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Abstract The mafic dykes in the Gaoligong belt were emplaced at 40 and 42 Ma. They are characterized by high FeO, TiO, and
low K,O contents. Despite the various degree of crustal contamination, a few samples have Nb/La > 1, low La/Yb and high Mg*,
sharing the geochemical features of oceanic island basalis. This provides the petrological evidence for the Focene asthenospheric
upwelling in the studied area. Trace element modeling further indicates that the Gaoligong basaltic rocks were derived from a spinel-
facies mantle, suggesting a shallow level ( <70km) reached by the upwelling asthenosphere. This shallow asthenospheric source is in
great contrast with the current thickness of the lithosphere beneath the Tibetan Plateau ( > 150km). Therefore, the ~ 40 Ma
magmatism represents the response to specific stage of the post-collisional tectonic evolution. The Gaoligong mafic dykes are similar to
the sub-volcanic rocks from Dazi-Jiama in terms of geochemistry and emplacement age. These rocks are interpreted as products of the
partial melting of the upwelling asthenosphere in the course of the break-off of subducting Tethys slab and Indian continental plate.
Key words Gaoligong Belt, Basic dikes, Slab break-off, Upwelling and convection of the asthenosphere
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Fig. 1 Simplified geological map of the Gaoligong belt and locations of sampling area
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%1 BERSEMHEHERNCA/C A BEREFESTLER
Table 1 “ Ar/* Ar dating results of the Gaoligong Belt basic dikes

