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This study reports age, petrologic and geochemical data for andesites and dacites from the Late Triassic
sedimentary strata of northern Hohxil, in the Hohxil-Songpan-Ganzi Block (northern Tibet), which
constitutes the most voluminous Triassic strata on Earth. LA-ICP-MS zircon U-Pb analysis of dacite (210.4 +
1.9 Ma) and whole rock “°Ar->°Ar analyses for both the andesites and dacites (211 +2 Maand 210.94 1.6 Ma)
show that the rocks were almost contemporaneous. Both rock types are sodium-rich and calc-alkaline. The

ﬁgl‘;v_?\zzs'a ndesite andesites, characterized by high MgO (up to 10 wt.%) or Mg* (~70), TiO5, Al,O5, Cr, Ni, La/Yb and Th/La, but low
Adakite Nb/Ta ratios, are geochemically similar to sanukitoids in southeastern Japan. The dacites are strongly
Triassic peraluminous, and have high Al,O5 and La/Yb, low Y and Yb, coupled with negligible to positive Eu and Sr
Subduction anomalies, comparable to slab-derived adakites in the circum Pacific arc system. Both rocks exhibit strongly

Songpang-Gangzi fractionated platinum group element patterns, with Pt/Pt* (Pt anomaly), (Pt/Ir)y and Re/Os ratios higher than
Tibet those of the primitive mantle. They have uniformly low eNd(t) values (—7.57-—9.59) and high (86Sr/%7Sr);
ratios (0.7086-0.7106) that imply a continental rather than oceanic type magma source. We suggest that the
northern Hohxil dacites were produced by partial melting of subducted sediments on the northward-
subducting Songpan-Ganzi oceanic slab, and the high-Mg andesites were formed by subsequent interaction
between the sediment-derived melts and mantle wedge peridotites. Taking into account the Triassic magmatic
record from nearby regions, we suggest that the Late Triassic high-Mg andesite/dacite suites of northern Hohxil
were generated in a forearc setting, and propose that double-sided subduction eventually closed the Songpan-
Ganzi ocean during the Late Triassic.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The Hohxil-Songpan-Ganzi Block (HSGB; Fig. 1a) contains the
largest volume of Triassic (230-203 Ma) strata on Earth (~2.2x
10°km3; e.g., Nie et al, 1994), and covers >2x10°km? of the
northeastern Tibetan Plateau. The source and tectonic setting of the
strata, consisting of flysch or turbidite, have attracted wide interest.
These sedimentary rocks were considered to have been derived by
erosion of the Qinling-Dabie orogen and the North China Block to the
north, the South China Block to the east, or the Qiangtang Block to the
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south-southwest (e.g., Bruguier et al., 1997; Nie et al., 1994; She et al.,
2006; Weislogel, 2008; Weislogel et al., 2006; Yin and Harrison, 2000;
Zhang et al., 2006b; Zhou and Graham, 1996). The tectonic setting of
these sedimentary strata has long been disputed. Based on tectonic
and sedimentary analyses, the strata were considered to have formed
in a variety of tectonic settings such as an intracontinental rift (e.g.,
Song et al., 2004), a back-arc basin (e.g., Burchfiel et al., 1995; Pullen et
al., 2008; Sengor et al.,, 1988; Watson et al., 1987), a foreland basin
(Yuan et al., 2010), and a remnant oceanic basin (e.g., Nie et al., 1994;
Weislogel, 2008; Weislogel et al., 2006; Yin and Harrison, 2000; Zhou
and Graham, 1996). So far, the majority of HSGB studies have been
conducted in the east, where interactions with surrounding blocks
(e.g., the South China, Kunlun-Qaidam, North China, South Qinling,
Qilian, Yidun, and Qiangtang Blocks; Fig. 1a) have complicated the
tectonic record, possibly resulting in some of the contradicting
tectonic interpretations for the sedimentary pile in the HSGB.
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Fig. 1. (a) A simplified terrane map of the Tibetan Plateau showing major crustal blocks and temporal-spatial distribution of Triassic magmatic rocks (modified from diagrams of
Chung et al. (2005) and Yin and Harrison (2000)). Ages references: (Fu et al., 2010; Harris et al., 1988; Reid et al., 2007; Roger et al., 2003, 2004; Wang et al., 2008b; Weislogel, 2008;
Xiao et al., 2007; Yuan et al., 2009, 2010; Zhang et al., 2006a, 2007a,b), and references therein. Main suture zones between major blocks: AKMS—Anyimagen-Kunlun-Muztagh; JS—
Jinshajiang; BS—Bangong; IS—Indus; GS—Ganzi-Litang. Major faults: MBT—Main Boundary thrust. (b) Simplified geologic map showing outcrops of magmatic rocks in the northern

Hohxil area, central-western Hohxil-Songpan-Ganzi Block, northern Tibet.

Late Triassic granitoids, which mainly intrude Early-Middle
Triassic and Paleozoic strata, are widespread in the eastern HSGB
(Reid et al., 2007; Roger et al., 2003; Weislogel, 2008; Xiao et al., 2007;
Yuan et al., 2010; Zhang et al., 2006a). These Triassic granitoids have
frequently been used to constrain the tectonic setting of the Triassic
strata or the subduction polarity of the HSGB or its nearby blocks
(Reid et al., 2007; Roger et al., 2003; Weislogel, 2008; Xiao et al., 2007;
Yuan et al,, 2010; Zhang et al., 2006a). However, the granitoids mostly
occur in the eastern HSGB, and contemporary magmatic rocks are
scarce in the central-western part of the block (Fig. 1a). To date, even
fewer Triassic volcanic rocks have been discovered in the HSGB
(Qinghai, 1991; Yin and Harrison, 2000). In this study, we report the
first confirmed Triassic volcanic rocks in the northern Hohxil area of
central-western HSGB, near the suture between the Kunlun-Qaidam
Block and HSGB (Fig. 1a and b). These volcanic rocks include high-Mg
andesites that are geochemically similar to Cenozoic sanukitoids in
the southeastern Japan arc (Tatsumi and Ishizaka, 1981) and dacites
that are geochemically similar to Cenzoic adakites (Defant and
Drummond, 1990). These distinctive rock suites help to establish
the Triassic tectonic setting for the HSGB.

