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Abstract We present zircon ages and geochemical data for

the Hongshishan Carboniferous Alaskan-type mafic–ultra-

mafic complex exposed in the Beishan area along the Sino–

Mongolian boundary, southern margin of the Central Asian

Orogenic Belt. This complex mainly consists of dunite,

harzburgite, lherzolite, wehrlite, and gabbro, which intrudes

Early Carboniferous volcanic rocks and reveals a zoned

structure. Zircons of a gabbro sample yielded a 206Pb/238U

age of 357 ± 4 Ma, reflecting the time of Early Carbonifer-

ous magmatism. Zircon ages were also obtained for an

andesite (322 ± 3 Ma) and a basaltic andesite (304 ± 2 Ma).

High initial Nd isotope whole-rock values suggest that the

Hongshishan gabbro [eNd(t) = ?9.6 - ?10.2] and basalt

[eNd(t) = ?10.0 - ?10.8] were derived from a depleted

mantle source. Slightly lower eNd(t) values for the ultramafic

rocks [eNd(t) = ?8.5 - ?8.7] suggest some interaction of the

parental magma with the continental crust. In contrast, the

Late Carboniferous Quershan samples in this area represent

subduction-related arc volcanic rocks with Adakite-like

compositions. The early Carboniferous Hongshishan Alas-

kan-type complex was interpreted to represent the remnants

of a magma chamber that crystallized at the base of a mature

island arc, whereas the Quershan island arc volcanic rocks

suggest the resurrection of the subduction process after arc-

continent collision and uplift of the roots of the arc.

Keywords Alaskan-type complex � Carboniferous �
Zircon age � Sino–Mongolian boundary � CAOB

1 Introduction

Alaskan-type complexes have been well documented in the

geological literature (e.g., Taylor 1967; Murray 1972;

Irvine 1974; Himmelberg and Loney 1994; Fershtater et al.

1997; Helmy and El Mahallawi 2003). These complexes

range in size from sills only a few meters wide to intrusions

that are approximately 10 km in maximum exposed

dimension (Himmelberg and Loney 1994). They are

markedly concentrically zoned and, in most cases, are

roughly circular or elliptical in shape, and/or pipe-like in

cross-section. These complexes are generally composed of

dunite, wehrlite, olivine clinopyroxenite, clinopyroxenite,

hornblende clinopyroxenite, and gabbro, but the complete

sequence of lithologies is rarely observed (Himmelberg

and Loney 1994).

The Central Asian Orogenic Belt (CAOB, Fig. 1A) is a

giant accretionary orogen (Windley et al. 2007) and is

bounded by the Siberian, Tarim, and North China cratons

(Jahn et al. 2000; Badarch et al. 2002). The CAOB records

a complex evolution from the latest Mesoproterozoic to

Late Paleozoic (Tang 1990; Dobretsov et al. 1995; Xiao

et al. 2003; Jian et al. 2007, 2008; Kröner et al. 2014). It is

likely that this large, long-lived orogenic domain evolved

through the operation of several subduction systems with

different polarities, through the closure of multiple ocean

basins, and through the collision/accretion of arcs and
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microcontinents (Coleman 1989; Mossakovskii et al. 1993;

Kröner et al. 2007, 2014; Windley et al. 2007).

Mafic–ultramafic complexes, most of which were iden-

tified as ophiolites or post-orogenic intrusions, are widely

distributed along the southern margin of the CAOB (Jian

et al. 2010a, b, 2012; Xiao et al. 2010; Qin et al. 2011; Su

et al. 2011, 2012). Here we present SHRIMP zircon U–Pb

ages and geochemical data for a Carboniferous Alaskan-

type mafic–ultramafic complex and associated volcanic

rocks in the Hongshishan area, Gansu Province, China, and

we discuss their petrogenesis as part of the evolution of the

CAOB.

Fig. 1 Geological sketch map of the southeastern CAOB (the inset map of a compiled after Jahn et al. 2000). Position of Fig. 2 is marked
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2 Geological setting and field relations

The Hongshishan area, Gansu Province, is situated along

the Sino–Mongolian boundary (Fig. 1B), and belongs to

the southern margin of the CAOB. The Hongshishan

mafic–ultramafic complex mainly consists of dunite,

harzburgite, lherzolite, wehrlite, and gabbro, and shows a

zoned structure (Fig. 2). The exposure of ultramafic rocks

is 5 km long and up to 3 km wide with an exposed area of

ca. 14 km2; gabbro is found discontinuously along the

margin of the ultramafic rocks, which intrudes Early Car-

boniferous volcanic rocks (basalts and andesites). These

rocks occur along the Hongshishan suture zone, which

includes Devonian, Carboniferous, and Permian volcanic

rocks.