LR igz % Ar(a) ®Ar(cl) ¥ Ar(k) “Ar(r) AER + 20 “Ar(r) ¥ Ar(k)
FHeL W) (mV) (mV) (mV) (mV) (Ma) (Ma) (%) (%)
TL7(£&3) ¢, =39.68 +0.72Ma; t, =41.43 +0.15Ma; t; =39.03 +1.63Ma; ¢, =39.69 +1.75Ma
05M2178B 3 0. 00003 0.000001 0.00231 0.01308 112.9 + 2.7 62.30 0.57
05M2178C 3 0. 00001 0. 000000 0.00111 0.00186 34.2 + 2.9 55.41 0.27
05M2178D 3.5 0. 00001 0. 000000 0.00343 0.00855 50.8 + 1.2 65.97 0.84
05M2178E 4 0. 00002 0. 000000 0.00637 0.01343 43.0 + 0.6 71.56 1.57
05M2178G 4.5 0. 00002 0. 000000 0.00708 0.01353 39.0 + 0.6 73.93 1.74
05M2178H 5 0.00002 0. 000000 0.00893 0.01704 38.9 + 0.5 75.81 2.20
05M21781 6 0.00003 0. 000000 0.01662 0.03317 40.7 + 0.5 78.55 4.09
05M2178] 7 0. 00003 0. 000001 0.02147 0.04155 39.5 + 0.4 81.05 5.29
05M2178L 8 0.00003 0. 000002 0.02385 0.04472 38.3 + 0.3 85.50 5.88
05M2178M 10 0.00003 0. 000007 0.03401 0.06475 38.8 +0.3 86.74 8.38
05M2178N 11 0. 00003 0. 000008 0.03590 0.06837 38.8 + 0.3 87.59 8.84
05M21780 12 0.00003 0. 000008 0.03108 0.05842 38.3 + 0.3 88.10 7.66
05M2178Q 13 0. 00002 0. 000006 0.02799 0.05266 38.4 + 0.3 89.42 6.90
05M2178R 15 0. 00002 0. 000006 0.03293 0.06525 40.4 + 0.3 90.13 8.11
05M2178S 17 0. 00003 0.000011 0.03981 0.08078 41.4 + 0.3 91.00 9.81
05M2178T 18 0. 00002 0. 000005 0.02384 0.04780 40.9 +0.3 90.54 5.87
05M2178V 20 0. 00001 0. 000005 0.02110 0.04367 42.2 + 0.3 93.28 5.20
05M2178W 21 0. 00001 0. 000003 0.01248 0.02539 41.5 + 0.5 92.96 3.08
05M2178X 30 0.00001 0. 000008 0.02137 0.04721 45.0 + 0.4 92.64 5.26
05M2178Y 100 0. 00003 0. 000017 0.03424 0.08395 49.9 + 0.4 91.23 8.44
CL24(4) b, =41.78 +0.52Ma; 1, =42.23 £0.21Ma; ¢, =41.22 +1.33Ma; 1, =41.30 +1.34Ma
05M2180D 3 0. 00009 0. 000002 0.00152 0. 00688 91.4 + 7.4 21.32 0.47
05M2180E 3.5 0. 00005 0. 000000 0.00239 0.00619 52.8 +2.9 27.99 0.75
05M2180F 4 0. 00006 0. 000000 0.00562 0.01234 4.8 £ 1.4 41.23 1.76
05M2180G 5 0. 00009 0. 000000 0.00928 0.02063 45.4 + 1.1 44.07 2.90
05M21801 6 0.00011 0. 000000 0.01308 0.02741 42.8 £ 1.2 45.64 4.09
05M2180] 6.5 0. 00007 0. 000000 0. 00885 0.01819 4.0 £ 1.1 46.17 2.77
05M2180K 7 0. 00005 0. 000000 0.00717 0.01461 41.6 +0.9 48.43 2.24
05M2180L 8 0.00013 0. 000000 0.01656 0.03531 43.5 £ 0.9 48.07 5.18
05M2180N 8.5 0.00010 0. 000000 0.01131 0.02311 41.7 + 1.1 43.89 3.54
05M21800 9.5 0.00013 0. 000001 0.02044 0.04327 43.2 +0.8 53.47 6.40
05M2180P 10 0. 00008 0. 000000 0.01291 0.02536 40.1 + 0.8 50.93 4.04
05M2180Q 11 0. 00009 0. 000000 0.01494 0. 03000 41.0 + 0.8 53.59 4.68
05M2180S 12 0. 00007 0. 000000 0.01446 0. 02900 41.0 +0.7 57.14 4.53
05M2180T 14 0.00011 0. 000000 0.01812 0.03740 42.1 + 0.8 54.09 5.67
05M2180U 16 0.00009 0. 000000 0.01880 0.03844 41.7 + 0.6 59.35 5.88
05M2180V 18 0.00013 0. 000000 0.03235 0.06845 43.2 + 0.5 64.53 10.13
05M2180X 20 0. 00009 0. 000000 0.02978 0.06186 42.4 + 0.4 70.36 9.32
05M2180Y 22 0. 00009 0. 000000 0.03003 0.06094 41.4 £ 0.5 69.87 ©9.40
05M2180Z 25 0. 00006 0. 000000 0.02511 0.05021 40.8 + 0.4 74.14 7.86
05M3180A 30 0. 00003 0. 000002 0.01479 0.02841 39.2 + 0.4 74.99 4.63
05M3180C 31 0.00000 0. 000000 0.00354 0. 00669 38.6 + 0.9 84.10 1.11
05M3180D 40 0. 00001 0. 000000 0.00521 0. 00986 38.7 + 0.8 79.06 1.63
05M3180E 50 0. 00001 0. 000000 0.00326 0. 00645 40.4 +1.3 68.10 1.02

