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Late Carboniferous (Kasimovian) closure of the South Tianshan Ocean: No Triassic
subduction
D.V. Alexeieva, Yu.S. Biskeb, A. Krönerc, A.V. Djenchuraevad, O.F. Getmand
a

Geological Institute (GIN), Russian Academy of Sciences, Pyzhevskiy per. 7, 119017 Moscow,
Russia. e-mail: dvalexeiev@mail.ru (*) - corresponding author
b
St.-Petersburg State University, University Embankment 7/9, 199034 St-Petersburg, Russia
c
Beijing SHRIMP Centre, Institute of Geology, Chinese Academy of Geological Sciences,
Baiwanzhuang Road 26, 100037 Beijing, China
d
Institute of Geology, National Academy of Sciences, Erkendyk Avenue 30, 720481 Bishkek, Kyrgyz
Republic
A proposed Triassic age of oceanic subduction and high-pressure/low-temperature (HP-LT)
metamorphism in the South Tianshan (STS) of the southwestern Central Asian Orogenic Belt
requires a review of basic geological relationships and analytical data from this region. Our
biostratigraphic study in the Atbashi Range of southern Kyrgyzstan indicates that sedimentary strata
unconformably overlie the HP-LT metamorphic rocks within the Turkestan suture zone and have a
late Kasimovian (ca. 305 Ma) age. This constrains the minimum age of eclogite metamorphism in
the HP-LT metamorphic complex. A Late Pennsylvanian to early Permian (Asselian) hinterland
basin overlaps the margins of the Middle and South Tianshan and the ophiolitic suture between
them, thus leaving no space for an oceanic basin in the northern STS in the late Permian or Triassic.
In the south, overlap assemblages stitching the STS with the Tarim Craton consist of late Asselian
to early Sakmarian limestones and early Permian rhyolites. Early Permian ca. 295-265 Ma syn- and
post-collisional A-type granites and sub-alkaline plutons are widespread in the STS and are not
affected by thrust deformation. They indicate that thrust packages of the STS were stacked together
and welded to the margin of the Tarim Craton by the early Permian. The widespread occurrence of
early Permian sub-alkaline granites is also not compatible with an oceanic accretionary wedge
setting in the STS during the Permian or Triassic.
Permian and Triassic zircon ages for ophiolitic and subduction-related HP-LT metamorphic
rocks from the Atbashi area as reported in two recent papers contradict geological relationships. A
review of reported analytical data shows that anomalously young ages in all studied samples are
based on geologically meaningless single zircon analyses and/or discordant data, which cannot be
used for age calculation. The suggestion that an oceanic basin in the STS remained open and
subduction continued until the middle Triassic is erroneous because of insufficient consideration of
basic regional geological relationships and incorrect interpretations of analytical results.
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The detrital record of the Arabian-Nubian Shield and overlying Cambro-Ordovician
sandstone: implications for Pan-African crustal evolution, tectonics and
sedimentation
Dov Avigad1, Navot Morag2, Axel Gerdes3, Avishai Abbo1
1

Institute of Earth Sciences, The Hebrew University of Jerusalem, Jerusalem 91904, Israel
dov.avigad@mail.huji.ac.il
2
Israel Geological Survey, 30 Malkei Israel St. 30, Jerusalem 9550161, Israel
3
Institute of Geosciences Goethe University, Altenhöferallee 1, Frankfurt am Main D- 60438,
Germany
The Arabian-Nubian Shield (ANS; Fig. 1) is a major Pan-African terrain in NE Africa, in the
northern part of the Neoproterozoic East African Orogen. Its central area is a voluminous addition of
Neoproterozoic juvenile crust comprising a collage of accreted island arcs (Stern 1994). An older
tectonometamorphic phase dated to ca. 750 Ma pertains to the accretion and assembly of ANS island
arcs. A later phase fallowed a lull in igneous activity and caused crustal thickening at 630-610 Ma.
The tectonic effect of the final assembly of East and West Gondwana in Cambrian time is not
identified, and HP-LT metamorphic rocks are generally absent. Widespread late- and mostly
post-tectonic calc-alkaline and alkaline granitoids invaded ANS at 630-590 Ma (Meert 2003); the
calc-alkaline suit accounts for more than 60% of the current shield's surface, the thermal perturbation
was tentatively assigned to mantle delamination (Avigad and Gvirtzman 2009). Within the next
10-30 m.y. an immense volume of upper crustal carapace has been eroded to expose the granitoids
and their metamorphic country rocks by 0.6 Ga; coarse conglomerates were deposited in
intramontane basins curved into the deeply eroded basement. In Fig. 2 we present our U-Pb-Hf
detrital zircon data from a representative Late Neoproterozoic basin overlying the ANS in Eilat area,
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southern Israel. The U-Pb detrital zircon age pattern is typically bimodal: the older peak reflects
island-arc igneous activity at 860-740 Ma, whereas the peak at 630-610 Ma (and up to ~670 Ma),
reflects erosion of the late stage granitoids. Almost the entire inventory of the detrital zircons
possesses positive εHf values consistent with the juvenile nature of ANS. As the spectra mirrors the
geochronology and corresponding Hf isotope composition of the underlying ANS juvenile basement,
the content of the intramontane basin sediments proved a helpful tool in assessing ANS crustal
evolution (Morag et al., 2012; Avigad et al., 2015).
The origin of the immense Cambro-Ordovician sandstone pile that covers much of North Africa
and Arabia (Fig. 1) is of broad interest because of the extraordinary sand volume that was generated
and because erosion and sedimentation coalesced with important global environmental changes
(Avigad et al., 2005; Squire et al., 2006). Our detrital zircon U–Pb geochronology demonstrated that
a preponderance of the detrital zircons is of Neoproterozoic age substantiating that the quartz-rich
sandstones are a product of erosion of Neoproterozoic orogens with only minor contribution from
older cratons. However, the Hf isotopic composition of many of the Neoproterozoic-aged detrital
zircons is inconsistent with derivation from the underlying Neoproterozoic juvenile crust of the
Arabian-Nubian Shield (ANS) since they yielded mostly negative εHf values (Fig. 3).

Because the sense of sand transport was to the north (Fig. 1), detrital zircons with negative εHf,
and the associated sand, must have been transported great distances across the ANS to arrive at their
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site of deposition in Israel and Jordan. ANS, and possibly also other Neoproterozoic orogens of
northeast Africa and Arabia, were completely worn down by the onset of Cambrian deposition and
vast areas in the northern part of Gondwana were low lying by the time the immense sand sheet was
generated. Detrital rutile U-Pb ages in the Cambrian of Israel and Jordan (Avigad et al., 2017) define
a single prominent concentration at 0.59-0.58 Ga. Combining the detrital rutile age spectra with the
detrital zircon information (Fig. 4) reveals that widespread cooling to below the rutile U-Pb closure
temperature followed the continental-scale Pan-African granitoids invasion at 0.63-0.60 Ga. We
suggest that rather than cooling from high-grade metamorphism, the detrital rutile age spectra reflect
resetting, cooling and exhumation associated with late to post-tectonic igneous activity. This
mechanism was capable of wholesale formation of late Neoproterozoic-age rutile across much of
North Africa.
While we establish that the Pan-African terranes and immense Cambrian sandstones indeed
comprised one of the greatest source to sink systems on Earth, our study does not support a direct
linkage with an elevated orogenic topography. By the time the Cambro-Ordovician sediments began
to spread over the North Gondwana margin, 0.59-0.58 Ga rutile were widely exposed at many
branches of the Pan-African orogeny, which were already worn down. Rather than linking it with
Supermountains, the mode of formation of North Gondwana sandstone cannot be distinguished from
that of "Cratonic" Cambro-Ordovician sandstones, such as in North America, where orogens played
no role.
References：
Avigad, D., Morag, N., Abbo, A., Gerdes, A., (2017). Detrital rutile U-Pb perspective on the origin of the great
Cambro-Ordovician sandstone of North Gondwana and its linkage to orogeny. Gondwana Research 51, 17–29.
Morag, N.,

Avigad, D., Gerdes, A., Harlavan, Y., (2012). 1000–580 Ma crustal evolution in the northern

Arabian-Nubian Shield revealed by U–Pb–Hf of detrital zircons from late Neoproterozoic sediments (Elat area,
Israel). Precambrian Research 208– 211, 197– 212.
Morag, N., Avigad, D., Gerdes, A., Belousova, E., Harlavan, Y., (2011). Detrital zircon Hf isotopic composition
indicates long distance transport of north Gondwana Cambro-Ordovician sandstone. Geology 39, 955-958.
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Tectono-thermal evolution of the Karakoram Metamorphic Complex (KMC), central
Hunza Valley, NE Pakistan
Sher Sultan Baig1,*, Chuandong Xue1, Tiannan Yang2, M. Qasim Jan3
1. Department of Earth Sciences, Kunming University of Science and Technology, Kunming, 650093,
P.R.China
2. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, P.R.China
3. Pakistan Science Foundation/ NCEG Peshawar
4. Department of Geology and Geological Engineering, Colorado School of Mines, Golden, CO,
80401, USA
* = Department of Earth Sciences Karakoram International University, Gilgit–Baltistan 157000,
Pakistan
E-mail address: sher.sultan@kiu.edu.pk (S.S.Baig).
Corresponding address: cdxue001@aliyun.com (C.D.Xue).
Northward-directed subduction of the Neo-Tethys oceanic plate and subsequent India–Asia
collision have controlled the Phanerozoic tectonothermal evolution of the Kohistan and Karakoram
regions of India and Pakistan. This collision resulted in crustal thickening, magmatism, and
metamorphism both along the southern margin of Asia (forming the Hindu Kush, Karakoram and the
Tibetan plateau) and along the northern margin of India (forming the Himalaya). The central Hunza
Valley in northeast Pakistan, exposes a thick sequence of high-grade metamorphic rocks that
document the pre-, syn-, and post-collisional history of India–Asia convergence in the region. This
metamorphic sequence contains metapelites, meta-carbonates, and amphibolite layers, cross-cut by
metamorphosed granite sheets, collectively known as the Karakoram metamorphic complex (KMC),
is bounded to the north by the Hunza plutonic unit – the central portion of the massive east–
west-trending Karakoram axial batholith – and to the southwest by the Main Karakoram thrust
(MKT). The metamorphic grade within the Hunza Valley increases steadily from southwest to
northeast, and is marked by variation in mineral chemistry and mineral assemblages that define a
sequence of isograds dividing numerous stable associations from low- to high-grade: chloritoid–
biotite–chlorite, chloritoid–garnet–chlorite, garnet–chlorite–biotite, garnet–staurolite, kyanite–
staurolite–biotite and kyanite–sillimanite–K-feldspar. However, northeastern dip directions for these
isograds implies that the zones are inverted. Just south of Hunza plutonic unit, migmatites with
restites are exposed that have been produced by partial melting of pelites at high temperature (750–
800 °C) with distinct leucosomes and melanosomes 1–28 cm in thickness. In this contribution, we
provide new evidences to constraint the age of metamorphism in the central Hunza Valley, as
determined by LA-ICP-MS U–Pb geochronology of zircon from on meta-igneous units, and also
elucidate the source regions and timing of intrusion of these magmas. Pre-collision tonalitic magmas,
which have since been metamorphosed to upper-sillimanite zone conditions (Qtz + Bt + Pl + Kfs +
Ms) at Dilbar, that yielded a U–Pb zircon age of 150.1 ± 0.8 Ma, interpreted to represent
subduction-driven magmatism associated with closure of the Neo-Tethys ocean during the Late
Jurassic. This age represents the oldest recorded magmatic event within the KMC. The porphyritic
leucogranites (Qtz + Bt + Kfs + Pl+ Aln) and the garnet-bearing leucogranite/liptinite (Qtz + Pl +
Kfs + Grt + Bt + Ms) yielded U–Pb zircon ages of 82.6 ± 0.5 Ma and 65.5 ± 0.6 Ma, respectively,
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which also document pre-collisional arc magmatism. A hornblende-rich amphibolite (Hbl + Bt + Grt
+ Pl + Qtz + Py + Ttn) exposed near Barbar-ill yielded a metamorphic U–Pb zircon age of 50.9 ± 0.8
Ma, interpreted to have resulted from early burial and loading of the Asian plate margin coincident
with the onset of India–Asia convergence at c. 50–52 and closure of the Main Mantle Thrust (MMT).
These data allow us to divide the tectonothermal evolution of the central and lower Hunza Valley
into eight distinct stages (M-1 to M-8).
References
Broughton, R. D., Windley, B. F., Jan, M. Q., 1985. Reaction isograds and P-T estimates in metasediments on the
edge of the Karakorum Plate, Hunza, N. Pakistan. Geol. Bull. Univ. Peshawar, 18, 119-136.
Corfu, F., Hanchar, J.M., Hoskin, P.W.O., Kinny, P., 2003. Atlas of zircon textures. In: Hanchar, J.M., Hoskin,
P.W.O. (Eds.), Zircon. Mineralogical Society of America & Geochemical Society, Reviews in Mineralogy and
Geochemistry.
Crawford, M. B., Searle, M. P., 1993. Collision-related granitoid magmatism and crustal structure of the Hunza
Karakoram, North Pakistan. Geological Society, London, Special Publications, 74(1), 53-68.
Crawford, M. B., Searle, M. P., 1992. Field relationships and geochemistry of pre-collisional (India-Asia) granitoid
magmatism in the central Karakoram, northern Pakistan. Tectonophysics, 206(1-2), 171-192.
Crawford, M.B., 1988. Leucogranites of the Northwest Himalayas [Ph.D. thesis]: Leicester, University of Leicester.
Debon, F., LeFort, P., Dautel, D., Sonet, J., Zimmerman, J., 1987. Granites of western Karakoram and northern
Foster, G., Parrish, R.R., Horstwood, M.S.A., Chenery, S., Pyle, J., Gibson, H.D., 2004. The generation of prograde
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Planetary Science Letters, 228, 125–142.
Fraser, J.E., Searle, M. P., Parrish, R. R., Noble, S. R., 2001. Chronology of deformation, metamorphism, and
magmatism in the southern Karakoram Mountains. Geological Society of America Bulletin, 113(11),
1443-1455.
Kazmi, A. H. & Jan, M. Q., 1997.

Geology and Tectonics of Pakistan. 544., Graphic Publishers, Karachi, Pakistan.

LeFort, P., Michard, A., Sonet, J., Zimmermann, J.L., 1983. Petrography, geochemistry and geochronology of some
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Mahar, M. A., Mahéo, G.,
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Magmatic Evolution of the Northern Cache Creek Terrane, British Columbia and
Yukon, Canadian Cordillera
Jean H. Bédard1, Bogatu, A.2, Tremblay, A.2, Corriveau, A.-S.3, Labrousse, L.4, Zagorevski, A.5
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The Late Paleozoic to Early Mesozoic Cache Creek Terrane comprises oceanic rocks accreted to
North America by the Jurassic. It contains extensive ophiolitic massifs discontinuously exposed
from S. British Columbia to S. Yukon. Upper crustal ophiolitic lithologies are commonly juxtaposed
against mantle rocks with no intervening lower or middle crust (Mihalynuk et al., 2003; Zagorevski
et al., 2014). This could reflect ultra-slow spreading environments where most of the plutonic
component remain in the mantle (Dick et al., 2003), or tectonic excision along intra-oceanic core
complex detachment zones (Ohara et al., 2003). An extensional décollement is well exposed above
the Alaska Highway at Mount Squanga, Yukon (Bogatu et al., 2018), where 2-10m of sheared
mélange preserves fabrics indicating top-to-the-south extensional motion. This mélange contains a
variety of cumulate xenoliths, including hornblende gabbro and hornblende-bearing melagabbro
(olivine cumulate), that sampled parts of the excised cumulate layer.
Cache Creek mantle rocks are mainly variably serpentinized harzburgite tectonite grading to
lherzolite, with minor orthopyroxenite, dunite and gabbroic dykes, layers and pods. Trondhjemite
cutting ultramafic rocks yielded a 245.4±0.8 Ma U-Pb age (Gordey et al., 1998) whereas
varitextured gabbro intruding the Squanga melange yielded ca. 245 Ma crystallization age
(Zagorevski et al., unpublished). Chromite Cr# varies widely (20-90) and is correlated with olivine
Fo-contents, falling on the OSMA array of Arai (1994). Contents of TiO2 are <0.05%, and many
rocks show LREE-Th-LILE enrichment, precluding a MORB seafloor spreading center as a viable
model; favouring a supra-subduction zone origin (McGoldrick et al., 2017). Most mantle peridotites
have <2% Al2O3 with depleted PM-normalized trace element profiles indicating variably high
degrees of fractional melting (Canil et al., 2006, Corriveau et al., 2016; McGoldrick et al., 2017).
Rare spinel-orthopyroxene symplectites may represent retrograded majoritic garnets exhumed from
depth. Gabbroic intra-mantle dykes commonly have the same chemistry as the local extrusives
(similar to Nakina island arc tholeiites).
Crustal cumulate rocks are rare in the Cache Creek Terrane. A km-thick section of layered
gabbro-norite at King Mountain (Zagorevski et al., 2014,2015: ca. 255 Ma preliminary age) shows
cryptic up-section Fe/Mg enrichment culminating in intermittent Fe-Ti-oxide and sulphide saturation.
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Inverse model melts (Bédard, 1994; Bédard et al., 2016) show a boninitic affinity. A sequence of
cumulate rocks on the flank of the Hardluck Massif (Mihalynuk et al., 2004b) is composed of a
diffuse sub-moho dunite zone, ~50m of interlayered cumulus harzburgite, websterite and
gabbro-norite. Inverse trace element models suggest these cumulates are of IAT affinity. The
overlying layered gabbro sequence locally contains harzburgite sills (?).
Well-preserved sheeted dyke systems are also rare (Zagorevski et al., 2014). Hypabyssal rocks
are typically strongly brecciated and veined by hydrothermal processes, and only very rarely are
extensive sequences of dyke-on-dyke contacts recognized.
Volcanic rocks are dominated by the Kutcho assemblage and correlative Nakina IATs. The
Kutcho is interpreted as an Early to Middle Triassic rifted arc complex (Gabrielse 1998; Schiarizza
2011). Very similar Nakina basalts (English et al. 2010; Mihalynuk et al. 2003), are commonly
attributed to a back-arc rift setting (English et al., 2010; McGoldrick et al., 2017). Nakina lavas are
generally massive sheet flows (rare pillows) with intercalated consanguineous micro-gabbro sills.
Cherty or carbonate layers, xenoliths (1 cm to 5 m) and locally pepperitic textures imply basalt
locally ploughed into and mixed with unconsolidated fossiliferous carbonate sediments. Most
Nakina lavas have an island arc tholeiite signature (English, 2010; McGoldrick et al 2017).
Gabbroic and volcanic rocks with more prominent calc-alkaline arc signatures also occur. Just
west of Union Mountain (near Atlin, northern B.C.), gabbro with strong calc-alkaline signatures is
cut by Nakina IAT dykes. This suggests a context similar to the Kutcho assemblage, involving a
rifted arc-to backarc system. Yet Union Mountain Nakina lavas appear to be cross-cut by gabbroic
dykes with strong calc-alkaline signatures, indicating the area was also overprinted by younger arc
magmas. Boninitic magmas are prominent at Shea Mountain (near King Mountain), where they
occur as lavas and sheeted dykes. These boninites resemble other low-Ti ophiolitic boninite suites
(Bédard, 1999; Pagé et al., 2009). This supports a supra-subduction zone environment, but their
exact palaeo-tectonic significance remains uncertain. Facies intermediate between boninites and
Nakina IAT also occur in the same area, at Flat Creek. Rare but widespread alkaline basalts (OIB)
are mostly associated with Carboniferous and Permian limestone (see references in McGoldrick et
al., 2017), and are generally interpreted to have been tectonically juxtaposed with the younger arc
rocks. However, some OIB occurrences may post-date Nakina IATs, and may record localized
extensional environments similar to Oki-Dogo alkaline basalts in Japan (Uto et al., 1994).
The entire area is dissected by numerous thrust, strike slip and normal faults. Detailed mapping
revealed at least two generations of thrust faults (Zagorevski et al., 2015). D1 thrusts are very
shallowly- dipping structures that emplace ultramafic mantle rocks over chert, fine grained
siliciclastic rocks, limestone and basalt. These likely represent northeast-directed syn-obduction
structures. A second set of moderately to steeply northeast dipping, south-vergent thrusts (D2)
imbricates D1 structures, re-imbricating the ophiolitic and footwall stratigraphy.
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Polycyclic Paleozoic tectono-metamorphic evolution of the Southern Chinese Altai
(CAOB): An example from the Kalasu area)
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The Kalasu area in the southern part of the Chinese Altai is composed predominantly of
Devonian felsic metavolcanic rocks in the NE and of Cambro-Ordovician metapelitic sequence with
subordinate Devonian metavolcano-clastics. The area is divided into upper, middle and lower crustal
orogenic levels according to their metamorphic grade and structural patterns. Metamorphism
increases from muscovite and biotite zones in the upper crustal level to garnet-staurolite-sillimanite
zones in the middle level and to sillimanite-cordierite-K-feldspar zone in the lower crustal level.
Structural succession is: a sub-horizontal S1 foliation folded by NE-SW open to tight and upright F2
folds (with no metamorphism associated) and reworked by an orthogonal D3 deformation,
characterized by NW-SE open to close F3 folds with moderately plunging axes, steeply dipping S3
axial planes and S3 cleavage (Broussolle et al., 2018). Early Devonian calc-alkaline granitoids
intruded the sequence parallel to S1, whereas Permian undeformed gabbroic bodies were emplaced
in the lower crust and granites in the upper crust coevally with D3.
In the upper crustal level the garnet-bearing schists are composed of g-bi-pl-q-ilm, with biotite
and ilmenite parallel to S1 foliation, gently folded by F3. The F3 folding is connected with
low-grade S3 cleavage marked by biotite. Small garnet porphyroblasts have oriented ilmenite
inclusion trails parallel to S1. In the middle crust, the dominant lithology is migmatitic paragneiss
with relicts of st-g-ru parallel to S1 and with ksp-bi-mt-bearing leucosomes deﬁning the S3 cleavage.
Big staurolite porphyroblasts have S1 oriented inclusions of pl-ilm-ru and include garnet. The lower
crust is characterized by sill-ksp-cd-bearing migmatites. The S1 foliation is locally distinguished by
ky-st-ru inclusions in garnet, and the S3 is marked by presence of cordierite-bearing leucosome and
by orientation of sill-bi-g in the melanosome. Monazite U-Pb dating from the lower crust reveals that
migmatization took place during ca. 297 to 268 Ma, being consistent with metamorphic ages
obtained by zircon and monazite in the NW-SE narrow trending zone of the Southern Chinese Altai.
Consequently, the microstructural relationships suggest that the early LP-LT to HP-LT
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metamorphism is associated to Early Devonian D1 deformation and the UHT-HT metamorphism
took place during Permian D3 reworking.
Altogether it shows that multiple metamorphic events occur in the Altai accretionary orogen and
can be linked to accretionary processes in the Devonian and to collisional processes in the Permian.
Therefore, crustal architecture of the Chinese Altai is governed by these three deformation events
which allowed exhumation and juxtaposition of different crustal level during Devonian and Permian
orthogonal shortenings (see also Broussolle et al., in review).
Acknowledged are projects Hong Kong RGC 17303415, 17302317, HKU CRCG HKU704013P,
17303415
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J., 2018. Polycyclic Palaeozoic evolution of accretionary orogenic wedge in the southern Chinese Altai:
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Chinese Altai “terranes”: result of juxtaposition of different crustal levels during Late Devonian and
Permian orthogonal shortenings. Gondwana Research.
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Tectonics and geodynamics of the Central Asian Orogenic Belt in the Late
Proterozoic-Paleozoic: zone of interaction of tectonics plates of the Paleopacific and
Paleoasian ocean
M.M. Buslova,b,c, .Dobretsovb,d, K.D., Caie, T.A., Kulikova A.V. a,b,c, Abildaeva M.A. a,b,c, Rubanova
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The Central Asian Orogenic Belt (CAOB) formed between the East European, Siberian and
Chinese cratons (platforms), were identified primarly as the Ural-Mongolian folded belt [Zonenshain
et al., 1990]. In the end of the 20th century folded structures of central Asia were regarded as
accretion and collision formations of the Paleo - Asian oceanic plate and Siberia continent. This
concept assumes several accretion-collision zones of different ages, resulted from the successive
accretion of the island arcs, microcontinents, and oceanic seamounts (plateaus and islands) to Siberia
during the Vendian (Ediacaran)– Early Carboniferous. The collision of these structures with each
other and the Siberian continent during the evolution of the Paleo-Asian ocean is believed to be the
primary mechanism of the crustal growth and recycling in Central Asia during the Late
Precambrian-Paleozoic [Sengor et al., 1993; Buslov et.al., 2004; Dobretsov, 2011; Didenko et al.,
1994; Jahn et al., 2000; Kröner et al., 2010; Li et al., 2017 Windley et al., 2007; Xiao et al., 2015 and
others].
The articles (Buslov, 2011, 2014; Buslov et al., 2013; Buslov, Cai, 2017; Dobretsov et al, 2017)
were used to identify the following tectonic elements of the Central Asian fold belt (fig.1):
1. The Neoproterozoic-Paleozoic continental margin complexes on the Western margin of the
Siberian continent, which include the Neoproterozoic- Early Ordovician Kuznetsk-Altai island-arc,
Ordovician-Early Devonian passive margin and Devonian-Early Carboniferous active margin. The
accretionary wedges of the island arc contain the Neoproterozoic - Early Cambrian oceanic crust
fragments, mostly paleoseamounts and ophiolites. The western margin of the Siberian craton
assumes that it may have been formed at the convergent boundary with the Paleo-Pacific.
2. The composite Kazakhstan-Baikal continent has a basement that was formed in the
Neoproterozoic - Ordovician time during the subduction of the Paleo-Asian oceanic plate,
comprising the collage of Precambrian Gondwana-derived microcontinents and terranes, beneath the
Kazakhstan-Tuva-Mongolian island arc along the southeastern margin of the Siberian craton (in the
present coordinates). Oceanic plate subduction and the subsequent collision of microcontinents and
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terranes with the island arc led to the crustal growth and formation of the composite continent
basement. In the Ordovician time, the basement of the Kazakhstan-Baikal composite continent
consisted of the accretionary-collisional arcs collage, microcontinents (cratonic terranes),
continental-margin terranes, and accretionary complexes. In the Middle-Late Paleozoic time, the
composite continent had active margins, and a part of sediments were deposited in its interior.
3. The Middle Paleozoic Charysh-Terekta-Ulagan-Sayan suture-shear zone, which separates the
continental-margin complexes of the Siberian and Kazakhstan-Baikal continents.
In the
Altai-Sayan segment (Charysh-Terekta, Ulagan, and Western Sayan), this zone consists of fragments
of Late Ediacarian-Early Ordovician oceanic crust of the Ob’- Zaisan oceanic basin, Ordovician
blueschists and Ordovician-Silurian turbidites, Late Silurian -Devonian high grade metamorphic
rocks and granites.In the east the suture-shear zone is traced in the Earaly-Middle Paleozoic
Ol’khon suture-shear zone (Dobretsov, Buslov,2007). The westward movement of the
Kazakhstan-Baikal continental masses along the southeastern margin of Siberia brought the gradual
closure of the Ob’-Zaisan oceanic basin. The subduction of the oceanic crust took place beneath the
Kazakhstan-Baikal continent. The fragments of paleosubduction zone preserved in the
Charysh-Terekta-Ulagan-Sayan and in the Junggar block were strongly separated by Late
Paleozoic faults. We can assume that the closure of the Ob’-Saysan ocean basin is associated with
the immersion of the mid-ocean ridge into the subduction zone, which was manifested in the
formation of metamorphic and igneous rocks in the vast territory of the Kazakhstan-Baikal
continente .

