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Late Triassic granitoids in the southern part of the Songpan-Garze fold belt:
Petrology, geochemical composition and petrogenesis
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(1. Faculty of Earth Sciences, China University of Geosciences, Wuhan 430074, China; 2. Central-South Research
Institute of Metallurgical Geology, Yichang 443003, China)

Abstract: The Songpan-Garze fold belt (SGFB) on the eastern margin of the Qinghai-Tibetan Plateau covers a
huge triangular area bounded by Yangtze (South China), North China and Qinghai-Tibetan Plateau blocks. It
has gone through two orogenic phases, i.e., Paleotethys and Neotethys, with the major deformation stages oc-
curring in Late Triassic. Mesozoic intermediate-acid intrusives, composed of both normal calc-alkaline and high
Sr low Y granitoids, are widely distributed in the Songpan-Garze fold belt. The investigation of their petrogene-
sis, characteristics of the sources and geodynamic significances is very important in understanding the evolution
of SGFB characterized by poorly-exposed basement. The authors studied petrology, geochemical composition and
zircon U-Pb chronological characteristics of Lanniba and Yangfanggou granitoids in the southern part of the
Songpan-Garze fold belt as well as their petrogenesis and geological significance. The study of Lanniba and

Yangfanggou granitoids formed during the post-collision period can shed light on such problems as regional
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tectono-magmatic events, basement nature and tectonic evolution. Cathodoluminescence(CL)images show that
the zircons are big and idiomorphic and have clear magmatic oscillatory zoning, suggesting magmatic origin. U-
Pb zircon LA-ICPMS dating shows that the Lanniba and Yangfanggou granitoids have magmatic crystallization
ages of around 211 Ma. These granitoids are high-K calc-alkaline (even shoshonite), with intermediate to high
Si0,(58.31% ~68.02% ) and metaluminous characteristics (A/CNK =0.68 ~0.99) . Rocks in the southern
part of the Lanniba granitoids contain high Al,O;(15.85% ~16.27% )and K,0(3.29% ~3.40% ), intermedi-
ate MgO(1.16% ~1.47% ), high Sr(869 X 10 ®~1 032 x10 %), low Y(9.53 x 10 ©~9.85x 10 %) with
fractionated REE[ (La/Yb)x>>31]and also have some dark inclusions. These rocks are very similar to the K-
adakite derived from partial melting of thickened lower crust. Yangfanggou and the northern part of the Lanniba
granitoids are very similar to each other in major and trace elements. In contrast with the southern part of Lan-
niba granitoids, they have higher K,O(4.08% ~5.96%) and Y (19.71 10 ©~27.76 %), lower Sr(664 X
10 %~868 <10 %), and obviously lower St/Y ratio(29.39~42.05), showing characteristics of high-K calc-al-
kaline I-type granitoids; thus they might have been derived from partial melting of thickened lower crust. Field
geological and geochemical characteristics indicate that the granitoids contained mantle components, thus provid-
ing heat and part of source materials for the Mesozoic granites in Songpan-Garze fold belt. The involvement of
mantle-derived magma and the existence of ultrahigh-K calc-alkaline I-type granitoids(211 =2 Ma)indicate that

the Songpan-Garze orogen was under an extensional scheme at least in Late Triassic period.