8 PPN s -SR-S s 1R SIHR AN ; Ar RRIR AN mV, I REBEN 1.64 x 10~ mol /mV
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£2 BRELEMEKRERTE XRF(w% ) RMTE ICP-MS( x10™°) HHTER
Table 2 Major elements (wt% ) and trace elements ( x 10 %) analysis results of the Gaoligong Belt basic dikes
. Pt FK-FG
P L2 L3 TL4 L7 LS CL24  CL2  CIS16  GIS21  CLS27
Si0, 49. 14 49.51 51.31 57.31 49.8 46.2 49.6 48.53 42,35 50.7
Al, 04 16.08 16.16 16.78 17.59 15.43 16.3 17 16.19 9.4 14.05
FeZO;r 10. 87 10.86 10.18 7.84 9.53 13.4 11.7 12.89 14.51 13.31
MgO 7.09 6.9 3.9 3.46 8.22 6.22 5.2 6.37 19.51 6.27
Na, 0 3.1 3.18 3.38 2.99 1.95 2.76 3.98 3.46 0.32 3.64
K,0 1.34 1.37 1.68 1.55 2.15 1.13 0.51 1.5 0.16 0.26
Ca0 7.12 7.27 7.87 5.89 8.33 7.88 7.69 7.72 7.12 8.24
TiO, 1.38 1.41 1.3 0.82 1.22 2.47 2.1 2.42 1 1.57
P,04 0.28 0.29 0.31 0.12 0.2 0.26 0.39 0.42 0.09 0.17
MnO 0.15 0.16 0.51 0.11 0.14 0.18 0.18 0.19 0.2 0.21
HE 3.7 3.12 2.58 2.51 2.63 3.08 1.8 0.59 5.8 2.25
BE 100.25 100.22 99.79 100.17 99.6 99.8 100 100.26 100.46 100. 68
Mg* 60.3 59.7 47.2 50.7 66.8 52.1 50.9 53.5 75.8 52.3
Cr 132 151.2 157 13.25 314.5 118 58.4 98.73 1145.2 77.54
Ni 84.35 142.4 71.29 9.493 138.6 67.1 50.5 67.35 696.8 49.44
Se 20.68 21.3 20.58 17.8 19.66 19.2 21.1 21.53 27.23 40.31
v 137.2 139.8 161.6 190.2 162 201 182 194.9 186.2 324.7
Co 40.63 62.39 62.38 21.16 37.06 38.2 34.7 39.97 82.71 4.12
Mn 1047 1123.7 3789.4 761.6 1203 1470 1275 1339.4 1411.6 1476.5
Cu 34.86 34.79 28.3 34.6 50.78 74.8 72.2 65.78 204.2 169.9
Zn 85.98 123.4 106.6 82.06 71.45 105 115 118.8 84.88 101.9
Ga 18 17.65 18.75 19.42 16.89 19.3 21.1 20.43 11.46 16.97
Ge 1.663 1.983 1.833 1.668 1.478 1.84 1.61 1.858 1.744 2.183
Cs 2.392 0.31 0.322 16.81 44.58 6.47 3.02 3.119 0.588 0.886
Rb 27.62 29.76 37.75 157.2 206.1 49.4 28 29.64 5.815 6.793
Sr 387.4 391.8 461.2 235.3 260.7 405 389 370.5 4.897 232.9
Ba 385.8 411.4 529.6 215.5 145.7 214 153 233.9 9.797 98. 84
Zr 123 127.5 171.1 118.2 134.3 193 220 215.4 63.88 129.7
Hf 3.548 3.63 4.86 4.082 3.728 5.46 6.24 6.462 2.195 4.299
Nb 12.06 12.75 14.3 8.572 9.742 18.1 19.7 19.87 4.196 11.63
Ta 0.747 0.788 0.889 0.573 0.827 1.34 1.33 1.461 0.32 0.892
Y 23.81 31.52 43.75 24.36 21.75 33.3 37.1 40.22 20.61 36.97
La 25.05 27.42 41.29 19.19 18.91 16.6 24.1 25.95 5.777 16.55
Ce 46.79 50.1 71.04 38.8 37.68 43.1 54.8 59.5 12.79 34.08
Pr 5.736 6.008 8.379 4.723 4.734 6.43 7.55 8.349 1.82 4.437
Nd 22.49 24.5 33.01 18.61 18.51 27.9 33.1 36.53 8.847 19.85
Sm 4.519 4.696 6.071 4.122 4.104 6.32 6.93 7.795 2.494 4.785
Eu 1.451 1.59 1.756 1.05 1.254 2.11 2.19 2.513 0.783 1.5
Gd 4.798 5.299 6.298 4.245 4.204 6.63 7.39 8.385 3.454 6.346
Th 0.736 0.848 1.019 0.731 0.713 1.05 1.19 1.321 0.589 1.064
Dy 4.48 5.019 6.108 4.524 3.927 6.15 6.72 7.721 3.791 6.594
Ho 0.834 1.041 1.244 0.89 0.82 1.3 1.35 1.524 0.775 1.381
Er 2.159 2.608 3.347 2.444 2.402 3.58 3.34 3.818 2.003 3.542
Tm 0.324 0.356 0.45 0.357 0.347 0.54 0.48 0.561 0.296 0.539
Yb 1.873 2.175 2.689 2.235 2.13 3.33 2.89 3.376 1.801 3.138
Lu 0.264 0.334 0.412 0.336 0.332 0.52 0.43 0.502 0.261 0.473
Pb 5.33 6.23 9.123 17.93 8.253 1.93 6.56 7.216 2.204 5.214
Th 5.492 5.889 7.308 8.215 5.576 1.82 2.74 3.291 0.876 4.566
U 0.701 0.791 0.788 1.367 0.879 0.35 0.53 0.549 0.179 0.836
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5.4 Sr-Nd B EHHE