Fig.1.Scheme showing major geodynamics units of the Central Asian Orogenic Belt in the
Tien-Shan-Junggar- Altai –Sayan areas (modified after Buslov, 2011; Buslov, Cai, 2017).
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4. A series of very large (up to many hundreds of kilometers) Late Paleozoic strike-slip faults
systems were developed in the western CAOB ( Buslov et al., 2004,2013; Buslov ,2011;
Laurent-Charvet et al., 2003; Briggs et al., 2007). Late Paleozoic strike-slip faults have controlled
the orogenic collage of terranes which formed in two major events: (1) Late Devonian-Early
Carboniferous collision between Kazakhstan (Kazakhstan-Baikal) and Siberia and (2) Late
Carboniferous- Permian collision of East Europe, Kazakhstan-Baikal, and Siberia
(Buslov,2011;Buslov et al., 2013). Late Carboniferous-Permian strike-slip faulting
(Chingiz-Tarbagatai , Chara, Irtysh, and North Eastern) was the most intense in the East Kazakhstan
and divided the composite continent into the Kazakhstan and Baikal blocks, which were deformed
into large orocline folds. The Late Paleozoic strike-slip faults also divided the Early-Middle
Paleozoic active marginal of the Ob-Zaisan Ocean into a number fragments (Fig.1).
We can conclude that in the Neoproterozoic on the south framing the Siberian continent two
active margins of tectonics plates of the Paleopacific and Paleoasian ocean approached and formed a
complex structure similar to the modern structure of southeast Asia. In the Late Paleozoic, as a
result of a collision with these margins of the East European continent , large-scale deformations
occurred with the formation of strike-slipes and orcollinal folds.
This research was supported by government contract IGM (0330-2016-0014), project of RFBR
(17-05-00833, 18-35-00411),grans of the Government of the Russian Federation 14.Y26.31.0029,
the National Natural Science Foundation of China (grant 41622205), and the Major Basic
Research Project of the Ministry of Science and Technology of China (grant 2014CB448000).
Reference
Briggs, S.M., Yin, A., Manning, C.E., Chen, Z.-L., Wang, X.-F., Grove, M., 2007. Late Paleozoic tectonic history of
the Ertix Fault in the Chinese Altai and its implications for the development of the Centarl Asian Orogenic.
Geol. Soc. Am. Bull. 119, 944–960.
Buslov, M.M., Watanabe, T., Smirnova, L.V., Fujiwara, Y., Iwata, K., de Grave, I., Semakov, N.N., Travin, A.V.,
Kir’ynova, A.P., Kokh, D.A., 2003. Role of strike-slip faulting in Late Paleozoic–Early Mesozoic tectonics and
geodynamics of the Altai–Sayan and East Kazakhstan regions. Russian Geology and Geophysics, 44 (1–2), 49–
75 (47–71).
Buslov, M.M., 2011. Tectonics and geodynamics of the Central Asian Foldbelt: the role of Late Paleozoic
large-amplitude strike-slip faults. Russian Geology and Geophysics , 52 (1), 52–71(66–90).
Buslov, M.M., Geng, H., Travin, A.V., Otgonbaatar, D., Kulikova, A.V., Chen, M., Stijn, G., Semakov, N.N.,
Rubanova, E.S., Abildaeva, M.A., Voitishek, E.E., Trofimova, D.A., 2013. Tectonics and geodynamics of
Gorny Altai and adjacent structures of the Altai-Sayan folded area. Russ. Geol. Geophys, 54, 1250–1271.
Buslov, M.M., Cai, K. Tectonics and geodynamics of the Altai-Junggar orogen in the Vendian-Paleozoic:
Implications for the continental evolution and growth of the Central Asian fold belt // Geodynamics &
Tectonophysics. – 2017 – V. 8, N 3. – P. 421-427.
Didenko, A.N., Mossakovskii, A.A., Pecherskii, D.M., Ruzhentsev, S.V., Samygin, S.G., Kheraskova, T.N., 1994.
Geodynamics of the Central-Asian Paleozoic oceans. Russian Geology and Geophysics, 35 (7–8), 48–61 .
Dobretsov, N.L., Buslov, M.M., 2007. Late Cambrian–Ordovician tectonics and geodynamics of Central Asia.
Russian Geology and Geophysics ,48 (1), 71–82 (93–108).

16

2018 First Workshop of Project IGCP-662
15-22 September, 2018, Dunhuang and Beijing, China
Abstract Volume
Dobretsov N.L., Buslov M.M., Rubanova E.S., Vasilevsky A.N., Kulikova A.V.. 2017, Middle–Late Paleozoic
complexes and structure of Gorny Altai and their record in gravity data. Russian Geology and Geophysics,58
(11) 1277–1288.
Kröner, A., Lehmann, J., Schulmann, K., Demoux, A., Lexa, O., Tomurhuu, D., Štípská, P., Liu, D., Wingate, M.T.D.,
2010. Lithostratigraphic and geochronological constraints on the evolution of the Central Asian Orogenic Belt
in SW Mongolia: Early Paleozoic rifting followed by late Paleozoic accretion. American Journal of Science 310,
523–574.
Laurent-Charvet, S., Charvet, J., Monié, P., Shu, L., 2003, Late Paleozoic strike‐slip shear zones in eastern Central
Asia (NW China): new structural and geochronological data. Tectonics 22, doi: 10.1029/2001TC901047.
Sengor, A.M.C., Natal’in, B.A., Burtman, V.S., 1993. Evolution of the Altaid tectonic collage and Palaeozoic crustal
growth in Eurasia. Nature 364, 299–307.
Windley, B.F., Alexiev, D., Xiao, W.J., Kroner, A., Badarch, G., 2007. Tectonic models for accretion of the Central
Asian orogenic belt. J. Geol. Soc. London 164, 31–47.
Xiao, W., Windley, B., Sun, S., Li, J., Huang, B., Han, C., Yuan, C., Sun, M., Chen, H., 2015. A tale of
amalgamation of three collage systems in the Permian–Middle Triassic in Central-East Asia: Oroclines, sutures,
and terminal accretion. Annual Review of Earth and Planetary Sciences 43 (1), 477–507.
Jahn BM, Windley B, Natal’in B, Dobretsov N. 2004. Phanerozoic continental growth in Central Asia. J. Asian Earth
Sci. 23:599–603.
Zonenshain, L.P., Kuz’min, M.I., Natapov, L.M., 1990. Geology of the USSR: A plate tectonic synthesis.
Geodynamic Monograph, American Geophysical Union, Geodynamics Series.

17

2018 First Workshop of Project IGCP-662
15-22 September, 2018, Dunhuang and Beijing, China
Abstract Volume

Origin of dioritic magma and its contribution to porphyry Cu–Au mineralization at
Pulang in the Yidun arc, eastern Tibet
Kang Caoa,b, Zhi-Ming Yangb, Ji-Feng Xua
a. State Key Laboratory of Geological Processes and Mineral Resources, School of Earth Sciences
and Resources, China University of Geosciences, Beijing 100083, China
b. Institute of Geology, Chinese Academy of Geological Sciences
zm.yang@hotmail.com
The giant Pulang porphyry Cu–Au deposit in the Yidun arc, eastern Tibet, formed due to
westward subduction of the Garze–Litang oceanic plate in the Late Triassic. The deposit is hosted in
an intrusive complex comprising primarily coarse-grained quartz diorite and cored quartz monzonite.
Here, we investigate a suite of simultaneous (216.6 ± 1.9 Ma) diorite porphyries within the complex.
The diorite porphyries are geochemically similar to mafic magmatic enclaves (MME) hosted in
coarse-grained quartz diorite, and both are characterized by low SiO2 (59.4–63.0 wt%) and high
total alkali (Na2O+K2O=7.0–9.2 wt%), K2O (3.5–6.4 wt%), MgO (3.2–5.5 wt%), and compatible
trace element (e.g., Cr=72–149 ppm) concentrations. They are enriched in large-ion lithophile and
light rare earth elements (LILE and LREE, respectively), but depleted in high field-strength and
heavy rare earth elements (HFSE and HREE, respectively), and yield variably high (La/Yb)N ratios
(17–126, average 65) with weak to negligible Eu anomalies. Furthermore, they yield low (87Sr/86Sr)i
ratios (0.7054–0.7067), weakly negative εNd(t) (−2.8 to−0.8) values, and variable zircon εHf(t) (−5.4
to+0.8) and δ18O (6.0‰–6.7‰) values. These geochemical features indicate that the diorite porphyry
and MME formed through crustal assimilation of a magma produced during low-degree partial
melting of metasomatized phlogopite-rich subcontinental lithospheric mantle. In contrast, the
coarse-grained quartz diorite and quartz monzonite have relatively high concentrations of SiO2
(61.1–65.3 wt%), K2O (4.1–5.4 wt%), and total alkali (Na2O+K2O=7.1–8.1 wt%), and low
concentrations of MgO (generally <3.0wt%) and compatible trace elements (e.g., Cr=38–61 ppm).
They yield high Sr/Y ratios (50–63) that indicate an adakitic affinity, and are enriched in LILE,
depleted in HFSE, and yield lower (La/Yb)N values (13–20, average 17) than the diorite porphyry
and MME. They yield low (87Sr/86Sr)i ratios (0.7046–0.7066), negative εNd(t) (−3.3 to −1.7) values,
and zircon εHf(t) and δ18O values of −2.9 to −0.1 and 5.7‰–6.5‰, respectively, suggesting that they
represent high-K calc-alkaline to shoshonitic adakitic magmas that were sourced from
subduction-modified juvenile lower crust. Observations of the newly identified diorite porphyry and
previously reported MME suggest that input of such dioritic magma into the upper crustal porphyry
magma chamber would have contributed not only the necessary metals (e.g., Cu and Au), sulfur, but
also H2O to the system, thus aiding in the generation of the giant Pulang porphyry Cu–Au deposit.
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Two ophiolitic mélanges in South Tianshan: insight for the Late Paleozoic tectonics of the
south margin of CAOB
Bo Chen 1 , Ma Zhongping1, Luo Yanjun1
1

Xi’an Center of Geological Survey, CGS

The Tianshan thrust and fold belt is part of the southern CAOB and extends for about 2000km
from Uzbekistan to eastern Xinjiang Province of China. Rock assemblages in the western part of the
belt have traditionally been grouped into three tectonic zones, named North, Middle, and South
Tianshan. They have been separated by the famous Nikolaev line and Atbashi-Inyerchek fault, and
they have distinctly different geological histories and structural patterns. Two belts of ophiolitic and
metamorphic units are recognized in Chinese South Tianshan. In the northern belt, metamorphic
rocks and ophiolites exposed along the northern boundary of the South Tianshan. They were
interpreted as a suture zone of the South Tianshan palaeo-ocean. The south ophiolites belts are
composed of a series of ophiolitic blocks, including Heiyingshan and Kulehu ophiolites. Some
authors considered them as allochthonous fragments thrust from the north. However, recent works
show a suit of arc volcanic rocks and intra-oceanic carbonate seamounts developed from Haerk
mountain to Kaidu river, and the structural relations indicate the ophiolites in south belt were
originally located south of the carbonate platform, and this implies these ophiolites from an
independent basin, such as a back-arc basin (Alexeiev et al., 2015).
It’s a hot debate that whether the two belts extend westward. The metamorphic rocks and
ophiolites extend along the northern flank of the South Tianshan both in China and in western
regions. The metamorphic rocks demonstrate similar facies, and the main HP metamorphic event
yielded similar ages. However, possible links between ophiolites in the east and west remain
uncertain due to a major gap and lack of accurately dating in the ophiolites in west part. The
southern ophiolite belt is clearly exposed in the east part of South Tianshan, but disappears along
strike to the west. A possible western continuation of the belt can be seen in the Baleigong ophiolte
in southern Kokshaal. On the other hand, Silurian and Devonian volcanic rocks and granites
developed in the southern metamorphic belt and at the northeast Tarim margin, which is a
characteristic feature of the Chinese South Tianshan, but it is less developed in the west part of the
belt.
Ophiolitic mélanges are exposed along the Atbashi Range, Kyrgyz South Tianshan. Gabbro
from Atbashi and Djanger yielded a U-Pb isochron age of 422-375 Ma. Detrital zircons from
strongly deformed muscovite-quartz-schist show wide age variations from 300 Ma (206Pb/238U) –
3038Ma (207Pb/206Pb) (Wang et al., 2016; Sang et al., 2018). The youngest age of detrital zircon
implies the sedimentary age of protolith should be no earlier than the Late Carboniferous. The old
zircons are similar to that reported from the Tarim craton and the North and Middle Tian Shan. Ages
ranging from 1.5Ga to 900Ma and from 850Ma to 750Ma are also known in the Tarim craton and
the North and Middle Tian Shan (Konopelko et al., 2008; Kroner et al., 2013). Recently, arc-related
igneous rocks from Late Ordovician to Early Devonian have been recognized in the north margin of
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Atbashi Mountain (Alexeiev et al., 2016). These younger zircons might be derived from these
magmatic rocks. Thus, detrital zircon ages suggest that the provenance of the protolith of Atbashi
classic sediments was probably to the north of the ocean basin in the North and Middle Tianshan.
In the south margin of South Tianshan, Silurian and Lower Devonian arc-related rocks occur in
the Kaidu unit and northeast Tarim margin. Li reported detrital zircon ages in the southeast margin
in Chinese South Tianshan. These zircons with age from 450 – 400Ma are interpreted to be derived
from the arc-related rocks. Our recent works concentrate a series of Silurian and Lower to Middle
Devonian sedimentary rocks. Detrital zircons in Devonian greywacke were dated and the results
scatter widely from 400Ma to 2654Ma. There are three groups in the age distribution. The young age
zircons ranging from 450 to 400Ma show typical magmatic features.
Although the magmatic belt is less developed in the western part, Silurian and Devonian
magmatic zircons are founded in our sample. The age spectrum of zircons is different in Tarim
Craton, which lacks of the young age zircons. Some researchers thought the Palaeozoic northern
margin of Tarim was active in the east and passive in the west. However our geochemical data show
that an active margin developed in this area. We considered a continental arc developed in the NE
part of Tarim and an island arc developed in the West part of Tarim, which has been noticed in the
Alai Range, west of the Talas-Ferghana Fault and in the Kyzylkum.
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A new tectono-stratigraphic scheme of the Korean Peninsula
Moonsup Cho
Chungbuk National University, (moonsup@snu.ac.kr)
In this presentation, I introduce a new tectonostratigraphic scheme of the Korean Peninsula and
discuss its implication for tectonic evolution of the Qinling–Gyeonggi microcontinent (Cho et al.,
2018). The Korean Peninsula consists of three Precambrian massifs (Nangrim, Gyeonggi, and
Yeongnam) which share similar crustal evolution histories typified by an orogenesis at ~1.88–1.85
Ga across the ‘Paleoproterozoic Korean arc’. The Gyeonggi Massif, however, experienced a
clockwise P-T path at deeper depths than the Yeongnam Massif which has remained at upper to
mid-crustal depths since late Paleoproterozoic. In contast, a Permian–Triassic fold-and-thrust belt or
the Gyeonggi Marginal Belt (GMB) underwent deep burial to yield medium- to high-pressure
metamorphic rocks. Two metasedimentary units are diagnostic of the GMB, comprising the
Imjingang Belt, Taean–Hongseong Complex, and Ogcheon Metamorphic Belt: (1) the
Neoproterozoic Sangwon Supergroup; and (2) the Devonian turbiditic sequences. The latter are most
distinctive in their detrital zircon age spectra characterized by two major populations at ~1000–950
Ma and 450–430 Ma. This age pattern as well as the turbiditic lithology is critical for the correlation
between the GMB and the Qinling Belt. Taken together, it is most likely that the South China
Craton-like GMB units are tectonically built upon the NCC-like Gyeonggi Massif; this feature is the
key to the Qinling–Gyeonggi microcontinent model which well accounts for the assembly of a
variety of tectonic slivers in the GMB.
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Geochemical signatures of sources for volcanic rocks of the latest geodynamic stage
as indicators of orogen- and rift-related processes in the lithosphere of the Central
Asian Orogenic Belt
Irina Chuvashovaa,b, Sergei Rasskazova,b, Yi-min Sunc, Tatiana Yasnyginaa, Zhenhua Xiec, Chen
Yangc, Elena Saraninaa, Nikolay Gerasimovd, Tatiana Vladimirovad
a Institute of the Earth's Crust of Russian Academy of Science, Siberian Branch, Irkutsk, 664033
Russia
bIrkutsk State University, Irkutsk, 664003 Russia
cInstitute of Volcano and Mineral Spring, Heilongjiang Academy of Science, Wudalianchi,
Heilongjiang, 164155, China
d Vinogradov Institute of Geochemistry, Siberian Branch of Russian Academy of Sciences, Irkutsk,
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Sources for volcanic rocks of the latest geodynamic stage (i.e. of the last 90 Gyr) are
indicative on ages and conditions for generations of lithospheric fragments within the Central Asian
Orogenic Belt. To recognize a difference between the latest evolutions of orogen- and rift-related
processes in the lithosphere, we examine geochemical signatures of sources for volcanic rocks from
the Hangay Orogen in Central Mongolia and the Wudalianchi Transtension Zone in Northeast China.
The compression of the latest geodynamic stage led to thickening of the Hangay Orogen crust up to
60 km. The thickened crust was locally delaminated to 40 km (Rasskazov et al., 2012). The
lithosphere of the Wudalianchi area, on the contrary, was stretched that led to thinning of the crust to
32 km (Wang, Chen, 2005) or even to 29 km (Zhang et al., 2013). We show that, unlike Central
Mongolia, in which melt-fluid enrichment affected the restite mantle part of the lithosphere, melt–
fluid enrichment beneath Wudalianchi developed after the complementary component of the
continental crust (Fig. 1). A thinning of the crust was likely provided by entrainment of
mantle-derived fluids and melts into its base.
In terms of data obtained on volcanic sources, the lithosphere in the north of Central
Mongolia, which was a part of the Tuva-Mongolian microcontinent, was strongly affected by
processes of ca. 700 Gyr accompanied the breakup of the supercontinent Rodinia. The Wudalianchi
volcanic rocks have been likely derived from primary and secondary sources, the latter of which
were subjected to closed and open fluid–melt transformations. From consistent variations of major
oxides, trace-element abundances, and Pb isotope ratios in volcanic rocks, we infer that there are at
least five lithospheric sources (Huo, Laoshantou, Gelaqiu, Wohu, and Molabu), generation of which
was associated with the common reservoir that had a regional meaning for the Cenozoic volcanic
rocks in East Asia. This reservoir formed, presumably, at about 2.6 Gyr ago due to differentiation of
the primordial mantle. A material of the Wudalianchi volcanic sources has never passed the oceanic
stage, but could originate through direct processing of the primordial mantle material. For instance,
it has never subjected to a change of the primary Ce/Pb ratio of 10.7. Sources for Wudalianchi
volcanic rocks marked the lithospheric fragment similar to the basements of the Siberian and North
China platforms. The earliest lithospheric portions could generate the Huo source (moderate-Mg
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rocks of the Huoshaoshan volcano) that underwent a partial transformation at ca. 100 Myr ago. An
advanced complementary separation of a material from the common reservoir at about 1.87 Gyr ago
yielded the primary Laoshantou source (trachyandesite flow) and Gelaqiu one (low-Mg basaltic
trachyandesite flow) related to each other as complementary (crust-like and restitic) units. The Wohu
source for the low-Mg rocks from the Wohushan volcano could result from a local isotopic
homogenization of a material in the Gelaqiu-type source at about 150 Myr ago. The Molabu source
generated recently.
In volcanic rocks from the Wudalianchi zone, a K2O range increases from the Erkeshan
through the Wudalianchi and Keluo to the Menlu and Xiaogulihe fields. At the southern end of the
zone, the Erkeshan rocks show a K2O content of 5.6–5.8 wt. % and a MgO content of 6.5–7.0 wt. %.
At its northern end, contrast groups of potassic–sodic and ultrapotassic rocks have K2O contents of
1.5–2.7 and 7.2–9.5 wt. %, MgO contents of 4.1–5.5 and 7.6–9.9 wt. %, respectively. The
intermediate Wudalianchi field displays low- and moderate-Mg rock groups, the intermediate Keluo
field, beside moderate- and low-Mg rocks, reveals high-Mg olivine leucitites with a MgO content as
high as 14 wt. %. Groups with varying MgO contents differ in terms of trace-element and Pb–Sr
isotope signatures and belong to different sources (Rasskazov et al., 2016).
In the Th/Yb vs. Ta/Yb diagram, rocks of the continental crust are plotted above the mantle
array exhibited by oceanic islands basalts (OIB) and mid-ocean ridge basalts (MORB) (Pearce,
1983). From this diagram, successive transformation of the OIB-type material to crustal and
complementary-restite mantle sources of the continental lithosphere has been recognized in
Cenozoic volcanic rocks from Central Mongolia. Volcanic rocks from the Chulutyn zone, erupted in
the last 9.6 Myr, correspond to the mantle array of oceanic basalts. This trend characterizes the
melt-fluid transformation in a source of the lithospheric mantle as a closed system that corresponds
geochemically to ocean basalt sources. Andesites from Eastern Hangay, erupted at about 6 Myr ago,
yield a trend from the OIB to the lower continental crust composition. Basalts of the same area
erupted in the last 5 Myr, show a crust-complementary trend extended from the OIB composition to
a mantle restite. Basalts of the Orkhon-Selenga area, erupted in the last 15 Myr, demonstrate the
advanced melt-fluid transformation of a restite material yielding a trend subparallel to the mantle
array of oceanic basalts.
A shift of the Wudalianchi rocks off the OIB composition in the diagram with increasing
Th/Yb and Ta/Yb ratios is consistent with an enriched nature of their sources. A deviation from the
mantle direction of oceanic basalts with increasing Th/Yb ratio and decreasing Ta/Yb one reflects a
crust-like geochemical process. These peculiarities of elemental ratios confirm the earlier
assumption by Zhang et al. (1995) that sources for the Wudalianchi rocks belong to the continental
lithosphere, which differs significantly from oceanic basalt sources. Therefore, according to the
Th/Yb and Ta/Yb ratios as well as other geochemical indicators, volcanic rocks from Wudalianchi
cannot be referred to EM1 OIB end-member, which is referred isotopically to ancient subducted
pelagic sediments (Dickin, 2005)
Components of rock sources in Wudalianchi are deciphered using analogy of source
generations in the continental lithosphere of Central Mongolia. By the lowest Ta/Yb ratio, the
Laoshantou trachyandesites are compared with the Hangay andesites as a crust-like component. The
crust-like source of the Laoshantou trachyandesites should have a complementary restite component
with elevated Ta/Yb and Th/Yb ratios. The complementary trend extends from the Laoshantou
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trachyandesites to rocks from the Old Gelaqiushan flow and Bijiashan, Laoheishan, Huoshaoshan
volcanoes. Low-Mg rock groups from the Molabushan and West Longmenshan volcanoes belong to
the same trend, unlike moderate-Mg rocks from these volcanoes and low-Mg Wohushan rocks,
plotted together with the Laoshantou trachyandesites along a trend subparallel to the mantle
direction. As compared with the Central Mongolia data fields, the Laoshantou–Wohushan–East
Longmenshan–Molabushan cone trend is interpreted as a result of superimposed melt–fluid
transformation of a source with a crust-like signature in a closed system within the continental
lithosphere. Thus, the Th/Yb vs. Ta/Yb diagram demonstrates the Wudalianchi trends in a form of a
fan, the lower part of which represents a complementary separation of lithospheric material to crust–
restite units, the upper one – a fluid–melt transformation of its crust-like component.

