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Origin of the Middle-Late Triassic intermediate-acid intrusive rocks
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Abstract: The Yidun terrane, located in the eastern part of the Tibetan Plateau, is not only a characteristic intrusive
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magmatic tectonic belt, but also a very important poly-metallic metallogenic belt. In this paper, we have integrated
all published geochronological, element geochemical, Sr-Nd-Hf isotope data for the Middle to Late Triassic
intermediate-felsic intrusive rocks in the Yidun terrane, along with the reported data from the Songpan-Ganzi
terrane, in order to further decipher their origin, petrogenesis and rock-forming tectonic setting. All precisely
dating results of zircons from the Middle to Late Triassic diotitic and granitic rocks in the Yidun terrane show that
the magmatism developed during 225-215 Ma, with a peak age of ~216 Ma. Dioritic porphyries from southern
Yidun terrane characterized by high Mg”, Cr, Ni and Sr contents and Sr/Y ratios, but low Y and Yb contents,
together with weak Eu anomalies and positive Sr anomalies, are geochemically similar to adakities. In
consideration of their high K,O/Na,O ratios, and crustal-type Sr-Nd-Hf isotopic compositions, and in comparison
of the chemical compositions of coeval potassic adakitic rocks in the Jiulong area (on the eastern side of the suture
zone), it is clearly seen that these dioritic intrusive rocks were derived from remelting of the thickened lower crust
rather than from the subducting of oceanic slab or sub-arc metasomatized lithospheric mantle as suggested before.
Different from the coeval dioritic rocks, the granites show higher SiO, (67.33%-78.01%) and K,O (2.38%-6.41%)
contents, and strongly negative Sr-Eu anomalies, along with their more enriched whole-rock Sr-Nd and zircon Hf
isotopic compositions, indicating the granites are not a product of crystallization differentiation of dioritic magma.
In combination with the unpublished data for the basalts in this region, we propose that these granites should be
derived from partial melting of the mid-Proterozoic rocks at a middle to upper crustal level. In comparison with
the elemental and geochemical natures coupled with the pace-time patterns of coeval magmatism in the
Songpan-Ganzi terrane to the east of the Ganzi-Litang suture zone, a most feasible explanantion for the coeval
magmatism is that they were generated in a common post-collisional extentional setting associated with the partial
lithospheric delamination. Therefore, the occurrence of the Late Triassic post-collisional magmatism clearly
indicates that the arc/continent-continent collision (between the Yidun and Songpan-Ganzi terranes) or the final
closure of the Ganzi-Litang ocean had been completed at least by the Middle-Late Triassic. The source region of
the dioritic porphyries related to the copper polymetallic deposits from southern Yidun terrane may not have the
characteristics of high oxygen fugacity and rich fluid.

Key words: Middle-Late Triassic; intermediate-acid intrusive rock; origin and petrogenesis; tectonic setting;
Yidun terrane
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Fig.l Geological sketch maps (a)(b) of the Yidun terrane (revised after Hou et al.!*™ and Reid et al.!*), and simplified geological map (c) of the
Zhongdian area (revised after Leng et al.[*! and Chen et al.?™)
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Table1l Formation ages of the Middle to Late Triassic granites and dioritic porphyries in the Yidun terrane

/ (Ma)

SHRIMP 2280+ 3.0 [16]
SHRIMP 226.3+2.8 [16]
SHRIMP 226.0+3.0 [16]
TIMS 221.0+ 1.0 [18]
TIMS 211.8+ 05 [18]
TIMS 206.3+0.7 [18]
LA-ICPMS 2242+ 17 [21]
LA-ICPMS 217.9+18 [21]
LA-ICPMS 217.2+ 1.4 [27]
LA-ICPMS 2153+ 1.4 [27]
LA-ICPMS 211.8+ 1.9 [27]
LA-ICP-MS 2155+ 1.6 [31]
LA-ICPMS 2158+ 1.3 [31]
LA-ICPMS 2161+ 15 [31]
SHRIMP 2153+2.3 [14]
SHRIMP 2152+ 1.9 [50]
LA-ICPMS 2134+ 15 [19]
LA-ICPMS 217.1+1.5 [19]
SIMS 2183+ 16 [24]
sIMS 2185+ 16 [24]
LA-ICPMS 216.9+ 1.4 [28]
LA-ICPMS 2147+ 25 [28]
LA-ICPMS 216.3 + 3.4 [28]
LA-ICPMS 216.8+0.9 [28]
LA-ICPMS 2159+ 1.4 [27)
LA-ICPMS 2134+ 15 [31]
LA-ICPMS 2303+ 1.7 [21]
LA-ICPMS 219.8+3.0 [21]
LA-ICPMS 220.7 +2.0 [21]
LA-ICPMS 203.03 + 0.54 [29]
LA-ICPMS 217.25+ 0.89 [29]
LA-ICPMS 2085+ 1.0 [29]
LA-ICPMS 216.7+ 1.2 [27]
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(R 1)
/ (Ma)
SIMS 219.7+ 1.8 [51]
LA-ICPMS 2120+ 3.0 [22]
LA-ICPMS 217.0+ 20 [22]
LA-ICPMS 218.0+ 2.0 [22]
LA-ICPMS 2153+ 2.7 [27]
LA-ICPMS 2131+ 15 [27]
SHRIMP 2209+ 3.5 [49]
LA-ICPMS 216.1+3.2 [23]
SHRIMP 222+ 3 [48]
SIMS 2157+ 15 [25]
SIMS 216+ 2.2 [25]
LA-ICPMS 216 +0.7 [25]
LA-ICPMS 222+ 2 [30]
LA-ICPMS 2160+ 1.1 [28]
LA-ICPMS 225+ 2 [30]
LA-ICPMS 218.3+3.1 [28]
LA-ICPMS 2161+ 25 [28]
LA-ICPMS 214.7+ 2.6 [28]
LA-ICPMS 216.9+0.8 [28]
LA-ICPMS 216.6+0.8 [28]
LA-ICPMS 223.9+39 [28]
SHRIMP 224+ 3 [48]
LA-ICPMS 218+ 3 [39]
LA-ICPMS 215+ 2 [44]
LA-ICPMS 225+ 2 [44]
LA-ICPMS 218+ 1 [30]
LA-ICPMS 224+ 2 [30]
LA-ICPMS 235+ 2 [30]
LA-ICPMS 219+1 [30]
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Fig.2 Probability plots of zircon U-Pb ages for the dioritic porphyries
and granites (Data sources are from Table 1) 0-67"1-37( 2),
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Table2 Summary of the major element data for the Middle-Late Triassic dioritic porphyries and granitesin the Yidun terrane

