
  

1 

 

Guide Book for Field Excursion of First 

Workshop of Project IGCP-662 “Orogenic 

architecture and crustal growth from 

accretion to collision”  

 

Fieldtrip to the Dunhuang Block and Beishan 

Orogen in the Dunhuang-Liuyuan area, Gansu 

Province, NW China   

15-20 September, 2018 

 

Cees van Staal, Tong Hong and Shoufa Lin  

University of Waterloo, Canada  

 

Wenhua Ji, Lei Kang, Jianguo Yang  

Xi’an Center, China Geological Survey 

 

 

www.igcp662.org.cn  

 

  

file:///E:/IGCP%20application/www.igcp662.org.cn


  

2 

 

Fieldtrip to the Dunhuang Block and Beishan Orogen in the 

Dunhuang-Liuyuan area, Gansu Province, NW China  

 

1. Introduction and Regional Geology 

This fieldtrip presents a brief overview of the tectono-stratigraphy and deformation history of a part of 

the Dunhuang block (orogen?) and the Beishan orogen. The two areas are situated immediately southeast of 

the town of Guazhou and south of the town of Liuyuan, respectively (Fig. 1). 

 

 

. Figure 1. Regional tectonic map showing the locations of the Dunhuang Block and the Beishan orogen and the 

locations of the field trips (areas of Fig. 2c and Fig. 3) (modified after Lu et al., 2008; He et al., 2014). 

 

1.1 Dunhuang Block 

The Dunhuang block is located at the junction of the Central Asian orogenic belt, the Tarim craton, the 

Tethyan tectonic domain and the North China craton (Figs. 1, 2a). It is in contact with in the Tarim craton 

to the West, the Alxa block to the East and the Beishan orogenic belt to the North, and is separated from the 

Qilian orogenic belt to the South by the Altyn fault zone. Most geologists believe that the Dunhuang block 

is part of the basement of the Tarim craton (Mei et al., 1998; Xu et al., 1999; Meng et al., 2011; Zhu et al., 

2015; Wang et al., 2017), although some consider the Dunhuang block, together with the Alashan block, to 

be part of the North China Craton (Zhang et al., 1997). However, as more and more Paleozoic tectonic 

thermal events were discovered in recent years, some scholars suggested that the traditional "Dunhuang 
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Block" should be called the "Dunhuang orogenic belt" or the "Dunhuang tectonic belt" and is part of the 

southernmost part of the Central Asian orogenic belt (Meng et al., 2011; Zong et al., 2012; He et al., 2014; 

Wang et al., 2016; Zhao et al., 2016, 2017; Wang et al., 2017a, b). 

The Dunhuang block is composed of the late Archean-Paleoproterozoic Dunhuang complex, a 

Neoproterozoic-Cambrian sedimentary-volcanic cover sequence and Phanerozoic intrusions (Fig. 2b). 

Late Archean-Paleoproterozoic Dunhuang Complex: It is composed of TTG gneisses and 

supracrustal rocks. The TTG gneisses are developed only in the central and southern parts of the Dunhuang 

block. The supracrustal rocks (the Dunhuang Group, Pt1D) are mainly composed of gneisses, mica quartz 

schist, quartzite, marble and amphibolite, and can be divided into four “formations” from the bottom to the 

top (Meng et al., 2011). The first formation consists mainly of striped to augen migmatite, 

amphibolite-biotite plagioclase gneiss, garnet-biotite schist, quartzite and a small amount of diopside 

pyroxenite and marble lenses; the second consists mainly of marble with a small amount of garnet-biotite 

quartz schist; the third is mainly composed of garnet-bearing two mica quartz schist, muscovite quartz 

schist, biotite plagioclase gneiss and locally garnet-bearing biotite amphibolite; the fourth consists of biotite 

quartz schist, biotite granulite, and biotite plagioclase gneiss. Migmatization took place locally. The 

Dunhuang complex has Sm-Nd isotope ages of 2935 Ma, 2949 Ma, 2946 Ma, 2956 Ma, 3237 Ma and 3487 