Fig. 1. Block–diagrams of relationships between components in volcanic rocks from Central
Mongolia (a) and Wudalianchi (b).
This work has been done in the Chinese-Russian Wudalianchi-Baikal research center on
recent volcanism and environment (projects D201800026 and DWHE2018SH01, D201800026 from
Heilongjiang Administration of Foreign Experts Affairs, DWHE2018SH01 from Heilongjiang
Academy of Sciences). In the Russia, the work was supported by the RSF grant № 18-77-10027.
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Protoliths of metamorphic rocks of the Khavtgai Complex, NE Mongolia: Age,
character and tectonic setting
P. Delgerzaya, T. Narantsetseg Ts Oyunchimeg, O.Enkh-Orshikh
Institute of Paleontology and Geology of Mongolian Academy of Sciences, Ulaanbaatar, Mongolia.
zayka_geo@yahoo.com
The Khavtgai metamorphic complex, North Eastern Mongolia was first distinguished by Peregi
et al (1988) as basement gneiss dome consisting of granite-gneiss in the central part and gneiss,
amphibolite, schist and schistose sandstone in the periphery and was regarded into the
Paleoproterozoic Khaychin-Gol Formation. Thereafter, a gneiss dome was recognized as a
metamorphic complex formed by Late Neoproterozoic-Early Cambrian volcano-sedimentary rocks
of island-arc affinity (Tomurtogoo, 2014). Recently, based on titanite LA-ICP-MS U-Pb dating of
the hornblende-quartz-feldspar gneiss, Narantsetseg et al (2015) argued that metamorphic rocks in
the Khavtgai complex were formed at ~530 Ma.
In this paper, we present new results of geochronological and whole rock and mineral
geochemical analysis for the Khavtgai metamorphic complex in NE Mongolia, in other to determine
their age, character and tectonic setting. Total of 10 samples of hornblende-quartz-feldspar gneiss,
garnet-quartz schist and amphibolite, considered typical of the Khavtgai Complex, were collected for
this study.
Mineral chemistry data indicate that the garnet-quartz schist (sample HN81-2) contains
almandine-rich garnet (XAlm=0.73-0.76), sanidine (XOr=95-99), anorthoclase (XAb=72) and
Mg-rich biotite (XMg=0.49-0.58). The amphibolite (sample HN81-1) consists of mostly calcic
amphibole (actinolite), minor Ca-rich pyroxene (augite) and anorthite (XAn=0.93-0.96). The
hornblende-quartz-feldspar (HN58) contains mainly andesine (XAn=44-45 and XAb=52-53),
magnesio-hornblende and diopside (Fs=96-97).
The zircon grains from hornblende-quartz-feldspar gneiss sample (BZ39-14) mostly range from
60 to 120 µm in length with euhedral morphology and display oscillatory growth zoning, consistent
with an igneous origin. Totally, 14 concordant analysis on zircon grains yield a weighted mean
206Pb/238U age of 516 ± 6 Ma (MSWD = 2.1), which likely represents the crystallization age of the
protolith.
Whole rock geochemistry data indicate that the protoliths of the schists of Khavtgai Complex
consists of mostly of arkose sandstone and greywacke which were formed in the island-arc
environment. These rocks have moderate CIA (50-70) and high ICV values (1.3–1.75), suggesting
that they experienced weak chemical weathering and were mainly derived from a compositionally
immature source. The chemical composition of amphibolites are similar with low to medium-K
calc-alkaline intermediate and mafic volcanic rocks. The protoliths of the gneisses can be felsic to
intermediate magmatic rocks. Major and trace element composition indicate that the protoliths of
these rocks were formed in the island-arc setting.
From above discussion, it can be concluded that the protoliths of the Khavtgai Complex are
Lower Cambrian in age and experienced amphibolite-facies metamorphism at
low-pressure/medium-temperature condition.
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Results from our geotraverse study in Uzbekistan help to establish the link between anorogenic
(within-plate) processes and accretionary orogenesis by featuring crustal processes, mantle dynamics
and crust-mantle interactions that may contribute to the magma fertilization. The relative
contributions of mantle and crust in metallogenic processes and the origin of some melts from either
shallow or deep mantle are not fully understood in the current models of ore genesis. Our study paid
attention to indicators for the involvement of deep-mantle intrusions (lamproites, lamprophyres, etc.),
which have the potential to encapsulate pristine samples of the mantle (xenoliths) during magma
ascent.
The Tienshan belt hosting many giant ore deposits is quite exemplary for understanding
mantle-crust interactions and identifying the nature of mantle contribution to ore systems.
Sr-Nd-Hf-Pb isotope systematics on granitoids showed a variation of crustal to mixed signatures,
indicating involvement of both older crustal sources and mantle-derived material, but the mantle
source is not clearly assessed. For our case study in Uzbekistan we selected two contrasting styles of
giant ore systems: the Kalmakyr Cu-Au porphyry deposit (~ 315 Ma; Chatkal-Kurama continental
arc of Middle Tienshan) and the Muruntau orogenic Au deposit (~ 290 Ma, Turkestan-Alai /
Kyzylkum accretionary complex of South Tienshan).
Field observations and precise new geochronological data (U-Pb zircon SHRIMP, Re-Os
sulphide ages) shed light on the spatial and temporal relationships between the various geological
objects involved in both giant mineral systems.
Results of our approach permit clues on the mantle contribution in ore formation during the late
collisional to post-collisional stages of the Tienshan, and, based on complementary comparisons
with other ore systems, to refine the exploration models.
This is a contribution to IGCP-662 that is co-sponsored by IUGS and UNESCO.
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Paleoproterozoic crustal growth of the Siberian craton
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The Siberian craton was assembled in Paleoproterozoic by amalgamation of Archean and
Paleoproterozoic superterranes [e.g., Rosen, 2003; Gladkochub et al., 2006]. The felsic magmatic
activity accompanied each stage of this process. As granitoids are among the best indicators of
crustal growth, Siberian Paleoproterozoic granitoids provide a record of the main episodes of the
Siberian growth. Our study of these granitoids revealed two major episodes.
Ca. 2.06 – 2.00 Ga subduction-related granitoids of the Baikal uplift and Aldan Shield (southen
part of the Siberian craton) record the first episode of the Paleoproterozoic crustal growth. These
granitoid have been formed in active margins of Archean terranes and within Paleoproterozoic island
arcs before their accretion [Donskaya et al., 2013, 2016; Gladkochub et al., 2009; Kotov et al., 1995;
Larin et al., 2006; Neymark et al., 1998; Velikoslavinskii et al., 2011; Guryanov et al., 2016]. The
subduction-related granitoids are geochemically close to TTG-type granites and calc-alkaline I-type
granites. All of the studied granitoids are characterized by positive or slightly negative ɛNd(t) values
and were generated from the juvenile Paleoproterozoic crust. This episode of crustal growth has
been the first step in the transformation of the primitive juvenile crust into the mature continental
crust of the Siberian craton.
The younger, ca. 2.00 – 1.88 Ga, collisional-type granitoids have been emplaced during few
pulses in various parts of the craton. They indicate a multi-step assembly of several terranes into the
Siberian craton. These granitoids demonstrate geochemical characteristics of I-, S- and rare A-type
granites and show slightly positive and strongly negative ɛNd(t) values. However, these
collisional-type granitoids didn't record the process of crustal growth. These collision-type granitoids
of the Siberian craton were generated from Archean and Paleoproterozoic crustal sources.
Ca. 1.88 – 1.84 Ga post-collision granitoids and coeval volcanics of the Southern Siberian
post-collision magmatic belt mark the second episode of the Paleoproterozoic Siberian crustal
growth. These granitoids and volcanics are mapped within southern Siberia and have been emplaced
during the final stage of the Siberian assembly [Donskaya et al., 2005, 2014; Larin et al., 2003, 2006;
Levitsky et al., 2002; Turkina et al., 2003, 2006 etc.]. Coeval minor mafic intrusions were also found
in southern Siberia. Most of post-collisional granitoids and felsic volcanics show geochemical
characteristics of the A-type granites. However, some post-collisional granites and felsic volcanics
are close to TTG-type, calc-alkaline I-type and S-type granites. The post-collisional granitoids and
volcanics show mainly variable negative ɛNd(t) values and rarely slightly positive ɛNd(t) values. Some
granitoids were produced from crustal sources. However, the geochemical and isotopic features of
most granitoids and felsic volcanics reflect mixed sources derived from both crustal and mantle
component in different proportions. The input of juvenile mantle-derived component in sources of
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post-collision granitoids and volcanics indicate crustal growth by an increase in the volume of the
continental crust in the post-collisional extension settings.
The younger, 1.76 – 1.70 Ga, anorogenic granitoids are locally distributed in the southern part of
the Siberian craton. Therefore, the major crustal growth should be accomplished by the time of their
emplacement, despite the fact that some granitoids could be prodused by the mixed mantle – crustal
source.
We conclude, that there were two (2.06 – 2.00 Ga and 1.88 – 1.84 Ga) major episodes of the
Siberian Paleoproterozoic crustal growth.
This research was supported in part by grants from the Russian Foundation for Basic Research #
18-05-00764.
References
Donskaya, T.V., Gladkochub, D.P., Kovach, V.P., Mazukabzov, A.M., 2005. Petrogenesis of Early Proterozoic
postcollisional granitoids in the southern Siberian Craton, Petrology, 13(3): 229–252.
Donskaya, T.V., Gladkochub, D.P., Mazukabzov, A.M., Presnyakov, S.L., Bayanova, T.B., 2013. Paleoproterozoic
granitoids of the Chuya and Kutima complexes (southern Siberian craton): age, petrogenesis, and geodynamic
setting. Russian Geology and Geophysics, 54(3): 283–296.
Donskaya, T.V., Gladkochub, D.P., Mazukabzov, A.M., Wingate, M.T.D., 2014. Early Proterozoic postcollisional
granitoids of the Biryusa block of the Siberian craton. Russian Geology and Geophysics, 55 (7): 812–823.
Donskaya, T.V., Gladkochub, D.P., Mazukabzov, A.M., Lepekhina, E.N., 2016. Age and sources of the
Paleoproterozoic premetamorphic granitoids of the Goloustnaya block of the Siberian craton: Geodynamic
applications. Petrology, 24(6): 543–561.
Gladkochub, D., Pisarevsky, S., Donskaya, T., Natapov, L., Mazukabzov, A., Stanevich, A., Sklyarov, E., 2006.
Siberian craton and its evolution in terms of Rodinia hypothesis. Episodes, 29(3): 169–174.
Gladkochub, D.P., Donskaya, T.V., Reddy, S.M., Poller, U., Bayanova, T.B., Mazukabzov, A.M., Dril, S., Todt, W.,
Pisarevsky, S.A., 2009. Palaeoproterozoic to Eoarchaean crustal growth in southern Siberia: a Nd-isotope
synthesis. Geological Society, London, Spec. Publ., 323: 127–143.
Guryanov, V.A., Didenko, A.N., Peskov, A.Yu., Roganov, G.V., Dymovich, V.A., 2016. Early Precambrian
granitoids of the Batomga inlier of the southeastern Siberian Platform basement: Age and geodynamic
formation settings. Russian Journal of Pacific Geology, 10(3): 168–188.
Kotov, A.B., Kovach, V.P., Salnikova, E.B., Glebovitskii, V.A., Yakovleva, S.Z., Berezhnaya, N.G., Myskova, T.A.,
1995. Continental-crust age and formation stages in the Central Aldan granulite-gneiss terrain ‒ U-Pb and
Sm-Nd isotopic data for granitoids. Petrology, 3(1): 87–97.
Larin, A.M., Sal’nikova, E.B., Kotov, A.B., Kovalenko, V.I., Rytsk, E.Yu., Yakovleva, S.Z., Berezhnaya, N.G.,
Kovach, V.P., Buldygerov, V.V., Sryvtsev, N.A., 2003. The North Baikal volcanoplutonic belt: age, formation
duration, and tectonic setting. Doklady Earth Sciences, 392(7): 963–967.
Larin, A.M., Sal’nikova, E.B., Kotov, A.B., Makar’ev, L.B., Yakovleva, S.Z., Kovach, V.P., 2006. Early Proterozoic
syn- and post-collisional granites in the northern part of the Baikal fold area. Stratigraphy and Geological
Correlation, 14(5): 463–474.
Levitskii, V.I., Mel’nikov, A.I., Reznitskii, L.Z., Bibikova, E.V., Kirnozova, T.I., Kozakov, I.K., Makarov, V.A.,
Plotkina, Yu.V., 2002. Early Proterozoic postcollisional granitoids in southwestern Siberian craton. Geologiya i
Geofizika (Russian Geology and Geophysics), 43(8): 679–692.

30

2018 First Workshop of Project IGCP-662
15-22 September, 2018, Dunhuang and Beijing, China
Abstract Volume
Neymark, L.A., Larin, A.M., Nemchin, A.A., Ovchinnikova, G.V., Rytsk, E.Y., 1998. Anorogenic nature of
magmatism in the Northern Baikal volcanic belt: Evidence from geochemical, geochronological (U-Pb), and
isotopic (Pb, Nd) data. Petrology, 6(2): 124–148.
Rosen, O.M., 2003. The Siberian craton: Tectonic zonation and stages of evolution. Geotectonics, 37(3): 175–192.
Turkina, O.M., Bibikova, E.V., Nozhkin, A.D., 2003. Stages and geodynamic settings of Early Proterozoic granite
formation on the southwestern margin of the Siberian craton. Doklady Earth Sciences, 389(2): 159–163.
Turkina, O.M., Nozhkin, A.D., Bayanova, T.B., 2006. Sources and formation conditions of Early Proterozoic
granitoids from the southwestern margin of the Siberian craton. Petrology, 14(3): 262–283.
Velikoslavinskii, S.D., Kotov, A.B., Tolmacheva, E.V., Sal'nikova, E.B., Kovach, V.P., Larin, A.M., 2011. Early
Precambrian granite-gneiss complexes in the Central Aldan Shield. Petrology, 19(4), 382–398.

31

2018 First Workshop of Project IGCP-662
15-22 September, 2018, Dunhuang and Beijing, China
Abstract Volume

Paleoproterozoic orogenic events and metallogeny of the Aldan shield of the
southern Siberian craton
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For the Paleoproterozoic, two main stages of orogenic (collision) events within the Aldan shield
are discovered.
The first stage corresponds to a time interval of 2.00 ‒ 1.95 Ga and is fixed by metamorphic
rocks and syn-collisional granitoids distributed within the West-Aldan block, in zones of its contacts
with the Chara-Olekma and East-Aldan blocks, as well as in the East-Aldan block [Kotov, 2003;
Kotov et al., 2004]. In the regional aspect all of these rocks are related to the different stages of a
collision of the Olekma-Aldan continental microplate with Fedorov island arc [Kotov, 2003; Kotov
et al., 2004], and perhaps also with attaching of Batomg continental microplate to Sunnagin
continental microplate and, respectively, with the formation of Uchur continental microplate [Kotov,
2003]. The set of data on the Baikal, Aldan and Anabar shields allow for the wide development of
near-aged collision events in all these blocks, and perhaps this interval (2.00 – 1.95 Ga) should be
considered as the first large-scale stage of formation of the Siberian craton [Donskaya et al., 2016].
The second collisional stage within the Aldan shield took place in the time interval of 1.93 – 1.90
Ga. Metamorphic and magmatic events of this stage is fixed a collision Olekma-Aldan microplate
with Uchur continental microplate (Eastern part of the Aldan shield) [Kotov, 2003], Olekma-Aldan
microplate with Nechersk terrane (Western part of the Aldan shield) [Larin et al., 2006] as well as
attaching of Stanovoy block to the unified structure of the Aldan shield and the formation of the
Stanovoy large-scale suture zone [Glebovitsky et al., 2008]. In the regional aspect, all metamorphic
and magmatic formations of this age range should be considered as rocks reflecting the final stages
of the collision within the Aldan shield which was followed by late collision extension and
accumulation of sedimentary rocks of the Udokan Formation.
The next stage of lower Proterozoic evolution of the Aldan shield marked by emplacement of
gabbro of the Chiney complex with age 1867  3 Ma, cutting sedimentary rocks of the Udokan
Formation of Chara-Olekma block [Popov et al., 2009], as well as post-collisional granitoids of the
Kodar complex also intruding the basement rocks of the south-western part of the Chara-Olekma
block and early Proterozoic sediments of the Udokan Formation [Larin et al., 2012]. U-Pb age of the
zircon from granites of the Kodar complex is 1876 ‒ 1873 Ma [Larin et al., 2000]. On a regional
scale, the geodynamic setting of gabbroid and granitoid formation is defined as post-collisional
extension [Kotov, 2003; Kotov et al., 2004; Larin et al., 2000, 2012].
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Three general stages of ore-forming processes for the area studied have been distinguished. First
stage is marked by the Katugin granites (ca. 2066 Ma) emplacement and forming of unique rare
metal Ta-Nb-Y ore deposit. Emplacement of the Katugin rare-metal granite took place in the exotic
terrane which later (ca. 1.9 Ga) was involved in the structure of the Siberian craton [Gladkochub et
al., 2017].
At the next stage (1900 – 1875 Ma) sedimentary sequence of the Udokan Formation were
deposited and have been enriched with copper-sulphide mineralization (ca. 1896 Ma) [Perello et al.,
2017]. These data allow to consider the Udokan as the oldest sediment-hosted Cu deposit of the
world and to suggest that its formation took place in the intra-continental extensional basin
developed after late collisional event related to the Siberian craton building.
At the third stage of ore-forming processes activity Ti-V (PGE) ore bearing gabbro of the Chiney
complex (ca. 1867 Ma) have been intruded in post-collisional extension setting.
This research was partly supported by grants from the Russian Science Foundation #
16-17-10180 and Science Integrative Program of ISC SB RAS.
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UHP versus Super-Reducing parageneses in Tethyan ophiolites
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Ultrahigh-pressure (UHP) and Super-Reduced (SuR) phases identified in chromitites and
peridotites of Tethyan (Tibet, Albania, Turkey) and Polar-Urals “ophiolites” suggest previously
unrecognized fluid-related processes in the Earth’s mantle. However, the origin of the SuR phases in
the ophiolites, and particularly their relationships with the UHP materials, are enigmatic, and a wide
range of variably improbable processes has been proposed.
The harzburgites and chromitites of the intensively studied Luobusa ophiolite, and several others
in Tibet, are similar in many respects to the peridotitic sections of typical continental-margin
ophiolites, though without closely related crustal sections. The Luobusa body, in particular, contains
conclusive evidence for UHP metamorphism of these originally shallow rocks, at depths
corresponding to the Mantle Transition Zone: (1) the presence (as inclusions in chromite) of an
inverse-ringwoodite phase, stable at 20 GPa and 1600 °C (Griffin et al., 2016; Bindi et al., 2018); (2)
needles of diopside and MgSiO3, consistent with exsolution from a CF (CaFe2O4)-structured phase,
which is stable from 14-20 GPa at 1400-1600 °C and accepts up to 8 wt% CaO (Zhang et al., 2017);
(3) microstructural evidence for recrystallization of chromitites from an assemblage of wadsleyite
and a CF-structured chromite (Satsukawa et al, 2015; (4) coarse-grained symplectites of Opx+Cpx
+Spinel representing the breakdown of UHP majoritic garnets (Gong et al., 2016); (5) possible
pseudomorphs after stishovite, and TiO2-II (a PbO2 structure) implying derivation from ∼300 km
(Dobrzhinetskaya et al., 2009). Other UHP phases (e.g. diamond, coesite) do not require such high
pressures. A mechanism for the excavation of these harzburgitic bodies from the MTZ, driven by
slab rollback, is supported by numerical modelling (McGowan et al., 2015; Griffin et al., 2016).
The SuR assemblage of the Tethyan and Polar-Urals ophiolites includes SiC (moissanite),
Ti-bearing corundum with inclusions of Ti3+- and Ti2+-bearing oxides, carbides and nitrides, and
balls of native Fe-FeO, native Cr and Ti (Xu et al., 2015; Zhang et al, 2017). SiC and diamond
occur in situ as inclusions in olivine and/or chromite, usually in a matrix of amorphous carbon. The
phases and textural relationships suggest oxygen fugacity (fO2) extending from the iron-wustite
buffer (IW) to at least 6 orders of magnitude more reducing ( IW -6) (Griffin et al., 2016). It
should be noted that none of the SuR phases require high pressure; nor do any of the UHP phases
require low fO2. While the causes of UHP metamorphism are clear, the mechanisms that might
generate SuR conditions are more enigmatic.
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Studies of a SuR mineral system from Cretaceous explosive volcanics on Mt Carmel, Israel,
suggest a genetic model (Griffin et al., 2016; Xiong et al., 2017). The Mt Carmel SuR assemblage
(mainly associated with Ti-corundum xenocrysts) contains SiC, Ti-nitrides and Ti-carbides, native
metals (Fe, Cr, V) and a range of Fe-Ti-Zr silicides and phosphides. It appears to reflect the
interaction of mantle-derived CH4 ± H2 fluids with basaltic magmas near the crust-mantle boundary
(depths of ~30 km). The lowering of fO2 ultimately induced immiscibility between silicate- and
Fe-Ti-C-Si melts, leading to desilication of the oxide melt and to supersaturation in Al2O3, causing
rapid growth of corundum aggregates, which trapped both silicide and silicate melts. Phase
assemblages crystallized from the trapped melts document a steady decline in local fO2 to at least
IW-10 (abundant native vanadium) prior to eruption.
Similar assemblages may be more common than currently recognized, in both intraplate and
convergent-margin volcanic systems. Examples include active volcanoes on Kamchatka (SiC,
Ti-corundum, native metals, Tibetan-style diamonds; Karpov et al., 2014), Devonian parakimberlites
in the Ukraine (corundum, SiC, WC, metallic alloys, silicides; Tatarintsev et al., 1987; Yatsenko et
al., 2017) and the diamondiferous tuffisites of the Perm region, Russia. Yatsenko et al. proposed
that this suite be called EMMA (Explosive Mantle-derived Mineral Association). The widespread
introduction of reduced fluids (CH4 + H2) from the sublithospheric mantle suggests that its fO2 is
controlled by the presence of free metallic iron.
The strong similarities between the Mt Carmel system and the SuR phases and associated
Ti-corundum in the Tethyan and Polar-Urals ophiolites suggest that the ophiolitic SuR suite
probably also formed by local flux of CH4 ± H2 fluids through the peridotites (and included
chromitites) during their rapid exhumation from the deep upper mantle to lithospheric levels. Unlike
the Mt Carmel situation, where the lithospheric mantle was thin, this reducing process must have
begun at deeper levels, within the diamond stability field. The low level of nitrogen aggregation in
the Tibetan diamonds (Howell et all., 2015) requires rapid transport to shallow levels and cooler
temperatures, consistent with the proposed dynamic model. In the final stages of their ascent, the
recycled peridotites and chromitites were overprinted by a shallow magmatic system similar to that
observed at Mt Carmel, producing most of the SuR phases and the coexisting Ti-corundum, and
eventually preserving them within the emplaced peridotites.
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The origin and crustal evolution of microcontinents in the Beishan orogen of the
southern Central Asian Orogenic Belt
Zhen-Yu He1, Reiner Klemd2, Li-Li Yan1, Ze-Ming Zhang1
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Microcontinents with Precambrian basement have played an important role in the accretionary
and amalgamation history of the Central Asian Orogenic Belt (CAOB). However, their geological
evolution is only poorly constrained due to restricted exposure of the Precambrian rocks, which were
extensively overprinted mainly by Paleozoic tectonic, metamorphic and magmatic events. The
Beishan orogen occupies the central segment of the southernmost part of the CAOB and is thought
to be related to the accretion of the Tarim and North China cratons to Eurasia and the closure of the
Paleo-Asian Ocean (Fig. 1). The Beishan orogen is suggested to have formed during the Paleozoic
through multiple accretion of different arc terranes, including the Shibanshan, Shuangyingshan,
Mazongshan, Hanshan and Queershan terranes. In situ zircon U–Pb age and Hf isotopic data of 64
Paleozoic and early Mesozoic (from 499–217 Ma) as well as 14 Mesoproterozoic and
Neoproterozoic (from 1555–871 Ma) granitic samples from four major arc terranes of the Beishan
orogen were compiled in order to assess the nature of their crustal basement as well as the
subsequent Paleozoic tectonic evolution. Zircon εHf(t) values and calculated Hf model ages are
similar for all arc terranes with Hf model age peaks at approximately 1.0–0.8 Ga and 2.0–1.8 Ga. We
suggest that all of these Paleozoic arc terranes formed on a single, uniform Precambrian continental
terrane. Furthermore, this continental terrane shows typical characteristics of Mesoproterozoic (~1.4
Ga) juvenile crustal growth, which may have been part of an extensive Mesoproterozoic continental
terrane, now tectonically fragmented and located over a distance of more than a thousand kilometers
in the southern CAOB, ranging from the Kyrgyz North and Middle Tianshan through the Yili,
Central Tianshan, Beishan and northern Alxa blocks or microcontinents in NW China to the Xilinhot
block in NE China (Fig. 1). Among the cratons bordering the CAOB, Baltica displays most
similarities with this continental terrane, while a Mesoproterozoic correlation with the Tarim Craton
is rather questionable.

