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The discovery of alkaline volcanic rocks in the Kaimeng ophiolite mélange,
Tibet, and its implications
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Abstract: The closure time of the Bangong Co-Nujiang Tethys Ocean ( BNTO) between Lhasa terrane and Qiang-
tang terrane directly constrains the early tectonic evolution of the Tibetan Plateau. Recently, alkaline volcanic rocks
have been recognized from the Kaimeng ophiolitic mélange, a southern sector of Bangong Co-Nujiang suture zone.
These rocks are mainly fresh mugearite with trachytic structure. The phenocrysts are mainly oligoclase with minor
augite, and the groundmass is mainly composed of oligoclase, pyroxene and trace alkaline feldspar filling other min-
erals. The chemical compositions of the mugearite are fairly uniform, with the abundances of SiO, and TiO, ranging
from 51.34% 10 53.91 % and from 1.02% to 1.55% , respectively, suggesting alkaline series volcanic rocks with
high Na,O content (4.90% ~6.36%), low K,O content (0.05% ~0.88%) and intermediat Rittman index (o =3.65 ~
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4.47). The most of Mg" values are higher than 60, even up to 68.62. The trace elements of the mugearite are char-
acterized by relative enrichment of large ion lithophile elements ( LILE) Sr, Rb, Ba, Th and U and depletion of
high field strength elements ( HFSE), with negative Nb and Ta anomalies. The stable Nb/U, Zr/Nb and La/Yb
ratios (7.45 ~8.51, 15.92 ~17.26 and 7.26 ~8.06, respectively) , the initial " Sr/* Sr ratios(0.706 ~ 0.707)
and the (" Nd/" Nd), ratios (0.512 368 ~ 0.512 548) as well as the Ce/Pb — SiO, diagram suggest that the

source of the mugearite was probably mixed primitive mantle (PM) and lower continental crust and abyssal sedi-

t

ments. The zircon U-Pb isotopic dating shows that the age of the mugearite is 101.8 + 1.1 Ma, indicating that it
was likely produced by the partial melting of asthenospheric mantle upwelled by the slab break-off at the end of oce-

anic crust subduction, which implies that the BNTO was closed at the late stage of early Cretaceous period.

Key words: mugearite; alkaline volcanic rocks; Bangong Co-Nujiang Ocean; Kaimeng; Tibetan Plateau
Fund support: National Natural Sciences Foundation of China (41672054, 41972052)
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Schematic map of the main tectonic units of the Tibetan Plateau (a) and geological background of Kaimeng alkaline

volcanic rock, showing location of sampling (b)
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| —Longmu Co-Shuanghu ophiolitic belt: I —Bangong Co-Nujiang ophiolitic belt; II—Shiquanhe-Yongzhu-Asuo ophiolitic belt;

IV—Indo-Yarluzangbu ophiolitic belt
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Fig. 2 Section of Kaimeng ophiolitic mélange showing the relationships between the alkaline volcanic rock and the other