2. Geological setting

The Tibetan Plateau consists of a tectonic collage of different
crustal blocks. From north to south, the main east-west-extending
blocks are the Kunlun-Qaidam, HSGB, Qiangtang, Lhasa and Himalaya
Blocks (Fig. 1a) (Chung et al., 2005; Yin and Harrison, 2000). The
HSGB is a triangular tectonic unit bounded by the Anyimagen-
Kunlun-Muztagh suture to the north and the Jinshajiang (or Ganzi-
Litang) suture to the south (Yin and Harrison, 2000). It is broad in the
east but narrows in the west. The eastern boundary of the HSGB lies
along the eastern edge of a southeast-directed, latest Triassic-
Quaternary Longmenshan thrust belt on the western edge of the
South China Block (Burchfiel et al., 1995). Triassic strata conformably

overlie Paleozoic shallow marine sequences of South China in the
eastern HSGB, suggesting that the basement is continental, an
indication of South China affinity at least in that region (Burchfiel et
al.,, 1995; Yin and Harrison, 2000). This is consistent with the
Neoproterozoic (829+9 Ma) zircon U-Pb age data for granitoids in
the region (Li et al., 2003; Roger and Calassou, 1997). The region has
recently been interpreted as a continental peninsula that projected
into the eastern Paleo-Tethys Ocean and was located along the
western margin of the Yangtze Block (Zhang et al., 2006a). The HSGB
extends westward through the western Kunlun Shan to Pamir (Yin
and Harrison, 2000). However, no pre-Mesozoic basement rocks have
so far been reported in the central-western HSGB.

Outcrops in the HSGB are commonly thick Triassic deep marine
deposits (Nie et al., 1994; Qinghai, 1991; Yin and Harrison, 2000),
which may have locally reached thicknesses of 10-15 km (Bruguier
et al., 1997; Nie et al., 1994). The dominantly Triassic strata are com-
monly referred to as the Songpan-Ganzi flysch complex (Weislogel,
2008; Weislogel et al., 2006; Yin and Harrison, 2000; Zhou and
Graham, 1996). Similar Triassic flysch complexes also occur to the
north of the Anyimagen-Kunlun-Muztagh suture and to the south
of the Jinshajiang suture (Xiao et al., 2002a,b; Yin and Harrison,
2000). The Songpan-Ganzi flysch complex was intensely deformed
by folding and thrusting during the Late Triassic and Early-Middle
Jurassic (205-165 Ma) (Burchfiel et al., 1995; Huang et al., 2003;
Wilson et al., 2006).

Magmatic rocks in the HSGB include Late Permian basaltic rocks
(e.g., Song et al., 2004; Xiao and Xu, 2005), Late Triassic granitoids in
the eastern HSGB (Fig. 1a) (Reid et al., 2007; Roger et al., 2003;
Weislogel, 2008; Xiao et al., 2007; Yuan et al., 2010; Zhang et al.,
2006a), and Jurassic granites and Miocene-Pleistocene volcanic rocks
in the central-western HSGB (e.g., Hohxil area; Fig. 1b).

The newly discovered volcanic rocks are located in the northern
Malan Mountains (Malanshan in Fig. 1b), northern Hohxil area
(Fig. 1b). They occur as minor interbeds within the Norian (Late
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Triassic) flysch that contains fossils of Myophori (Castatoria) mansuyi
Reed, Placunopsis remuensis Zhang, Cassianella cf. gryphaeala Munster
and Plaeophyculastrigilata Goldfuss (Zhu et al., 2003). The volcanic
rocks are mainly massive andesites but minor interbeds of dacite
(Appendix-1a) also occur in the flysch. In some outcrops, the volcanic
rocks are distinctly more fragmented than the flysch (Appendix-1b).

3. Petrography

Both andesite and dacite samples exhibit porphyritic texture and
signs of alteration. The andesites are bottle-green, and consist of
augite (2-15 vol.%), plagioclase (15-25 vol.%), glassy cryptocrystal-
line materials (40-60 vol.%), opaque minerals (Fe-Ti oxides) (5-
10 vol.%), minor hornblende (1-5 vol.%) and secondary carbonate (2-
8 vol.%). Except for minor phenocrysts, most mineral grains have
diameters of 0.2-0.01 mm. The augite is mainly columnar (Appendix
1cand d), and can be divided into two groups based on size: relatively
large grains (>15 pum) with core-rim structures and smaller (<15 pm)
euhedral grains without obvious cores (Appendix le and f).
Plagioclase is lath-shaped, and some grains (or parts of grains) were
altered to fine sericite, chlorite or albite. The dacites are sage-green,
and comprise 7 vol.% phenocrysts (1.2-0.20 mm; 6 vol.% plagioclase
and 1vol.% quartz), >90vol.% matrices (<0.06 mm; 60-70 vol.%
plagioclase, 10-15 vol.% cryptocrystalline-glassy materials, and 5-
10 vol.% opaque minerals and minor zircon) and secondary carbonate
(2-5 vol.%).

4. Analytical methods

Zircons were separated using conventional heavy liquid and
magnetic separation techniques. Zircon grains were handpicked and
mounted in an epoxy resin disk, and then polished. Their internal
morphology was examined using cathodoluminescence prior to U-Pb
isotopic analysis. The U-Pb isotopic analyses were performed using
the LA-ICP-MS at the National Key Laboratory of Geological Processes
and Mineral Resources, Faculty of Earth Sciences, China University of
Geosciences (Wuhan). Detailed descriptions of the instrumentation
and analytical accuracy for the LA-ICP-MS zircon U-Pb technique were
given by Liu et al. (2010). The time-resolved spectra were processed
off-line using ICPMSDATA software (Liu et al., 2010) to calculate the
isotopic ratios using zircon 91500 as external standard. NIST SRM 610
was used as the reference material and 2°Si was used as internal
calibrant. Common Pb was corrected by ComPbCorr#3 151 (Andersen,
2002) for those with common 2%Pb >1%. Uncertainties in the ages
listed in Appendix 2 are cited as 10, and the weighted mean ages are
quoted at the 95% confidence level.

Relatively fresh rock chips were selected for “°Ar-3°Ar age
analyses. They were ultrasonically cleaned successively in distilled
water with <5% HNO; and then in distilled water, dried, and
handpicked to remove visible contamination. Argon isotope analyses
for four samples (2406a and 2121-6) were conducted on a MM-1200
mass spectrometer at the Laboratory of Analytical Center, Guilin
Resource and Geological Institute following procedures similar to
those described in Wang et al. (2007). The rock chips were wrapped in
Sn foil and sealed in 6-mm-ID evacuated quartz-glass vials together
with ZBH-25 (biotite) flux monitors, and irradiated for 37 h at the
Beijing Nuclear Research Center. The monitor samples were individ-
ually fused and analyzed for argon-isotope compositions. All samples
were step-heated using a radio-frequency furnace. Argon isotope
analyses were conducted on a MM-1200 mass spectrometer at the
Laboratory of Analytical Center, Guilin Resource and Geological
Institute. The monitor standard was the ZBH-25 (biotite, 132.5 Ma).
All errors are quoted at the 10 level and do not include the uncertainly
of the monitor age. The data are listed in Appendix 3.