Ma, obtained from intermediate to high-grade metamorphic rocks (Li Zhichen , 1994). Archean (~2.5 Ga, 

~2.6-2.7 Ga, ~3.01 Ga) TTG gneisses (Zhang et al., 2013; Zong et al., 2013; Zhao et al., 2013, 2017) and 

late Paleoproterozoic (~1.8 Ga) metamorphic rocks (Zhang et al., 2012, 2013) have been discovered. They 

experienced late Paleoproterozoic to early Mesoproterozoic (1.81 Ga-1.82 Ga; Zhao et al., 2013; Zhang et 

al., 2011) and early Paleozoic (0.48-0.39 Ga, Meng et al., 2011; Zong et al., 2012; He et al., 2014; Wang et 

al., 2017b and this study) metamorphism. 

Neoproterozoic-Cambrian sedimentary-volcanic cover sequence: Sedimentary cover above the 

Dunhuang complex was discovered during this study. They occur only in the northeastern margin of the 

Dunhuang block and can generally be divided into two parts: terrigenous clastic rocks composed of 

meta-sandstone, meta-argillaceous sandstone, meta-conglomerate, and chert; and volcanic rocks composed 

of andesite and dacite with basalt, basalt andesite and tuff interbeds. These rocks are strongly deformed and 

experienced lower greenschist facies metamorphism. The stratigraphic sequence is well preserved. The 

youngest detrital zircon dated has an age of 574 Ma, and the zircon U-Pb age of an intruding granite is 517 

Ma. Therefore, the sedimentary-volcanic sequence should have formed between 517 and 574 Ma. 

Phanerozoic intrusive rocks: Early Paleozoic granite, Late Paleozoic adakite and plagiogranite and 

Mesozoic mafic dykes occur in the Dunhuang block (Zhang et al., 2009; Zhu et al., 2014; Zhao et al., 2015). 

The Early Paleozoic granite bodies are mostly between 399 and 444 Ma (Zhao et al., 2016). During this 

study, intermediate-felsic intrusive rocks (450-480 Ma and 517 Ma) and gabbro (467 Ma) were discovered 

in the northeastern margin of the Dunhuang block. The Late Paleozoic granitoids formed at 317-382 Ma 



  

4 

 

(Zhao et al., 2016; Bao et al., 2017). Late Devonian tonalite (365-363 Ma) and Carboniferous adakite 

(330-370 Ma) occur in the Danghe Reservoir area on the northern margin of the Dunhuang block. The 

tonalite is thought to be the products of partial melting of the thickened lower crust during subduction (Zhu 

et al., 2014; Zhao et al., 2015). The 332-382 Ma adakitic rocks in the southern margin of the Dunhuang 

block may be a result of crustal thickening caused by collision between the Dunhuang block and Altun 

block (Bao et al., 2017). In addition, Mesozoic mafic dykes are widely distributed in the Dunhuang block. 

A zircon U-Pb age of 164 Ma was obtained during this study for a diabase dyke in the northeastern margin 

of the Dunhuang Block. 

 

Figure 2. (a) Tectonic map of Asian blocks (Xiao et al., 2008); (b) Geological map of the Dunhuang block (Zhao et al., 2017); 

（c）Composition and structure of Dunhuang block, showing the locations of the field trip stops (The base map is Landsat-8 

satellite remote sensing image). 
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1.2 Beishan orogen 

The Central Asian orogenic belt is a classical area of study of accretionary orogenic belts. It records 

the largest Phanerozoic continental growth process, complex continental margin evolution, superimposed 

Permian igneous events, and unique geodynamic setting. Multi-stage metallogenic superposition is a hot 

area in international geoscience research. The Carboniferous-Permian geological setting is hotly debated. 

This fieldtrip is concerned with the southern part of the Beishan orogen in the southern Central Asia 

orogenic belt, focusing on the Permian geological evolution (Figs. 1, 3). 

