 0.65 1.44 1.44 1.52 1.77 1.09
LREE/HREE  1.14 1.38 112 0.34 041 027 0.46 0.81
(La/Yb)N 3.84 32 272 0.54 0.59 0.36 0.62 1.64
SEu 0.37 1.20 0.44 1.36 123 0.75 0.66 1.01
5Ce 1.00 1.03 0.94 0.95 0.92 0.86 0.92 0.71
v 771 12.47 12.36 36.90 3375 44.20 4426 48.58
Cr 684 2067 1548 1457 1500 1805 1709 1994
Ni 1809 1561 1536 816 1127 1177 1089 1097
Rb 351 5.06 8.66 343 248 4.59 418 133
Sr 10.05 12.96 13.36 373.03  202.08 4047 65.60 138.50
Zr 0.87 0.72 0.70 0.42 0.61 0.53 191 0.72
Nb 0.10 0.13 0.07 0.05 0.08 0.06 0.11 0.10
Ba 14.61 15.74 14.75 761 10.49 10.80 10.17 6.34
Hf 0.02 0.02 0.02 0.03 0.02 0.02 0.07 0.02
Ta 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01
Th 0.04 0.04 0.05 0.03 0.02 0.01 0.04 0.05
U 0.06 0.03 0.09 0.01 0.02 0.01 0.02 0.03
Sc 6.33 5.65 6.37 9.52 9.40 10.30 10.28 9.56
Cu 238 2.78 435 16.52 15.69 2172 23.88 31.30
Zn 18.14 24.97 20.72 34.92 36.85 39.41 3491 61.14
Co 64.26 64.36 66.11 38.77 47.37 50.67 46.87 42,94
Au/(ng/g) 15.9 8.86 12.5
He/(ug/g) 0.122 0.073 0.03
B9 Au I Hg 3878 71 . AT E COPM NI M — A S, FE A

6 It N éET COz\Mg /}IKL:ZH 7FHK\Na\P {}IxL/\ , :/I\/EEE\%%
L S BIRE T T A )RR FE 7K 1 TR e A PR T
R T SRR R IR RO TF R TG SR S At Sr Ay AT AR B b
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