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LA-ICP-MS zircon U-Pb geochronology and geochemistry of volcanic rocks on
the western margin of Lanping Basin in western Yunnan and their
tectonic implications

FAN Jin-wei', YANG Tian-nan', LIANG Ming-juan'? and SHI Peng-liang'?
(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. China University of Geosciences,
Beijing 100083, China)

Abstract: A curved belt consisting of terranes or blocks and associated Late Paleozoic-Early Mesozoic sutures fea-
tures the southeastern part of the Tibetan Plateau. It is the Sanjiang ( Three-Rivers) multiple orogenic and ore-
forming belt. In spite of numerous studies, its Paleotethyan (Late Paleozoic to Early Mesozoic) tectonic evolu-
tion remains a topic of much controversy. Recently published geochronological and geochemical data derived from
modern techniques have revealed several magmatic zones with variable tectonic affinity. However, the temporal
and spatial distribution pattern of the magmatic rocks didn’t appear, mainly due to the absence of high quality
data from some regions. As the Lanping Basin is located in the middle portion of the Sanjiang orogenic belt, the

time and tectonic affinity of the volcanic rocks in this basin play a significant role in revealing the connection
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between the magmatic zones in the southern and northern segments of the Sanjiang belt. This study focused on
the volcanic rocks exposed on the western margin of the Lanping Basin where high-quality geochronological and
geochemical data are rare. The volcanic rocks in western Lanping Basin consist of andesitic tuff in the lower seg-
ment, andesite in the middle segment, and basaltic lava at the top. This volcanic sequence is developed upon the
Carboniferous terrigenous clastics. The basaltic lavas are interlayered with reddish mudstone. The content of
mudstone increases upwards. Geochemical data demonstrate that these volcanic rocks are of calc-alkaline or high-
K calc-alkaline series, characterized by high Al,O3 and very low TiO,, MnO,, and P,Os content. The andesitic
samples exhibit arc-like chondrite- or primitive-mantle-normalized trace element pattern, whereas the basaltic
lava displays enriched-middle-oceanic-ridge-basalt pattern. These features, combined with the field relationship,
suggest that these volcanic rocks were formed in a continental arc setting. New LA-ICP-MS zircon U/Pb dating
results indicate that the bottom crystal tuff was formed at 238 Ma, the andesite of the middle segment at 233
Ma, and the basaltic lava at the top of the volcanic sequence erupted at 229 Ma. These new data suggest that, at
the end of the subduction, the breakup of the subducted slab might have taken place which led to the uprising of
asthenosphere and induced partial melting of the enriched mantle wedge. The new data obtained by the authors
have filled the spatial gap of geochronological data in the Sanjiang orogenic belt. As a result, a large scale (with
a length >2 000 km) successive arc-like volcanic belt along the entire Sanjiang belt has become clear. Such a
large arc-volcanic belt should be affiliated to a large-scale subduction zone (suture). Synthesizing available geo-
logical, geochemical, and geochronological data, the authors hold that the castward or northeastward subduction
of the Paleotethys along the Longmu Co-Shuanghu(-Lancangjiang)-Changning-Menglian suture probably result-
ed in the formation of the large-scale volcanic belt.

Key words: Lanping Basin; volcanics belt; LA-ICP-MS zircon U-Pb dating; Paleotethyan
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Fig. 1 Simplified geological map of the Sanjiang orogenic belt in western Yunnan, showing spatial distribution of Triassic igneous
rocks (modified after Peng ez al.» 2006, 2008, 2013; Fan Weiming et al.» 2009; Hennig et al.,» 2009; Wang ez al.» 20100
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Table 1 Geochronologic data of volcanic rocks from the middle-southern part of the Jiangda-Weixi volcanic arc