The structural history of the area is complex. It involved at least three and possibly four generations of 

contraction-related structures, grouped tentatively into D1, D2 and D3. Ductile structures comprise folds, 

thrust-related shear zones and dextral and sinistral oblique transcurrent shear zones. D3-related thrusting 

was directed to the north and divided the rocks into 5 major structural panels (Fig. 1), each characterized by 

a distinct tectonostratigraphic assemblage and/or geological evolution, which are bounded by major 

thrusting-related ductile shear zones. Some panels (e.g. panels 3 and 5) display a complex internal structure 

separating the panels into smaller structural domains. A sixth panel in the northern part of the area is 

bounded by a south-directed D2? brittle-ductile thrust. 

 

 

 

Figure 3. Google satellite image showing the tectonostratigraphic panels and fieldtrip stops. 
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Rock units and structures characteristic of the various panels 

Panels 1 and 2     

Panels 1 and 2 occupy the southern part of the area and are dominated by plutonic igneous rocks. The 

panels have an igneous as well a sedimentary linkage. Both comprise large bodies of hornblende 

diorite/gabbro, tonalite and granite with minor trondhjemite, locally containing xenoliths and/or screens of 

metasedimentary rocks. Marble rare or absent in the other panels occurs in both panels 1 and 2, particularly 

the latter. Panel 1 is distinct from panel 2 in comprising a large band of orthogneiss near the shear zone that 

separates it from panel 2. The band of gneiss is made-up of tectonite derived from deformed and 

metamorphosed tonalite and diorite, which was cut by a younger phase of tonalite and diorite. In addition, 

metamorphic garnet is prevalent in tonalite, granite and trondhjemite and garnet-hornblende in parts of the 

diorite/gabbro of panel 1. Garnet also occurs in similar lithologies in panel 2, but is significantly less 

prevalent and gradually disappears towards the north. The disappearance of garnet is tentatively ascribed to 

retrogressive metamorphism associated with final juxtaposition of panel 2 with panels 3 and 4. Panel 2 

comprises large screens of marble, feldspathic sandstone, conglomerate, arkose, quartzite and semi-pelitic 

muscovite-biotite schist. The widespread occurrence of marble suggest panels 1 and 2 preserve the 

remnants of a highly tectonized passive margin. Laser ICPMS dating of detrital zircons indicate most 

sedimentary rocks, including the marble, are younger than 330 Ma, but older than ca. 295 Ma (SHRIMP 

ages) rocks of the intruded diorite, tonalite and granite suite. Field relationships indicate this phase of 

magmatism was syn-kinematic with early deformation (D1).The youngest zircon in the quartzite is ca. 900 

Ma, suggesting it is older than the Carboniferous-Permian sedimentary rocks with which it is spatially 

associated. Hence, it may represent part of an exhumed Precambrian supracrustal basement to the Late 

Paleozoic rocks in these panels. Panels 1 and 2 were amalgamated after 295 Ma, probably before the 

younger phase of ca. 280 Ma tonalite-diorite magmatic pulse in panel 1, the members of which cut the ca. 

326 Ma orthogneisses that mark the panel bounding shear zone. 

 

Panels 3, 4 and 5     

Panel 3 comprises felsic meta-volcanic and meta-sedimentary rocks, which were structurally 

juxtaposed with each other probably during D2 within panel 3. The Panel 3 volcanic rocks are 

predominantly pyroclastic and are correlated with the 297-292 Ma juvenile (i.e. no evidence of zircon 

inheritance) felsic pyroclastic rocks of panels 4 and 5, which are lithologically similar. The 

meta-sedimentrary rocks comprise dark grey, green or red epiclastic volcanogenic sandstone, siltstone and 

conglomerate. Conglomerate contains tonalite, granite and felsic volcanic clasts. Thin layers of interlayered 

aphanitic siliceous (cherty) ash and minor crystal tuff yielded U-Pb zircon ages of ca. 282 Ma, which show 

the deposition of the sedimentary rocks was contemporaneous with a second phase of volcanism.  The 

sedimentary rocks, but not the volcanic rocks, were intruded by a voluminous suite of plutonic rocks, 

mainly comprising gabbro, trondhjemite and granite, which yielded U-Pb zircon ages between 285 and 281 
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Ma. Ca. 281 Ma gabbro sills stitch the shear zone between the rocks of panel 2 and the metasedimentary 

rocks of panel 3, hence these rocks were amalgamated during or before this time, but later than 295 Ma. 