Harzburgite and dunite are exposed on the southern

margin of the mafic–ultramafic complex whereas wehrlite,

harzburgite, lherzolite, and dunite, with the occurrence of

chromite, are exposed in the central part. Wehrlite and

dunite are only found on the northern margin of the com-

plex. Most ultramafic rocks are medium-to coarse-grained

adcumulates (Wei et al. 2004). Textures are generally

subhedral to anhedral granular with mutually interfering,

gently curved grain boundary segments. Chromian spinel is

an accessory mineral in dunite (Huang and Jin 2006).

Harzburgite, lherzolite, gabbro, basalt, and andesite

samples were collected for geochemical studies, and from

these samples, one gabbro (N42�2701500; E97�0800700), one

andesite (N42�2905400; E97�0402100), and one basaltic

andesite sample were chosen for SHRIMP zircon U–Pb

dating.

3 Analytical methods

Samples were crushed, contamination-free, to less than 200

mesh. Major and trace elements were analyzed by both

XRF (X-ray fluorescence spectrometry) and ICP-MS (In-

ductively coupled plasma mass spectrometry) at the

National Research Center for Geoanalysis, Chinese Acad-

emy of Geological Sciences, Beijing. The precision for

major elements was about 1%, and for trace element

analyses it was generally better than 10%. The analytical

results are listed in Table 1.

Zircons were extracted from ca. 20 kg of fresh rock. The

crushed sample was panned and then underwent electro-

magnetic isodynamic heavy mineral separation. Approxi-

mately 100 grains of each sample were then handpicked

using a binocular microscope. These were mounted onto an

epoxy resin disc together with several grains of the stan-

dard zircon TEMORA (Black et al. 2003). Then, these

were both ground down and polished so that their interiors

were exposed. Zircons were then photographed by optical

microscopy, and cathodoluminescence (CL) images were

obtained using a HITACHI S-3000N SEM with acceler-

ating voltage of 10 kV and an electron current of 100 lA.

Fig. 2 Simplified geological map of Hongshishan area, Gansu Province, China. The locations of samples are indicated
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Table 1 Major oxides, REE and trace element composition of samples

Locality/

unit

Hongshishan Quershan

Sample

no.

HSS06 HSS07 HSS05-1 HSS05-2 HSS02 HSS03 HSS04 HSS01 QES01 QES02

Lithology Harzburgite Lherzolite Gabbro Leucogabbro Basalt Basalt Basalt Basaltic

andesite

Andesite Basaltic

andesite

Note 357 ± 4 Ma N-MORB-like, with arc signature 322 ± 3 Ma 304 ± 2 Ma

Oxide (%)

SiO2 40.55 36.80 49.71 46.79 46.87 47.3 43.4 52.71 60.7 50.02

TiO2 0.06 0.04 0.33 0.07 1.46 1 1.01 0.91 0.77 1.26

Al2O3 1.38 1.75 16.8 29.24 13.39 13.61 11.99 15.44 15.54 19.8

Fe2O3 6.01 6.42 2.09 0.86 5.4 5.36 2.83 3.29 2.69 3.24

FeO 1.94 2.86 4.13 0.54 7.13 8.08 9.23 4.92 3.57 5.42

MnO 0.13 0.12 0.12 0.04 0.21 0.2 0.19 0.14 0.12 0.15

MgO 34.82 34 8 0.74 7.5 7.97 6.89 7.85 3.18 3.54

CaO 3.37 3.53 14.11 15.45 10.82 10.65 10.05 7.03 4.12 5.89

Na2O 0.03 0.08 1.83 3.09 1.96 1.66 1.83 3.36 4.42 4.21

K2O 0.01 0.01 0.03 0.53 0.05 0.04 0.01 0.93 1.86 1.87

P2O5 0.01 0.01 0.01 0 0.11 0.03 0.01 0.14 0.19 0.31

H2O 9.98 10.34 1.86 1.92 3.44 2.92 5.48 2.44 1.88 4.12

CO2 0.45 4 0.31 0.21 1 0.5 7.19 0.45 0.52 0.29

Total 98.74 99.96 99.33 99.48 99.34 99.32 100.11 99.61 99.56 100.12

REE and trace elements (ppm)