Argon isotope analysis of sample (2406b and 2114-1) was
conducted on a GV-5400 mass spectrometer at the State Key

Laboratory of Isotope Geochemistry (SKLIG), Guangzhou Institute of
Geochemistry, Chinese Academy of Sciences (GIG CAS). Rock chips of
30-60 meshes in size were ultrasonically cleaned first in distilled
water with <5% HNOs and then in deionized water, and dried and
handpicked to remove visible contamination. The sample and a
monitor standard (ZBH-2506 with an age of 132.500+ 0.663 Ma)
were irradiated in the 49-2 reactor in Beijing for 54 h. Details of the
analytical procedure used are given in Qiu and Jiang (2007). The
40Ar-39Ar dating results are calculated and plotted using the
ArArCALC software of Koppers (2002). The “°Ar-3°Ar age data are
listed in Appendix 4.

Augite analyses and back-scattered-electron (BSE) imaging were
carried out at the SKLIG GIG CAS with a JEOL JXA-8100 Superprobe.
The operating conditions were as follows: 15 kV accelerating voltage,
20 nA beam current, 1-2 Im beam diameter, 10 s counting time and
ZAF correction procedure for data reduction. The analytical pro-
cedures were described in detail by Huang et al. (2007). The augite
composition data are listed in Appendix 5.

The samples chosen for elemental and isotopic analyses were first
split into small chips and soaked in 4N hydrochloric acid for 1 h to
remove secondary carbonate minerals, then powdered after rinsing
with distilled water. Major element oxides (wt.%) were determined
using a Varian Vista PRO ICP-AES at the SKLIG GIG CAS. Details of the
analytical procedures were described by Li et al. (2002). Trace
elements, including the rare earth element (REE), were analyzed
using a Perkin-Elmer ELAN 6000 inductively-coupled plasma source
mass spectrometer (ICP-MS) at the Key Laboratory of Isotope
Geochronology and Geochemistry, Guangzhou Institute of Geochem-
istry, Chinese Academy of Sciences, following procedures described by
Li et al. (2002). Analytical precision for most elements is better than
3%. The results are given in Appendix 6.

The Sr and Nd isotopic compositions were determined using a
Finnigan MAT-262 Mass Spectrometer at the Institute of the Geology
and Geophysics, Chinese Academy of Sciences, using essentially the
same procedures as those of Zhang et al. (2002). The 87Sr/3%Sr ratio of
the NBS987 standard and '**Nd/'**Nd ratio of the La Jolla standard
measured during this study are 0.710246 +9 (2om) and 0.511854 + 8
(2om), respectively. Overall blank contributions are about 0.2-0.5 ng
for Rb and Sr, and about 50 pg for Nd and Sm. The Rb, Sr, Sm, and Nd
concentrations exhibit good agreement with those analyzed using
ICP-MS. The measured '“>Nd/'*Nd and #°Sr/%8Sr ratios are normal-
ized to '*°Nd/"**Nd =0.7219 and %°Sr/%8Sr=0.1194, respectively.
The results are given in Appendix 6.

Platinum group elements (PGE) were analyzed by inductively
coupled plasma mass spectrometry (ICP-MS) following the nickel
sulfide fire assay method of Sun and Sun (2005) at the SKLIG GIG CAS.
Briefly, a sample of 15g was spiked with a solution isotopically
enriched in '°°0s and '®°Re, and fused with Na,B,40- flux in a muffle
furnace for preconcentration of PGE into a sulfide button. The button
was dissolved by HCI for collecting PGE residue. Os was separated
from the PGE residue using distillation and absorbed by pure water.
The remainder was prepared for determination of Ru, Rh, Pd, Ir, Pt and
Re contents. The procedural blank is 2 ppt for Os, 6 ppt for Ru, 1 ppt
for Rh, 28 ppt for Pd, 1.5 ppt for Ir, 18 ppt for Pt and 20 ppt for Re. The
results are given in Appendix 6.

5. Results
5.1. Geochronology

Backscattered Electron Imaging (BSE) images of analyzed zircons
(dacite sample 2406a) show that most are elongated crystals with
some cracks, but a few grains display clear magmatic oscillatory
zonings (Fig. 2a). Except for one analyzed spot with low Th/U ratios
(0.02), the other 29 LA-ICPMS analyzed spots have U contents between
191 and 5288 ppm and Th contents between 73 and 6608 ppm,
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Fig. 2. LA-ICP-MS zircon U-Pb Tera-Wasserburg diagram with BSE images for sample 2406a (a and b), and the “°Ar/>*°Ar age spectra diagrams for the Hohxil dacite sample (c) and

high-Mg andesite sample 2121-6 (d) and 2114-1(e).

resulting in variable but higher Th/U ratios (0.19-1.46). Twenty-two
spot results have a weighted mean 2°°Pb/?38U age of 211 &2 Ma (20)
(MSWD =0.77), interpreted as the dacite formation age. Although one
spot has a 2°°Pb/238U age younger than 211 Ma (154 4 2 Ma), possibly
due to contamination, the remaining 7 spots have greater, and largely
concordant, ages (250-1010 Ma) (Fig. 2b). We interpret these older
zircons to be inherited zircons.

Andesite and dacite ages were also determined using argon isotope
analyses in two different argon geochronological laboratories,

using the step-heating method. Dacite sample 2406b yielded a whole-
rock °Ar/*°Ar weighted mean plateau age of 210.9 4 1.6 Ma (Fig. 2c),
which is consistent with the zircon U-Pb age (21142 Ma) of sample
2406a (Fig. 2b). Andesite sample 2121-6 yielded a whole-rock “°Ar/*°Ar
weighted mean plateau age of 21044+ 1.9 Ma (Fig. 2d). Another
andesite sample (2114-1) failed to yield an acceptable “°Ar/>°Ar plateau
(Fig. 2e). The “°Ar/*Ar weighted mean plateau ages of 210.4+ 1.9 Ma
is interpreted as the eruption age of the andesites, which is almost
identical to the age of the dacite.
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Fig. 3. Augite composition section diagrams for two typical grains with core-rim structure (Appendix 1e and f).
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5.2. Pyroxene compositions

Compositional data for augites are shown in Appendix 1g. Some
large augite crystals (>15 um) with core-rim structures (Appendix le
and f) exhibit regular composition changes from cores to rims (Fig. 3):
FeO, Na,O and Al,O5 decrease, and MgO and CaO increase. In addition,
the cores of such crystals have higher FeO, Na,O and Al,03 but low
Mg# (100xMg?*/(Mg?"+Fe?™)) and CaO values than their rims
(Fig. 4). Moreover, data from all augites, including the relatively small
grains (<15 pm) that show no clear core-rim structures, define linear
compositional trends where FeO, Na,O and Al,03 decrease and CaO
increases with increasing Mg” (Fig. 4).