The pyroclastic volcanic rocks of panel 3 must have amalgamated with the metasedimentary rocks of this 

panel slightly later, since the gabbro and granite do not appear to have intruded the volcanic rocks.  

Panel 4 comprises mainly an internally imbricated, large body of felsic yellow to light green crystal 

and lithic tuff, which yielded SHRIMP U-Pb zircon ages between 297 and 292 Ma. Their large volume and 

wide aerial extent suggest the tuffs mainly represent pyroclastic flows. Older, inherited zircons were not 

detected, suggesting the volcanic rocks are juvenile, indicating that they represent a different setting than 

the coeval magmatic rocks present in panels 1 and 2. The volcanic rocks are structurally overlain by an 

aerially widespread red to purplish coloured conglomerate, sandstone and siltstone unit, colloquially 

referred to as the red beds. Tuffaceous sandstone, ash beds and larger pyroclastic bodies interlayered with 

the red beds yielded U-Pb zircon SHRIMP ages of ca. 282 Ma, making them coeval with the tuffaceous 

rocks in the metasedimentary unit of panels 3 and 5 (see below), which to a large extent are lithologically 

similar, except that the typical reddish or purplish coloured rocks are absent. The members of the 285-282 

Ma suite of granite and gabbro, typical of the metasedimentary unit of panels 3 and 5, are very rare or 

absent in the red sandstone unit of panel 4, although its tuffaceous rocks are coeval, emphasizing a 

magmatic linkage.  

Panel 5 comprises rocks that are typical of panels 3 and 4 preserved in a relatively open structural 

dome with equivalents of the metasedimentary rocks of panel 3 lying structurally above felsic volcanic 

rocks typical of panel 4 in its core. Structural juxtaposition of panels 4 and 5, and the two major 

supracrustal units in the dome mainly happened after 281 Ma, since the numerous gabbro present in the 

metasedimentary unit do not appear to cut the underlying felsic volcanic rocks or the shear zone that 

separates panels 4 and 5. The rocks of panels 3, 4 and 5 were subjected to a similar geological evolution, 

yet its two major units formed in two different tectonic settings that were linked by ca. 292 Ma felsic 

volcanism, but geographically separated to an extent that intrusion of the ca. 281-285 Ma gabbro-granite 

suite and coeval volcanism occurred solely in the younger metasedimentary units.  

The metasedimentary rocks of panel 5 are structurally overlain by dark grey to black shale, siltstone 

and sandstone. Detrital zircon studies and field relationships suggests they were deposited after 281 Ma. 

They in turn are disconformably overlain by greenish grey conglomerate, sandstone and siltstone, 

predominantly derived from a felsic granitoid source, preserved as large cobbles in the basal conglomerate. 

The stratigraphically highest unit is a bluish green conglomerate interlayered with sandstone and siltstone 

that contains clasts of the underlying sedimentary rocks and basalt of panel 6. A dacitic volcanic rock 

interlayered with the stratigraphically youngest conglomerate yielded a U-Pb zircon age of ca. 276 Ma 

indicating the bulk of the various sedimentary rocks that overlie panels 4 and 5 were rapidly deposited 

between 281 and 276 Ma. These rocks are interpreted to represent a relatively short-lived foreland basin 
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formed by tectonic loading as a result of formation of a thick D2-3 thrust stack that progressively formed 

by translation of the thrust panels on top of each other. D3 upright folding refolded the thrust stack and 

foreland basin clastics into tight to open, east-west trending, shallowly east or west plunging folds. D3 

thrusting must have continued during folding, because it abuts the F3 dome. Ca. 241 Ma rhyolite 

porphyries and related micro-granite dikes that are not folded by the large D3 structures, yet acquired a 

foliation that is co-planar with the S3 axial plane foliation developed in the sedimentary rocks. D3 is thus 

late Permian to Triassic. 