Key words: Songpan-Garze fold belt; Sichuan; Late Triassic; high-K calc-alkaline 1 type granitoids; K-adakite
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Fig. 3 Cathodoluminescence CL images of representative zircon samples

1 LA-ICPMS U-Pb
Table 1 U-Pb zircon LA-ICPMS chronological data of samples
wp 10°° Ma
- ’I‘h U 2[)7Pb Zl)()Pb 1o 2l)()Pb 238U 1o 2(]7Pb ZSSU 1o
Pb Th U Zl)GPb ZSSU 16 2(17Pb 235U 1o
LNB3-1 4 171 581 0.29 0.053£2 0.033+£4 0.246 £ 10 212+2 223+8
LLNB3-2 8 375 885 0.42 0.051+1 0.033+4 0.235+9 211+2 214 +7
LNB3-4 5 262 650 0.40 0.049£2 0.034+4 0.228£10 212+3 2098
LNB3-5 9 418 809 0.52 0.052£2 0.033+4 0.244£11 212+2 221+9
LNB3-7 10 518 914 0.57 0.048+1 0.033+£4 0.225£9 211+2 206 +8
LNB3-8 9 447 841 0.53 0.047+£2 0.033£4 0.217£9 212+2 2007
LNB3-9 6 319 716 0.45 0.049£2 0.033£3 0.225+£9 211+2 206+ 8
LNB3-10 6 276 682 0.41 0.052£2 0.034£4 0.243£11 212+2 221+9
LNB3-13 9 423 891 0.47 0.051£1 0.033£4 0.238£8 211+3 217+7
LNB3-14 9 407 954 0.43 0.052%1 0.033+£4 0.250£9 211+2 226+7
YFG1-1 5 255 393 0.65 0.054£2 0.033+4 0.248+ 11 210+2 225+9
YFG1-3 4 209 305 0.69 0.053+£3 0.033+4 0.244+ 14 211+3 222+12
YFG1-5 5 225 328 0.68 0.050£2 0.033+4 0.224+12 208+3 205+10
YFG1-6 4 203 257 0.79 0.051£3 0.033+4 0.234t16 211+3 213+13
YFG1-7 6 309 484 0.64 0.050£2 0.033+4 0.228£10 211+£2 209+9
YFGI1-8 5 257 412 0.62 0.048£2 0.033£4 0.227+11 211+2 208+9
YFG1-10 4 196 287 0.68 0.054£3 0.033£4 0.243£13 211+3 221+10
YFGI1-11 5 219 315 0.70 0.054=£3 0.033£4 0.253*£14 211+2 229+ 11
YFGI1-12 4 205 279 0.73 0.054=£3 0.033+£4 0.246 £ 15 211+3 223+12
YFGI1-13 5 217 318 0.68 0.056£3 0.033t£4 0.256 £ 13 211+2 232+ 11
YFG1-14 3 152 233 0.65 0.055*3 0.033+4 0.247+ 14 211+£3 224+ 11
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Table 2 Major elements data
LNB-S LNB-N YFG
LLNBI1 LNB2 [LNB3 LNB4 LLNB5 YFGI YFG2 YFG3
SiO, 68.02 60.603 1.61 63.12 60.18 58.52 58.31 61.46
TiO, 0.43 0.49 0.75 0.71 0.82 0.94 0.90 0.92
AlLOs 15.85 16.27 15.59 15.63 15.47 13.73 14.13 15.08
Fe,O5 2.83 3.20 5.58 4.65 5.71 7.50 6.97 6.53
MnO 0.06 0.06 0.11 0.09 0.10 0.13 0.12 0.13
MgO 1.16 1.47 2.72 2.43 3.08 3.97 3.95 2.64
CaO 3.19 3.53 5.14 2.81 2.88 5.67 5.63 4.89
Na,O 3.99 4.00 3.05 3.71 3.18 2.20 2.35 2.62
K,O 3.40 3.29 4.35 5.09 4.79 5.85 5.96 4.08
P,Os 0.14 0.15 0.37 0.34 0.40 0.61 0.58 0.42
LOI 0.63 0.59 0.43 1.10 3.02 0.58 0.79 0.94
Total 99.69 99.69 99.69 99.69 99.64 99.69 99.68 99.69
Na,O+ K,O 7.39 7.29 7.40 8.80 7.97 8.05 8.31 6.70
K,0O Na,0O 0.85 0.82 1.43 1.37 1.51 2.66 2.54 1.56
CaO Na,O 0.80 0.88 1.69 0.76 0.91 2.58 2.40 1.87
A CNK 0.99 0.98 0.82 0.93 0.99 0.68 0.69 0.86
A NK 1.55 1.60 1.60 1.35 1.49 1.38 1.37 1.73
FeO' 2.55 2.88 5.02 4.18 5.14 6.74 6.27 5.87
I\/[g4 45 48 49 51 52 51 53 45
o 2.17 2.23 2.91 3.79 3.52 4.09 4.40 2.38
CIPW
Q 23.47 21.25 14.08 13.2 13.3 8.85 7.42 17.69