La 0.18 0.07 0.36 0.32 4.16 0.69 0.5 9.34 14.7 10.7

Ce 0.45 0.2 1.13 0.81 11.7 2.31 1.7 21.5 32.3 24.8

Pr 0.06 \0.05 0.28 0.12 2.23 0.55 0.42 3.12 4.82 4.02

Nd 0.31 0.16 1.92 0.65 12.3 3.81 2.85 14.2 19.8 18.6

Sm 0.1 \0.05 1.01 0.2 4.28 1.79 1.67 3.73 4.46 4.66

Eu \0.05 \0.05 0.45 0.3 1.45 0.8 1.11 1.15 1.08 1.56

Gd 0.19 0.09 1.59 0.2 5.85 2.88 3.02 3.85 4.12 4.55

Tb \0.05 \0.05 0.35 \0.05 1.06 0.59 0.58 0.64 0.58 0.63

Dy 0.23 0.1 2.45 0.21 7.22 4.24 4.26 3.92 3.56 3.77

Ho 0.05 \0.05 0.57 0.05 1.56 1 0.95 0.82 0.69 0.75

Er 0.2 0.07 1.83 0.15 4.76 3.23 3.04 2.49 2.14 2.19

Tm \0.05 \0.05 0.24 \0.05 0.64 0.46 0.42 0.34 0.28 0.27

Yb 0.16 0.08 1.75 0.15 4.41 3.16 3.07 2.31 2.14 2.02

Lu \0.05 \0.05 0.25 \0.05 0.66 0.49 0.45 0.36 0.32 0.3

Y 1.25 0.58 13.5 1.26 34.8 23.7 22.7 19.4 17.7 16.7

Sc 24.7 9.26 62.8 2.52 55.4 54.3 52.7 33.5 19.5 25.2

V 78.8 35.7 279 16 450 414 421 233 148 292

Cr 8581 4516 338 19.4 256 266 181 376 43.4 12.9

Co 108 138 33.8 5.89 37.6 55.4 50.3 43.6 15.3 24.8

Ni 1604 1981 132 19.7 93.7 115 84.2 168 19.3 12.9

Cu 3.55 25.5 136 7.71 90.2 50 51.7 26.6 15.5 73.4

Zn 42.3 39.7 33.4 7.47 97.8 81.8 101 72.3 76.8 84.1

Ga 2.13 2.1 13.6 16.2 17.2 15.9 14.5 15.8 17.5 19.4

Rb 0.39 0.42 0.55 10.3 1.4 0.32 0.61 18.5 36.5 45.3

Sr 11.7 43.1 61.6 72.9 141 81.6 63.9 281 478 629

Zr 1.97 0.77 7.47 2.09 74.6 21.3 14.3 89.5 148 71.3

Nb 0.06 \0.05 0.06 0.1 2.68 0.27 0.11 2.89 3.4 2.49
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U–Th–Pb analyses were performed in several analytical

sessions using a SHRIMP II instrument at the Beijing

SHRIMP Center, Institute of Geology, Chinese Academy

of Geological Sciences. Analytical procedures followed

those of Williams (1998). Magmatic ages reported in the

text have a weighted mean 206Pb/238U ages, and the

uncertainties are cited at the 95% confidence limit. Chi

square (v2) was employed to test whether an age popula-

tion met the statistical requirements. When v2 = 1, the

error of the weighted mean age was consistent with the

error of individual analyses, and there was no excess scatter

(Black and Jagodzinski 2003). The analytical results are

listed in Table 2.

Sr–Nd whole-rock isotopic analyses were conducted in

the Isotope Laboratory, Institute of Geology, Chinese

Academy of Geological Sciences, Beijing, following pro-

cedures described in Zhang et al. (1994), and the results are

listed in Table 3.