Fig. 1. Simplified geological map of the CAOB
showing the distribution of ~1.4 Ga magmatic
rocks and rocks containing ~1.4 Ga inherited
zircon populations. The major microcontinents in
the southern CAOB are also indicated, including,
from west to east, the Kazakhstan, Yili, Central
Tianshan, Beishan, Alxa, Tuva-Mongolia and
NE China microcontinental collages.
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Deep seismic reflection profiling reveals crustal structure and deep process in
northeast China
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The crustal and upper mantle structure and deformation was derived from ca. ~2600 km of long reflection
seismic profiles in NE China, recently acquired or reprocessed with support of China Geological Survey and
the Chinese SinoProbe Project. The upper Paleozoic strata in Songliao basin have been destroyed by
multi-stage magmatic activities. The seismic reflection features are a set of reflection layers with strong
interface reflection amplitude、large fluctuation and intermittent traceability. The southern Songliao basin and
its southwest margin have a certain range of Paleozoic strata distribution, but the buried depths are different,
and the degree of structural deformation is different. Many mantle reflections are identified, some reflective
features represent ancient subduction, and some reflecting characteristics may characterize mantle activity
traces. The connection area of Songnen Massifs and Xing' an Massifs should be near Muoguqi town, bounded
by a group of dipping eastward reflecting structures from shallow to deep. The deep subduction of Jiamusi
massif towards Songnen massif is characterized by west-dipping mantle reflection. The Heilongjiang complex
whose surface is controlled by Mudanjiang fault, which defines the eastern boundary of Songnen Massifs.
Songnen Massifs was in a two-way convergence in the late Mesozoic. The convergence resulted in the strong
compression of lithosphere and thickening, and the crust began to detaching in the late stage, and then the
massive extension and thinning caused by the upwelling of mantle materials. This is an important dynamic
background for the formation of deep oil and gas reservoirs in Songliao basin.

Fig. 1. Pre-Devonian blocks in the Xing’an–Mongolia Orogenic Belt (XMOB), northeast China. Inset (a) is location
of the Central Asian Orogenic Belt; inset (b) in (a) is location of Fig. 1 in northeastern China. The main map shows
location of deep seismic reflection profiles deployed across various tectonic blocks in the XMOB. Modified from Xu
et al. (2015). EB = Erguna Block; XAB = Xing’an-Airgin Sum Block; SHB = Songliao-Hunshandake Block; JB =
Jamusi Block; XXS = Xinlin-Xiguitu suture; XHS = Xilinhot-Heihe suture; MS = Mudanjiang suture; OYS = Ondor
Sum-Yongji suture.
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Geodynamics and metallogeny of the eastern Tethyan metallogenic domain
Zengqian Hou, Hongrui Zhang
Institute of Geology, Chinese Academy of Geological Sciences
zhanghr@yeah.net, Houzengqian@126.com
The Tethyside orogen, a direct consequence of the separation of the Gondwanaland and the
accretion of Eurasia, is a huge composite orogenic system that was generated during Paleozoic–
Mesozoic Tethyan accretionary and Cenozoic continent–continent collisional orogenesis within the
Tethyan domain. The Tethyside orogenic system consists of a group of diverse Tethyan blocks,
including the Istanbul, Sakarya, Anatolide–Taurides, Central Iran, Afghanistan, Songpan-Ganzi,
Eastern Qiangtang, Western Qiangtang, Lhasa, Indochina, Sibumasu, and Western Burma blocks,
which were separated from Gondwana, drifted northwards, and accreted to the Eurasian continent by
opening and closing of two successive Tethyan Oceanic basins (Paleo-Tethyan and Neo-Tethyan),
and subsequent continental collision.
The Tethyan domain represents a metallogenic amalgamation across diverse geodynamic
settings, and is the best endowed of all large orogenic systems, such as those associated with the
Cordilleran and Variscan orogenies. The ore deposits within the Tethyan domain include porphyry
Cu–Mo–Au, granite-related Sn–W, podiform chromite, sediment-hosted Pb–Zn deposits,
volcanogenic massive sulfide (VMS) Cu–Pb–Zn deposits, epithermal and orogenic Au polymetallic
deposits, as well as skarn Fe polymetallic deposits. At least two metallogenic supergroups have been
identified within the eastern Tethyan metallogenic domain (ETMD): (1) metallogenesis related to the
accretionary orogen, including the Zhongdian, Bangonghu, and Pontides porphyry Cu belts, the
Pontides, Sanandaj–Sirjan, and Sanjiang VMS belts, the Lasbela–Khuzdar sedimentary
exhalative-type (SEDEX) Pb–Zn deposits, and podiform chromite deposits along the Tethyan
ophiolite zone; and (2) metallogenesis related to continental collision, including the Gangdese,
Yulong, Arasbaran–Kerman and Chagai porphyry Cu belts, the Taurus, Sanandaj–Sirjan, and
Sanjiang Mississippi Valley-type (MVT) Pb–Zn belts, the Southeast Asia and Tengchong–Lianghe
Sn–W belts or districts, the Himalayan epithermal Sb–Au–Pb-Zn belt, the Piranshahr–Saqez–
Sardasht and Ailaoshan orogenic Au belts, and the northwest Iran and northeastern Gangdese skarn
Fe polymetallic belts. Mineral deposits that are generated with tectonic evolution of the Tethys form
in specific settings, such as accretionary wedges, magmatic arcs, backarcs, and passive continental
margins within accretionary orogens, and the foreland basins, foreland thrust zones, collisional
sutures, collisional magmatic zones, and collisional deformation zones within collisional orogens.
Synthesizing the architecture and tectonic evolution of collisional orogens within the ETMD
and comparisons with other collisional orogenic systems has led to the identification of four basic
types of collision: orthogonal and asymmetric (e.g., the Tibetan collision), orthogonal and symmetric
(Pyrenees), oblique and symmetric (Alpine), and oblique and asymmetric (Zagros). The tectonic
evolution of collisional orogens typically includes three major processes: (1)syn-collisional
continental convergence, (2) late-collisional tectonic transform, and (3) post-collisional crustal
extension, each forming distinct types of ore deposits in specific settings. The resulting synthesis
leads us to propose a new conceptual framework for the collision-related metallogenic systems,
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which may aid in deciphering relationships among ore types in other comparable collisional orogens.
Three significant processes, such as breaking-off of subducted Tethyan slab, large-scale strike-slip
faulting, shearing and thrusting, and delamination (or borken-off) of lithosphere, developed in syn-,
late- and post-collisional periods, repsectively, were proposed to act as major deriven forces,
resulting in the formation of the collision-related metallogenic systems. Widespread appearance of
juvenile crust and intense inteaction between mantle and crust within the Himalayn-Zagros orogens
indicate that collisional orogens have great potential for the discovery of large or giant mineral
deposits.
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Integration of isotopic and geological data on the Russian part of Eurasia
V. O. Khalenev, V. V. Snezhko, A. N. Larionov, O.V. Petrov
AP Karpinsky Russian Geological Institute (VSEGEI), St. Petersburg, Russia
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Growing body of isotope geochemical information urges its systematic treatment and
prompt integration into mapping and other geological disciplines.
For this purpose in 2018 two information systems "Geological map of the territory of Russia
and its continental shelf of 1:2.5M scale" and "Geochronological Atlas of the main structural and
rock complexes of Russia" have been integrated into a single joint system by VSEGEI team.
The source systems. The information system "Geological map of the territory of Russia 2.5
M" is a database that includes more than 55,000 cartographic objects and their descriptions (genesis,
chemistry, age etc.). Information system "Geochronological Atlas" is also a database comprising
isotope-geochronological descriptions of 5300 geological objects, with 2000 samples contain
extended descriptions concerning their geochemistry and analytical details. The data in the “Atlas”
have been selected by reliability criteria. Since these information systems have been compiled by
VSEGEI team they are constantly monitored in order to insert new data. They are supported by
WMS and available at VSEGEI website for free access (in Russian, English version to be prepared).
Our Integrated Information System is built up as a Web-application. It includes a digital
Geological Map of Russia at 1:2.5M scale, permanently updated by inserting new information into
corresponding geological databases. The employed Web-application allows the data visualization
and analysis. It incorporates 4 blocks: "selection of targets", "tables of geological correlation",
diagrams, various tables, and separately developed map application. The application permits a
complex analysis of geological (sensu lato) and isotopic data and can be used for updating and
monitoring the State Geological Map.
The target selecting block includes several sections allowing selection by belonging to a
certain tectonic zone, genesis, rock composition, tectonic event, geologic and absolute age. These
selection criteria can be applied simultaneously.
The selected data can be displayed as correlation table, diagrams, and cartographic
representation with each object having links to its source and supplementary data, including
analytical details, photographs etc. The data are exportable in some formats, including: Shape - for
GIS-analysis, and standard Web Map Services (WMS and WFS) for further integration into other
information systems.
Use of web services for this information system allows independent maintenance of all the
integrated databases leading to their permanent relevance. It also gives a capability of data
integration across different areas: it has been demonstrated by a successful integration with the
Fennoscandia Geodata Network Project, combining geological maps from Norway, Sweden, Finland,
and Russia with this technology.
This technology may be applied to other regions and will be productively employed within
framework of IGCP 662.
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Late Neoproterozoic rift-related magmatism and Cambrian high-Pressure
metamorphism in the Lanterman Range, northern Victoria Land, Antarctica
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Geologic evidence for Neoproterozoic break-up of Rodinia and Cambrian–Ordovician
accretionary orogeny has been traced along the eastern continental margin of East Gondwana
including the Transantarctic Mountains and (south)eastern Australia (e.g. Goodge et al., 2002;
Direen and Crawford, 2003; Cawood, 2005; Fergusson et al., 2009). Despite the convergent activity
of the Antarctic Ross and Australian Delamerian orogenies at the Cambrian–Ordovician,
Neoproterozoic tectonic records are well preserved in siliciclastic sedimentary and mafic igneous
rocks of the Delamerian orogen (e.g. Gibson et al., 2015). On the other hand, Neoproterozoic
magmatism is near-absent in the Ross orogen (cf. Goodge et al., 2002), giving rise to the disparity of
geologic information along the East Gondwana margin. Because tectonic inversion to convergence
inevitably obliterates pre-orogenic sedimentary and/or ignrous geology recorded in rift- to
passive-margin environments by subsequent burial or subduction, it is often advantageous to
investigate medium- to high-pressure metamorphic rocks (e.g. Peřestý et al., 2017). In order to trace
the Neoproterozoic magmatic records, we employed zircon geochronology on eclogites from
northern Victoria Land, a northern branch of the Ross orogen. Eclogite samples (E-1a and E-1c)
with minor retrogression were collected from the Lanterman Range, a terrane suture zone in northern
Victoria Land. Three stages of prograde metamorphism were unveiled in the eclogites, defining two
distinctive P–T trajectories: primarily from ~15–20 kbar and 520–570 °C to ~22–25 kbar and 630–
680 °C, and secondly to ~26 kbar and 720 °C. Zircon crystals separated from an eclogite sample
(E-1a) are clearly resolved into three zones by cathodoluminescence (CL) imaging. The SHRIMP
U–Pb analyses on the texturally-distinct dark-CL mantle and bright-CL rims of zircon with low
Th/U ratios, together with bright-CL neoblasts, resulted in the weighted mean 206Pb/238U ages of 514
± 7 Ma (tσ) and 499 ± 9 Ma (tσ), respectively, representing the bimodal metamorphic overgrowth
and/or neoblast growth during two burial events. Zircon cores with relatively weak oscillatory
zonation, intermediate CL intensities and high Th/U ratios yielded the weighted mean 206Pb/238U age
of 597 ± 11 Ma (tσ), interpreted to date the crystallization of mafic protolith. This is the first reliable
age constraint on Neoproterozoic mafic igneous rocks along the Ross orogen (cf. Goodge et al.,
2002). The emplacement of mafic magma at ~600 Ma and its rift-related geochemical affinity is
tectonically well-correlated with that of mafic igneous rocks (~600–580 Ma) in (south)eastern
Australia (e.g. Crawford and Berry, 1992; Crawford et al., 1997; Direen and Crawford, 2003; Meffre
et al., 2004; Fergusson et al., 2009; Gibson et al., 2015). Taken together, we confirmed in the
Antarctic eclogites: (1) a contiguity of late Neoproterozoic magmatic activity related to the break-up
of Rodinia in the Australian–Antarctic margin of East Gondwana; and (2) subduction-zone
metamorphic overprint as well as episodic growths of eclogitic zircon during the Cambrian.
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The Altai-Sayan Fold Belt is the Northern part of the Central Asian Orogenic Belt,
consisting of a multitude of microcontinents, fragments of island arcs and oceanic crust. In the
papers of [Senger et al., 1993; Didenko et al., 1994; Berzin et al., 1994] Altai-Sayan Fold Belt is
considered as a accretion-collision zone, formed in the Siberian continent margin.
In Gorny Altay, Russia (northern part of Altai-Sayan Fold Belt) [Dobretsov et al., 1992;
Simonov et al., 1994; Buslov, Vatanabe, 1996; Dobretsov et al., 2004; Buslov et al., 2013] the
following geodynamic complexes formed within the Kuznetsk-Altai island arc are distinguished on
the active margin of the Siberian continent in the Ediacaran-Early Ordovician: 1) magmatic island
arc with tholeiite-boninite and calc-alkaline series of rocks; 2) Kurai and Katun accretion wedges,
consisting of various fragments of the oceanic crust (ophiolites and seamounts), serpentinite melange
with HP-blocks, olistostromes and turbidites; 3) Anuya-Chuya fore-arc basin with flysch and
olistostromes.
The listed geodynamic complexes are most fully represented in the Kuray zone. The Kuray
zone can be traced at a distance of more than 150 km long and up to 60 km wide in the Southeastern
part of the Gorny Altai (Fig. 1). The Kuray accretion wedge in the north-east borders on the
Ediacaran-Cambrian volcanogenic-sedimentary rocks of the primitive stage of the Kuznetsk-Altai
island arc with boninites and overlapped by Middle Cambrian - Early Ordovician sedimentary rocks
of the Anuy-Chuya forearc trough in the southwest (Fig. 1).
The prism consists of different in composition and size tectonic sheets of paleo-seamounts,
Chagan-Uzun oceanic ophiolites, serpentinite mélange with HP blocks, metamorphic rocks and
Ediacaran - Early Cambrian olistostromes and turbidites. According to the model proposed earlier
[Buslov, Watanabe, 1996, Dobretsov et al., 2004], the Kuray accretionary prism was formed as a
result of accretion and subsequent collision of paleo-seamounts with the Kuznetsk-Altai island arc.
The Chagan-Uzun ophiolitic massif is located on the Chuya river left bank near the
Chagan-Uzun village and has elongated shape (20 km ×4 km) from the north-west to the southeast.
It consist of peridotite sheets, surrounded by serpentinite mélange zones. In the lower part of the
peridotite sheets, serpentinite melange includes the boudinaged gabbro-diabase dikes and blocks.
Serpentinite melange with blocks of massive serpentinites, green schists, garnet amphibolites and
eclogites overlays the ultrabasite sheets. Metamorphic rocks form separate sheets and lenses in the
accretionary wedge and generally associate with ophiolites. To the south-west and west of peridotite
massif paleo-seamount bodies are located. The fragment of the most researched Baratal paleoisland
(Karatyrgun River, near Kurai village) consist of the basalts pillow lavas and flow,
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volcanogenic-siliceous-carbonate rocks of slope facies and carbonate "cap" rocks [Dobretsov et al.,
2004; Safonova, 2008].
The Chagan-Uzun massif is represented by serpentinites and harzburgites. The compositions
of olivines, pyroxenes and chrome-spinel are associated with the minerals of modern mid-oceanic
ridges (MOR). Ratios of rare elements (Nb, Zr, Th, Hf – Yb) showed an MOR peridotites
association. The spinel are characterized by a relatively low Cr# and Mg# that corresponds to 15-20%
depletion degree. This is confirmed by Ti-Yb ratios of harzburgites. Chondrite-normalized rare-earth
element patterns and primitive mantle-normalized trace element diagram showed that Chagan-Uzun
harzburgites were subject to magmatic and metamorphic processes.
Metamorphic rocks can be divided into two complexes: 1) HP - complex (garnet
amphibolite and eclogites blocks in serpentinite mélange and single sheets of garnet amphibolite); 2)
HT – complex (garnet-pyroxen-amphibole rocks with garnet-free amphibolites). Protoliths of the
metamorphic rocks according to the chondrite-normalized rare-earth element patterns and primitive
mantle-normalized trace element diagrams are mainly N-MORB type basalts, more rarely E-MORB
and OIB types basalts.
The HP - complex was formed during subduction and exhumation of the oceanic crust.
Based on the results of 40Ar/39Ar and U/Pb dating of the garnet amphibolite and eclogites, the
following are distinguished: 1) the stage 629 ± 5 Ma, when the eclogites was formed in subduction
zone and after that was exhumed. It should be assumed that the subduction of large paleo-seamounts
led to the exhumation of the high-pressure rocks; 2) the stage 585 ± 4 Ma is characterized by
regressive metamorphism of the rocks. The age can reflect the last seamount-island arc collision,
jamming and roll back of the subduction zone; 3) the stage 524 ± 4 Ma reflects ongoing accretionary
and collision processes in the paleosubduction zone of the Kuznetsk-Altai island arc [Gusev et al.,
2012; Kulikova et al., 2017].
The HT - complex is located near the Chagan-Uzun ophiolite massif. If we move to contact
with ophiolites, the rocks will vary from garnet-free amphibolites to garnet-pyroxene-amphibole
rocks with plagiogranite migmatites. This complex can be attributed to the "metamorphic sole" of
the Chagan-Uzun ophiolites. It was formed by dynamothermal action of the ultrabasites hanging
wall block. After that, the "sole" accreted to it and with the ultrabasites sheets exhumed. According
to geochronological data Chagan-Uzun "metamorphic sole" was formed 598-610 Ma [Gusev et al.,
2012; Kulikova et al., 2017].
The data presented reveal that in Ediacaran the West Pasific type active margin was in the
northern part of Altai-Sayan Fold Belt (Gorny Altay, Russia).
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Fig.1. Geological sketch map of the Kurai zone (modified from [Buslov et al.,
2013] with additions).
1 – Cenozoic rocks of the Kurai-Chuya depression, 2 – Late Carboniferous
coal-bearing molasse, 3 – Late Paleozoic methamorphic rocks: two-mica granites (a),
garnet-sillimanite-cordierite (b), biotite (c) zones; 4 – Silurian-Early Devonian
granitoids; 5-8 –