Panel 6 

Panel 6 comprises green vesicular pillow basalt, diabase and numerous green or red chert layers, 

which form the southernmost extent of the Liuyuan complex. Facing directions in the pillows suggest they 

occupy a large antiformal structure, co-planar with the large east-west trending D3 folds. Basalts are not 

interlayered with coarse- or medium-grained, terrigeneous clastic sedimentary rocks, indicating they 

erupted distant from a continental margin, consistent with the oceanic setting proposed by Mao et al. (2012). 

An overlying dacitic volcanic rocks yielded a U-Pb zircon age of ca. 276 Ma, indicating the oceanic rocks 

are older. The mafic volcanic rocks, together with their unconformable cover were thrust to the south by a 

brittle-ductile D2? fault over the remaining Middle Permian foreland basin clastics. The fault and related 

faults that affect other foreland basin rocks are commonly characterized by wide quartz veins that continue 

for extensive distances along strike. The quartz veins in turn are locally brecciated, suggesting D2 faulting 

was a progressive event that reworked its own fault rocks locally.  

 

2. Content and purpose of the fieldtrip  

2.1 Dunhuang Block 

This fieldtrip will visit the basement of the Dunhuang block, its sedimentary-volcanic cover sequence 

and Paleozoic intrusions in the northeastern margin of the Dunhuang block, which was investigated by us 

in 2017-2018 at 1: 50, 000 scale.  

We will examine the Paleoproterozoic Dunhuang Group (Pt1D), the Neoproterozoic- Early Cambrian 

sedimentary-volcanic cover sequence and the early Paleozoic intrusive rocks, to get a preliminary 

understanding of the composition, variation and metamorphic and structural characteristics of the basement, 

the sedimentary cover and the intrusive rocks of the Dunhuang block, and discuss the boundary of the 

southern margin of the Central Asian orogenic belt. The field trip consists of two parts: (1) the 

Paleoproterozoic Dunhuang Group (Pt1D), and (2) the Neoproterozoic-Early Cambrian 

sedimentary-volcanic cover sequence and the Early Paleozoic intrusive rocks (Fig. 2c). 
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2.2 Liuyuan area, Beishan orogen 

  The purpose of this part of the fieldtrip is to present a brief overview of the tectono-stratigraphy and 

deformation history of a part of the Beishan orogen, in an area immediately south of the town of Liuyuan. 

The area was investigated by us in 2016-2018 at 1: 25,000 scale.  

 

3. Fieldstops  

 

Day 1: Dunhuang block (Locations shown in Fig. 2c)    

 

Paleoproterozoic Dunhuang group（Pt1D） 

The field trip will go from south to north, examining the lithological association, metamorphism and 

deformation of the Dunhuang “Group” from its bottom to its top. The unit is composed of supracrustal 

rocks that vary from mafic to felsic in composition and from higher to lower amphibolite facies in 

metamorphism.  

Stop 1-1: 

Garnet-bearing amphibolitic gneisses. The garnet is coarse-grained and has plagioclase + hornblende 

corona. It contains inclusions of feldspar, amphibole and other minerals, indicating multi-stage 

metamorphic mineral growth. Rotated porphyroclasts and ptygmatic veins are developed due to later 

deformation. Granitic pegmatite veins are also present. Zircon U-Pb dating indicate that the protolith 

formed at was formed in 1.83-2.01Ga, and experienced the metamorphism of 1.74-1.83Ga, 0.91-1.16Ga, 

0.70-0.84Ga, 0.54-0.59Ga and 0.42-0.44Ga, indicating that there is paleozoic collisional orogenic 

metamorphism associated with the Central Asian orogenic belt. 