4 Results

4.1 Major and trace elements

The volcanic rocks from Hongshishan are basalt and

basaltic andesite in composition (Table 1) with low to

medium potassic (0.01%–0.93%) and high TiO2 contents

(0.91%–1.46%). Two samples (HSS03, HSS04) exhibit

N-MORB-like, LREE-depleted REE patterns (Fig. 3), and

lower total REE contents than N-MORB, which is con-

sistent with island arc tholeiites (IATs) (e.g., Hawkins

2003). The other two basalts (HSS01, HSS02) display flat

REE patterns (Figs. 3, 4). The REE compositional diver-

sity of these volcanic rocks signifies different mantle

sources. A TiO2 versus V plot (Fig. 5; Shervais 1982), a

Th/Yb versus Nb/Yb plot (Fig. 5; Pearce 2008) and a

MORB-normalized multi-element variation diagram

indicate an IAT affinity for these samples and are diag-

nostic SSZ signatures, most likely produced in response to

aqueous fluids/melts expelled from a subducting slab

(Shervais 2001).

However, the volcanic rocks from Quershan are basaltic

andesite and andesite and have intermediate to high silica

(50.02 wt%–60.70 wt%), high Al2O3 (15.54%–19.80%),

higher Na2O than K2O (Na2O [ K2O, Na2O/

K2O = 2.38–2.51), with medium-potassic (1.86%–1.87%).

LREE-enriched REE patterns, LILEs (large-ion lithophile

elements) enrichment over HFSEs (high field-strength ele-

ments), coupled with a pronounced negative Nb anomaly

relative to Th, U and La (Fig. 4) indicate the volcanic rocks

are similar to those island arc volcanic rocks (Gill 1981).

Gabbro sample HSS05-1 exhibits a LREE-depleted,

N-MORB-like REE pattern, and has a SSZ signature, i.e.

LILE enrichment over HFSE and a pronounced Nb

depletion (Fig. 4). Leucogabbro sample HSS05-2 has

positive Eu, and Sr anomalies that indicate accumulation of

plagioclase (Fig. 4). The ultramafic rocks (HSS06, HSS07)

also display flat REE patterns (Fig. 3).

4.2 Zircon ages

Zircons from gabbro sample HSS05-1 are euhedral, and

their cathodoluminescence (CL) images (Fig. 6A) show

broad and rhythmically zoned oscillatory patterns charac-

teristic of magmatic crystallization. Sixteen grain analyses

form a concordant group in the concordia diagram with a

weighted mean age of 357 ± 4 Ma (v2 = 1.53) (Table 2;

Fig. 7A) that we have interpreted to reflect the time of

gabbro emplacement.

Andesite sample QES01 contains euhedral, prismatic

crystals that display oscillatory zoning under CL (Fig. 6B),

indicating a magmatic origin. Ten analyses yielded a

weighted mean 206Pb/238U age of 322 ± 3 Ma (v2 = 0.83)

(Table 2; Fig. 7B) that we have interpreted to reflect the

Table 1 continued

Locality/

unit

Hongshishan Quershan

Sample

no.

HSS06 HSS07 HSS05-1 HSS05-2 HSS02 HSS03 HSS04 HSS01 QES01 QES02

Lithology Harzburgite Lherzolite Gabbro Leucogabbro Basalt Basalt Basalt Basaltic

andesite

Andesite Basaltic

andesite

Note 357 ± 4 Ma N-MORB-like, with arc signature 322 ± 3 Ma 304 ± 2 Ma

Cs \0.05 0.05 0.08 0.32 0.11 0.12 0.14 1.62 0.85 1.89

Ba 5.01 5.24 7.26 111 12.4 10.8 17.4 220 503 345

Hf 0.06 \0.05 0.41 0.07 2.66 1.00 0.79 2.67 4.73 2.44

Pb 0.36 0.56 0.49 0.71 3.05 0.96 0.48 2.42 6.39 2.23

Th \0.05 \0.05 \0.05 \0.05 0.41 0.05 0.05 1.85 3.62 0.87

U 0.34 0.38 0.28 0.12 0.17 0.13 0.28 0.65 1.10 0.42
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time of andesite emplacement. Spots 6.1 (344 Ma) and

12.1 (339 Ma) are slightly older than the other spots and

are understood to contain inherited Carboniferous grain

components.

Most zircons from basaltic andesite sample QES02 are

euhedral, and their CL images show broad and rhythmi-

cally zoned patterns (Fig. 6C), indicating a magmatic ori-

gin. Some zircons show core-rim structures suggesting

some inheritance. Fourteen grain analyses from the basaltic

andesite yielded concordant and near-concordant isotopic

compositions with a weighted mean 206Pb/238U age of

304 ± 2 Ma (v2 = 1.51) (Table 2; Fig. 7C) that we have

interpreted to represent the time of basaltic andesite

emplacement. Spots 4.1, 5.1, 8.1, 14.1, and 16.1 are older

than the other spot analyses, and we interpret these as

reflecting various degrees of inheritance.