Charysh-Terekta-Ulagan -Sayan suture-shear zone: 5 –

greenschists (metabasalts and metaturbidites), 6 – blueschists (metabasalts), 7 –

serpentinite melange with

ultramafic and basalt blocks, 8 – Middle-Upper Devonian turbidites; 9 – Early-Middle Devonian active margin
volcanosedimentary rocks; 10-15 – Kurai accretion-collision complex: 10 – Cambrian turbidites, 11 – carbonate top
of paleo-oceanic island, 12 – Vendian volcanics of paleoseamount(a) and ocean floor (b), 13 – peridotites of the
Chagan-Uzun ophiolite massif, serpentinite melange with blocks of eclogites, 14 – garnet and garnet-free
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amphibolites, 15 – Late Vendian olistostrome; 16, 17 – Anuya-Chuya forearc trough: 16 – olistostrome-breccia of
marginal zone, 17 – flysch; 18-20 – Late Precambrian-Early Ordovician Kuznetsk-Altai island arc: 18 – volcanics, 19
– carbonate-terrigenous rocks, 20 – Early Middle Cambrian gabbro-pyroxenites; 21– Late Precambrian-Early
Paleozoic turbidites of the Altai-Mongolian terrane; 22 – Late Silurian-Middle Devonian granite-gneiss and schists of
the Kurai complex; 23 – Middle-Late Devonian terrigenous-carbonate rocks; 24 – unconformity over basal
conglomerates; 25 – thrusts: Early Cambrian (a) and Late Devonian-Early Carboniferous (b); 26 – Late
Carboniferous-Permian strike-slip faults (a) and thrusts (b); 27 –section-line; 28 – sample numbers.
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Tracing the final collision of accretionary orogens: new magmatic constraints from
the southern Central Asian Orogenic Belt
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The key to defining the terminal collision of accretionary orogens is to recognize unique magmatic
rocks that were generated by this event. We present new age, geochemical and isotopic data for
magmatic rocks related to terminal collision along the Solonker-Xar Moron suture zone in the
southern Central Asian Orogenic Belt (CAOB) that record the final orogenic processes following
closure of the Paleo-Asian Ocean. These magmatic rocks were emplaced in the Early-Middle
Triassic (251-245 Ma) and show adakite-like signatures. Their MgO, Cr and Ni contents and
whole-rock εNd(t) values (+5.8 to -5.3), together with zircon εHf(t) values (+15.6 to -9.8) and δ18O
values (5.1 to 7.9 ‰), indicate an origin from hydrous partial melting of thickened lower crust. The
final episode of orogenic contraction and collision, resulting in crustal thickening and the linear
generation of adakite-like melts along the suture zone, defines the onset of post-subduction processes
in the southern CAOB. The first identification of collision-induced granitoids from southern CAOB
not only constrain how and when an archipelago-type accretionary orogen terminated, but also
reveal an uniformitarian link between collisional and accretionary orogenic belts marked by
magmatism with adakite-like geochemical affinities.
Our data, along with available geological and geophysical evidence, lead us to propose a model
of final oceanic contraction in the southern CAOB, resulting in sub-linear distribution of high Sr/Y
melts along the resultant collision zone, thus defining the onset of post-accretionary processes in the
southern CAOB. The identification of collision-related high Sr/Y granitoids from the southern
CAOB not only reveal the magmatic process in response to the final episode of orogenic evolution in
the CAOB accretionary collision zone, but also constrain how and when an archipelago-type
accretionary orogen terminated. The southern CAOB is thus a prime example of minor, yet tell-tale
high, Sr/Y magmatism generated after final ocean closure by moderate crustal thickening and the
onset of mountain building. As such, it provides a snapshot of the final fate of archipelago-type
systems, such as in the present-day western Pacific of southeast Asia.
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Figure 1: Schematic paleogeographic model of final amalgamation and terminal accretion of the archipelago-type
CAOB in the earliest Triassic (~250 Ma), linking with onset of orogenic contraction and mountain building along the
suture zone. This period is undoubtedly an important milestone on earth's history from Paleozoic to Mesozoic. It
coincides with eruption of the Siberian Traps Large Igneous Province, and Mongolia and Kazakhstan oroclines
rotation. The linear generation of adakite-like melts along the Solonker-Xar Moron suture zone defining the onset of
post-subduction processes in the southern CAOB. The CAOB has experienced superimposition of different orogenic
domains including the Paleo-Pacific Ocean, Mongol-Okhotsk and Tethys since Triassic, and has been overprinted by
resultant younger Mesozoic-Cenozoic tectonomagmatism. The inset is simplified present-day geographic map of
China and adjacent regions.
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Tectonic models for oroclinal bending in the Central Asian Orogenic Belt
Pengfei Li
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Academy of Sciences, Guangzhou 510640, China
Email: pengfeili@gig.ac.cn; pengfeili2013@gmail.com
The origin of contorted mountain belts has fascinated generations of geologists. Oroclines are
curved orogenic belts that were originally quasi-linear and subsequently underwent bending.
Understanding the mechanisms of oroclinal bending is crucial, because it can provide insights into
tectonic reconstructions of orogenic belts. The various tectonic models for thick-skin oroclinal
bending have been proposed, and mainly include the indentation of rigid blocks, long-strike changes
in rates of trench migration, and post-orogenic buckling. In this contribution, I discuss these models
in the context of the geodynamics of Kazakhstan and Tuva-Mongolian oroclines in the Central Asian
Orogenic Belt. I conclude that the trench migration may have played a key role in the formation of
oroclines in the Central Asian Orogenic Belt.
Acknowledgement: This study was financially supported by a Major Basic Research Project of
the Ministry of Science and Technology of China (Grant: 2014CB448000 and 2014CB440801),
Hong Kong Research Grant Council (HKU704712P, HKU704013P and HKU17303415), HKU seed
funding (201111159137 and 201411159173), and International Partnership Program of Chinese
Academy of Sciences (132744KYSB20160005). This work also contributes to the Talent Award to
Pengfei Li from the Chinese Government under the Thousand Youth Talents Plan.
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Geological characteristics of plate suture belt of Afghanistan Bamiyan-China Xinjiang
Kangxiwa
Shanglin Li 1,2, Boyong Ma 3, Zhongping Ma 1,2, Wenrui Yang4 , Kai Weng1,2
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Afghanistan Bamiyan-China Xinjiang Kangxiwa plate suture belt is situated in Hindu kush
-western Kunlun, which show NEE arc distribution northwards, its north is paleo-Asia tectonic
domain, its Sourthern one is Tethyan one. Because of the collision of Northern Tibetan Plateau plate,
northern Talimu plate and Tulan plate formed complicated structural belt ,when the paleo- Tethyan
ocean was dying out in late Triassic epoch. This suture belt is connected with Afghanistan Herat
fault through Pamier westwardly, is truncated by the Aerjin left-lateral faunt eastwardly, and is
connected with center huge fault(Aerjin fault), which through out China continent, its length is as
much as 6000 kilometres, represent the Qin-Qi-Kun ocean of suture belt in middle-new Proterozoic
era. Few of relic is left, most of the sections show the long-term activity belt which is composed of
piled chaotic belt.
The suture belt is a gradient gravity and magnetic force, ultramafic rock relict distribute on both
side of fault belt.Ophiolite relict distribute along strike. Isotopic age of is ophiolite relict is
1279Ma(Cheng yuqi et al, 1994) in Hongmuhe in China, along the north side of Yangtze massif
have blueschist and eclogite belt which is the result of multiple times activities, of which the latest
activity is Indo-Chinese epoch; which constitute the eastern section of suture belt with
Muzitage-Jingyuhu fault of ophiolite and ophiolite mixtite. When the Wang yongbiao studying the
Kunlun orogenic belt in 1987, the large huge reef limestone of early Permian epoch found in eastern
Kunlun south-slope small district, especial Huashixia and to the north of it, which is regarded as the
same as imporant reef-building environment with Yangtze area which belong the pal- Tethyan ocean,
he pointed out that northern boundary of reef limestone is die out the middle Kunlun fault. At he
same year,Tian shugang et al (1997), being from Chinese academy of sciences, found the huge
Permian period(3000m in thickness), which prove that the northern boundary of pal- Tethyan is
middle Kunlun fault.
Eastern section of Afghanistan Bamiyan-China Xinjiang Kangxiwa plate suture belt is northern
boundary of Tibetan Plateau plate,Songfan-Ganzi micro-plate, its southern boundary is
Nuolagangri-Jinshajiang fault belt, which is composed of a converse triangle, and die out between
Kangxiwa fault belt and Northern Akasaiqin one which to the south of is turkey-middle IranGandise(Tibet-Yunnan) middle plate(He guoqi et al, 2004). Melange accumulation appear to the
south of Aerkasayi and Sailiyake Daban, exotic block times is Carboniferous- Permian, its
groundmass is detrital rock from upper Triassic series, local part is ophiolite block, the fault belt had
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intense activity since Cenozoic which represent thrusting fault being from north to south. The
middle-west fault of suture belt is characteristic of compression which is boundary of Western
Kunlun and Kalakunlun, and have obvious control action of both sides sedimentary construction,
magma activity, metamorphism and mineralization which appear a gravity gradient, studying the
tectonics and its evolution have very important significance.

54

2018 First Workshop of Project IGCP-662
15-22 September, 2018, Dunhuang and Beijing, China
Abstract Volume

South China as an accretionary orogen
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South China is traditionally interpreted to have formed by the collision of two blocks, the
Yangtze and the Cathaysia. The proposed timing of collision varies from Proterozoic to Mesozoic,
corresponding to that of the various tectono-thermal events documented in South China. We propose,
as an alternative interpretation, that South China is an accretionary orogen formed by
accretion/collision of multiple terranes (i.e. more than two blocks) and each of the major
tectono-thermal events corresponds to an accretional/collisional event.
Zircon U-Pb ages and Hf data indicate that the Cathaysia Block consists of two terranes, West
and East, with contrasting histories. They are separated by the Northwest Fujian Fault, a newly
recognized structure. West Cathaysia is a composite terrane formed by amalgamation of multiple
terranes/arcs at ~1.0–0.88 Ga and is interpreted to be a microcontinent originated from a
Grenvillian-aged orogen in the Rodinia supercontinent. It collided with the Yangtze Block at ~820
Ma. The resulting Yangtze-West Cathaysia continent collided with a postulated terrane to the east
(current coordinate) in the early Paleozoic, leading . Following the collision, the eastern part of the
resulting early Paleozoic orogen and the postulated terrane rifted away from South China, most
likely during rifting of South China from Gondwana in the late Paleozoic. East Cathaysia,
characterized by a ~1.9–1.8 Ga basement and ~250–230 Ma high-grade metamorphism, possibly
originated from an Early Mesozoic orogen in the Paleo-Tethyan regime to the south. It accreted to
the east of West Cathaysia in the Mesozoic, potentially through large-scale sinistral strike-slip
movement along the Northwest Fujian Fault. A comparison with the evolution of the Appalachian
orogen indicates that the key features of the above model, including multi-terrane accretion/collision,
large-scale strike-slip motion and, in particular, separation of two terranes/continents by rifting
following their collision, may be more common than generally believed.
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Hydrothermal fluid origins of carbonate-hosted Pb-Zn deposits of the Sanjiang thrust
belt, Tibet：Indications from noble gases and halogens
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The Sanjiang metallogenic belt includes a variety of economically important carbonate-hosted Pb-Zn
deposits that share some similarities with classic Mississippi Valley-type (MVT) ore deposits but are
hosted within a thrust belt rather than an orogenic foreland. This study aims to clarify the origin of
mineralizing fluids responsible for this style of mineralization.
Fluid inclusions trapped in ore-stage carbonate and fluorite from these deposits have salinities
of ~6 – 28 wt. % NaCl equivalent and homogenization temperatures of 70 – 370 °C that extend to
much higher values than are typical of MVT deposits. The majority of ore-stage samples have fluid
inclusion molar Br/Cl ratios of between seawater (1.5× 10–3) and (2.86 ± 0.04) × 10–3, but low
salinity fluid inclusions in late-calcite have lower Br/Cl of less than (0.55 ± 0.01) × 10–3. In contrast,
fluid inclusion molar I/Cl ratios are uniformly greater than the seawater value of ~0.8 × 10–6 and
extend from (2.1 ± 1.1) × 10–6 to (506 ± 12) × 10–6. This range of Br/Cl and I/Cl values is similar to
what has been reported for fluid inclusions in other MVT districts and together with the fluid salinity
implies the ore-forming fluids had a dominant origin from basinal brines (e.g. sedimentary formation
waters) formed by the subaerial evaporation of seawater; all the fluids were influenced by addition
of organic Br and I derived from the sedimentary host rocks and some fluids were locally modified
by interaction with evaporites producing low Br/Cl ratios.
The fluid inclusions have 40Ar/36Ar ratios of up to 441 that are higher than the atmospheric
value of 296 and typical of carbonate sedimentary rocks. The fluid inclusions have high
concentrations of atmospheric 36Ar and variable 129Xe/36Ar and 84Kr/36Ar ratios that are outside the
range expected from mixing air and air-saturated water. These data are likely to reflect a complex
fluid history involving acquisition of atmospheric (36Ar, 84Kr, 129Xe) and radiogenic (e.g. 40Ar*)
noble gases trapped in sedimentary rocks and fractionation of these gases between water and
hydrocarbons. The 3He/4He ratios of fluorite fluid inclusions range from a typical crustal value of
0.061 ± 0.004 to values of >0.7 Ra, indicating a minor component of mantle-derived 3He. The fluids
with the highest 3He/4He also have 4He/40Ar* close to the mantle value suggesting the 3He could
have been introduced by a volumetrically minor fluid of either magmatic or deep metamorphic
origin (40Ar* = radiogenic 40Ar).
The new halogen and noble gas data are consistent with a model in which regional Pb-Zn
mineralization formed by mixing two modified basinal brines that were transported through
independent aquifers and fluid pathways to the sites of mineralization. A low temperature brine
contained organic Br, I and H2S, and a high temperature metal-rich brine (>370 °C) that included a
volumetrically minor magmato-metamorphic component was channeled up deeply penetrating thrust
structures.
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Regional tectonic structure of the Transbaikalia crust from seismic data (Profile 1-SB)
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1

Institute of Petroleum Geology and Geophysics of Siberian Branch of Russian
Academy of Sciences (IPGG SB RAS), 3, Koptug ave., Novosibirsk, Russia
2
A.P. Karpinsky Russian Geological Research Institute (VSEGEI),
74, Sredny prospect, St. Petersburg, Russia
MelnikEA@ipgg.sbras.ru, SuvorovVD@ipgg.sbras.ru
The considered profile of about 1,400 km in length is included in the system of regional
geophysical profiles of the Russian Federation [Kashubin et. al., 2016]. It stretches in the meridional
direction (50o-60oE / 116o-118oN) and crosses the northern part of the Central Asian fold belt with
an outlet to the Siberian craton. The results of studying the upper part of the crust and its entire
thickness from data of refracted and reflected waves are presented. Two observation systems are
used. The first one has a 10 km interval between the excitation sources (vibrators) located along the
motor road, and 50 m between the seismic receivers (input-output stations). The second one (DSS
method) is characterized by a step of 15-30 km between the sources (explosions in shallow water
bodies) with four-channel "Rosa-A" stations disposed at intervals of 3-5 km, and a length of
observation lines up to 350-600 km.
The cross-section was constructed by the forward ray tracing method [Zelt & Smith, 1995] at a
magnitude of discrepancy between the observed and calculated wave travel times equal to 0.05-0.07
s for the upper crust and 0.1-0.15 s for the lower one. The local curvature of the observation line in
mountain conditions and the effect of three-dimensional near-surface inhomogeneities can
significantly increase such discrepancies.
An example of the upper crust model in the area of the Mongol-Okhotsk (320-330 km along the
profile) and Mongol-Bushulei (367-380 km along the profile) faults according to refracted waves is
shown in Fig. 1. Structural and velocity features of the upper crust are well visible on the
correlogram, being represented by the most contrasting increases in the travel times of refracted
waves in fracture zones of about 10-13 km wide.
Fig. 1. Correlogram; the observed (yellow lines) and
theoretical (red lines) travel time curves (excitation point
42). The ray propagation schemes and velocity model are
below. The thick lines are seismic boundaries; thin lines
are the ray trajectories. The triangles show the excitation
points; the velocities are given in km/s, the dashed lines
(with the angles of inclination) correspond to the axial
fault lines.
The seismic cross-section of the upper crust is
characterized by contrasting changes in the velocity and
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thickness of the layers in depth and lateral (Fig. 2). Tectonic blocks traced to a depth of 4-6 km and
distinguished with different seismic parameters are separated by sloping inclined fault zones (15-25°)
up to 7-10 km in wide [Suvorov et. al., 2017]. There is a high correlation between seismic and
near-surface geological characteristics of the upper crust, which indicates the fundamental possibility
of using the seismic method of refracted waves for structural-tectonic zoning of folded regions.

Fig. 2. Velocity-depth model of the upper crust. The thin lines are velocity isolines; thick lines
are boundaries with velocity jump; dipping dashed lines correspondent to fault axes with dips in
degrees; triangles are positions of excitation points, and their numbers. The structural-tectonic blocks
correspond to the tectonic map M 1:1000000, sheets М-50, N-50, O-49, O-50 (online resource
vsegei.ru).
Significant changes in thickness and velocity are observed in the layers of the lower crust, whose
nature requires additional studies taking into account the lowering of the resolving power of the DSS
method with depth relative to data on the upper crust (Fig. 3). At the same time, the terranes
identified by [Parfenov et al., 1996], are manifested in large seismic features of the structure of the
entire crust.
In addition, an average velocity of 6.2-6.4 km/s characterizes the Transbaikalia crust as a whole,
which is 6.4-6.5 km/s in the Aldan Shield and the Siberian Platform. This can be explained by the
lack of a layer with an increased velocity of 6.7-6.9 km/s, typical of the Siberian Craton.

Figure 3. Seismic cross-section of the crust from the refracted and DSS methods. The thick lines
show seismic boundary with a velocity jump, thin are contour lines, in km/s. The DSS shot points
are indicated by triangles. The names of the terranes are by [Parfenov et. al., 1996].
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The thickness of the crust varies in the interval of 39-45 km with significant velocity variations at
the top of the mantle from 7.9 to 8.3 km/s and the flat Moho topography. The lowest values of the
velocity are characteristic of the Baikal rift zone. The nature of other velocity variations beneath the
Moho is not yet clear. Regional structural-tectonic blocks of the crust, which can be identified by
correlation features between near-surface and deep seismic characteristics, do not fully correspond to
the geodynamic models of the Central Asian fold belt [Parfenov et. al., 1996; Zorin et. al., 1998,
Bulgatov et al., 2004]. This requires more precise and more substantiated comprehensive geological
and geophysical study of structural-tectonic, petrological and geodynamic characteristics of the crust,
especially in the near-surface part of it.
The work was supported by the Comprehensive Program of Fundamental Research of the SB
RAS on the project of Interdisciplinary Integration Studies No. 71.
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Compilation of the 1:1500000 Geological and Mineral Map of Xinjiang in China and
Adjacent Central Asian Region
G.L.1. 2 Meng, Ma, Z.P1 2., He, Z.X1 2. and Wang, B1
、

、

、2
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Xi′an Center of China Geological Survey, No.438 Youyi Road ,Xi’an, Shaanxi, China

Xinjiang in China is adjacent to Central Asian Region, geological setting and metallogenetic
conditions of which are very comparable. A comparative study of geological setting and
metallogenetic regularity between Xinjiang in China and Central Asian was conducted in process of
compilation of the Geological and Mineral Map of Xinjiang in China and Adjacent Central Asian
Region (1: 1500000) (Scope of Mapping

E 46°30’- 96° 23’,N33° 30’-55° 30’), and 3 results were

achieved.1. Established and improved Deposits database of study area, 1751 data set were collected,
including elements like Fe, Mn, Ti, Al, Cr, V, Ni, Co, Mo, W, Sn, Cu, Pb, Zn, Hg, Sb, Bi, U (for
Kazakhstan, Kyrgyzstan, Tajikistan and Uzbekistan), REE, Be, Zr, Li, Ta, Nb, PGE, Au, Ag.
Deposits genesis classification was conducted. 2. Conducted division of tectonic units of Xinjiang in
China and Adjacent Central Asian Region. Taking Ural-South Tianshan - Muzart-Hongliu River
suture zone and Kangxiwa -Whale Lake suture zone as boundary lines, Paleo-Asian Ocean Tectonic
Domain in the north and Tethyan Tectonic Domain in the south and between them is an overlapping
domain. In additional, 12 first-level tectonic units have been divided. 3. On the basis of tectonic units
division and mineral resources distribution features, study area were divided into 11 metallogenetic
provinces and 39 metallogenetic belts, characteristics of metallogenetic belts were compared and
summarized. Map compilation deepened understanding of metallogenetic regularity of Xinjiang in
China and Adjacent Central Asian Region, provided basic material for conducting comparative study
in the future.
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Sedimentological and magmatic constraints on the time of Paleozoic ocean closed in
the West Junggar, Northern Xinjiang
Kai Weng, MA Zhongping
Xi’an Center of China Geological Survey, No. 438 Youyi Road, Xi'an, Shaanxi Province, 710054, China,
Email:kaikaino1@qq.com

The Central Asian Orogenic Belt, which extents more than 3,000 kilometers in Eurasia, is of the
most prominent Panerozoic orogenic belts on the earth, yet its evolutionary history still not clarified.
The time of Paleozoic ocean closed is controversial. This paper summarized the recent results of
regional geological survey, and detailed study several representative stratigraphic sections, intends
for providing new materials to clarify the time of Paleozoic ocean closed in the West Junggar,
Northern Xinjiang.
All the Cambrian-Ordovician ophiolites, which are located in the collage zones of different
blocks, were all formed in a supra-subduction zone (SSZ) environment, and high-pressure
metamorphic rocks were discovered in these ophiolites of Tienshan-Eastern Junggar-West Junggar
(to the south of Xiemisitai-kelamaili faults). The Early Silurian sedimentary strata that distribute
between Junggar-Tuha, Yili and the Middle Tienshan block have homogeneous
volcanic-sedimentary assemblage. These strata sedimentary facies are from bathyal sea facies to
shallow sea facies and the neritic facies sandy conglomerate were found in the top part. The Early
Silurian sedimentary strata overlap on the Middle Ordovician strata with angular unconformity,
which are closely contact with the Cambrian-Ordovician ophiolites. All these characteristics of the
geological facts have recorded the amalgamation the ancient continental blocks, shows the closure
process of ocean basin and the final residual ocean basin under a convergent setting.To the South of
Xiemisitai fault of West Junggar, angular unconformity of Early Devonian strata covering above the
Silurian strata, and developing a set of glutenite deposition of continental fluvial facies which is
distributed stability in the bottom. It is geological record that the tectonic regime transformation
because of collision orogens after residual ocean basin closed.
To the North of Xiemisitai fault, West Junggar, all the Ordovician-Early Carboniferous
volcanic-sedimentary formation correlate with oceanic crust subduction and the Late Carboniferous
granite intrusion of post-collisional setting. By which, The typical stitching structures are recognized
in the northern West Junggar. The geochronological study indicates that the closure time of
Paleozoic ocean is limited between 326.8±1.8Ma and 316.6±1.3Ma. Furthermore, the lateral
accretion, such as subduction of multiple small oceanic islands, oceanic plateaus, seamounts, island
arcs, etc, is dominant in continental crust accretion before the ocean closed. Afterward, the melting
on juvenile lower crust (possibly mixed with depleted-mantle), triggered by underplating of
depleted-mantle, is leading in the vertical growth after the ocean closed.
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Modern technique of composition of a geochemical maps of scale 1: 1000000 set of
the tian-shan orogenous belt of the territory of the republic of uzbekistan)
J.J. Movlanov, Abdullaev L. A, Sedelnikov L.V., Baev G.A.
State Enterprise “Institute of Mineral Resources” of the State Committee for Geology of the
Republic of Uzbekistan, Tashkent, Uzbekistan. E-mail: jahongir79@mail.ru
In accordance with the geological assignment for 2017, field, cameral and laboratory work was
carried out in the territories of the Eastern, Southern and Western Uzbekistan
(Chatkal, Hissar ranges, Malguzar, Southern Nuratau, Gobduntau, etc.), and also case studies based
on previously conducted geochemical works and the creation of LBI for earlier work.
Work on the project started with the collection, compilation and analysis of exploration and
thematic materials (mainly employees of the sector “Local forecasting” SE “IMR”), reflecting the
main results of earlier small-scale research and specialized thematic biochemical studies on the
territory of the Republic of Uzbekistan. The corresponding information on
the metallogenic specialization and biochemical behavior of chemical elements in the major
hierarchical units of the republic - in ore regions, nodes, zones and belts, up to the levels of folded
areas (component parts of the Tien Shan mountain structure) and metallogenic province
(conditionally the territory of the Republic of Uzbekistan). Preliminary determined patterns of
location of ore minerals in the territory and in adjacent areas. Attention is also drawn to the
manifestation of various ore-formation and geochemical types of mineralization, to the study of new
theoretical generalizations and predictive constructions. Information was collected from three
sources: from stock reports, published monographs and articles published in the open press, and
Internet surveys on the topic under consideration.
At the same time, the analysis of materials shows that the potential application
of geochemical methods in Uzbekistan is not yet fully understood, due to the very uneven study of
the
territory
(M.M.Pirnazarov,
2011).
In
most
of
the
territory
of
the
republic, geochemical knowledge corresponds to a scale of 1: 500000-1: 200000. Considering
foreign experience, it should be noted that the greatest success in terms of searches,
using geochemical methods, was achieved by Chinese specialists. They began, for the first time in
the 1990s, systematic regional geochemical works of scale 1: 1000000 - 1: 200000 followed by more
detailed studies, revealed many deposits of precious, non-ferrous, rare and ferrous metals
(A.A.Matveev, 2003). Small-scale geochemical studies were preliminary carried out, the main
purpose of which was to study the geochemical characteristics and metallogenic features of the
region, by performing a systematic testing of the area under study on the scattering fluxes. Such
studies included surveys with selection from 1 sample per 200-300 km2 to 2-3 samples per 1 km2.
In this regard, in 2016, the State Enterprise “IMR”, in order to ensure the uniformity of the
methodological foundations of geochemical prospecting for dispersion flows, planned to compile a
set of geochemical maps of the basement, mountain and foothill areas of the Tien Shan organic belt
of the Republic of Uzbekistan at a scale of 1: 1 000 000. The urgency of the research was based on
the Decrees of the President and the Cabinet of Ministers of the Republic of Uzbekistan, where the
State Committee on Geology was tasked with increasing the objectivity and reliability of
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information on the basis of the implementation of comprehensive research on regional geological
study of territories and the conduct on a systematic basis of state geological surveys with a wide
application of modern technologies and advanced forecasting methods. As a part of the work, in
cooperation with Chinese specialists, geochemical research areas (Fig. 1), the main
mountain-elevated regions of Uzbekistan were identified. In general, the areas of research are
characterized by a complex geological structure and wide manifestations of folded structures and
faults, the development of various magma tic formations with a wide age range of
sedimentary, volcanogenic-sedimentary and metamorphic complexes and age-varying and
various-ore formations.
The main tasks of the research were:
- development of scientifically grounded methods of selection of geochemical samples
representative for small-scale constructions in various landscape-geochemical conditions of the
republic;
- identification
and
comprehensive
interpretation
of geochemical anomalies
of
hidden mineralization with the definition of its primary ore-formation specialization;
- Identification of geochemical parameters (background, anomalous and other content), coefficients
of correspondence of the contents of chemical elements based on the results of testing primary and
secondary halos of dispersion, including alluvial-bed sediments.
The urgent need for the work of this plan in Uzbekistan is explained by the high rates of introduction
of modern methods of strengthening geochemical halos and highly sensitive analytical methods,
especially ISP-MS mass spectrometer, that allow on the near-clerk level of contents to quantify
practically the entire spectrum of chemical elements participating in the geochemical research
process of ore formation.