Deqin-Lanping region

Ma
JJD02-1 246.1+2.0 LA-ICPMS U-Pb Wang et al. 2013
JJD03-2 244.6+£2.6 SHRIMP U-Pb Wang et al. 2013
JJD03-9 246.7+3.1 LA-ICPMS U-Pb Wang et al. 2013
LCTKO-1 246.6+2.4 LA-ICPMS U-Pb Wang et al. 2013
JIDO03-1 247.4+£2.1 LA-ICPMS U-Ph 2011b
JID03-11 249.1+1.6 LA-ICPMS U-Ph 2011b
235+17 Rb-Sr 2002
236+ 32 Rb-Sr 2002
YZ01-1 247.7+£1.7 LA-ICPMS U-Ph Wang et al. 2013
YZ01-12 248.5+2.3 LA-ICPMS U-Pb Wang et al. 2013
DX065-7 244.4+5.1 LA-ICPMS U-Pb
Sj22 247+3 SHRIMP U-Pb .
Zi et al. 2012b
SJ33 246+3 SHRIMP U-Pb
DX038-2 246.5+6.3 LA-ICPMS U-Ph Yang e/ al. 2013
10S]28 245+ 4 SHRIMP U-Pb
SJo4 242+3 SHRIMP U-Pb .
Zi et al. 2012b
SJ82 237+5 SHRIMP U-Pb
Sj44 239+3 SHRIMP U-Pb
QD-5 237.7+£3.3 LA-ICPMS U-Pb Yang et al. 2013
DX065-17 237.5+4 LA-ICPMS U-Ph
DX043-1 237.9+3.5 LA-ICPMS U-Ph
DX044-1 233.6+3.0 LA-ICPMS U-Pb
DX044-2 229.2+3.8 LA-ICPMS U-Pb
8 km
2 3a
20% ~25% CL
75% ~
80% CL
HITHCH S-3000N
3b 3¢ Gatan Chroma
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Fig. 3 Field photograph and microphotographs of volcanic rocks
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a—photograph showing the outcrop of volcanic rocks; b—microphotograph of the partially chloritized andesite (plainlight); ¢—microphotograph
showing andesitic texture of pyroxene andesite { crossed micols); d—microphotograph of olivine-bearing basalt { crossed nicols);
An—actinolite; Pl—plagioclase: Px—pyroxene; Ol—olivine
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Fig. 5 Concordia diagrams of LA-ICP-MS zircon U-Pb data for samples and their weighted average 2°Pb 23U ages
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3 wi % wp 1076

Table 3 Major wy % and trace wy 10” % elements analytical data for samples of volcanic rocks from Lanping Basin

