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Three generations of metamorphic 
mineral assemblages are recognized 
in the HP, MP mafic granulites and 
Grt-bearing amphibolite in the Qingshi-
gou area;

The metabasites record similar clock-
wise metamorphic pressure-tempera-
ture-time (P-T-t) paths indicative of  
orogenic setting. Moreover, differences 
between metamorphic peak P-T condi-
tions were firstly found in the complex;

The metamorphic peak of the HP mafic 
granulite lies in the the high P/T meta-
morphic facies series which corre-
sponds to subduction zone environ-
ment;

High-resolution SIMS U-Pb dating of
metamorphic zircons from the metaba-
sites in the Dunhuang terrane indi-
cates a metamorphic event from ca. 
440 Ma (Zong et al., 2012) to ca. 365 
Ma, lasting at least ~75 m.y.
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Later thermal perturbation

Intercepts at  412.2 ± 6.8 Ma
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Summarizing...Geological traverse of Shuixiakou
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The gneissosity of some lenses and the 
matrix rocks are discordant with a high 
angle intersection. Significant differences in 
orientations of gneissosity and metamor-
phic grade between the lenses and the 
matrix rocks highlight the mixing and juxta-
posing of these rocks metamorphosed at 
different depth.

SIMS U-Pb dating of metamorphic zircons 
separated from the garnet-bearing amphib-
olites indicates that the high pressure meta-
morphism occurred at ca. 438–398 Ma. 

Micropetrography
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The derived metamorphic P-T paths of metabasites in the Dongbatu-Mogutai area are similar and clockwise, typical of orogenic metamorphism. 

The metamorphic peak of the high-pressure mafic granulite approaches the high P/T metamorphic facies series,suggesting a relatively “cool” gradient of 
~14–15 °C/km, if a lithostatic pressure gradient (Spear, 1993) is adopted. Great discrepancy among metamorphic peak (M2) P-T conditions was revealed, 
possibly indicating significantly different depths reached by these high-grade rocks.

SIMS U-Pb dating of metamorphic zircon suggests that the metamorphism in the Dongbatu-Mogutai area occurred at ca. 420–372 Ma.
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P-T paths: Forward Pseudosection Modeling
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40Ar/39Ar dating of hornblendes 
           from amphibolites
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Summarizing...
●

●

●

The discovery of the Paleozoic (ca. 411 
Ma) eclogite in the Hongliuxia region 
supports the subduction zone origin of 
the Dunhuang terrane, indicating a 
“cool” gradient of ~9–10 °C/km;

The metamorphic rocks all record simi-
lar clockwise metamorphic P-T-t paths 
of the western Alpine type;

Remarkable differences between meta-
morphic peak P-T conditions for the 
eclogite puddingstone to the metapelite 
matrix were found in the complex, which 
indicates the mixing of rocks from sig-
nificantly different depths to create a 
tectonic mélange in a fossil subduction 
channel, and possibly juxtaposed 
during the exhumation stage.
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Introduction

(after Şengör et al., 1993; Ge et al., 2016)

(after Zhang et al., 2017)

(e.g., Zhang et al., 2013;...) ?

    Mélange is defined as native or exotic rocks with 
different origins or ages that are generally embedded in a 
highly internally disrupted metasedimentary or serpentinite 
matrix with “block-in-matrix” fabrics reflecting tectonic, 
sedimentary, and diapiric processes (e.g., Silver and Beutner, 
1980; Festa et al., 2012).  Tectonic mélange is composed of a 
chaotic mixture of metamorphic rocks, and is an important 
type of mélange that forms in a subduction channel (Festa et 
al., 2012). In the field, tectonic mélange can be identified by 
interruption of metamorphic strata, chaotic gathering of 
metamorphic puddingstones of discontinuous metamorphic 
facies, sharp contacts of schistosity and/or gneissosity 
between different metamorphic rocks, or a high angle of 
schistosity and/or gneissosity between the metamorphic 
block and the matrix.

      The Dunhuang terrane, situated at a special tectonic 
location as the junction of the Tethyan system, Tarim craton, 
North China craton and the world’s largest accretionary 
orogenic system–Central Asian Orogenic Belt (CAOB), is 
mainly composed of greenschist-amphibolite facies 
metamorphic complex and traditionally considered as an 
ancient stable block formed in the Precambrian. Its tectonic 
nature and attribution, however, is in great debate:
  (1) Basement of the Tarim craton (e.g., Lu et al., 2008;...) ?
  (2) Western extension of the North China craton
  (3) Paleozoic orogenic belt–southernmost CAOB 
       (e.g., Zhao et al., 2016; Wang et al., 2016...) ?

Conclusions

Eclogite, mafic granulite, amphibolite and minor ultramafic puddingstones are intercalated with the metapelite and 
marble, exhibiting the characteristic “block-in-matrix” fabrics of tectonic mélange.

The newly discovered Paleozoic (ca. 411 Ma) eclogite in the Hongliuxia area provides robust evidence on the 
subduction zone origin for the Dunhuang terrane (or Dunhuang orogenic belt).

Remarkable discrepency among metamorphic peak P-T conditions of the metamorphic complex indicates 
significantly different depths reached by these high-grade rocks in a fossil subduction channel, and subsequent 
amalgamation of the lenses and the matrix during the exhumation to form a tectonic mélange.

High-resolution secondary ion mass spectrometry (SIMS) U-Pb dating of metamorphic zircons and 40Ar/39Ar dating 
of hornblende obtained from the puddingstones and/or matrix metapelite suggests that the metamorphism occurred 
at ca. 440–365 Ma, advocating a prolonged subduction process due to the closure of the southern segment of 
Paleo-Asian Ocean.

Our data suggest that the Dunhuang terrane was not a stable craton formed in the Precambrian as previously 
believed, but it is instead a Paleozoic orogenic belt formed during the Silurian to Devonian, and the Dunhuang 
metamorphic complex typifies a Paleozoic subduction-accretion complex.

These data possibly point to independent tectonic evolutions of different slices inside the subduction channel, 
which shed new light on the genetic mechanism of tectonic mélange in the orogens.
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  9:  3 Sd + 6 Qz + Py + 2 Gr = 2 Ann + 6 An + Phl
 10:  Alm + Phl = Py + Ann
 11:  3 Sd + 6 Qz + 3 Py + 2 Gr = 2 Alm + 6 An + 3 Phl
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