5.3. Alteration effects

The andesite and dacite samples have variable LOI (loss on
ignition) reflecting variable H,O0+ CO, contents (1.70-7.34 wt.%)
(Appendix 6), probably due to differing degrees of alteration (Wang
et al., 2006b). Their K50, Na,0, CaO (Appendix 7a-c) and large ion
lithophile element (e.g., Rb, and Ba) contents increase with increasing
LOI (H,0+ CO, contents) (Appendix 8a-b), indicating that their
abundances have been changed by alteration (e.g., Wang et al.,
2006Db). Their Sr contents exhibit no obvious trend with increasing LOI
(Appendix 8c). The (87Sr/5Sr); ratio of the dacite sample with the
highest LOI is greater than that of the relatively low-LOI sample
(Appendix 8l) but andesite samples do not show a similar relation-
ship. MgO, FeOT (=Fe,05x0.9 + Fe0), Al,03, TiO,, P,0s5 (Appendix
7d-h) and transition (e.g., Cr), rare earth (e.g., La and Yb), and high
field-strength (e.g., Th and Ta) element contents, related element-
element ratios (e.g., Nb/La and Nb/Ta) (Appendix 8d-j) and eNd(t)
values (Appendix 8k) for all andesite and dacite samples show no
obvious variation with increasing LOI (H,0 + CO, contents), indicat-
ing that their contents probably have not been modified by alteration
(Wang et al., 2006b; Zhou, 1999). Thus, immobile elements such as
MgO, FeQ", Al,0s, TiO,, P,Os, transition elements (e.g., Cr, Ni), high-
field-strength elements (HFSE) (Ti, Zr, Y, Nb, Ta, Hf, Th), rare earth
elements (REE), and Nd isotope compositions are mainly used in the
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following discussion. Andesite Sr contents and Sr isotope composi-
tions are also considered.

5.4. Major and trace element compositions

The northern Hohxil Triassic volcanic samples plot in the field of
andesites and dacites on a plot of SiO, (wt%) vs. Zr/TiO, (Fig. 5a).
Although their K;O contents may have been increased by late-stage
alteration (Appendix 7a), the samples still plot in the field of low- and
medium-K calc-alkaline series magmatic rocks (Fig. 5b). They also plot
in the field of Low-Fe magmatic rocks (Fig. 5¢). The andesite samples
exhibit high MgO (5.83-8.88 wt.%), Mg” (64-72), and Cr (272-
531 ppm) and Ni (66.7-636 ppm) contents, which are similar to typical
Cenozoic high-Mg andesites in arc settings, e.g., “adakitic” and “Piip”
high-Mg andesites in the Aleutian islands (Alaska) and the Kamchatka
Strait to the west of the Aleutian islands (e.g., Yogodzinski et al., 1994,
1995, 2001; Yogodzinski and Kelemen, 1998), bajaites in Baja California
(Mexico) (Calmus et al., 2003; Saunders et al., 1987), sanukitoids in the
Setouchi Volcanic Belt (SW Japan) (Shimoda et al., 1998; Tatsumi, 2001;
Tatsumi and Ishizaka, 1981) and boninites of the Bonin Islands (Japan)
(e.g., Taylor et al., 1994; Umino, 1986) (Fig. 6a-e). However, they are
different from boninites in that they exhibit higher TiO, (0.48-0.57) and
Al,03 (13.95-15.80 wt.%) contents (Fig. 6f). The dacite samples have
distinctly lower MgO (0.87-1.14 wt.%) and TiO, (0.20-0.25 wt.%)
contents, Mg* (50-54), and compatible element Cr (24.7-46.8 ppm)
and Ni (2.28-61.9 ppm) contents, but slightly higher Al,03 (15.54-
16.36 wt.%) contents (Fig. 6; Appendix 6).

Both the Hohxil andesites and dacites are enriched in light rare earth
elements (LREE), but depleted in heavy REE (HREE) and Nb and Ti
(Fig. 7a and b). However, the dacites exhibit more pronounced HREE
depletions than the andesites (Fig. 7a and b). Moreover, the dacites have
negligible to positive Eu anomalies, but the andesites have slightly
negative Eu anomalies (Fig. 7a). Compared with Cenozoic high-Mg arc
andesites, the Hohxil andesites have REE and trace element patterns
similar only to the Setouchi sanukitoids (Fig. 7a and b). They also have
La/Yb (6.1-11.9), Th/La (0.36-0.59) and Nb/Ta (11-13) ratios similar to
the Setouchi sanukitoids (Fig. 5d-f). Both the Hohxil andesite and the
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Fig. 4. Augite composition diagrams.
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Fig. 5. (a) Si0, vs. Zr/TiO, (Winchester and Floyd, 1977). (b) K0 vs. SiO, (Peccerillo and Taylor, 1976); (c) FeO" (FeO + 0.9 x Fe,03)/MgO vs. SiO, (Arculus, 2003); (d) Lay/Yby vs.

Yby (Drummond and Defant, 1990); (e) Th/La vs. Th (Plank, 2005); (f) Nb/Ta vs. Nb (Rudnick et al., 2000). Upper crust and marine sediments are from Plank (2005), Plank and
Langmuir (1998), and references therein. MORB data are from Niu and Batiza (1997). The data for sanukitoids in SW Japan are from Shimoda et al. (1998), Tatsumi (2001), Tatsumi
and Ishizaka (1981), and references therein. The data for Bonin Island boninites are from Taylor et al. (1994) Umino (1986), and references therein. The data for bajaites in the Baja
area, California, Mexico are from Calmus et al. (2003) and Saunders et al. (1987). The data for Adakitic high-Mg andesites of Adak Island (Aleutian islands) and the Kamchatka Strait
to the west of Aleutian islands are from Yogodzinski et al. (1995, 1998, 2001), and references therein; the data for Piip-type high-Mg andesites of the Piip volcano (Aleutian islands)

are from Yogodzinski et al. (1994). HMA-high Mg andesites.