ophiolitic blocks (a) and the photo of volcanic rocks and cherts (b)
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Fig. 3 Field photos of Kaimeng alkaline volcanic rock and the petrological features under microscope
Olg— AT CIRKAT s Aug— WA ()45 5 H L Mk, 20090
Olg—oligoclase; Aug—augite( mineral abbreviation after Shen, 2009)
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Table 1 Major (w,/ %) and trace element (w,/10 ®) data for Kaimeng alkaline volcanic rocks
FE5 16KM2 16KM3 16KM4 16KM5 16KM6 16KM7 16KM8 16KM9 16KM10
Si0, 52.22 52.22 53.91 52.10 53.05 52.93 52.05 51.34 51.71
TiO, 1.20 1.51 1.21 1.11 1.51 1.31 1.55 1.14 1.02
Al, Oy 17.30 17.38 17.50 18.11 17.06 17.62 17.13 17.94 18.46
Fe, 0, 1.73 2.29 1.95 1.47 2.70 2.08 3.01 1.73 1.42
FeO 5.09 5.29 4.85 5.18 5.09 5.35 4.47 5.08 4.92
MnO 0.13 0.13 0.12 0.13 0.13 0.13 0.12 0.13 0.12
MgO 5.70 5.64 5.24 5.79 4.64 5.31 3.62 6.07 6.74
CaO 6.96 5.16 5.25 6.09 6.15 5.04 8.62 7.20 6.46
Na, O 5.60 5.93 6.36 5.39 6.23 5.99 5.85 4.90 4.90
K,0 0.20 0.49 0.34 0.79 0.21 0.60 0.05 0.69 0.88
P, 05 0.27 0.34 0.27 0.25 0.33 0.29 0.37 0.24 0.21
LOI 3.11 2.82 2.56 2.83 2.29 2.54 3.04 3.06 3.38
SR 99.51 99.20 99.56 99.24 99.39 99.19 99.87 99.52 100.22
Mg* 63.70 61.79 62.34 64.11 57.21 60.44 53.17 65.17 68.62
[ 3.65 4.47 4.11 4.20 4.13 4.37 3.85 3.75 3.84
CIPW SRR i S 45 21
An 22.27 20.07 18.75 23.72 18.49 20.08 20.99 25.81 26.59
Ab 49.13 52.03 55.44 47.27 54.26 54.41 48.94 42.95 42.78
Or 1.23 3.00 2.07 4.84 1.28 3.67 0.31 4.22 5.37
0l 11.32 11.75 10.55 13.95 8.54 11.33 3.45 12.15 14.31
Ne 1.17
Hy 0.83 2.35 2.00 0.22 0.86 2.83 1.51 2.00
Cr 120 70 110 130 60 110 30 140 180
Ni 24.20 16.00 22.20 26.90 13.60 22.00 9.20 27.80 32.50
Cu 15.20 13.60 12.90 13.80 11.90 9.50 10. 80 16. 80 15.00
Rb 8.40 22.20 15.30 35.00 9.40 27.70 1.10 29.60 34.09
Ba 127.50 126.00 92.10 163.00 79.20 114.50 46.80 130. 00 144.00
Th 5.31 6.24 6.33 5.35 7.53 6.25 8.09 4.63 4.14
U 1.27 1.65 1.57 1.37 1.87 1.44 1.93 1.16 1.01
Nb 10. 60 13.00 12.00 10.20 15.00 11.70 14.80 9.60 8.60
Ta 0.70 0.90 0.80 0.70 0.90 0.80 1.10 0.60 0.50
La 18.30 22.00 20.00 17.40 23.50 20.70 25.00 16.20 15.00
Ce 39.80 47.80 42.80 37.50 50.70 44.30 54.10 35.90 31.90
Pb 9.30 9.70 10.30 7.90 14.20 6.60 16.20 5.90 5.80
Pr 4.81 5.56 5.11 4.42 6.00 5.31 6.57 4.31 3.90
Sr 418 528 525 626 462 543 219 636 718
Nd 19.90 23.90 21.60 18.40 24.90 21.90 27.40 18.20 17.00
Zr 179 207 201 170 251 202 251 160 141
Hf 3.90 4.30 4.20 3.70 5.10 4.40 5.40 3.40 3.00
Sm 4.27 5.14 4.61 4.01 5.35 4.88 5.75 4.04 3.64
Eu 1.36 1.58 1.46 1.32 1.63 1.53 1.83 1.35 1.23
Gd 4.41 5.44 4.75 4.35 5.62 4.94 6.24 4.14 3.94
Th 0.72 0.90 0.77 0.74 0.89 0.83 0.99 0.70 0.62
Dy 4.61 5.35 4.62 4.32 5.69 5.16 6.38 4.33 3.97
Y 24.80 30.40 27.50 24.60 32.90 28.10 33.10 23.60 21.80
Ho 0.86 1.03 0.93 0.83 1.12 0.99 1.24 0.81 0.74
Er 2.72 3.04 2.77 2.65 3.30 2.97 3.67 2.42 2.27
Tm 0.38 0.46 0.40 0.38 0.47 0.44 0.53 0.35 0.33
Yb 2.37 2.73 2.54 2.28 3.01 2.66 3.27 2.23 2.04
Lu 0.38 0.43 0.40 0.37 0.48 0.41 0.51 0.33 0.31
Nb/U 8.35 7.88 7.64 7.45 8.02 8.13 7.67 8.28 8.51
Zr/Nb 16.89 15.92 16.75 16.67 16.73 17.26 16.96 16.67 16.40
La/Yb 7.72 8.06 7.87 7.63 7.81 7.78 7.65 7.26 7.35

LOI—48 s Mg =100 x Mg/( Mg + TFe?* ); ¢ = (Na, 0 + K,0)2/(Si0, —43); An—45KA7; Ab—4K A7 Or—8KA7; O1—Hhili
WA Ne—H A B4 548 0L L5H(2009) o
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£ 2 YERAIE Sr-Nd FfHrEMiXER
Table 2 Sr-Nd isotope data for Kaimeng alkaline volcanic rocks
P 16KM3 16KM4 16KM5 16KM6 16KM7 16KM9 16KM10
w(Rb)/10 ¢ 22.2 15.3 35.0 9.4 27.7 29.6 34.9
w(Sr)/10 ~° 528 525 626 462 543 636 718
w(Sm) /10 ~° 5.14 4.61 4.01 5.35 4.88 4.04 3.64
w(Nd)/10 ¢ 23.9 21.6 18.4 24.9 21.9 18.2 17.0
8T Rb/30 Sy 0.117 394 0.081 369 0. 156 107 0.056 809 0.142 432 0. 129 946 0.135 715
87Sr/80 Sy 0.707 071 0.707 157 0.707 298 0.707 011 0.706 967 0.706 944 0.706 928
(¥78r/%08r), 0.706 900 0.707 038 0.707 070 0.706 927 0.706 759 0.706 754 0.706 729
47 Sm/ % Nd 0.132 234 0.131 228 0. 134 000 0. 132 109 0.137 010 0. 136 486 0.131 653
3Nd/ " Nd 0.512 625 0.512 636 0.512 458 0.512 625 0.512 646 0.512 628 0.512 578
CBNA/ N, 0.512 536 0.512 548 0.512 368 0.512 536 0.512 555 0.512 536 0.512 489
eNd -0.26 -0.03 -3.50 -0.26 0.17 -0.20 -1.17
eNd (1) 0.59 0.83 -2.68 0.59 0.96 0.60 -0.31
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( Hoskin and Black, 2000) .
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Fig. 9 Cathodoluminescence ( CL) photograph of zircons from Kaimeng alkaline volcanic rocks
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Fi 1 0 25 A WS R Ak it oG 22 ek 1Y [ il 2 3 B AR —
H, RPWE X AHX B N —. ERICE W ALO, &
0 TR O Ol S o R s TR R
B30 50 e R B S 2 R P 9 B s
FHICEMEA T OIB 1 N-MORB 2 [i], % 7~ Y5 [X 7]
RE LA AHBLLL 9] 2 TCIR G RF4E, Sr-Nd R A7 2 R AE 4
AP X E /B DM F EM I V8 & 1 . Weaver