4.3 Whole-rock Sr–Nd isotopic compositions

The harzburgite sample [eNd(t) = ?8.5, ISr = 0.7075]

shows high ISr but a similar initial Nd isotope composition

as the lherzolite sample [eNd(t) = ?8.7, ISr = 0.7047]

(Table 3; Fig. 8), We have interpreted this ISr as disturbed,

probably due to serpentinization or sub-ocean alteration.

Hongshishan gabbro [eNd(t) = ?9.6 - ?10.2] and

basalt [eNd(t) = ?10.0 - ?10.8] samples show higher

eNd(t) values than those of the ultramafic rocks, and they are

also higher than that of Permo-Carboniferous NMORB

(Table 3; Fig. 8), which suggests that these rocks are

derived from a more depleted source than NMORB.

Quershan andesite [eNd(t) = ?7.6, ISr = 0.7039] and

basaltic andesite [eNd(t) = ?6.0, ISr = 0.7035] have similar

Nd–Sr isotopic compositions as the Hongshishan basaltic

andesite [eNd(t) = ?7.3, ISr = 0.7040], and all these belong

to arc tholeiites (Table 3; Fig. 8).

5 Discussion

5.1 Petrogenesis

Ophiolites represent remnants of oceanic lithosphere pre-

served in orogenic belts and mark suture zones between

Fig. 3 Chondrite (CHON)-normalized REE patterns for samples of

this study. Chondrite values are from Boynton (1984)

Fig. 4 N-MORB-normalized trace element variation diagrams for

samples of this study. N-MORB values are from Sun and McDonough

(1989)
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Fig. 5 The diagrams of K2O–SiO2 (A Le Maitre et al. 1989), Th–Co (B Hastie et al. 2007), FeO*/MgO–SiO2 (C Miyashiro 1974), Cr–Y

(D Pearce 1982), V–TiO2 (E Shervais 1982), and Th/Yb–Nb/Yb (F Pearce 2008) for samples in this study
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crustal blocks. They include, from bottom to top, ultramafic

rocks (harzburgite, wherlite, dunite), layered and isotropic

gabbro, sheeted dikes, basalt and a pelagic-hemipelagic

sedimentary cover (Penrose Conference 1972). Ophiolitic

fragments are widely distributed in the Beishan area (Zuo

et al. 1987, 2003), northwestern China, which is located at

the southern margin of the Central Asian Orogenic Belt

(Fig. 1B).

However, Alaskan-type complexes are markedly con-

centrically zoned and generally composed of dunite,

wehrlite, olivine clinopyroxenite, clinopyroxenite, horn-

blende clinopyroxenite, and gabbro. These complexes were

Fig. 6 Cathodoluminescence (CL) images and SHRIMP U–Pb ages of representative zircons from samples of this study
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Fig. 7 Concordia diagrams for

zircon analyses of samples
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believed to result from fractional melting in the mantle

(Taylor 1967). Some ultramafic rocks have cumulus tex-

tures that reflect their origin and concentration through

crystal fractionation processes (Murray 1972; Himmelberg

and Loney 1994). Sha (1995) suggested that Alaskan-type

complexes are fractionally derived from a mixture between

a mantle-derived mafic magma and a crustal felsic magma.

In contrast, Farahat and Helmy (2006) thought that there

was no significant crustal contamination during the for-

mation of Alaskan-type complexes through fractional

crystallization of a hydrous parental magma.

Higher eNd(t) values than that of Permo-Carboniferous

NMORB (Nelson and DePaolo 1984) (Table 3; Fig. 8)

suggest that the Hongshishan gabbro and basalt were

derived from a more depleted source than NMORB. The

lower eNd(t) values of the ultramafic rocks may indicate

later reaction of the parental magma with continental crust.

We therefore suggest that the Hongshishan mafic–ultra-

mafic complex is derived from a depleted mantle and that

the ultramafic rocks experienced sub-ocean alteration.