A0 BT M ER S B R AT T Se-Nd R ALK L E 2
W (3K 3) HRERX LR A KRB BRI S/ S 1k
(0.7065 ~0.7139) FH K #'"° Nd/™ Nd %1 4418 (0. 51239
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*3 BEREATEMEKA S-Nd BERARN
Table 3 Sr-Nd isotopes of the Gaoligong Belt basic dikes
2 PK-H 5
&
TL7 GL22 GLS16 GLS27 GL8 GL24
Rb( x10 %) 157.0 28.0 29.6 6.8 206. 1 49.4
Sr( x107%) 235.0 389.2 370.5 232.9 260.7 404.8
¥ Rb/%Sr 1.9344 0.2078 0.2314 0.0844 2.2874 0.3532
878r/%08r . 0.714975 0.706815 0.706702 0.708818 0.707939 0.707898
20 14 13 11 20 16 8
(¥78t/%8r), 0.713876 0.706697 0.706571 0.708770 0.706639 0.707697
&5 133.8 31.8 30.1 61.3 31.0 46.0
Sm( x107¢) 4.1 6.9 7.8 4.8 4.1 6.3
Nd( x107%) 18.6 33.1 36.5 19.9 18.5 27.9
Sm/ ¥ Nd 0.133971 0. 126420 0. 129001 0.145730 0.134036 0.137093
Nd/ " Nd 0.512424 0.512604 0.512531 0.512511 0.512461 0.512585
20 12 9 7 9 6 6
tpm(Ga) 1.39 0.96 1.12 1.43 1.32 1.13
(" Nd/'™Nd), 0.512389 0.512571 0.512497 0.512473 0.512426 0.512549
Ena -3.85 -0.30 -1.74 -2.21 -3.13 -0.73

H: ¥Rb/%Sr Sm/ " Nd I A S B TE S BIHTETE, S8 " Nd/ " Nd B IR ET BN 200 tpy =In| [ (¥ N/ Nd),
- ("Nd/"Nd) py 17[ (S Nd), - ("¥"Sm/ "™ Nd) py 117X 5 ena (¢) B £ =35 Ma, 3HE B R AN IR 08 N
YIS/ Nd =0. 1967, *Nd/™ Nd =0. 512638 , 5 # #1185 35" Sm/ " Nd =0. 2136, *Nd/'*Nd =0. 51315
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BHABKF A TR (NiLCr) 5 MgO RARMFHIEM R
o Ni.Cr REHA FA ST WHNFTEAETR, EMNS
MgO B I A KB A R A TTRER AR R A PR
FEERSEM, RRTUTEMEAK (B GLS-21 R4 B
AT KRB EwEn” 5 Sr/Srt IEARKR (B 6c) . BKA
RE B 5, BRANSBERTUSBRAERTE
i Eu A0 Sr 5% o B, WA T BAEA BRI IR s BR AL 2
EUSHRE EERMNKA I BERA X,