An 15.08 16.56 16.22 11 12.75 10.67 10.74 17.81
Ab 35.11 35.33 27.58 33.22 29.43 20.33 21.66 23.92
Or 21.37 20.78 28. 14 32.01 31.75 38.6 39.29 26.67
C 0 0 0 0.4 0 0 0
Di 0.06 0.25 5.25 0.87 0 10.08 9.98 3.32
Hy 3.29 5.4 6.02 8.7 6.67 6.35 6.73
Ap 0.27 0.3 0.75 0.69 0.84 1.27 1.19 0.85
A CNK=7n ALO; n CaO+Na,O+K,O A NK=n ALO; n Alk FeO' = FeO + Fe,O5 X 0.899 8 ng =Mg>*
Mgt +Fe?t %100 Fe?* =FeO" 80
7 S A CNK <
® 1.\Bs
6 F |O LNBN A 1.1 S
A viG A CNK>1.1
T 1 CIPW
Sar
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Table 3 Trace elements data
LNB-S LNB-N YFG
LNB1 LNB2 LLNB3 LNB4 LNB5 YFG1 YFG2 YFG3
Rb 130 134 153 173 175 190 254 127
Sr 869 1032 851 664 824 816 849 868
Ba 951 1180 1467 1489 1701 1 835 1 626 1636
Zr 171 178 217 238 221 229 252 282
Hf 4.55 4.60 5.52 6.10 5.76 6.59 7.11 7.35
Nb 21.28 21.54 21.50 47.56 38.56 29.84 30.44 26.44
Ta 1.46 1.30 1.31 2.98 2.38 1.77 1.94 1.56
U 4.53 4.35 4.24 4.62 4.87 5.04 8.74 4.55
Th 15.00 16.60 20.35 24.43 20.96 39.66 38.87 22.14
Y 9.85 9.53 20.25 20.38 19.71 27.76 25.03 26.82
Co 5.00 6.38 11.94 10.77 14.12 19.22 16.01 10.49
La 37.31 42.57 44.78 54.05 49.6 56.74 56.32 55.16
Ce 64 73.2 87.2 91.1 85.6 110.1 106.7 103.2
Pr 7.11 8.16 9.98 10.47 9.76 13.68 12.84 12.31
Nd 24.4 27.71 36.8 37.33 35.15 51.85 47.89 45.87
Sm 4.18 4.64 6.81 6.54 6.38 9.81 9.03 8.55
Eu 1.22 1.39 1.81 1.75 1.74 2.25 2.03 2.12
Gd 3.21 3.39 5.37 5.26 5.05 7.48 6.86 6.68
Th 0.4 0.42 0.73 0.72 0.7 1.01 0.92 0.94
Dy 2.01 2.03 3.83 3.7 3.67 5.35 4.8 4.97
Ho 0.36 0.37 0.72 0.7 0.71 0.99 0.9 0.93
Er 0.9 0.9 1.89 1.88 1.82 2.55 2.32 2.45
Tm 0.12 0.12 0.28 0.27 0.27 0.37 0.35 0.37
Yb 0.85 0.78 1.81 1.78 1.79 2.37 2.19 2.36
Lu 0.12 0.11 0.26 0.25 0.26 0.35 0.32 0.35
> REE 146.25 165.81 202.29 215.75 202.46 264.93 253.42 246.26
LREE HREE 17.31 19.42 12.58 13.82 13.19 11.93 12.58 11.93
La Yb v 31.32 39.3 17.74 21.84 19.88 17.14 18.44 16.76
oEu 0.98 1.02 0.88 0.88 0.9 0.77 0.76 0.83
oCe 0.9 0.9 0.97 0.88 0.9 0.94 0.93 0.93
Gd Yb 3.75 4.37 2.97 2.97 2.82 3.15 3.13 2.83
Y Yb 11.52 12.27 11.18 11.48 11.01 11.69 11.42 11.36
Ho Yb 0.42 0.47 0.4 0.39 0.4 0.42 0.41 0.39
Rb Sr 0.15 0.13 0.18 0.26 0.21 0.23 0.30 0.15
Rb Ba 0.14 0.11 0.10 0.12 0.10 0.10 0.16 0.08
Nb Ta 14.55 16.61 16.39 15.98 16.22 16.87 15.67 16.95
K Rb 217.79 203.84 236.91 245.25 228.05 256.78 195.22 267.99
SrY 88.20 108.24 42.05 32.57 41.80 29.39 33.93 32.36
0Eu=2 Euy Smy+Gdy 8Ce=3 Cey 2Lax+ Ndy N Sun  McDonough 1989
1 SiO, =66.63% —68.02% K-adakite K,O Na,O==1
>56% ALO; = 15.85% ~ 16.27% > 15% >1 Mg* <50 2004 1
MgO=1.16% ~1.47% <3% Y=9.53x10 °~ C
9.85xX107% <18x10°° Yb=0.78x10 °~0.85 2
X109 <1.9xX10°° Sr=869x10 °~1 032X I 1
10°% >400x10°% Sr Y=88~108 >40 Sr <450x10°¢ Y >17.4
2 3 X106 Sr Y <24
SrY-Y MgO Y Yb Co ALO; >15.13% Na,O >
- - 9 2.94% Ba Sr Nb
2
SiO, K 10
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