Fig. 1. Overview map of areas for geochemical research
The work on the project began with an analysis of the material collected earlier, in
conjunction
with
materials
on
the
current
state of
geological,
prospecting
and geochemical exploration of the territory. The achieved detailed study of reference ore deposits,
63

2018 First Workshop of Project IGCP-662
15-22 September, 2018, Dunhuang and Beijing, China
Abstract Volume

and previously allocated promising areas, made it possible to outline the main methods and types of
work that ensure effective implementation of the tasks assigned to the project.
Collected materials are sufficient to specify the ore-controlling factors in the development of
ore-forming systems and anomalous geochemical fields of various hierarchical levels:
the metallogenic province (the territory of the republic) - the metallogenic area-the ore zone (node,
belt), are processed using the rank method of investigation.
Purpose: to get acquainted with typical deposits and methods of geochemical testing of scale
1: 1 000 000; Observation of Tectonic elements of the Tien Shan in Uzbekistan.
A
plan
for
further
research
in
the
field
of
regional
geology,
geochemistry, stratigraphy and geochronology, as well as linking geochemical testing with
temporary and permanent watercourses in the territory of Uzbekistan, was discussed and compiled.
In the study program: Chatkal-Kurama and Malguzar mounts; Zarafshan-Hissar
and Nurata mountain ranges; The Central Kyzylkums; Zirabulak-Ziaetdin and Sultan-Uvaiss
mountain uplands.
Geochemical survey was carried out after training of local geologists-geochemists. The
works were organized according to the territorial principle, coordinated with the field expeditions
and the State Committee for Geology of the Republic of Uzbekistan.
The area of geochemical testing in the framework of this subject is shown, the specialists of
the State Enterprise “IMR” carried out cooperation with the specialists of the subordinated
enterprises of the State Committee on Geology, carried out a geochemical testing of
the Tien Shan organic belt in the territory of the Republic of Uzbekistan at a scale of 1: 1000000.
Results of joint research projects were published and used in the implementation of the
current projects of the State Enterprise “IMR”, as well as in the compilation of a set
of geochemical maps, a serial legend in geological survey work.
In the course of joint geochemical work, sampling techniques in different landscapes were
discussed and tested when compiling a set of geochemical maps on the territory of the
Tien-Shan organic belt at a scale of 1: 1000000.
A total of more than 1000 geochemical samples and results obtained in the laboratory for
conducting multi-purpose analyzes were taken throughout the territory of the Republic during
2016-2017: mass spectrometer ISP-MS, semi quantitative spectral and gold-petrochemical. As a
result of this, completely new geological and geochemical information was obtained, which has no
analogues, in comparison with previous studies, carried out in a single key on a unified basis and
suitable for further regional forecasting constructs. Interpretation of the obtained data was carried out
using modern geoinformation technologies.
Samples (more than 1000 samples) of gravel in polyethylene dishes and paper bags are sent
for multi-purpose analysis in the laboratories of Xi'an Center. In parallel, they were submitted for
analysis: reduced spectral analysis by the method of precipitation; gold-petrochemical and
optic-emission spectrometer ICPE, and now all the results of analyzes have been obtained, and a
local database for processing with the Chinese software “GeoExplorer” has been developed.
At present, our results of analytical work will allow us to synchronize the research with the
work of geologists of the Xian Center.
It was planned that this would be most revealing in the part of identification in various parts
of the area of the complex of ore-controlling features (geochemical, etc.), previously established as
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the most informative in geological close conditions and spatially adjacent to it reference ore deposits
and ore occurrences, as well as in one or another to the extent of significant or points.
According to the analysis (about 800 samples), it is still impossible to make serious
predictive conclusions, but only preliminary hints of identifying promising positions.
Such were the positions for silver, gold, lithium, etc. In total, prospective positions for 14
types of minerals were identified.
But once again it should be noted that very preliminary hints have been made, according to
which the scale of mineralization can't be estimated.
CONCLUSION:
- the conducted studies allowed to obtain a new geochemical information unified for the
territory of the republic on a single scale (1: 1 000 000) on the basis of which already more local
areas were promis for specific types of mineral raw materials;
- it is necessary to set the next stage of work on a scale of 1: 200 000 on selected promising
areas, which will allow us to identify already specific objects for setting up exploration work and
already for specific types of useful fossil fuels.
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U-Pb detrital zircon dating of metamorphic rocks in Ereendavaa terrane, NE Mongolia:
timing of formation and metamorphism
Ts. Narantsetseg1, Yuan Chao2., Ren Zhongyuan2., Orolmaa D1., Baatarchuluun O3., Tumendelger
J3., Battushig A4
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The Ereendavaa terrane is one of the constitute terranes of Kherlen massif which is represents a
Mongolian part of the Argun-Idermeg superterrane (Parfenov et al., 2009; Kotov et al., 2013) or so
called Central Mongolia-Erguna Belt (Wang et al., 2017).
Traditionally, there is accepted that metamorphic blocks (Khaychin-Gol and Ereendavaa
Formations) consisting of gneiss, various schist, quartzite, amphibolite and marble are considered as
a Precambrian basement of the terrane (Marinov et al., 1973; Blagonravov et al., 1990; Dorjnamjaa
and Bat-Ireedui, 1991; Baymba, 1991; Dorjnamjaa et al., 2011; Tomurtogoo, 2012; Tomurtogoo,
2014). But, recent study shows that some of them have a Paleozoic or Mesozoic age instead of
Precambrian (Daoudene et al., 2013; Miao et al., 2017).
This paper reports new results from U-Pb geochronological study of detrital zircons from 4
representative samples of metamorphic rocks covering some of the key areas of the basement blocks
in the Ereendavaa terrane with the aim of constraining the depositional and metamorphic ages and
provenances. Total of 318 zircon grains from four samples were analyzed for this study, including
quartz-sericite (sample 325) and quartz-biotite (sample 327) schists from the Ereendavaa Formation,
garnet-bearing crystalline schist (sample HN55) and graphite schist (sample O3/15) from the
Khaychin-Gol Formation.
CL imaging of detrital zircons of two schist samples from Ereendavaa Formation reveals that
many grains have a core-rim structure and some represent a metamorphic growth and they record
consistent 206Pb/238U ages concentrated at 472±4 Ma, indicating that their age record the time of
high-grade metamorphism. Detrital zircon cores of the two samples give broadly similar age
distribution patterns and yield ages ranging between 504±4 Ma and 2905 Ma, with peaks at 509 Ma
and 526 Ma, 833 Ma and 834 Ma, 1795 Ma and 1798 Ma and 2555 Ma and 2557 Ma, respectively.
Youngest igneous zircon grains yield a weighted mean age of 508±4 (MSWD=0.43) and 506±11 Ma
(MSWD=2.3), respectively which constrains the youngest depositional age of protolith.
CL imaging of detrital zircons of graphite schist sample from Khaychin-Gol Formation reveals
that almost all of grains have a core-rim structure. 18 analyses on the zircons including two rims
define a weighted mean 206Pb/238U age of 489±9 Ma. These zircons mainly have low Th/U ratios
of 0.01-0.09, indicating that their age record the time of high-grade metamorphism. The remained
analyses fall into three groups according their 206Pb/238U ages clustering at 633 Ma, 828 Ma, 881
Ma and 923 Ma. The youngest fourteen zircon grains yield a weighted mean age of 624±22 Ma
(MSWD=9.9) which constrains the youngest depositional age protolith.
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All of zircon grains from garnet-bearing crystalline schist sample display clear core and rim
structure. At least 4 populations of zircons are recognized. The largest population is defined by 37
analyses of zircon, yielding Cryogenian 206Pb/238U ages with prominent peak at 792 Ma. Next age
population is defined by 22 analyses of zircon, giving Tonian 206Pb/238U ages with minor
prominent peak at 915 Ma and 968 Ma. The old ages are clustering at 1434 Ma and 2019 Ma.
Youngest six zircon grains with high Th/U ratio yield a weighted mean age of 675±22 Ma
(MSWD=8.4) which constrains the youngest depositional age protolith. The age of 870±8 Ma was
dated at rim of the zircon which has core age of 997±8 Ma, thus may represent time of high-grade
metamorphism.
On basis of these age spectra, we suggest that the protolith of the schists from Ereendavaa
Formation were deposited after ~508 Ma, and affected by high grade metamorphism in the Early
Ordovician, at ~470 Ma. Whereas, protolith of the schists from the Khaychin-Gol Formation were
deposited after ~640 Ma, within the error. The minimum depositional age can be constrained by the
crystallization age of coarse grained granites scarcely exposed within the metamorphic blocks, at
557 Ma (Orolmaa et al., 2015). Therefore, we suggest that garnet-bearing crystalline schist and
graphite schist from Khaychin-Gol Formation can be part of Precambrian basement of the
Ereendavaa terrane.
Based on the detrital zircon population, the source area of the Cambrian schists contained Middle
Neoproterozoic and Late Paleoproterozoic rocks, with some Neoarchean materials. In contrast, the
source area of the Late Neoprotreozoic schists dominated by Early to Middle Neoproterozoic rocks.
The zircon age of 489±9 Ma and 870±8 Ma which were dated on the rim and metamorphic zircons
may represent different stages of high grade metamorphism in this area.
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Late Carboniferous to early Permian garnet-bearing granites from South Tianshan,
NW China: Magmatic tracer of syn- to post-collisional tectonics and crustal recycling
Qie Qin1, He Huang1, Tao Wang1, Ying Tong1, Peng Song1
1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China.
qieqin@foxmail.com, Taowang@cags.ac.cn
Peraluminous granitic rocks provide important insights on the supracrustal material recycling.
Recently, two peraluminous granitic plutons have been recognized in northern margin of Tarim
Craton, NW China. Zircon LA-ICP-MS U-Pb analyses yield ages of 311±2 Ma for the
garnet-bearing biotite granite (GBG) and 283±4 Ma for the garnet-bearing two mica granite (GMG).
The GBG samples have SiO2 contents of 69.10-71.78 wt.% and are weakly to strongly peraluminous
with ASI from 1.04 to 1.11, and exhibit prominent troughs of Nb, Ta, Sr, P and Ti and relatively
sloping rare earth element patterns. They have negative εHf(t) values in the range from −8.4 to −0.8
and ancient TDM2 ages (1.37-1.85 Ga). The GMG samples have high SiO2 (72.46 -76.79 wt.%) and
strongly peraluminous with ASI of 1.14–1.22, and display low Zr (29.6-47.7 ppm), Zr/Hf
(16.61-31.80), Na/Ta (3.05-5.71), Eu/Eu*(0.05-0.24 ppm) and ∑ REE (19.5-49.2 ppm). The
relatively high εHf(t) values (-4.8 to +2.6) with TDM2 ages of 1.13-1.61 Ga are obviously different
from the GBG. Meanwhile, our data suggest that the GBG was most likely derived from biotite
dehydration melting of metagreywacke during syn-collisional stage; while the GMG was probably
generated by partial melting of the metasedimentary rocks with participation of depleted mantle or
juvenile crust, which was related to the post-collisional extensional collapse. Combined with the
regional geological features, we propose that peraluminous granites are widely regarded as the
products of orogenesis that primarily recycle evolved crust, can also record important information
about early crustal growth.
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Geodynamic processes during heroic collisions: integration of geochemical,
microstructural and geodynamic information
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Large peridotite massifs scattered along the 1500km length of the Yarlung–Zangbo Suture Zone
(YZSZ, southern Tibet, China), the major suture between Asia and Greater India, provide an
outstanding natural laboratory to track multiple lithosphere evolution events throughout the complex
history of this major collisional tectonic terrane (e.g. Xiong et al., 2017). The massifs reveal:
repetitive docking of distinct lithospheric mantle domains over at least 250 My; repeated
metasomatic and magmatic episodes that distinguished with detailed geochronology; mineral phases
that indicate metamorphism under UHP conditions (e.g. diamond) and down to the Mantle
Transition Zone (MTZ); other phases requiring a super-reducing environment over a range of depths;
and the first evidence for deformation by dislocation creep in the MTZ, an important consideration
for interpreting seismic signals (Satsukawa et al., 2015).
This study focusses on the Lhasa terrane in southern Tibet, and aims to shed light on geodynamic
processes through time, including processes of continental growth, the longevity of new lithosphere
formed by collision and subduction, and tools that enable us to unravel the complexity hidden in the
geological record. New tools developed over the past two decades have enabled important advances
in understanding Earth’s evoution and architecture. These include:


In situ analysis of Hf isotopic composition in zircons (Griffin et al., 2000) has enabled
“isotopic mapping”, identifying the tectonic age of extensive lithosphere domains, (e.g.
Lu et al., 2013, Xu et al., 2017) and effectively reflecting “paleogeophysics” – an
extraordinarily powerful proxy for seismic tomography back to Archean times in regions
with available data.



In situ analysis of Os isotopes in mantle sulfides has enabled interpretation of the timing
of mantle events, inlcuding mantle depletion and metasomatism



High-resolution seismic tomography and multicomponent modelling coupled with
detailed geochemical and petrologic data (e.g., Afonso et al., 2013; Griffin et al., 2009;
Begg et al., 2009) has produced a pioneering realistic geological interpretation of
geophysical datasets and the recognition and global mapping of the extent of
Archean-heritage lithosphere.
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1a
1b
Figure 1: (a) Lithosphere domains of distinct tectonic and age characteristics for Africa using the
GLAM methodology (Begg et al., 2009): Arch = Archean; Prot/Arch = Archean reworked in
Proterozoic; Prot = Proterozoic origin; Phan/Arch = Archean reworked in Phanerozoic,;Phan/Prot =
Proterozoic reworked in Phanerozoic; Phan = Phanerozoic origin. (b) Seismic tomography for Africa
(S. Grand Pers. Comm.; Begg et al., 2009): note reverse colour-scale. White domains represent
pristine the Archean lithospheric mantle signature; red areas represent metasomatised, refertilised
Archean lithospheric mantle regions: this region is the most commonly sampled mantle-rock type
entrained as xenoliths in kimberlites – but these are altered and not pristine cratonic lithospheric
mantle samples.
The GLAM (Global Lithospheric Architecture Mapping) approach integrates all available
datasets (gravity, magnetics, seismic, magnetotellurics, geology, geochronology, tectonics, and
geochemistry (including isotopic Hf mapping)) GLAM has recognised global lithosphere domains
with distinct histories (Fig. 1a, b) and, most critically, has led to the refinement of the geophysical
signature of Archean lithospheric mantle domains (Begg et al., 2009; Fig. 1b).
Re-Os isotopic data for the Luobusa massif suggest that the originally subducted mantle
consisted of previously-depleted ancient subcontinental lithosphere, dragged down by a younger
subducting oceanic slab. Thermomechanical modeling shows that roll-back of a (later) subducting
slab during a large-scale continental lithosphere- lithosphere collision would produce a high-velocity
channelized upwelling that could exhume the buoyant harzburgites (and their chromitites) from the
Transition Zone in <10 Myr. This rapid upwelling, which can explain the N-aggregation
characteristics of the diamonds, appears to have brought some massifs to the surface in forearc or
back-arc basins, where they provided a basement for oceanic crust. This model can reconcile many
apparently contradictory petrological and geological datasets. It also defines an important,
previously unrecognized geodynamic process that may have operated along other large suture zones
such as the Urals.
The nano- to micro- to global-scale observations of this study, using geochronology,
geochemistry, mineral microstructures and geodynamic modelling are starting to fill in the huge 4D
sudoku that is the complex evolution and deep architecture of such large-scale (heroic) collision
events. It provides evidence for timescales and mechanisms that create the conditions required for
the potential excavation of material from the Mantle Transition Zone This may allow us to identify
analogous ancient events lurking in the geological record.
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At a global scale, much evidence indicates that new continental growth was mainly achieved by
~2.9 Ga with little subsequent crustal addition (e.g. Griffin et al., 2009): since then continents have
grown only by stealing lithospheric blocks that have rifted from pre-existing ancient continents,
and/or colliding with microcontinents with Archean-heritage lithosphere roots. Subduction
episodes involving oceanic lithosphere may add material to the crust at the time, but this is
ephemeral and recycled (delaminated after cooling and concomitant density increase), leaving only
thin tectonic ribbons (in contrast to the substantial lithospheric blocks form craton-craton collisions)
as remnants of those events. Therefore, with <30% continental addition since ~2.9 Ga, continental
masses underlain by Archean mantle lithosphere have simply been rearranged by rifting and docking
in different configurations throughout Earth’s geological history since they formed in the Archean.
The multiple margins from such different configurations of this 3 billion year continental jigsaw
puzzle are pathways for fluxes of energy and fluids from mantle to crust, and influence the location
of ore deposits related to mantle-derived fluids and magmas.
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Geology and Geochemistry of Tethyan Oceanic Rocks in the Ankara Mélange and
Implications for the Mesozoic Geodynamics of the Northern Neotethys
Ender Sarıfakıoğlu1, Yıldırım Dilek2, Mustafa Sevin1
1

General Directorate of Mineral Research and Exploration, Ankara, Turkey,
e-mail: ender.sarifakioglu@mta.gov.tr
2
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The Ankara Mélange is one of the major subduction–accretion complexes in the Tethyan realm
of the eastern Mediterranean region (Fig.1). It includes megablocks of mainly oceanic crustal and
upper mantle rocks containing ultramafic-mafic and deep sea sedimentary rocks, minor high-grade
metamorphic rocks and thrust-fault bounded seamount fragments documented from modern
subduction-accretion complexes at active continental margins. Ophiolitic blocks are made largely of
serpentinized peridotites, gabbro, dolerite, massive and pillow lavas, pink colored pelagic limestone
intercalated with radiolarian chert bands and manganese bearing mudstone. Blocks of high-grade
rocks are composed of blueschist and eclogite. Seamount or oceanic plateau remnants in the mélange
include pillow lavas with porphyritic and/or aphanitic textures, volcanic breccias and agglomerates,
and radiolarites. These blocks of seamount lithologies crop out extensively within the central part of
the Izmir–Ankara–Erzincan Suture Zone (IAESZ) in north-central Turkey.
The available geochronological data show that fragments of MORB-type oceanic lithosphere,
ranging in age from the late Paleozoic through the late Cretaceous occur along the IAESZ. Liassic
and Cretaceous ophiolites with forearc geochemical affinities represent suprasubduction zone (SSZ)
oceanic lithosphere, which evolved above north-dipping subduction zone(s) within the northern
branch of Neotethys. Trench migration and slab rollback to the south resulted in southward younging
intraoceanic arc development through time within this Neotethyan seaway during the late Mesozoic.