   

Figure 4. Field photo of an amphibolite gneiss Figure 6. Garnet with plagioclase  

corona 

Figure 5. Field photo of a rotated 

garnet porphyroclast  

Stop 1-2: 

Biotite plagioclase gneisses with interlayered amphibolitic gneisses, biotite quartz schist and marbles. 

The marble occurs as lenses or rootless folds, with characteristics of paragneisses or metamorphosed 
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supracrustal rocks. 

  

Figure 7. Field photo of a biotite plagioclase gneiss with 

amphibolites gneiss, biotite quartz schist and marble 

interbeds. 

Figure 8. Field photo of a marble 

Stop 1-3: 

Marble with interlayered amphibolite, containing pegmatite dykes and diabase dykes. The diabase has 

yielded a zircon U-Pb age of 164.0±1.6 Ma. 

  

Figure 9. Field photo of a marble with amphibolite interbeds. Figure 10. Field photo of a marble 

Stop 1-4: 

Biotite plagioclase gneisses with interlayered amphibolitic schists, with characteristics of paragneisses 

or metamorphosed supracrustal rocks. Based on the zircon U-Pb dating of the biotite plagioclase gneisses, 

the protoliths formed at formed in 1.57-2.22Ga and experienced the metamorphism of 1.45-1.57Ga, 

0.87-1.13Ga, 0.69-0.76Ga and 0.41-0.48Ga, especially 0.41-0.48Ga is the strongest, indicating that there is 

Paleozoic collisional orogenic metamorphism associated with the Central Asian orogenic belt. 
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Figure 11. Field photo of a biotite plagioclase gneiss with 

amphibolite schist interbeds 

Figure 12. Field photo of an amphibolite 

Neoproterozoic-Early Cambrian volcano-sedimentary strata and early Paleozoic granitic rocks. 

The Neoproterozoic-Early Cambrian volcano-sedimentary volcanic strata occur in a east-west trending 

synclinorium. The field trip will go from north to south, to examine the newly discovered sedimentary 

cover on the Dunhuang basement, including the lithological association, sedimentary facies and 

sedimentary environment. 

The Early Paleozoic granitoids intruded the Neoproterozoic-Early Cambrian volcano-sedimentary 

sequence. They are mainly granodiorites, but also include a small amount of monzonitic granites and quartz 

diorites. Their ages range mostly from 480 to 421 Ma, with one at 517 Ma. 

Stop 1-5:  

① Silurian granodiorite. It intrudes Cambrian sedimentary rocks with contact metamorphism and 

contains xenoliths of the country rocks. It has a zircon U-Pb age of 440.4 Ma. 

  

Figure 13. Silurian granodiorite intrudes the Neoproterozoic- 

Early Cambrian sedimentary strata. 

Figure 14. Field photo of a granodiorite 

② Lithological association of terrigenous sedimentary rocks in the north limb of the synclinorium: 

meta-sandstones with inter-beds of meta-argillaceous sandstones → interbedded meta-sandstone and 
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meta-argillaceous sandstones → meta-argillaceous sandstones with metasandstone inter-beds →

meta-argillaceous sandstones with chert and tuff inter-beds → tuffs with meta-argillaceous sandstones and 

chert inter-beds →tuffs. The rocks are metamorphosed to lower greenschist facies. with clear S0-1 foliation. 

These indicate turbidite facies were deposited in an environment of shallow sea shelf to continental slope 

and   continuous deposition of terrigenous sedimentary and volcanic deposits, with increasing water depth, 

indicating a continental rift environment. The youngest detrital zircon U-Pb age in meta-sandstone is 574.4 

Ma, and the sequence is intruded by a ~517.3 Ma granite. Therefore, this sequence was deposited between 

517.3 and 574.4 Ma. 

  

Figure 15. Field photo of a meta-sandstone with 

meta-argillaceous sandstone interbeds. 