(%)

SO, 56.06~69.45
TiO, 0.40~1.24
Al,O5 12.74~18.68
Fe,03 2.66~11.96
MgO 1.67~4.60
Ca0 0.78~7.34 [18] [19] [21] [27] [31] [48]
(38 ) NaO 1.53~5.81 [50]
K20 1.55~8.18
P05 0.13~0.52
K20/Na,0 0.29~5.33
Mg* 35.90~70.65 (AVG=53.72)
AICNK 0.69~1.37
SO, 50.87~67.78
TiO, 0.52~1.72
Al,O5 14.08~18.49
Fe,03 3.55~11.95
MgO 2.26~5.89
Cao 1.60~6.74 [18] [21] [29]
(7 ) Na,O 3.43-5.84
K20 1.64~5.32
P05 0.25~0.75
K0/ NaO 0.41~1.55
Mg" 34.58~57.40 (AVG=48.92)
AICNK 0.67~1.12
SO, 67.33~78.01
TiO, 0.06~0.60
Al,O5 12.15~16.08
Fe,03 0.22~4.74
MgO 0.09~1.56
Ca0 0.46~3.95
(66 ) NaO 2.95~3.92 28] [48]
K20 2.38~6.41
P20s 0.005~0.112
K20/Na,0 0.61~2.09
g’ (V=316
AICNK 1.15~1.45
1.15~1.45( 2), ; ( 4,
, , P Fe Eu (
Mg Ti ( 3 43) Nb Ta (  4b);
, Eu ( 4a),
, Ba Sr Nb P i
( 4b)
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Fig.3 Harker diagrams of major oxides for the Middle-Late Triassic dioritic porphyries and granites in the Yidun terrane
(Data sources are from Table 2)
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Fig.4 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagrams (b)
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x 3 XFMRp-G =B Y AKIEE SERER Sr-Nd B RHHE

Table3 Summary of the whole-rock Sr-Nd isotope data for the Middle-Late Triassic dioritic porphyries and granites in theYidun terrane

Isr Ena(t) Tom, Toom
0.70461~0.70770 —4.9~-1.9 Tom (G&)=0.98~1.30 [19] [21] [24] [27]
0.70556~0.70635 —4.0~-15 Tom (Ga)=1.02~1.09
0.70588~0.72970 -8.8~-5.2 Toom (Ga)=1.41~1.71 [25]
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Table4 Summary of the zircon Hf isotope data for the Middle-Late Triassic dioritic porphyries and granites in the Yidun terrane
YOHE/THE Eurl(t) Toom (Ga)
0.282530~0.282776 -3.98~6.10 0.77~1.50 [24] [28] [31]
0.282578~0.282781 -2.25~5.02 0.93-1.35 [28]
0.281950~0.282745 -22.7~3.40 1.04~2.70 [25] [28]
0.282745 , Epr(t)  —22.7~3.40, Sr SrlY  (LalYb)y Y Yby (
1.04~2.70 Ga, 1.60 Ga( ) ),
87gr/%0gy Enalt) , Wang et
4 al.l?y
41 (1% | eng et al.[®®
, Peng et
al.l®
[19,21,23-25,27,28,30-32] ) )
Kong et al.*? o}
. . . [31]
411 WK : , Cao et al.
, . , Leng et al.?®
[24]
[19-21,23,24,27,28,30-32] [21,23,24,27,28,30-31]
( 6a), ;
[24,27,32] [19,21]
v . . LUt .
0 5 10 15 25 30 35 40 45 1 2 3 4 5
Dy (ng/g)
Sr/Y-Y (@) Dy/Yb-Dy (b)
Fig.6 Sr/Y-Y diagram (a) (after Defant et al.'®%%) and Dy/Y b-Dy diagram (b) of dioritic porphyries
6a Defant et al.[%®%% : 9 wangetal.®™ Chenetal?” Caoetal®™ Liuetall* 150l

Data from Ren et al.*®, Wang et al.’?"), Chen et al.!?", Cao et al.®Y, Liu et al.[*¥, Cao et al.!*” and our unpublished data
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Ore-bearing dioritic rocks: (a),(b) rock specimens; (d) under transmitted plane-polarized light; (€) under transmitted orthogonal-
polarized light; (f) underreflected light

Ore-barren dioritic rocks: (c) rock specimens; (g) under transmitted plane-polarized light; (h) under transmitted orthogonal-
polarized light; (i) underreflected light
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