(1991) A% EM [ FIEM I #87] fi th HIMU Hh g 55 4
MR R EDTRR IR A B 1T EM T 0] g 5 KB
Hhy 5l AR 58 BRE IR )RR A B S 4 M g A O
(Rollinson, 1993), X /& ¥, AN Wl — 28 5 423
8 1S 2 EH 0 0 2 0 SR AR 7 Bl i 58 DU RR ) T A
WEEMN=Y)

EAA WL £ MR JC % Ce/Ph (5 1] LLR B K1l
e YR XA H 58 R G B2 ¥ ( Losantos et al. ,
2017), Ui OIB 1 DM H)Ce/Pb{E %) 4 25 Hofmann et
al. , 1986), J& 4f b8 (K 1Z{H 27 4 9. 65 ( Palme and
O’Neill, 2003), 11 L FF N HE5E %45 5 5 4 5.
3.5813.7(Rudnick and Gao, 2003), HACIRIEEITERY)
[1i% A8 A 2. 7(Plank, 2014), ff AR HE Ce/Pb {8 DL &
AN PR X B 40 16 Si0, & R a] DU 4 MR B
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SRR HLAE I Si0, B b, VORE iz B el R s
HPE R b TR R GRS 2, (R IE R HhAE
HURAE e 1K) TR A 42, AH A B4 K i 2 Ce/Pb
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PRI BRI 2 R AN [F) #0028 b Bk A0 22 AT
Shy R DA BEAT ] B (R 6 B TAE. MR e &
Chn Sm), B8 176 La 16 AR A AH RS f A1 AH Hb
RIS 7 R A 08 20 4 il IS 1) b BR 4K 22 AT R Bk —
30, RIAE AR 1A R i A R 2B ANAH 25 11, 1 o
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data of PM after Palme and O’Neill (2003); UC, MC, LC after
Rudnick and Gao (2003); AS after Plank (2014)
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XA TR b o0 FE M BRAK 2247 8 I A 4 T, 29 5 45
mn VE F RS M /0N g 2 D63 W1 La/Sm A1 Sm/ Yb
1) LUABL AR A 32 B2 52 48 15 DX ORI 8 4 4% i AR
JITUARE La/Sm — Sm/ Yb B v LUERTT K 1l it v
DX FURTE LI Lassiter and Depaolo, 1997) . 7E
B 12 7, ki B g FE A B B HE ( Reunion) FAR 3 AN
BT P AR 1) O1B AT 45 11 Sm/Yb R,
AR DX A7 A R TR B S A R A RO A
JEE 38 93 Js e o £, i L S B oKL B AL R AR
o AR BN S it A BN 2 2 S 1) D
2 CPMD B 53 1B 18 C DM Y5 X A9 A B 350 40 6 i i
2, 00 B AR BN Sl e R K B A A P g
CCLM) M A, H 5T Hb e ( CCO FR DT R
CAS) A i, 511 A — 2, 1 B 52 2 Hb e ) it
TRYL.

SR T L B S 0 e s AR 7E AR b A
RV DX R AR T A RN b A AR O 2 A vt U8 o0 4
fil La/Yb — Yb KIf#EC K 13, Luhr et al. » 1995; Guivel
et al., 2006) b, WL 5 60 1 Kl s o ds W A
I AT AR RO 350 2 sl ith 6 o0 A, IX S5 88 ot
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PO MAEAETESE(Fan et al. , 2014), HWAH NI K
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et al., 2016) . ANEEW—H1E DL, 101. 8 Ma ¥
76,5 [t e T VR R ] AU C 19
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Fig. 15 Schematic illustration showing the tectonic setting of Kaimeng alkaline volcanic rocks
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