Setouchi sanukitoid samples plot in the transition field between
adakites and “normal” arc andesite-dacite-rhyolite suites (Fig. 5d),
and exhibit high Th/La ratios and low Na/Ta ratios that approximate
those of marine sediments and upper continental crust (Fig. 5e and f). All
the Hohxil dacite samples plot in the field of typical slab-derived
adakites (Defant and Drummond, 1990) (Fig. 5d).

5.5. Platinum group elements (PGE) and Re and Au
The Hohxil andesites have total PGE abundance ranging from

0.382 ppb in sample 2114-1 to 3.16 ppb in sample 2121-2. They have
strongly fractionated PGE patterns (Fig. 8a) with a clear increase in

primitive mantle-normalized concentrations from the Ir group (Os, Ir,
and Ru) PGEs to Pd group (Rh, Pt and Pd) PGEs, Au and Re. They also
have negligible or slightly negative Ir, slightly positive Pt, and variable
Au anomalies. However, except for Au, their PGE patterns are
approximately subparallel (Fig. 8a). The Hohxil dacites have distinctly
lower PGE abundance (0.093-0.095 ppb), but also exhibit strongly
fractionated PGE patterns with significant fractionation between both
Ir- and Pd-group PGEs (Fig. 8a). They also have slightly negative Ir and
slightly positive Pt and Au anomalies (Fig. 8a). Both andesites and
dacites exhibit high Pt/Pt* (Pt anomaly), (Pt/Ir)y and Re/Os ratios
higher than those of chondrites and primitive mantle (Barnes et al.,
1988; McDonough and Sun, 1995), but similar to those of the
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references (Rapp et al., 1999, 2003, and references therein). The fields for delaminated lower crust, subducted oceanic crust, and thickened lower crust-derived adakitic rocks are

after Wang et al. (2006a, b). See Fig. 5 for other data sources.

pyroxenite veins in the Kamchatka arc mantle peridotites and close to
those of the Kamchatka arc adakites (Kepezhinskas et al., 2002)
(Fig. 8b and c).

5.6. Nd-Sr isotope compositions

The Hohxil andesites and dacites have high initial 37Sr/%6Sr
isotopic ratios (0.7086 to 0.7107) and low eNd(t) values (—7.57-
—9.59), which are different from those of Late-Permian mafic rocks
and Neoproterozoic igneous and metamorphic rocks in the eastern
Songpan-Ganzi and western Yangtze Blocks, and Triassic granitoids in
the eastern HSGB (Fig. 9a, b). However, their Nd-Sr isotope
compositions are similar to those of modern marine sediments and
Proterozoic-Triassic sediments in the HSGB (Fig. 9a, b). In addition,
their isotopic compositions also partially overlap those of the Triassic

Kunlun intrusive rocks and magmatic rocks in the Qiangtang and
Yidun area (Fig. 9a, b).

6. Discussion
6.1. Petrogenesis

Triassic andesites and dacites in the Hohxil area are geochemically
similar to high-Mg andesites and adakitic rocks, respectively (Figs. 5-7).
There are different models accounting for the petrogenesis of such high-
Mg andesite-adakitic rock suites, including assimilation fractional
crystallization (AFC) or fractional crystallization (FC) from parental
basaltic magmas (Castillo et al., 1999; Macpherson et al., 2006), magma
mixing between felsic and basaltic magmas (e.g., Streck et al., 2007), and
interaction between melts and mantle (e.g., Gao et al., 2004; Kay et al.,
1993; Shimoda et al., 1998; Tatsumi, 2001; Tatsumi and Hanyu, 2003;
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Xuetal,, 2008; Yogodzinski et al., 1994, 1995; Yogodzinski and Kelemen,
1998).

We argue that the first two models are not applicable to the Hohxil
high-Mg andesite-adakitic rock suites based on the following
observations. First, the Hohxil dacites, including a sample with the
lowest LOI or H,0+ CO, content (indicating the least alteration),
exhibits initial 8’Sr/%°Sr isotopic ratios slightly lower than those of the
high-Mg andesites (Appendix 8l and Fig. 9), which is inconsistent
with AFC or magma mixing models (Castillo et al., 1999; Streck et al.,
2007). A positive correlation between Th/Nb and eNd(t) values
(Fig. 8d) and a negative correlation between Th/Nb and La/Sm ratios
(Fig. 8e) for the Hohxil high-Mg andesite-adakitic rock suites are also
inconsistent with extensive crustal contamination (Condie, 2003;
Puchtel et al., 1997). Second, geochemical disequilibrium (e.g., low
Mg# core and high Mg# rim) during the crystallization of augites in
the Hohxil high-Mg andesites (Appendix 1e, f; Figs. 3-4), not only
argues against low-Mg* crustal material assimilation, but also is
inconsistent with the compositions (e.g., low Mg* rim and high Mg*
interior) of zoned augites from magma mixing-derived high-Mg
andesites (Streck et al., 2007). Third, PGE (e.g., Ir) contents do not
decrease with increasing Th contents (an indicator of the degree of
fractionation) (Fig. 8f), and the PGE patterns of the Hohxil high-Mg
andesites are subparallel (Fig. 8a), indicating that variations in their
PGE content are not related to sulfide fractional crystallization
(Setiabudi et al., 2007). Fourth, the Hohxil high-Mg andesite-adakitic

rock suites are not associated with contemporary basaltic rocks that
would correspond to the required mafic end member in AFC, FC and
magma mixing models (e.g., Castillo et al., 1999; Macpherson et al.,
2006; Streck et al., 2007). Finally, there is a clear compositional gap
between high-Mg andesites (SiO,=54-60 wt.%) and dacites
(Si0, =67-71 wt.%) (Figs. 5 and 6), which is inconsistent with the
continuous compositional trend implied by AFC, FC or magma mixing
processes (Castillo et al., 1999; Macpherson et al., 2006; Streck et al.,
2007).

Zoned augite compositions in the Hohxil high-Mg andesites
exhibit, from core to rim, a decrease in K,0, Na,0, Al,O3 and FeO
and an increase in MgO and CaO (Figs. 3-4). The compositional
disequilibrium characteristics of the augites suggest that the Hohxil
high-Mg andesites were likely derived by interaction between melts
and mantle (e.g., Rapp et al., 1999; Yogodzinski and Kelemen, 1998).
However, the origin of the melts requires further clarification, given
that similar melts have been attributed to partial melting of
delaminated or subducted continental crust (e.g., Gao et al., 2004;
Wang et al., 2006b, 2008c; Xu et al., 2008), subducted basaltic oceanic
crust, or sediments (e.g., Kay et al, 1993; Kelemen et al., 2003;
Shimoda et al, 1998; Tatsumi, 2001; Tatsumi and Hanyu, 2003;
Yogodzinski and Kelemen, 1998; Yogodzinski et al., 1994, 1995).