YP02-1 YP02-2 YP02-3 YP02-4 YP02-5 DX043-1 DX044-1 DX044-2 DX044-4

SiO, 48.14 48.29 41.81 51.34 47.06 55.23 59.32 48.51 55.68
ALO; 15.19 16.31 16.89 14.36 16.54 16.91 16.75 20.71 16.23
Fe, O3 6.53 7.01 1.83 8.53 3.96 7.93 3.83 2.03 1.65
FeO 3.54 2.86 8.91 3.95 5.84 3.83 2.44 6.43 5.32
K,O 2.9 0.051 0.044 0.31 0.07 1.36 1.6 0.15 0.085
Na,O 0.7 3.6 3.74 2.05 4.75 2.55 4.4 5.81 6.49
MgO 3.96 6.33 15.08 5.93 10.07 4.1 2.65 6.8 3.34
MnO 0.094 0.14 0.21 0.19 0.17 0.11 0.15 0.26 0.14
CaO 8.8 9.4 3.38 7.57 5.4 1.5 3.95 2.35 4.87
P,0Os 0.4 0.21 0.15 0.52 0.28 0.26 0.23 0.27 0.21
TiO, 1.22 1.07 1.18 1.33 1.28 1.41 0.87 1.37 0.93
CO, 3.73 1.11 0.34 0.51 0.086 0.34 1.2 0.43 2.23
H,O' 3.82 2.88 6.68 3.32 4.38 4.44 2.42 5.2 3.36
LOI 7.5 4.79 6.34 3.91 4.53 4.13 3.3 4.99 4.41
Total 99.02 99.26 100.24 99.91 99.89 99.97 99.81 100. 32 100. 54
La 29.2 10.9 5.26 27.6 10.4 71.2 32.4 43.6 31.1
Ce 49.1 24.2 13.6 56 23.3 111 62.7 96.5 57.2
Pr 6.16 3.38 2.08 7.08 3.25 12.3 7.61 11.2 6.55
Nd 26.6 14.9 10.1 30.2 15.2 47.4 30.3 43.5 25.9
Sm 5.34 3.6 2.87 6.43 3.84 8.82 5.97 8.75 5.15
Eu 1.85 1.41 0.91 2.17 2.68 2.55 1.73 2.31 1.41
Gd 5.47 4.13 3.65 6.63 4.48 8.52 5.66 7.86 4.93
Tb 0.78 0.68 0.65 0.99 0.74 1.12 0.89 1.17 0.72
Dy 4.73 4.28 4.24 5.94 4.31 6.27 5.28 6.68 4.39
Ho 0.85 0.87 0.81 1.14 0.86 1.17 1.07 1.25 0.82
Er 2.53 2.43 2.52 3.3 2.23 3.5 3.16 3.6l 2.46
Tm 0.37 0.37 0.39 0.46 0.31 0.48 0.49 0.53 0.37
Yb 2.28 2.28 2.24 2.76 1.78 3.14 2.96 3.15 2.35
Lu 0.37 0.34 0.35 0.46 0.29 0.48 0.48 0.53 0.38
Y 22.6 21.4 20.3 29.8 21 31.5 27.2 33.3 22.4
Ba 1545 49.9 19.1 82.2 61.7 398 327 79.8 47.1
Co 33.2 38.6 53.8 29.1 42.2 44.5 14.5 26.6 22.1
Cr 172 197 262 90.7 245 191 7.21 43.4 10.6
Cu 17.5 4.7 10.3 74 9.03 13.9 12.3 9.06 12.5
Ni 59.7 116 138 57.8 128 67.9 6.91 18.4 19.1
Sr 115 730 57.9 592 434 263 530 612 437
Th 1.35 0.79 0.42 5.64 0.69 7.7 9.3 11.3 9.37
\Y% 234 228 190 179 179 186 116 231 169
Zn 89.5 66 122 88.6 91.9 144 91.8 113 75.5
Pb 3.93 5.93 0.61 13.2 2.99 6.8 15 8.41 11.3
Rb 78 1.04 0.73 10.5 1.22 69.3 50.7 6 2.52
Nb 8.33 6.56 2.46 10.5 5.19 18.5 17.9 18.7 14
Ta 0.59 0.45 0.23 0.71 0.4 1.44 1.38 1.46 1.14
Zr 117 90.7 79.5 149 73.4 192 177 195 152
Hf 2.63 2.17 2.01 3.51 1.94 5.16 4.71 5.06 4.05
U 0.48 0.17 0.21 1.05 0.29 1.79 2.52 4.02 2.47
Ga 22.2 14.4 11.4 18.8 12.9 15.5 17.7 20.8 16
Se 24.5 34.2 35.2 26.1 24 25.3 13.8 27.3 18.9
> REE 135.63 73.77 49.67 151.16 73.67 277.95 160.7 230.064 143.73
LREE HREE 6.80 3.80 2.34 5.97 3.91 10.26 7.04 8.31 7.75
La Yb y 8.65 3.23 1.59 6.76 3.95 15.32 7.40 9.35 8.94
La Sm y 3.44 1.91 1.15 2.70 1.70 5.08 3.42 3.14 3.80
Gd Lu y 1.84 1.51 1.30 1.79 1.92 2.21 1.47 1.85 1.62
oEu 1.04 1.11 0.86 1.01 1.97 0.89 0.90 0.84 0.84
5Ce 0.82 0.93 0.96 0.92 0.94 0.82 0.91 1.01 0.90
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