Figure 16. Field photo of the interbedded meta-sandstones and 

meta-argillaceous sandstones 

  

Figure 17. Macroscopic outcrop characteristics of the meta- 

argillaceous sandstones with meta-sandstones interbeds 

Figure 18. Petrological characteristics of layered chert 
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Figure 19. Tuffs with argillaceous sandstones and chert 

interbeds 

Figure 20. Petrological characteristics of a tuff 

 

Stop 1-6: 

Vesicular/amygdaloidal basaltic-andesitic porphyry, containing pyroxene, hornblende and feldspar 

phenocrysts. It is of the tholeiitic series. 

  

Figure 21. Macroscopic outcrop characteristics of the 

stomatal almond shaped porphyrites 

Figure 22. Petrological characteristics of the stomatal 

almond shaped porphyrites 

 

Stop 1-7: 

Silurian quartz diorite, with chilled margin and xenoliths of the country rocks and intruding 

Neoproterozoic-Early Cambrian volcano-sedimentary strata. It has a zircon U-Pb age of 447  20 Ma. 
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Figure 23. Contact relationship between Silurian granite and 

stratum intrusion 

Figure 24. Quartz diorite develops surrounding rock 

xenoliths and MME. 

 

Stop 1-8: 

Lithological association of terrigenous sedimentary rocks in the south limb of the synclinorium: 

interbedded meta-sandstones and meta-argillaceous sandstones → meta-sandstones 

with meta-conglomerate interbeds → meta-argillaceous sandstones → interbedded meta-sandstones and 

meta-argillaceous sandstones → meta-argillaceous sandstones with meta-sandstones interbeds →

meta-argillaceous sandstones with chert interbeds → meta-andesites. These are comparable to Stop 5-② 

in lithological association, metamorphism and sedimentary environment. The youngest detrital zircon dated 

from the meta-conglomerate is 691.1 Ma. 

  

Figure 25. Macroscopic outcrop characteristics of 

interbedded meta-sandstones and meta-argillaceous 

sandstones 

Figure 26. Macroscopic outcrop characteristics of 

meta-sandstones with meta-glutenites interbedded 
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Figure 27. Petrological characteristics of meta-glutenites Figure 28. Macroscopic outcrop characteristics of 

meta-argillaceous sandstones 

  

Figure 29. Macroscopic outcrop characteristics of 

interbedded meta-sandstones and meta-argillaceous 

sandstones 

 

Figure 30. Macroscopic outcrop characteristics of the meta- 

argillaceous sandstones with meta-sandstones interbedded 

  

Figure 31. Petrological characteristics of the 

meta-argillaceous sandstones 

Figure 32. Characteristics of field boundary between 

terrigenous sedimentary rocks and volcanic rocks 
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Figure 33. Macro outcrop characteristics of the 

meta-andesites 

Figure 34. Petrological characteristics of the meta-andesites 

 

Day 2 Liuyuan area, Beishan orogen (locations shown in Fig. 3) 

 

Stop 2-1:  

Garnet-bearing tonalite gneiss of panel 1. Steeply plunging stretching lineations and shear sense 

indicators suggest south over north D3 movement of panel 1 over panel 2. We will visit the same structure 

along strike further to the west on day 3（Stop 3-1）. 

Stop 2-2 (optional): 

Diorite gneiss of panel 1 cut by weakly deformed tonalite. The gneiss contains a xenolith of marble. 

Stop 2-3 (optional):  

Typical granite tectonite in the straight belt of panel 2. Aplite is less deformed than host granite. Field 

relationships elsewhere indicate these rocks intruded syn-kinematically with the main foliation forming 

event (D1). 

Stop 2-4:  

Deformed marble. The marble is regionally intruded by the ca. 295 Ma diorite-tonalite-granite suite in 

which it occurs as screens and xenoliths, defining a ghost lithological marker that outlines isoclinal folds 

(D1). These structures do not fold the enveloping plutonic rocks, consistent with the syn-kinematic nature 

of the latter. Marble is locally closely associated spatially with the siliceous sandstone, conglomerate and 

arkose, although contacts are generally highly sheared. 