The Hohxil high-Mg andesite and dacite suites exhibit lower eNd
(t) values and higher initial 3Sr/3°Sr isotopic ratios than those of the
Late-Permian mafic rocks and Neoproterozoic igneous and metamor-
phic rocks in the eastern HSGB and western Yangtze Blocks or Triassic
granitoids in the eastern HSGB (Fig. 9), indicating that they were not
generated by the interaction of melts derived from delaminated or
subducted continental middle-lower crust with mantle peridotites.
They also have significantly lower ¢Nd(t) values and higher initial
87Sr/88Sr isotopic ratios than Late Triassic northern Qiangtang high-
Mg andesite-adakite suites that were generated by interactions
between subducted basaltic oceanic crust-derived melts and mantle
wedge peridotites (Fig. 8d-e) (Wang et al., 2008b), indicating that
their formation was not related to partial melting of subducted
basaltic oceanic crust.

We suggest that the Hohxil high-Mg andesite and dacite suites
were probably generated by the interaction of subducted oceanic
sediment-derived melts and mantle peridotites on the basis of the
following evidence. First, they exhibit relatively low eNd(t) values and
high initial 37Sr/3°Sr isotopic ratios (Fig. 9), high Th/La (Fig. 5e) and
Th/Nb (Fig. 8d) ratios, and low Na/Ta (Fig. 5f) ratios, similar to those of
Proterozoic-Triassic sediments in the HSGB, modern marine sedi-
ments or the upper continental crust. The Hohxil high-Mg andesites
are geochemically similar to Cenozoic sanukitoids in the southwest-
ern Japan arc (Figs. 5-7), which are considered to have been
generated by the interaction of subducted oceanic sediment-derived
melts and mantle peridotites (Shimoda et al., 1998; Tatsumi, 2001;
Tatsumi and Hanyu, 2003). Second, the Hohxil high-Mg andesite and
dacite suites have PGE compositions similar to those of slab melt-
metasomatized pyroxenite veins in Kamchatka arc mantle peridotites,
and comparable to those of Kamchatka arc adakites (Kepezhinskas et
al., 2002) (Fig. 8b and c). Moreover, they also exhibit a PGE
compositional trend consistent with the involvement of slab melt
rather than slab fluid (Kepezhinskas et al., 2002) (Fig. 8g and h). As a
result, we suggest that the slab melt was generated by the partial
melting of subducted oceanic sediments.

Fig. 8. (a) Mantle-normalized PGE abundances for the Hohxil high-Mg andesites and dacites. Mantle values are from Barnes et al. (1988). (b) Pt/Pt* (Pt anomaly) vs. (Pt/Ir)y diagram
for the Hohxil high-Mg andesites and dacites. The harzburgite and pyroxenite xenolith from the magmatic rocks of the Kamchatka arc (Russia) and the Tabar-Lihir-Tanga-Feni
(TLTF) arc (Papua New Guinea), orogenic lherzolite, and Uralian/Alaskan zoned ultramafic — mafic complexe fields are after Kepezhinskas et al. (2002), and references therein. The
Pt anomaly (Pt/Pt* =Pty/Rhyx Pdy) provides a measure of the deviation of Pt concentration from the general trend of the primitive mantle-normalized pattern of a sample. C1
chondrite normalizing values for Pt and Ir (Pt/Ir ratio) are from McDonough and Sun (1995). (c) Re/Os vs. Os concentrations for the Hohxil high-Mg andesites and dacites. The fields
for ultramafic xenoliths from the Kamchatka arc and the Papua New Guinea (PNG) arc system, Kaapvaal craton peridotites, mantle-derived mafic and ultramafic magmas, and
primitive mantle values are after Kepezhinskas et al. (2002). (d) enp (t) vs. Th/Nb diagram. (e) La/Sm vs. Th/Nb diagram. Data for LCC (lower continental crust) and UCC (upper
continental crust) are from Rudnick and Gao (2003). (f) Ir vs. Th; (g) Pt/Pd vs. Hf. (h) Au vs. Ta. The fields for ultramafic xenoliths from the Kamchatka arc are after Kepezhinskas et al.

(2002).
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The composition of a sediment-derived melt can change from

rhyolitic to andesitic

as it dissolves olivine and clinopyroxene in

mantle peridotites (Tatsumi, 2001). The Hohxil dacites exhibit slightly
higher Mg* (50-54) than those (<0.47) of metabasaltic and eclogite
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or metasedimentary rock experimental melts (1-4.0 GPa) (Fig. 6a-d)
(e.g., Rapp et al., 1999; Schmidt et al., 2004), indicating that the dacite
magmas were slightly hybridized by mantle peridotite during ascent.
However, the Hohxil high-Mg andesites have distinctly higher Mg*
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Fig. 9. (a) Nd-Sr and (b) Nd isotope diagrams for the Hohxil high-Mg andesites and
dacites. The fields for the Neoproterozoic igneous and metamorphic rocks in the
Songpan-Ganzi and west Yangtze Blocks, Proterozoic-Triassic sediments in the
Songpan-Ganzi Block, Late-Permian mafic rocks in the Songpan-Ganzi and west
Yangtze Blocks are after Wang et al. (2008c¢). The data for marine sediments are from
Plank and Langmuir (1998). The Nd-Sr isotope data for Triassic magmatic rock in the
central-northern Tibetan Plateau are from these references (Fu et al., 2010; Harris et al.,
1988; Roger et al., 2003, 2004; Wang et al., 2008b; Xiao et al., 2007; Yuan et al., 2009,
2010; Zhang et al., 2006a, 2007a,b, and references therein).

(64-72) and compatible element (e.g., Ni) contents (Fig. 6a-e),
suggesting that their magmas were strongly hybridized.