IR Th RAMAEITE, Th 5 'Nb Z B AR KEK
(ES)BRfEa# 3P Nb BARUMA TR MR, X
AR E BRI REE & Nb KT (Flinean) ,H
Foley et al. (2000)\AE Nb H¥)(£40) FFER Ze-HE f
EERK MAXELN Zr-H FHFME EFERFF
([ 4) , AT LAHERR Nb BT R80 i R X MR UM A TT R
B R S IR X BB B 1 . Th 5 Nb Z A1) S 4]
KRR LR TR IR R R, X R H 7 B 4R
KETFHRATEN Th) TS B R HETR (40 Nb) , [H e
PEREEE TR B E A, &K Th FRZ
b, W Nb FEZHELS, X—@RER T Si0, 7l Nb/La
PAK Si0, f1 Nb/U Z B AR KR MZFF (B T) . HiR
B IR A S R PR S TR, B P 2218 (R
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Nb/U W8 % 51.7, 5 OIB F1 MORB f 4 i & ( Hoffman,
1997) —3, HKMEZBAKM OB f-F W RS AP, XL
FHIER A GL-24 YR A X AKME , TR BN BREA K,

6.3 X OIB BERMMARHINEENL

LR LR A 9 S PR T K LA DU E SRR R
EHERBANRE T EE S A B (Tumer e ol. 1993,
1996; Williams et al. ,2004; Ding et al. ,2003) , K E&£i3#
W EES ARD C L RIFHRIER A K. RIEPR(E
B % ,2003) EH , PR ALE BBEARBREICAL
HEIE, PR REAGERAEREANH L E, BRHE
ZHER T MERFERG T LER AR, DR T iR
B R B R KRERENE R, X ERMERE
8kl A I LA, AR PR B S BR R A M
WRHS-RTREURE KO S, B HAREX ST
ARBHBFEHBMZET, MK KO0 SRHARERRZH
HTYH(£ZBE5ANA) . XEEMEEKRE ST
BERZ MRS (CL-24) 875 T 5 OIB A A Bk
PLEAFIE , LA I VT SRR IR T AR B 8 . AR XTI Sy
& HREE(4U4E Y) & B RKH Lo/ Yb LLE LR X A FFTE
A Deniel(1998) 3 T UAARE S HFHBTEA I TR
HRRRTYEAENERER. NE RIATUER, X
BatRMTRERAGHEEHEEMSRAGAMEZ
FERMCE BRI X 2 (8], B4R M AL T 5 5 i 0 A R
WMAMFERAROH RN EEEhRZE. Y5840
THEBMARERBREARE, TAERNERERAR LT
KB F/ME, R HREE & EF/HBRHFIE, Ce/Y HLEE
B MBRGA BN ARTERERNEREERS
HREE A% 3 R £ 70 R 2 B, H AR B Rm
Ce/Y HAE (/T 2) R ILAR KA FFAEA A

McKenzie and Bickle(1988) I EH , 5 A BRE
MR T KB A B, X UBRRELt AT
hLE X B AR TES . TIRHBHAEST, KB RE
BRAATIRAH RS A BEELH/NTF 65 ~80km, MNE 9
Fre R T EEARMERERZAMELIE S
( <70km) , BB FE b8 bR BIRE AT, FRAE
AAHE L RENEAE, B R BRI B R X —H
XA A A BEE > 150km ( McKenzie and Priestley 2007 ) ,
0 TR 2 B PR B O B 41 _E 0 (4 U, 1999,2006) ,
FUEEEFRT, FREEER S H M OB EUAK MK,
Bt , 2 SO YA IR T AR 81K (< TOkm) /Y 5K 3L ) 3t 62
AR TRANRMEER T WY, &R EHNRTR T B
2 IX - 18 A R A R SR AL B B

R T A KA R OLE R K 40 ~42Ma, HIRBRAT
A FMBERERNE, ZERRE THRRE LHE4H
BHE, ERERNE, ZEGEENHNESKTFRALER
KEMARES (AHS,2004) L REEENEFR B E
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BN, ~50Ma £H AR Y B RBIIA Nb-Ta T35,
*WALEIE) OIB BUARIES) , MZFENERE T HRFRAILE
RAPIaIRA K ILE . HILIRATIAK ~ 50Ma 02 I54 3 E 3)
R T H iR A A B & A B3 5 A2 A 2R 0 8 0 o A 3
#9455 (Corner Suction ) , Tiij 55 {ff AR Pk I 7 BE 2%, 40Ma
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