Figure 1. The distribution of the suture zones and location of the Ankara Mélange (IPSZ: Intra–
Pontide Suture Zone; IAESZ: Izmir–Ankara–Erzincan Suture Zone; ITSZ: Inner–
Tauride Suture Zone; BZSZ: Bitlis–Zagros Suture Zone).
Seamount and oceanic plateau remnants within the IAESZ are characterized by OIB-type lavas
and hypabyssal intrusions that also show southward younging in age. Emplacement of these
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seamount slabs into the southward growing subduction – accretion complexes in the Northern
Neotethys took place in intraoceanic conditions, similar to the collisions of seamount chains in the
modern Mariana, Yap and Kermadec Trenches in the Western Pacific Ocean. Terminal closure of
the Northern Neotethys occurred as the West Gondwana derived Tauride ribbon continent collided
with Eurasia in the latest Paleocene-early Eocene (Sarifakioglu et al. 2017). The IAESZ displays a
complete record of rift-drift, seafloor spreading and subduction zone tectonic evolution of the
Northern Neotethys, and it also shows a transition from a Pacific-type subduction-accretion system
in the lateset Mesozoic to a collision zone in the early Paleogene.
Sarifakioglu, E., Dilek, Y., Sevin, M., 2017. New synthesis of the Izmir-Ankara-Erzincan suture zone and the
Ankara mélange in northern Anatolia based on new geochemical and geochronological constraints. Geological
Society of America Special Paper 525, p. 613–675, doi:10.1130/2017.2525(19).
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Mineral Assessment of Western CAOB Revisited
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The Central Asian Orogenic Belt (syn. Altaids) constitutes an orogenic collage of
Neoproterozoic-Paleozoic rocks that lie between the East European, Siberian, North China and
Tarim cratons and formed between the Urals and Sikhote Alin over 800 Mio years. This collage
consists of oroclinally bent magmatic arcs (Mugodzhar-Rudny Altai, Central Kazakhstan, and
Tuva-Mongol), separated by sutures of their former backarc basins. For Kazakhstan and adjacent
regions, growth of continental crust took place mainly during the Paleozoic, with peak of
post-collisional magmatism in the Permo-Carboniferous, followed by platform sedimentation since
the Permo-Triassic.
Major ore deposits are distributed over almost 5000 km across central Eurasia, from the Urals
Mountains in the west to north-eastern China. These deposits were formed during multiple magmatic
episodes from the Neoproterozoic and Cambrian through to the Jurassic and Cretaceous. They are
mainly associated with magmatic arcs within the extensive subduction–accretion complex of the
Altaid and Transbaikal-Mongolian orogenic collages that developed from the late Neoproterozoic,
through the Palaeozoic, to the Permo-Triassic and Jurassic intracratonic extension. The arcs formed
predominantly on the Palaeo-Tethys Ocean margin of the proto-Asian continent, but also within
back-arc basins. The magmatic activity is reflected in spatial coexistence of syn-collisional granites
and volcanic-arc granites (SCG; VAG) that emplaced through time and voluminous episodes of
subsequently stitching within-plate granites (WPG).
In the western Altaids (syn. Central Asian Orogenic Belt, CAOB), the Paleozoic accretionary
belts of Kazakhstan and of the Northern, Middle and Southern Tien Shan as well as sedimentary
basins of Devonian to late Paleozoic age and suture-/shear zones of dominantly Permo-Triassic
formation age establish central Asia. Beside its hosted well-known world-class mine camps, as an
emerging major commodity basket undiscovered deposits under cover are still pending to be
unlocked. Kazakhstan and the Tien Shan region host a vast, largely undeveloped mineral potential,
including world class Sn, W, Cr, U, Au, Pb, Zn, Cu, Fe, Al, Mg deposits.
Significant porphyry Cu–Au/Mo deposits and intrusion-related Au deposits formed during the
early Paleozoic in Kazakhstan (e.g., Bozshakol Cu–Au, Koksai Cu-Au; Vasilkovskoe Au stockwork)
and Kyrgyzstan (Taldy Bulak porphyry Cu–Au); during Silurian to Devonian (e.g., Nurkazgan Cu–
Au in Kazakhstan); during the Devonian in the Urals-Zharma arc (e.g., Yubileinoe Au–Cu in Russia);
during the Carboniferous in the Kazakh-Mongol arc (e.g., Taldy Bulak-Levoberezhny Au in
Kyrgyzstan; Kounrad Cu–Au porphyry and Aktogai Group of Cu–Au porphyry deposits in
Kazakhstan); during the Carboniferous in the Valerianov-Beltau-Kurama arc (e.g., Kal’makyr–
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Dalnee Cu–Au porphyry in Uzbekistan; Benqala Cu–Au in Kazakhstan) – based on a review of
published (Seltmann et al., 2014) and new CERCAMS age data.
In result of post-collisional extension and orogenic collapse each accretionary cycle (early, mid,
late Paleozoic) is concluded by the formation of major lode Au deposits representing “orogenic-style”
(and intrusion-related gold systems, IRG) as well as “Carlin-style” formations (Au associated with
Sb-Hg mineralisation) and rare metal granites. These are often associated with alkaline, dominantly
shoshonitic intrusions and related to major shear zones, often of trans-crustal nature, tapping deep
reservoirs through tectonic pumping related to rapid uplift and decompression, that aid focused fluid
flow driven by elevated thermal gradient. The peak gold mineralisation in the CAOB (comprising
the vast majority of the known gold endowment) took place around the Carboniferous-Permian
boundary at ~305-290 Ma, referred to as “jackpot” event. It is represented by famous mineral
systems including Muruntau, Amantaytau, Kumtor, Bakyrchik orogenic gold deposits, Zharmitan

(IRG), Kochbulak (mesothermal gold), Dzhezkazgan (sedimentary copper), Khaidarkan, Kadamjai
(auriferous Sb-Hg deposits). Post-collisional magmatism hosts also significant rare-metal deposits
related to alkaline granites (WPG) and LCT pegmatites. Some of the world’s largest undevelopped
deposits of Sn-In (Syrymbet) and W (Verkhnee Kairakty) belong to this group (Fig. 1).
Figure 1. Major endogenic tin deposits of Central Asia formed during early, mid and late
Paleozoic. Exogenic tin deposits relate to formation of Meso-/Cenozoic weathering crust and placers.
Source: Mineral Deposits Map of Central Asia (CERCAMS Central ArcGIS package, NHM London:
2003-2018, www.nhm.ac.uk/cercams ).
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In addition to the tectonic, geologic and metallogenic setting and distribution of the main mineral
systems (porphyry Cu–Au/Mo, orogenic Au, sedimentary copper, rare metal, base metal etc.) within
the CAOB, the setting, geology, alteration and mineralisation of these deposits listed above is
re-assessed based on new geochronological and isotope data (U-Pb zircon ages, Re-Os ages,
Sr-Nd-Hf-Pb isotope data) (Dolgopolova et al., 2017; Konopelko et al., 2017; Konopelko et al.,
2018).
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Decoupled metamorphic P-T-t-D paths of HP eclogite and host gneiss – Insights to a
Late Ordovician to Silurian continental collision recorded in Beishan (NW China)
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High-pressure (HP) mafic eclogites are important indicators of convergent collision-related
orogens and mainly occur within host rocks such as felsic gneisses or migmatites. HP eclogite and
retrogressed amphibolitic equivalents outcrop in the southern edge of the Beishan Orogen located in
the South of the Central Asian Orogenic Belt (CAOB). The Gubaoquan eclogite mainly occurs as a
large body embedded in Neoproterozoic paragneiss and orthogneiss. Two major deformational
fabrics S1 and S2 are observed in this area. The S1 fabric is mainly observed in paragneiss and is
reworked by reclined centimetric F2 folds characterized by moderately to steeply N-NE plunging
axial planes and N-NE plunging fold axis. The S2 fabric is formed by alternation of quartz-rich and
mica- and chlorite-rich layers in both orthogneiss and paragneiss and is moderately to steeply
dipping to the N-NE.
In eclogite, the prograde fabric is characterized by the assemblage Gt + Omp + Amp + Qz + Rt.
In the host gneiss, relicts of the prograde metamorphic fabric consists of the assemblage Gt + St +
Ms + Bt + Pl +Qz + Rt. Peak metamorphic conditions for the eclogite and the paragneiss has been
thermodynamically constrained at ~16 kbar and ca. 780°C and at 8 kbar and ~610°C respectively.
As rutile is part of the HP assemblage in eclogite, Zr in rutile thermometry has been further used to
constrain temperature during peak metamorphism. Zr content in rutile is ranging from 317 to 986
ppm confirming the previously calculated peak-T of approximately 770-780°C. Altogether, this
suggests that both mafic boudins and felsic host rocks underwent decoupled prograde and peak
metamorphic P-T paths. Previously interpreted major and trace elements as well as Sm-Nd isotopic
data were interpreted as evidence of the oceanic crustal origin for the Gubaoquan eclogites. However,
our Sm-Nd isotopic data and calculated εNd(t) values which range from -0.6 to -13 for eclogites and
amphibolites indicate that a continental origin is more likely. The different metamorphic gradients
corresponding to both rock types show that the metabasic rocks have continental affinities and are
probably derived from deep crustal levels whereas the host gneisses were derived from upper- to
mid-crustal levels.
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A garnet-whole rock-clinopyroxene Lu-Hf isochron in the Gubaoquan eclogite yielded an age of
462.0 ± 2.8 Ma. U-Pb zircon dating of magmatic cores of the Gubaoquan eclogites yielded an age of
889 ± 4.8 Ma. Meanwhile, in-situ dating for metamorphic rims of zircons from the eclogite yielded
an age of 463.9 ± 3.0 Ma. U-Pb monazite dating of matrix grains included in paragneiss yielded
metamorphic peak age at ca. 435 Ma. The garnet Lu-Hf and zircon U-Pb dating results of the
eclogite suggest that the continental subduction occurred around 460 Ma. Moreover, U-Pb monazite
dating of matrix grains included in paragneiss indicates that a subsequent metamorphic event
occurred at ca. 435 Ma.
The structural, petrological and metamorphic studies combined with thermodynamic calculations
as well as geochronological data support a model where the Gubaoquan eclogite represents the
remnant of a continental subduction and collision in which the Beishan microcontinent was involved
from Late Ordovician to Silurian. This raises the question of the compatibility between this type of
high-grade metamorphism and well known Palaeozoic metamorphic events recognized in the CAOB
characterized by accretionary tectonics.
This study is supported by National Key R&D Program of China (Grant No. 2017YFC0601205-2)
and NSFC projects (41573025, 41711530147).
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Tectonic evolution of the Northern Appalachians
Cees van Staal
Department of Earth and Environmental Sciences
University of Waterloo
The Northern Appalachians preserve a record of more than 80 my of terrane accretion..
Accreted terranes include microcontinents: Dashwoods, Ganderia, Avalonia, and Meguma as well as
juvenile oceanic or extended continental, suprasubduction zone terranes: Lushs Bight oceanic tract,
Baie Verte oceanic tract, Annieopsquotch accretionary tract, Victoria arc, Exploits and Penobscot
backarcs. These terranes were sequentially accreted to a progressively outboard growing, composite
Laurentian margin during short-lived orogenic events ranging from the Late Cambrian-Late
Ordovician (Taconic 1, 2, 3 and Penobscot), Late Ordovician-Silurian (Salinic), Late Silurian-Early
Devonian (Acadian) and Middle-Late Devonian (Neo-Acadian).
Collisions were generally soft and short-lived (≤ 10 my) characterised by localized deformation
and low-grade metamorphism. Only the Taconic and Acadian were locally long-lived and hard
collisions with extensive deformation and metamorphism of upper plate rocks; the Acadian orogeny
affected all terranes preserved in the Newfoundland Appalachians and remained active for more than
20 my. Evidence for the various accretions is well preserved in the sedimentary record. Particularly
foredeep-forearc basin pairs and the change of flysch to molasse (Old Red Sandstone) impose tight
constraints on the duration and nature of the tectonic events. All collisions were oblique, which
commonly led to extensive modification of suture zones by strike-slip related tectonism. Piercing
points are rare or absent, but there is circumstantial evidence that some terranes, such as Dashwoods
and Avalonia, may have moved laterally over considerable distances.
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Detrital provenances of Middle Permian continental strata in the Yili basin (Nileke
area), Xinjiang: Constraints on the tectonic evolution of the western Tianshan
Orogenic Belt during the middle Permian
Bo Song, Lu JinCai , Niu YaZhuo, Jing Ting , Feng YangWei, Xu Wei and Fan BaoCheng
Xi′an Center of Geological Survey, China Geological Survey; Key Laboratory for the Study of
Focused Magmatism and Giant Ore Deposits, MLR; Geological Research Center of Orogenic Belt,
China Geological Survey, Xi′an 710054, Shaanxi, China
There are two different viewpoints about the Permian tectonic settings of the western Tianshan
Orogenic Belt, referred as arc (Li et al., 2005; Zhang et al., 2005; Xiao et al., 2009, 2015) or
rift(Zhang et al., 1999; Xia et al., 2008; Xu et al., 2014). The tectonic setting of Permian Yili basin,
which locates in the core of western Tianshan, is one of the key points to solve this controversy. The
Middle Permian strata include Xiaoshansayi Formation, Hamisite Formation, Tamuqisayi
Formation.The provenance analysis shows that the middle Permian Yili basin in the Nileke area is
dominated by a lacustrine transgressive sequence, which is characterised by alluvial fan facies,
fluvial facies, and shallow to semi-depth lacustrine facies. In this paper, the gravel and detritus
compositions, heavy mineral assemblages, geochemistry of clastic rocks and garnet detritus of
middle Permian strata are systematically analysized. It provides that the sources of the middle
Permian in the Nileke area contain ultramafic and mafic rocks, andesite, dacite, rhyolite, skarn,
gneiss, limestone and clastic rocks, indicating that the middle Permian in the Yili basin is a suite of
proximal and rapid deposits which recorded tectonic denudation in the post-orogeny stage. The
paleocurrent data indicates that the Xiaoshansayi Formation detritus come from the south, while the
Hamisite and Tamuqisayi Formaion’s provenance is the north and northwest(Fig.1). Combined with
the bimodal volcanic suite of the lower Permian Wulang Formation and regional unconformity, this
study suggests that the Middle Permian Yili basin in the western Tianshan Orogenic Belt was an
extensional basin during the post–orogeny stage. The tectonic setting was triggered by the arrival of
the Tarim mantle plume in the latest Carboniferous, which possibly had profound effects on regional
extension in Permian.
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Fig.1 (a)- Sketch map showing the relationship of the western Tianshan orogenic belt to surrounding
areas (after Jahn et al., 2000) and (b)- Geological map of the Nileke and adjacent areas (modified
after Gao and Klemd, 2003, Gao et al., 2009; Klemd et al., 2005; Qian et al., 2007; Xi′an institute of
Geology and Mineral Resources, 2007)
① Yili-Northern margin of Central Tianshan fault; ② Nikolaev Line-North Nalati fault; and
③ Southern margin of Central Tianshan fault
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Mississippi Valley-type Pb-Zn deposits in the Tethyan domain from China to Iran
Yucai Song, Yinchao Liu, Zengqian Hou, Hongrui Zhang, Liangliang Zhuang
Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China
Mahmoud Fard Tarbia Modares University, Tehran 14115-175, Iran
This study reviews Tethyan Mississippi Valley-type (MVT) Pb-Zn deposits from China to
Iran on the basis of new geological observations and previous publications. The Tethyan domain is
characterized by the young and extensive Himalayan-Tibetan and Zagros orogens that formed
through collision between the India/Arabia and Eurasia continents since the Late Cretaceous or early
Cenozoic. Abundant Mississippi Valley-type (MVT) Pb-Zn deposits occur in this domain, including
in central and eastern Tibet, China, the Indian passive margin in southern Pakistan, and various
tectonic units of Iran. Economically significant deposits contain 0.1-21 Mt Pb+Zn and have total
metal resources of ~70 Mt with ~50% being oxidized ores. Deposits with >5 Mt Pb+Zn include the
Jinding and Huoshaoyun deposits in China and the Mehdiabad and Angouran deposits in Iran.
MVTs in this domain occur in continental-collision-related fold-and-thrust belts and
forelands, where deposits are mostly located on the margin of the Eurasian continent, with some in
the Indian continental passive margins. The youngest mineralized rocks and indirect age dating
indicate that some important MVT deposits (e.g., the Jinding, Chaqupacha, and Angouran deposits)
were formed after a main phase of regional compression, during a regional, large-scale strike-slip or
crustal-extension stage in a continental collision setting. In addition to faults as fluid pathways,
important ore controls for MVT deposits include evaporite diapir structures (Jinding and Angouran),
pre-existing barite (Mehdiabad), carbonate dissolution-collapse breccias (Chaqupacha and
Mohailaheng), and evaporite dissolution-collapse breccias (Huoshaoyun, Kuh-e-Surmeh, and
Ozbak-Kuh). Much of the primary sulfide ore in this domain has been oxidized by supergene
processes. This is particularly pronounced in the newly discovered Huoshaoyun deposit, where
almost all sulfides of MVT origin have been oxidized to smithsonite and cerusite. An understanding
of tectonic setting, ore controls, and supergene processes is helpful in exploring for MVT deposits in
this domain.

83

2018 First Workshop of Project IGCP-662
15-22 September, 2018, Dunhuang and Beijing, China
Abstract Volume

Characteristics of Late-Paleozoic deformation in Eastern Tianshan orogenic belt and
their tectonic significance
Kai Wang, Ji Wenhua, Meng Yong
Research Center for Orogenic Geology, Xi’an Center of Geological Survey, Geological Survey of
China, Xi’an 710054, China;E-mail:geo_wk@163.com
The Central Asian Orogenic Belt (CAOB) is one of Earth’s largest accretionary orogens, and
formed by subduction and accretion from the Neoproterozoic through the Paleozoic (Şengör et al.,
1993; Windley et al., 2007; Xiao et al., 2009, 2012). However, the time at which accretionary
processes in the southern CAOB finished is still controversial, with estimates ranging from the Late
Devonian–Early Carboniferous (Xia et al., 2004), through Late Carboniferous–Early Permian
(Charvet et al., 2011; Wang et al., 2014; Han and Zhao, 2017) to end Permian–Early Triassic (Xiao
et al., 2009; 2015).
The Tianshan Orogenic Belt, southernmost part of the CAOB, combined with the NW–
SE-striking Eastern Junggar Belt which formed the eastern segment of Tianshan in the late Paleozoic,
characterise the late-stage evolution of the CAOB. We focus on the latest phase of brittle–ductile
deformation in the eastern Tianshan by analysing the geometry and kinematics of deformation in the
Aqqikkuduk fault zone, the Kangguer fault zone and the Harlik deformed zone. Our anlysis shows
that the Aqqikkuduk fault zone is characterized by northward thrusting with dextral strike-slip
motion; the Kangguer fault zone is characterized by N-S compression with dextral strike-slip motion;
and the Harlik deformation zone is characterized by southward thrusting with superimposed sinistral
strike-slip motion.
Our analysis, combined with a large number of published thermochronological data, suggests
that the time of the latest phase of brittle–ductile deformation is Middle to Late Permian to Middle
Triassic. This implies that the roughly E-W striking eastern segment of Tianshan orogenic belt to the
south and the NW-SE striking Eastern Junggar Belt to the north converged with the Kazakhstan
orocline to the west, forming a “Three-direction convergence” tectonic system. The convergence
represents the final stage of accretionary processes of the CAOB.
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Nd Isotopic characteristics of granitoids from the Newfoundland Appalachians: A
preliminary comparison with those from the Central Asian Orogenic Belt
Chao Yang Wang1, Tao Wang1, Cees van staal2, Shoufa Lin3 and Jianjun Zhang1
1 Key Laboratory of Deep-Earth Dynamics, Ministry of Natural Resources, Institute of Geology, Chinese
Academy of Geological Sciences, Beijing 100037, China
2 Geological Survey of Canada, 1500-605 Robson Street, Vancouver, BC V6B 5J3, Canada
3 Department of Earth and Environmental Sciences, University of Waterloo, Waterloo, Ontario, Canada

The Appalachian orogen in North America is currently considered to be a Paleozoic
accretion-type orogenic belt, or a collage, formed by collision of many ancient blocks between
Laurentian and Gondwanan margins. A study of isotopic compositions of granitoids can provide
information on deep crustal compositions and continental growth of this orogenic belt. This paper
compiles available Nd isotopic data of granitoids from the Newfoundland Appalachians and
compares them with those from the Central Asian Orogenic Belt. The aim is to compare the deep
crustal compositions and continental growth between these two large accretionary orogenic belts.
The Newfoundland Appalachians preserve one of the most complete and best-exposed
cross-sections through the Appalachian mountain belt, making it an ideal area for studying the
Appalachians (Fig.1). It is traditionally subdivided into the Humber Zone, the Dunnage Zone, the
Gander Zone and the Avalonia Zone. The Dunnage Zone can be further subdivided into the Notre
Dame Subzone and Exploits Subzone. Nd and Sr isotopic data of 88 granitic samples (Frye et al.,
1992; Kerr et al., 1995; van Staal et al., 2007; Whalen et al., 1997a, b, 2006; Fig.1-3) were compiled
from the Dunnage Zone and Avalonia Zone in order to assess their material composition and to
provide constraints on the deep crustal compositions and continental growth of the accretionary
orogenic belt.
The results show that the granitoids in the Dunnage Zone have widely varying εNd(t) values,
from -9.2 to +8.1 (with peaks at -7.8 to +2.9 Ga; Fig. 2) and the Nd model ages peak at
approximately 0.8-1.0 Ga, 1.2-1.4 Ga and 1.6-1.8 Ga (Fig. 3). These data suggest that the granitoids
were mainly derived from ancient crustal compositions and mixed with small amount of partial
melting of juvenile crust. These results also display characteristics of Neoproterozoic to
Mesoproterozoic juvenile crustal growth. It is noteworthy that some granitoids with εNd(t) > 6 are
distributed along the Red Indian line suture, suggesting that juvenile crust was related to subduction
and suturing.
In the Avalon Zone, the Precambrian plutonic suites mostly have εNd(t) values from +0.8 to
+6.3, and Paleozoic plutonic suites mostly also have positive εNd(t) values between +0.5 and +3.6.
Thus, the Precambrian and Paleozoic crust of the Avalon Zone is largely "juvenile". This isotopic
signature is rarely found across the rest of the transect.
Based on the Nd isotopic signatures, it is concluded that the majority of the studied granitoid
plutons in the Avalon and Dunnage zones were sourced from continental lithosphere. Most model
ages of these granitoids are older than 1.0 Ga, significantly older than these of the Central Asian
Orogenic Belt.
All these signatures indicate that the granitoids in the Newfoundland Appalachians have Nd
isotopic compositions that are significantly different from those in the CAOB (many high positive
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εNd(t) = +3 to +9 with young TDM = 0.5-1.0 Ga in the latter) (Wang et al., 2009, 2017). These suggest
the two orogens have different deep crustal compositions, more juvenile for the CAOB and less
juvenile for the Newfoundland Appalachian orogen, although both belong to accretionary orogens.

Fig. 1. Tectonic setting and regional
geological map of the Newfoundland
Appalachians. (data from Nd and Sr isotopic
data of 88 granitoids samples (Frye et al.,
1992; Kerr et al., 1995; van Staal et al., 2007;
Whalen et al., 1997a, b, 2006))

Fig. 2. Age (Ma) vs. εNd(t) values
diagram for granitoids in the
Newfoundland Appalachians.