Sediment melting models have primarily been applied to arc
settings involving subduction of oceanic crust containing sediments
(Johnson and Plank, 1999; Plank, 2005). The HSGB is a triangular
tectonic unit, which is broad in the east and narrow in the west. The
basement in the eastern end of the HSGB may be of continental, South
China, affinity (Burchfiel et al, 1995; Li et al, 2003; Roger and
Calassou, 1997; Yin and Harrison, 2000). In addition, some studies
also suggest that middle-late Permian pillow basalts immediately
overlie Early Permian platform carbonates and clastics, and are in turn
overlain by Triassic flysch in the eastern HSGB (Song et al., 2004; Xiao
and Xu, 2005). Therefore, as suggested by Zhang et al. (2006a), the
eastern HSGB may be a continental peninsula extending into the
Paleo-Tethys Ocean from the South China margin. However, for the
central-western HSGB, geophysical (Wittlinger et al., 1996) and
geological (e.g., Roger et al., 2003) data suggest that oceanic crust may
underlie the thick Triassic flysch sequence. It is possible that during
the Triassic subduction of the central-western Songpan—Ganzi oceanic
basin, the ocean floor basalts began to dehydrate under eclogite facies
conditions. As sediments on top of the subducting oceanic crust have a
relatively low solidus (H,O+ Cl fluid-saturated) at high-pressure
(775425 °C at 2 GPa; Johnson and Plank, 1999), the ascending fluids
from the dehydrated basaltic oceanic crust triggered sediment
melting and the generation of adakitic magmas (i.e., the Hohxil

dacites). Adakitic magmas can generally be produced by melting of
mafic materials, leaving residual phases that include garnet + rutile
but little or no plagioclase (Rapp et al., 1999, 2003; Xiong et al., 2005).
Pelitic sediments and greywackes have the same eclogitic mineralogy
(but different mineral proportions) as basaltic rocks at depths >70-
100 km (i.e., 2.0~3.5 GPa; Schmidt et al., 2004). Experimental data
suggest that sediment-derived melts in equilibrium with garnet are
markedly depleted in HREE and enriched in LREE (Johnson and Plank,
1999). When such melts interact with mantle peridotites during
ascent, the result is likely to be magmas comparable to the Triassic
Hohxil high-Mg andesite-dacite suites.

6.2. Tectonic implications

Four main basin models have been proposed for the Songpan-
Ganzi Triassic strata: (1) intercontinental rift basin; (2) back-arc
basin, (3) foreland basin and (4) remnant oceanic basin. In this first
model, the Songpan-Ganzi basin originated from the Late Paleozoic-
Triassic rifting of the South China Block from the South Qinling or the
western margin of the South China Block (e.g.,Song et al., 2004). The
Late Permian Emeishan mantle plume on the western margin of the
South China Block is considered to have caused the inferred rifting
(e.g., Chung and Jahn, 1995; Song et al., 2004). In the second model,
the Songpan-Ganzi basin is interpreted as a back-arc basin between
the Kunlun arc to the north and the outboard Yidun arc to the south
(e.g., Burchfiel et al., 1995; Pullen et al., 2008; Sengor et al., 1988;
Watson et al., 1987) (Fig. 1). The Kunlun and Yidun arcs are generally
considered to result from the northward subduction of the Paleo-
Tethyan oceanic basin along the Anyimagen-Kunlun-Muztagh suture
and the northeastward or northward subduction of the Jinshajiang
oceanic basin along the Jinshajiang suture, respectively (Fig. 1). Pullen
et al. (2008) proposed an alternative back-arc basin model where,
after middle Triassic collisions between the North China and South
China Blocks and between the Qiangtang and Paleo-Tethys arc
terranes, collision-induced oceanic slab rollback led to rifting of the
eastern Kunlun terrane (Yidun arc) from Eurasia and opening of a
back-arc basin in which Songpan-Ganzi flysch was deposited. Late
Triassic arc fragments (e.g., Yidun) and the Songpan-Ganzi flysch
were then accreted to the Qiangtang terrane and South China Block.
Recently, based on Triassic (224-205 Ma) intrusive rocks in the
eastern HSGB, Yuan et al. (2010) proposed that the Songpan-Ganzi
basin was similar to a foreland basin formed in response to an arc-
continental collision and the resultant flexure and fracturing of
western South China Block lithosphere. A remnant-ocean basin model
has also been commonly invoked for the evolution of whole Songpan-
Ganzi basin (Nie et al., 1994; Weislogel, 2008; Weislogel et al., 2006;
Yin and Harrison, 2000; Zhou and Graham, 1996). In this model, (1)
crustal shortening and thrust-sheet development associated with
North China-South China collision caused loading and flexural
subsidence of the subducting lower plate (oceanic crust?) where
Triassic sediment accumulation took place (Fig. 3b of Weislogel,
2008); or (2) the double-sided subduction of the Songpan-Ganzi
oceanic basin under the Kunlun-Qaidam Block in the north and the
Qiangtang Block in the south or west took place during the Triassic
(Nie et al.,, 1994; Roger et al., 2003; Yin and Harrison, 2000).

However, as most previous studies concerning the Triassic evolution
of the HSGB have concentrated on the tectonically complex eastern part
of the block (Fig. 1a), there are important issues that remain to be
resolved, including (1) the relationship between late Permian basaltic
magmatism and the mantle plume activity in western South China
(Chung and Jahn, 1995; Song et al., 2004; Xiao and Xu, 2005), and (2) the
polarity or direction and timing of the different subduction systems
(Burchfiel et al., 1995; Nie et al., 1994; Pullen et al., 2008; Reid et al.,
2007; Roger et al.,, 2004; Sengor et al., 1988).

The Songpan-Ganzi basin extends more than 2500 km along an
east-west trend (according to Fig. 2 of Yin and Harrison (2000)) and
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displays considerable geological variation along its length. In contrast
to the eastern part of the basin, the central-western part contains no
old (e.g., Neoproterozoic) metamorphic basement rocks with South
China affinity or arc fragments (similar to the Yidun arc) and few
Triassic intrusive rocks. It is also situated in a comparatively simple
tectonic setting, i.e., between the Kunlun-Qaidam and Qiangtang
Blocks (Fig. 1a). Therefore, models developed based on eastern HSGB
studies may not fully characterize the coeval evolution of the central-
western HSGB.