5.2 Comparisons to regional mafic–ultramafic rocks

Three phases of mafic–ultramafic rocks occur in the Beishan

area along the Sino–Mongolian boundary (Fig. 1B). Per-

mian mafic–ultramafic complexes are found in the Eastern

Tianshan and Beishan areas and in the Xinjing Uygur

Autonomous Region (Zhou et al. 2004; Chai et al. 2008; Ao

et al. 2010; Qin et al. 2011; Su et al. 2011, 2012; Song et al.

2013; Xue et al. 2016). Their rock types are mainly dunite,

clinopyroxene peridotite, clinopyroxenite, gabbro, and

diorite. These complexes have been interpreted as evolving

from high-Mg tholeiitic magmas from the lithospheric

mantle in a post-orogenic extensional tectonic setting and/or

related to a mantle plume (Zhou et al. 2004; Han et al. 2006;

Jiang et al. 2006; Wang et al. 2006; Chai et al. 2008; Zhang

et al. 2008; Su et al. 2012; Qin et al. 2011), or related to

asthenosphere upwelling (Song et al. 2013; Xue et al. 2016).

Fig. 8 ISr versus eNd(t) for

samples in this study

Fig. 9 A possible model to show the evolution of Beishan area,

southern margin of CAOB during the Carboniferous (after DeBari and

Coleman 1989)
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Cambrian mafic–ultramafic rocks of ophiolitic affinity con-

sist of dunite, harzburgite, gabbro, diabase, and basalt (Shi

et al. 2017), whose chemistry suggests a typical arc-trench

complex. In this, a supra-subduction zone ophiolite records

successive phases during its life cycle: birth (ca. 535 Ma),

when the ocean floor of the ophiolite was formed; youth (ca.

533 Ma), characterized by mantle wedge magmatism;

maturity (527–521 Ma), when basalt, basaltic andesite,

andesite, and dacite were produced by slab melting and

subsequent interaction of the melt with the mantle wedge;

death (\519 Ma), caused by break-off of subducted slab and

exhumation of the arc island.

The Carboniferous Alaskan-type complex is distinctly

different in emplacement age and petrology from other

regional mafic–ultramafic rocks, indicating that its petro-

genesis and tectonic environment are different from that of

the other two types.

5.3 Tectonic implications

Alaskan-type complexes have always been related to the

subduction environment. Most researchers suggest that

these complexes formed at convergent plate margins, rep-

resenting arc magmas (Taylor 1967; Irvine 1974) or arc-

root complexes (DeBari and Coleman 1989; Brugmann

et al. 1997).

The Hongshishan complex is interpreted to constitute

the remains of a magma chamber that crystallized at the

base of a mature island arc (Fig. 9). The Late Carbonifer-

ous Quershan island arc volcanic rocks suggest resurrection

of the subduction process after the collision of the Hong-

shishan arc and the Dunhuang Block, and then after uplift

of the roots of the Early Carboniferous island arc (Fig. 9).

The Central Asian Orogenic Belt (CAOB) is a giant

accretionary orogen revealing a complex evolution

involving several subduction systems with different

polarities and collision/accretion of arcs and microconti-

nents (Coleman 1989; Mossakovskii et al. 1993; Kröner

et al. 2007, 2014; Windley et al. 2007; Jian et al.

2008, 2010a, b, 2014; Shi et al. 2016). Our identification of

the early Carboniferous Hongshishan Alaskan-type com-

plex and the Late Carboniferous Quershan island arc vol-

canic rocks along the southern margin of CAOB provides

the necessary evidence to reconstruct a Late Paleozoic

subduction process along the southern margin of the CAOB

following early Paleozoic subduction (Shi et al. 2016).

6 Conclusions

1. The Hongshishan mafic–ultramafic complex mainly

consists of dunite, harzburgite, lherzolite, wehrlite, and

gabbro, and displays a zoned structure.

2. High eNd(t) values for the Hongshishan gabbro

[eNd(t) = ?9.6 - ?10.2] and basalt [eNd(t) =

?10.0 - ?10.8] suggest that it is derived from a

depleted mantle source. In contrast, the Late Carbonif-

erous Quershan volcanic rocks are subduction-related

arc rocks with Adakite-like compositions.

3. The Hongshishan complex represents the remains of a

magma chamber that crystallized at the base of a

mature island arc. The Late Carboniferous Quershan

island arc volcanic rocks suggest resurrection of the

subduction process after arc-continent collision and

uplift of the roots of the Early Carboniferous island

arc.
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