Stop 2-5:  

Granite syn-kinematically intruding diorite. The granite is 295 Ma, coeval within error with the age of 

the diorite (dated elsewhere) it has intruded. 

Stop 2-6 (optional):  

Synkinematic diorite and tonalite 

Stop 2-7:  
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Quartzite tectonite. The quartzite bands are repeated by D3 thrusting. 

Stop 2-8:  

Tectonites marking the shear zone between panels 2 and 3. Shear sense indicators suggest south over 

north movement. A ca. 281 Ma, weakly deformed synkinematic gabbro sill that stitches the panel 2-3 shear 

zone occurs immediately to the north. 

Stop 2-9:  

Red beds and felsic volcanics of panel 4 immediately structurally above panel 3. Imbrication of the 

volcanic rocks is indicated by repetition of the volcanic-red bed sequence and cut-offs. Shear sense 

indicators indicate south-over-north D3 thrusting. 

Stop 2-10 (optional)：  

Thrust contact between volcanic rocks and red beds, which are younging south. 

Stop 2-11:  

Pillow basalt and chert of panel 6. The pillows here are facing to the south, consistent with the 

presence of vesicles in the top of the pillows.  

 

Day 3 Liuyuan area, Beishan orogen (locations shown in Fig. 3) 

 

Stop 3-1:  

Shear zone bounding panels 1 and 2. Steeply plunging stretching lineations and shear sense indicators 

suggest south over north D3 movement of panel 1 over panel 2. Dark grey to black shale, sandstone and 

siltstone, locally interleaved with marble (tectonic?) structurally immediately underlies the panel 1 diorite 

tectonites.  

Stop 3-2 (optional):  

Intensely deformed and metamorphosed gabbro outlining the shear zone between panels 2 and 3.  

Stop 3-3:  

Sheared contact between the metasedimentary and volcanic members of panel 3. The metasedimentary 

rocks were veined either during D1 or early during D2 and folded by F2 and F3 folds. These rocks will be 

visited again at stops 6 and 7 in panel 5. 

Stop 3-4 (optional):  

Shear zone marking the boundary between panels 4 and 5. 

Stop 3-5:  

Black shale interlayered with gritty sandstone. These rocks may represent the base of the foreland 

basin deposits and are younger than 281 Ma, but older than 276 Ma.  

Stop 3-6:  

Panel 5 297 -292 Ma felsic meta-volcanic rocks and associated volcanogenic sediments are exposed in 
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a structural window. The felsic volcanic rocks are structurally overlain by ca. 282 Ma metasedimentary 

rocks and gabbro. The gabbro intruded into the meta-sedimentary rocks, but not the underlying older felsic 

volcanic rocks, indicating that the two units are in fault contact.  

Stop 3-7:  

A section through the metasedimentary rocks of panels 3 and 5. These rocks include conglomerate, 

black to slightly reddish mudstone, aphanitic siliceous ash, green epiclastic sandstone. Interlayered crystal 

tuff yielded U-Pb zircon ages of ca. 282 Ma. Graded bedding in the mudstone and cherty beds show the 

sequence is younging towards the north.    

Stop 3-8:  

Conglomerate containing granitoid and gabbro clasts, directly overlying black shale. The 

conglomerate and overlying sandstone and siltstone record the progressive unroofing of the D2-3 thrust 

stack during development of the foreland basin. Ca. 241 Ma porphyry dikes cut the black shale and all 

overlying foreland basin clastic deposits, including the hinge region of the large D3 fold, yet contains a S3 

foliation indicating D3 is Permian to early Triassic. 

Stop 3-9 (optional):  

Cross-bedded sandstone overlying the conglomerate. 

Stop 3-10:  

Bluish green conglomerate, siltstone and sandstone unit containing mafic clasts. This unit is the 

youngest of the foreland basin fill and records unroofing of the basalts of the Liuyuan complex 
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