The volcanic rocks of this study are located in the central-western
HSGB between the Kunlun-Qaidam and the Qiangtang Blocks (Fig. 1).
As mentioned above, the northern Hohxil high-Mg andesites are very
similar to sanukitoids in the Cenozoic arc of southeastern Japan, and
the high-Mg andesite and dacite suites also originated from
subducted oceanic sediments and subsequent interaction between
melts and mantle peridotite. Therefore, we suggest that they were
most probably generated in a Triassic arc setting. The fact that these
rocks occur close to the Late Permian-Triassic or Early Jurassic
Anyimagen-Kunlun-Muztagh suture (e.g., Roger et al., 2003; Yin and
Harrison, 2000) (Fig. 1) suggests that they were related to the
northward subduction of Songpan-Gangzi oceanic crust. Moreover,
there is an east-west-trending belt of Triassic (250-207 Ma) arc
magmatic rocks in the southern Kunlun Block (Fig. 1a), indicating that
the Songpan-Gangzi oceanic basin subducted beneath the southern
Kunlun Block at that time (Fig. 10) (Harris et al., 1988; Xiao et al.,
2002a,b; Yin and Harrison, 2000; Yuan et al., 2009).

In addition, an east-west belt of Triassic (250-207 Ma) magmatic
rocks have recently been reported in central and northern Qiangtang
Block (e.g., Fu et al., 2010; Wang et al., 2008a,b), including the Yidun
arc (Reid et al., 2007; Roger et al., 2003; Weislogel, 2008) (Fig. 1a).
This Triassic belt can best be interpreted as a magmatic arc. As these
magmatic rocks commonly occur to the south of the Jinshajiang
suture in the central-western Qiangtang Block and west of the Ganzi-
Litang suture in the eastern region (Fig. 1a), the Songpan-Ganzi
oceanic basin must also have subducted southward or westward
beneath the northern Qiangtang Block (Fig. 10). Triassic (219-
236 Ma) adakite-magnesian andesite-Nb-enriched basaltic rock
associations in the Tuotuohe area, central Qiangtang terrane further
confirms the occurrence for partial melting of the Songpan-Ganzi
oceanic slab and subsequent interaction between slab melts and
mantle peridotites (Wang et al., 2008b).

In summary, we suggest that, during the Triassic, the Songpan-Ganzi
oceanic basin subducted both northward under the Kunlun-Qaidam
Block and southward or westward under the Qiangtang Block,
respectively (Fig. 10), as suggested by some previous workers based
on tectonic, sedimentary, metamorphic and paleomagnetic analyses
(e.g., Kapp et al., 2003; Nie et al., 1994; Reid et al., 2007; Roger et al.,
2003; Yin and Harrison, 2000). With the ongoing double-sided
subduction, the eastern Songpan-Ganzi oceanic basin diminished in
size or even disappeared, and collisions between different blocks or arc

Southern Kunlun Northern Qiangtang
aclive margin aclive margin

N Higr;Mg andesite a:d dacites A s
P.ig

Songpan-Ganzi
Ocean

-4

of sediments Slab melting
Fig. 10. A suggested model for Triassic tectonic evolution and magmatism in the vicinity of
the central-western Hohxil-Songpan-Ganzi Block (modified from Xiao et al. (2002a, b)
and Yin and Harrison (2000).

fragments (e.g., the South China, Kunlun-Qaidam, North China, South
Qinling, Qilian, Yidun, and Qiangtang Blocks; Fig. 1a) occurred. A new
basin began to develop in response to an arc-continent collision that was
accompanied by the flexure and fracturing of the western South China
Block lithosphere (Yuan et al., 2010). Although the central-western
Songpan-Ganzi oceanic basin became smaller during this period, it did
not disappear entirely and may have undergone flexure due to
compression (Fig. 10) (Weislogel, 2008; Zhou and Graham, 1996).

Thus, the Triassic flysch deposits in the Songpan-Ganzi basin
underwent tectonic thickening, and rapid erosion of the Qinling-
Dabie orogen, the North China Block to the north, the South China
Block to the east, and the Qiangtang Block to the south (e.g., Bruguier
et al., 1997; Nie et al., 1994; She et al., 2006; Weislogel, 2008;
Weislogel et al., 2006; Zhang et al., 2006b; Zhou and Graham, 1996).
This also implies that, although the Triassic sedimentary rocks in the
eastern Songpan-Ganzi basin belonged to deposits of a possible
foreland basin (Yuan et al., 2010), contemporaneous rocks in the
central-western Songpan-Ganzi basin represent deposits in a rem-
nant ocean basin (Yin and Harrison, 2000). Yin and Harrison (2000)
also suggested that there was a relatively small forearc basin south of
the Anyimagen-Kunlun-Muztagh suture. Xiao et al. (2005) further
suggested that the Late Triassic-Late Jurassic collision between the
southern Kunlun and Northern Qiangtang active margins possibly
generated a collisional complex including two forearc basins and their
accretionary complexes. This kind of collision is typical in accretionary
orogens, which can be found in modern examples like the Molucca
Sea (Hall, 2002) and their ancient counterparts such as Inner
Mongolia (Xiao et al., 2003), the Kelameili suture between the
Northern Tianshan arcs and the East Junggar arcs (Xiao et al., 2004),
and the Mongol-Okhotsk suture (Tomurtogoo et al., 2005). Therefore,
we suggest that the northern Hohxil high-Mg andesites and dacite
suites, occurring just south of the Anyimagen-Kunlun-Muztagh
suture, were most likely generated in a forearc setting (Fig. 10),
which is similar to those of some high-Mg andesites in Cenozoic arcs
(Tatsumi and Maruyama, 1989).

7. Conclusions

The northern Hohxil high-Mg andesites are dated by U-Pb zircon at
21142 Ma, and the dacites are dated by*°Ar/>°Ar at 210.4+1.9 Ma.
The high-Mg andesites are geochemically similar to sanukitoids from
the Cenozoic arc of southeastern Japan. Their augites exhibit composi-
tional zoning marked by higher FeO, Na,0 and Al,O5 but lower Mg* and
CaO0 values in the cores than in the rims. The dacites have major and
trace element characteristics similar to those of slab-derived adakites in
modern arc systems. Both high-Mg andesites and dacites exhibit
strongly fractionated platinum group element patterns coupled with
uniformly low eNd(t) values and high (86Sr/37Sr); ratios. The Hohxil
dacites were most probably produced by partial melting of subducted
sediments above the northward-dipping central-western Songpan-
Ganzi oceanic slab, and the high-Mg andesites were formed by the
interaction between the sediment-derived melts and mantle perido-
tites. The Triassic Songpan-Ganzi basin is therefore implied to have
experienced a double-sided subduction that lasted until, and eventually
led to, its final closure in the Late Triassic. This interpretation, which
links the tectonic evolution of the Kunlun—Qaidam Block in the north
with that of the Qiangtang Block in the south, is consistent with the
Triassic remnant ocean model that accounts for the origin of the central-
western part of the Songpan-Ganzi basin.
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