Fig. 3. The histogram of TDM (Ga) for granitoids in
Newfoundland Appalachians.
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Orogenic architecture and crustal growth from accretion to collision: examples from
the Central Asian Orogenic Belt and Qinling-Dabie orogen
Tao Wang1, Xiaoxia Wang2, Ying Tong1, He Huang1, Shan Li1, Jianjun Zhang1, Lei Guo1, Lei
Zhang1, Peng Song1, Qie Qin1
1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China.
Taowang@cags.ac.cn
2. MLR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources,
Chinese Academy of Geological Sciences, Beijing 100037, China. xiaoxiawang@hotmail.com
Orogens can be generally divided into two types: accretionary and collisional orogens. What are
fundamental differences in deep-crustal compositions and architecture from accretion to collision
and how to identify them have not been well understood. This study attempts to discuss these
problems by juvenile compositions defined by Nd-Hf isotopic mapping of granitoids in the
southwestern segment of the Central Asian Orogenic Belt (CAOB), a typical and the world's largest
Phanerozoic accretionary orogenic belt, and in the Qinling-Dabie Orogen, a typical
subductional-collisional orogen.
The CAOB, bounded by the Siberian Craton to the north and the Tarim-North China Craton, is
the most important site of Phanerozoic continental growth on the Earth (e.g., Şengör et al., 1993;
Jahn et al., 2000; Kovalenko et al., 2004), even if the growth was probably overestimated (Kröner et
al., 2013). The southwestern CAOB, comprising the Altai, Junggar, Tianshan and Beishan orogens,
is a typical area for the CAOB. The Paleozoic and Mesozoic granitoids of the central Altai show
εNd(t) = -5 to +2 with TDM = 1.6 - 1.1 Ga, the Western Junggar εNd(t) = +3 to +9 with TDM = 0.8
to 0.4 Ga, the Eastern Junggar εNd(t) = +2 to +8 with TDM = 0.9 to 0.5 Ga and the Tianshan and
Beishan with large ranges of εNd(t) values and TDM ages (Wang et al., 2009, 2014). These data
suggest that the central Altai has a remnant of a reworked (old) continental terrane, the Junggar
terrane a juvenile accretionary complex (mélange), the Tianshan and Beishan orogens with both
juvenile and old recycled crust.
The Qinling-Dabie Orogen is one of the main orogenic belts in Asia and mainly consists of four
distinct blocks or terranes. These are, from north to south, the North China Craton (NCC), the North
Qinling Belt (NQB), the South Qinling Belt (SQB) and the South China Craton (SCC). Voluminous
Paleozoic and Mesozoic granitoids in the southern margin of the NCC have εNd(t) values from
−21.9 to −10.9, from −14 to +5.4 in the NQB, from −10 to −1.8 in the SQB and from −6.5 to -3.2 in
the northern margin of the SCC, respectively. Correspondingly, Nd model ages (TDM) vary from
2.82 to 1.47 Ga，2.38 to 0.73 Ga，1.79 to 1.13 Ga and 1.52 to 1.25 Ga, respectively (Wang et al.,
2015). These results indicate the southern margin of the NCC with old basement rocks, the SQB and
the northern margin of the SCC with slightly older basement rocks and the NQB with more complex
basement rocks. Mesozoic granitoids in the Dabie Orogen show εNd(t) values ranging from −22 to
−8, corresponding TDM from 1.8 to 2.0 Ga (Hong et al., 2003). It suggests old basement rocks,
being similar to those of the NCC, for the Dabie Orogen.
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All these signatures indicate that the granitoids in the CAOB have significant differences in Nd
isotopic compositions from collisional orogens such as Qinling-Dabie Orogen in the central China
(Hong et al. 2003; Wang et al., 2015), suggesting different deep crustal compositions for them.
Compared with the general orogens, the CAOB has much juvenile compositions and more crustal
growth (juvenile materials) during Phanerozoic time, distinct from a typical collisional orogen. This
study reveals that isotopic compositions of magmatic rocks can trace deep compositions of orogens
and provide significant information for understanding compositions and evolution stages (from
juvenile accretionary, subductional to collisional) of orogens.
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Nd–Hf isotopic mapping of Late Mesozoic granitoids in the East Qinling orogen,
central China and its applications for deep crustal compositions and growth
Xiaoxia Wang1, Tao Wang2, Changhui Ke1, Yang Yang3
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Chinese Academy of Geological Sciences, Beijing 100037, China. xiaoxiawang@hotmail.com
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The Qinling orogen, one of the largest orogenic belts in Asia, underwent Neoproterozoic，
Paleozoic and Early Mesozoic orogenic processes and finally formed by collision of the North China
Block (NCB) and South China Block (SCB) during the Early Mesozoic. Significantly, after final
formation of the orogen, voluminous Late Mesozoic (Jurassic-Cretaceous) granitoids and the world’s
largest Late Mesozoic porphyry and porphyry-skarn type Mo deposits occurred in the East Qinling.
The Late Mesozoic granitoids manly occur in the southern margin of the NCB (S-NCB) then the
north Qinling Belt (NQB) and south Qinling Belt (SQB). This paper presents the results of Nd-Hf
isotopic mapping for these Late Mesozoic granitoids and reveals their constraint on the basement
compositions, deep crustal nature and the distribution of the Mo deposits in the East Qinling. The
isotopic mapping was based on 98 (21 newly and 77 published) whole-rock Nd isotopic and 29 (7
newly and 22 published) average zircon Hf isotopic data. The results show three isotopic provinces
(I, II, III) from the north to south across the East Qinling orogen. Province I has oldest Nd and Hf
model ages with very low negative εNd(t) and εHf(t) values (εNd(t) = -22.1 to -10.9, TDM(Nd) = 2.82 to
1.47 Ga; εHf(t) = -26.3 to -13.5, TDM2(Hf) = 2.86 to 2.04 Ga); province II is characterized by old Nd
and Hf model ages and low negative εNd(t) and εHf(t) values (εNd(t) = -13.9 to -1.5, TDM(Nd) = 2.02 to
0.79 Ga; εHf (t) = -16.2 to + 0.1, TDM2(Hf) = 1.96 to 0.96 Ga); and province III shows juvenile Nd and
Hf model ages and relatively high negative εNd(t) and εHf(t) values (εNd(t) = -6.3 to -4.5 with TDM(Nd)
of 1.28 to 1.12 Ga; εHf (t) = -1.0 to -0.3 with TDM2(Hf) of 1.25 to 1.22 Ga). The three isotopic
provinces approximately correspond to the three different terranes, the S-NCB, NQB and SQB,
respectively. These indicate that the granitoids in the different terranes have distinct source and their
source changes from old to juvenile from the north (S-NCB) to south (SQB) in Late Mesozoic. The
S-NCB contains old compositions such as Neoarchaean to Paleoproterozoic basement, the NQB
comprises Archaean to Neoproterozic and the SQB Mesoproterozic to Neoproterozic, suggesting
that the continental crust of the East Qinling were mainly formed during Archaean to Neoproterozic
and there is hardly any Phanerozoic crustal growth, which is different from a typical accretion
orogen. Mo deposits are mainly hosted by the terranes with oldest TDM(Nd) and TDM2(Hf) ages. The
scale and number of the Mo mineralization and deposits have a positive correlation with the TDM(Nd)
and TDM2(Hf) ages of the terranes. The S-NCB with the oldest basement is
favorable for Mo
mineralization and hosts large scale and numerous Mo deposits.
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Subduction Processes of the Paleo-Asian Ocean in the Alxa Tectonic Belt (NW China)
Wenjiao Xiao1, 2 , Dongfang Song1
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The timing of final subduction of the Paleo-Asian Ocean (PAO) and terminal amalgamation of
the Central Asian Orogenic Belt (CAOB) is controversial. In order to address where, when and how
the PAO finally vanished, in this study we present systematically field and geochronological studies
on the Permian volcano-sedimentary successions in the southwestern segment of the Alxa Tectonic
Belt (NW China). Detailed field observation indicates a syn-tectonic unconformity between the
Middle and Upper Permian strata, both of which are composed of tuff sandstone, conglomerate and
volcaniclastic rocks. The Middle Permian strata (Jushitan Formation) below the unconformity show
tight folding, while the upper Permian strata above the unconformity show weakly-deformed gentle
folding. Detrital zircon U-Pb analyses show a major peak of ~273 Ma and a subordinate peak of
~440 Ma for the Jushitan Formation. The youngest detrital zircon ages of ~267 Ma constrain its
maximum depositional age to be Middle Permian, consistent with the published fossil age. Two
samples from the Upper Permian strata show coincident age distributions with unimodal age peaks at
~261 and ~263 Ma, respectively. The youngest detrital zircon ages of ~256 Ma and ~251 Ma
constrain their depositional age to be Late Permian. The diagnostic zircon age spectrum patterns and
ubiquitous intermediate lithic fragments including porphyritic andesite and dacite in these rocks
indicate rapid sediments accumulation in a suprasubduction zone setting. The age data constrain the
unconformity to be formed between ~267 Ma and ~251 Ma in an on-going subduction environment
during the final closure of the PAO in the Alxa region. The Phanerozoic age peaks in these samples
are comparable to that of the Permian arc-related sedimentary rocks along the Solonker Suture Zone
in the eastern segment of the CAOB, thus linking the Alxa active margin with the northern margin of
the North China Craton during the Middle-Late Permian. Available data including the along-strike
correlation of arc-related basins suggests a complicated subduction-accretion setting along the
southern CAOB during the Permian. Our study therefore provides key constraints for the final
subduction processes of the PAO in the Alxa region before the terminal amalgamation of the
southern CAOB in the Early Triassic, which updates our understanding of the termination of a
long-lived accretionary orogen.
References
Song, D.F., Xiao, W.J., Collins, A., Glorie, S., Han, C.M. and Li Y.C., 2018. Final subduction processes of the
Paleo-Asian Ocean in the Alxa Tectonic Belt (NW China): Constraints from field and chronological data of
Permian

arc-related

volcano-sedimentary

rocks.

Tectonics,

37,

1658-1687.

https://doi.org/10.1029/

2017TC004919
Xiao, W.J., Windley, B.F., Han, C.M., Liu W., Wan B., Zhang J.E., Ao, S.J., Zhang, Z.Y. and Song, D.F., 2018. Late
Paleozoic to early Triassic multiple roll-back and oroclinal bending of the Mongolia collage in Central Asia.
Earth-Science Reviews, in press, doi.org/10.1016/j.earscirev.2017.09.020.

91

2018 First Workshop of Project IGCP-662
15-22 September, 2018, Dunhuang and Beijing, China
Abstract Volume

The Xing–Meng Intracontinent Orogenic Belt
Bei Xu
Hebei GEO University Shijiazhuang 050031, China
A new concept of “Xing-Meng Intracontinent Orogenic Belt” （XMIOB） is suggested. The late
Paleozoic to early Mesozoic intra-continental extension and orogenic evolution of the XMIOB are
synthesized from the perspective of tectonics, sedimentary formation, magmatism and
metamorphism, which provides useful insight into the late Paleozoic tectonic evolution of XMIOB.
According to the late Paleozoic tectonic framework of mid-western Inner Mongolia, five tectonic
units can be recognized, including the early Carboniferous Erenhot-Hegenshan rift belt, the late
Carboniferous inland sea basin, the early Permian Arigim Sum-Erenhot extensional belt, the
early-middle Permian basin-range belt, and the late Permian Solon-Ulan valley extensional belt.
From the late Carboniferous to Permian, the extensional structures in the XMIOB can be
clustered into three stages. The first stage can be found in Erenhot-Airgin Sum area, northern Inner
Mongolia, in form of intracontinental rift basin and its marginal delta deposits during 302-298Ma.
The second stage is characterized by basin-range structure during 290-260Ma, which are widely
distributed in mid-western Inner Mongolia. The third stage can be observed at Solon Obo, southern
Inner Mongolia and Ulan valley in the south of Ondor Sum, representing a Red Sea-type oceanic
basin in active rifting zone during 260-250Ma.
The extension-related magmatism during the late Paleozoic includes four phases: 1） The early
Carboniferous Hegenshan ophiolite phase, which developed on the basement of pre-Cambrian or
early Paleozoic orogenic belt, reflects deep magmatic process in the continent crust. 2） The igneous
rock originated from the late Carboniferous Daqing pasture phase are widely distributed along the
north orogenic belt, characterized by bimodal intrusive and volcanic rocks that mainly consist of
mafic and felsic magma. 3） The early Carboniferous Dashizai phase formed various rocks including
bimodal volcanic, intrusive and alkaline rocks. 4） The late Permian-Triassic Solon phase is
characterized by continental margin ophiolite or the rock assemblage of mafic and ultramafic rock,
which results from an active rift zone in during the asthenosphere upwelling.
The XMIOB underwent two phases of structure deformation. The first phase, in form of large
scale fold deformation of the late Paleozoic strata, gave rise to shortening of the basin-ridge structure
belt. The second one produced strong shear deformation along the boundary of the basin-range
structure belt, accompanied by eastward extrusion structure due to a passive closure resulted from
the remote tectonic effect of the north Mongolia-Okhotsk orogenic belt in the north and the
Dabie-Qinling central orogenic belt in the south.
Two periods of metamorphism can be identified in the XMIOB since the late Paleozoic. The
early period is represented by regional scale greenschist facies metamorphism and middle-low
pressure metamorphism along the tectonic boundary from the late Permian to early Triassic. This
special low pressure and high temperature metamorphism records intra-continental extensional
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process during the late Paleozoic. The latter metamorphism that related to compress deformation
mainly occurred at the boundary fault of the basin-range structure belt. A clockwise P-T evolution
path of the low pressure phase may resulted from the closure of limited ocean basin during
intracontinental orogeny.
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Geochronology, petrogenesis and tectonic implications of Early Permian A-type
rhyolite from the south of Beishan, NW China
Wei Xu 1,2, Xu XueYi 2,3, Chen GaoChao2, Niu YaZhuo2, Shi JiZhong2, Song Bo2
1. School of Earthscience & Resources, Chang’an University, Xi’an, Shaanxi, 710054, China
2. China Key Laboratory for the Study of Focused Magmatism and Giant Ore Deposits, MLＲ,
Xi’an Center of Geological Survey, Xi’an, 710054, Shaanxi, China
3. China Geological Survey, Beijing, 100037
There are still hot debates concerning on Late Paleozoic tectonic issues in the south of Beishan
(NW China). For instance, a consensus has not been reached about whether the accretation of the
Paleo-Asian Ocean persisted through the Permian (Xiao, et al., 2010; Mao et al., 2012) or completed
before this period (Xia, et al., 2008; Zhang et al. 2011). In order to better understand the tectonic
evolution in this area, a combined study of geochemistry, whole rock Sr-Nd and zircon U-Pb-Hf
isotopes has been carried out for the overlooked rhyolites from five Lower Permian sections in this
area. LA-ICP-MS zircon U-Pb dating of these rhyolites are 294.7～272.7Ma (206Pb/238U ages),
coinciding with the stratigraphy and paleontological data, which all indicate that the rhyolite suite
formed during the Early Permian. These rocks maily belong to the high-K calc-alkaline series, and
have alkali-calcic and calc-alkalic characteristics, are metaluminous–peraluminous. They exhibit
similar geochemical characteristics including: a enrichment in Si, K, Na, Fe, poor Ca and Mg,
positive Ga, Rb, Zr, Hf, Y and negative Ba, Sr, Eu anomalies, with high TFeO/MgO and
10000*Ga/Al values. These parameters indicate that the rhyolites share the same geochemical
characteristics with A-type granites. The rhyolites from Dushan section display extremely high
zircon εHf(t) values varying from +11.41 to +16.70 and the Hf model ages (TDM2) vary from 231 Ma
to 573 Ma. The zircon εHf(t) values vary from -8.82 to +8.9 for the rhyolites from Ganquan section,
and the Hf model ages (TDM2) vary from 802 Ma to 1961 Ma. The rhyolites from Yujinzi and
Shanhujin section display low εNd(t) (-2.92～-4.24), high (87Sr/86Sr)i (0.7108～0.7223) and positive
zircon εHf(t) values (+1.32～+17), with Nd model ages (TDM) of 1256 Ma～1386 Ma and Hf model
ages (TDM2) of 691 Ma～1797 Ma. The rhyolites from the section in the south of Shahongshan have
low εNd(t) (-2.00～-1.81) and positive zircon εHf(t) values (+1.56～+10.70), with Nd model ages
(TDM) of 1207 Ma～1222 Ma and Hf model ages (TDM2) of 623 Ma～995 Ma. Thus，it can be
concluded that The rhyolites from Dushan section were derived from the partial melting of Paleozoic
crust, but the felsic volvanics from the other sections evolved from the partial melting of Middle–
Late Proterozoic continental crust. The A-type rhyolites represent crustal stretching and thinning
during the Early Permian in the south of Beishan. Combined with other geological evidences (e.g.,
tectono-magmatic event sequences, stratigraphy and sedimentary features), we state four Paleozoic
tectonic evolution stages for the south of Beishan (Fig. 1), and suggest that it was a rift zone during
the Early Permian.
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Fig. 1 diagram for dividing the tectonic evolution stages in the south of Beishan
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Geochemistry of Permian basalts in the Liuyuan area of the southern Beishan
Orogenic Belt and its geological significance
Yuanyang Yu, Keqing Zong*
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Geosciences, Wuhan 430074, China *correspondence ：kqzong@hotmail.com
The Beishan Orogenic Belt (BOB) located in the southern margin of the Central Asian
Orogenic Belt (CAOB), which connects the Xingmeng orogenic belt in the east and the Eastern
Tianshan orogenic belt in the west. It is the key site to unfold the Paleozoic tectonic evolution of the
southern CAOB. There is a long and narrow belt (150*10 Km) characterized by pillow basalt lave
texture and gabbro intrusion in the southern BOB. It is also noticeable that coeval mafic dykes
intruded into the continental basement along this belt. In this contribution, on the basis of the
detailed field observation, petrological investigation, bulk major and trace elemental and whole rock
Sr-Nd-Pb-Hf isotopic compositions, as well as zircon U-Pb-Lu-Hf isotope compositions, the
petrogenesis and its tectonic significances of the Liuyuan basalt were discussed.
Zircon grains separated from gabbro yield a concordia U-Pb age of 288 ± 1Ma which represents
the emplacement time of Liuyuan basalt. They display SiO2 contents of 46.81~52.00 wt.% and
relatively varied Al2O3 (11.74-16.06 wt.%), with relatively high FeOT (7.06-16.06 wt.%) and MgO
(4.30-9.32wt.%) content. The good correlations between MgO and other major elements imply the
obvious crystallization differentiation such as clinopyroxene, plagioclase, ilmenite and apatite.
Otherwise, the Liuyuan basalts show slightly enriched LREE, depleted HREE and Nb-Ta, with
positive anomalies of Pb, Rb and Th signatures. In addition, the enriched Sr-Nd-Pb-Hf isotopic
signatures ((87Sr/86Sr)i = 0.703-0.710, (143Nd/144Nd)i = 0.5123-0.5127, (176Hf/177Hf)i=0.2828-0.2830;
(206Pb/204Pb)i = 17.80-18.57, respectively), indicates the involvement of continental material. In
contrast, zircon grains from the gabbro exhibit depleted Hf isotopic compositions (εHf(t) = 13.00 to
17.42). Thus, we prefer that the continental material assimilation may occur during the magma
evolution instead of contamination in the magma origin. Combined with petrological and
geochemical signatures, we suggest that the Liuyuan basalts are not typical MORB and could not
represent a late Paleozoic ophiolite. Instead, we consider that the Liuyuan basalts formed in an
extensional continental intraplate setting, thus challenging the previous views that the subduction of
Paleo-Asian Ocean still active until the Permian in the southern BOB.

97

2018 First Workshop of Project IGCP-662
15-22 September, 2018, Dunhuang and Beijing, China
Abstract Volume

From continental breakup to seafloor spreading: The southern Tibet dike swarm
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Processes accompanied the breakup of continents, spreading of ocean floor and continent-ocean
transition could trigger large-scale melting of the mantle beneath the continent as well as the ocean,
and produce mafic magmas with distinct geochemical characteristics. Such rocks provide us an
important record to unraveling the nature as well as the timing of deep tectonic and magmatic
processes during the tectonic evolution of large-scale orogenic belts, such as the Himalayan orogenic
belt.
Recent systematic field observations combined with zircon U/Pb and geochemical data indicate
that the Tethyan Himalaya had experienced at least four major stages of mafic magmatism since the
late Permian (Zhu et al., 2008 & 2009; Zeng et al., 2012 &2015; Wang et al., 2016 & 2018). Among
these mafic rocks, a dominant number formed at a time interval from ~148 Ma to ~120 Ma with a
peak at ~132-135 Ma (Zhu et al., 2009; Wang et al., 2018). This suite is widespread and can be
traced ~700 km from the east of Yardoi gneiss dome to the west of Dingri, and occur as diabase
dikes or sills intruded into various formations of
pre-Jurassic sedimentary sequence. Collectively,
geochemical and isotope (Sr and Nd)
composition
data
indicate
that
three
end-member components were involved by
various degrees to shape the isotopic as well as
elemental characteristics of these magfic rocks
(Figure 1). Depleted mantle component is
characterized by positive Nd and low (La/Yb)N
ratio, whereas the most enriched component by
unradiogenic Nd and high (La/Yb)N ratio, and
the third component by radiogenic Nd but also
high (La/Yb)N.
Figure 1 Diagrams showing (a) the time
progression of Nd isotope compositions and (b)
the relationship of Nd isotope compositions and
(La/Yb)N in the mafic dike swarms of the
Tethyan Himalaya, southern Tibet.
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The earliest phase of this magmatism (~148 Ma) possibly due to the incubation of a mantle
plume involved depleted as well as enriched mantle sources (Zhu et al., 2008; Wang et al., 2016).
Similar to other large igneous provinces (LIP) formed in an extensional environment and could be
used as a marker to reconstruct the paleo-configuration of break-up continents, mafic rocks from the
Cuomei LIP show a major peak activity at ~132 Ma, this could signify the full-fledge extension and
break-up of the eastern Gondwana. As time progressed, the break-up of the
Indian-Australian-Antarctic continent was taken over by seafloor spreading of the Indian ocean,
signified by the formation of ~120 Ma magic rocks carrying depleted signatures (positive Nd isotope
compositions as well as low (La/Yb)N ratios).
This study was supported by National Key Research and Development Project of China (grant
number 2016YFC0600304), Special Scientific Research Fund of Public Welfare Profession of China
(Grant No.201511022), China Geological Survey Project (Grant No.12120115027101), and National
Science Foundation of China (Grant Nos. 41425010).
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Tracking deep ancient crustal compositions by statistical analysis on information of
xenocrystic/ inherited zircons within igneous rocks from the Altai-East Junggar
regions: constraints on the continental architectures
Jianjun Zhang1, 2, Tao Wang1, Ying Tong1, Zhaochong Zhang2, He Huang1, Lei Zhang1, Lei Guo1,
Peng Song1, Zengqian Hou1
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2. State Key laboratory of Geological Processes and Mineral Resources, China University of
Geosciences, Beijing, 100083, China
The deep crustal continental components and architecture of the Central Asian Orogenic Belt has
long been a matter of debate (Wang et al., 2009; Kröner et al., 2014; Xiao et al., 2015; Yang et al,
2017). We present an integrated study of geochronological and Hf-in-zircon isotopic data for
xenocrystic zircons from the Paleozoic granitoid rocks and associated felsic volcanic rocks of the
Chinese Altai, East Junggar and nearby regions. The aim is to trace the age spatial distribution of
deep old crustal components in these key parts of the western Central Asian Orogenic Belt.
Three major zircon xenocrysts provinces are defined by their pre-magmatic age distribution and
available Hf-in-zircon isotopes in our complied dataset (Fig. 1). Province I, mainly situated in the
eastern part of the central Chinese Altai, is characterized by the abundant inherited zircons with
Meso-proterozoic and Paleo-proterozoic ages (1000-1600 and 1600-2500 Ma), and variable εHf (t)
values ranging from -15 to +7 with ancient Hf crustal model ages (TDMC) ranging from 1.5 to 2.9
Ga. A few scattered parts of province I are scattered situated in the East Junggar (individual areas,
e.g., Taheir and Shuangchagou). Province II, situated mostly in the central Chinese Altai, is
characterized by abundant xenocrystic zircons with NeoProterozoic ages (542-1000 Ma), εHf(t)
values ranging from -6.8 to +8.1 and correspond Hf crustal model ages of ~1.0 to 1.3 Ga. Province
III contains abundant Phanerozoic (<541 Ma) xenocrystic zircons that show highly positive εHf(t)
values ranging from +5 to +16 and the youngest Hf crustal model ages (0.4-0.95 Ga). The main part
of Province III occupies in most areas of the East Junggar and the southernmost and northern parts
of the Chinese Altai.
Identification of the ancient (pre-Neoproterozoic) Hf crustal model ages in the eastern part of the
central Chinese Altai (Province I) supports the suggestions that ancient concealed crustal
components exist in the Chinese Altai. In contrast, Province III in the East Junggar predominantly
displays young model ages, which indicates that it is mainly composed of juvenile components and
likely a typical accretionary belt. Besides, a few small areas with ancient model ages are recognized
in the East Junggar, providing evidence for the local existence of Precambrian crust or micro-blocks
within the accretionary belt. The zircon xenocrysts provinces are consisted with the Nd isotopic
province and provide further evidence for the ancient and juvenile compositions in deep.
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Figure 1: The inferred framework of old zircon xenocryst provinces, based on the variations in
spatial characteristics of age and Hf isotopic compositions (tDMC) of xenocrystic zircons within
Paleozoic felsic igneous rocks. These provinces reveal the architecture and distribution of deep
ancient continental components in the Altai-East Junggar terrane and adjacent regions (after Zhang
et al., 2017).
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U-Pb detrital zircon dating of metamorphic rocks in Ereendavaa terrane, NE Mongolia:
timing of formation and metamorphism.
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The Ereendavaa terrane is one of the constitute terranes of Kherlen massif which is
represents a Mongolian part of the Argun-Idermeg superterrane (Parfenov et al., 2009; Kotov et al.,
2013) or so called Central Mongolia-Erguna Belt (Wang et al., 2017).
Traditionally, there is accepted that metamorphic blocks (Khaychin-Gol and Ereendavaa
Formations) consisting of gneiss, various schist, quartzite, amphibolite and marble are considered as
a Precambrian basement of the terrane (Marinov et al., 1973; Blagonravov et al., 1990; Dorjnamjaa
and Bat-Ireedui, 1991; Baymba, 1991; Dorjnamjaa et al., 2011; Tomurtogoo, 2012; Tomurtogoo,
2014). But, recent study shows that some of them have a Paleozoic or Mesozoic age instead of
Precambrian (Daoudene et al., 2013; Miao et al., 2017).
This paper reports new results from U-Pb geochronological study of detrital zircons from 4
representative samples of metamorphic rocks covering some of the key areas of the basement blocks
in the Ereendavaa terrane with the aim of constraining the depositional and metamorphic ages and
provenances. Total of 318 zircon grains from four samples were analyzed for this study, including
quartz-sericite (sample 325) and quartz-biotite (sample 327) schists from the Ereendavaa Formation,
garnet-bearing crystalline schist (sample HN55) and graphite schist (sample O3/15) from the
Khaychin-Gol Formation.
CL imaging of detrital zircons of two schist samples from Ereendavaa Formation reveals
that many grains have a core-rim structure and some represent a metamorphic growth and they
record consistent 206Pb/238U ages concentrated at 472±4 Ma, indicating that their age record the time
of high-grade metamorphism. Detrital zircon cores of the two samples give broadly similar age
distribution patterns and yield ages ranging between 504±4 Ma and 2905 Ma, with peaks at 509 Ma
and 526 Ma, 833 Ma and 834 Ma, 1795 Ma and 1798 Ma and 2555 Ma and 2557 Ma, respectively.
Youngest igneous zircon grains yield a weighted mean age of 508±4 (MSWD=0.43) and 506±11 Ma
(MSWD=2.3), respectively which constrains the youngest depositional age of protolith.
CL imaging of detrital zircons of graphite schist sample from Khaychin-Gol Formation
reveals that almost all of grains have a core-rim structure. 18 analyses on the zircons including two
rims define a weighted mean 206Pb/238U age of 489±9 Ma. These zircons mainly have low Th/U
ratios of 0.01-0.09, indicating that their age record the time of high-grade metamorphism. The
remained analyses fall into three groups according their 206Pb/238U ages clustering at 633 Ma, 828
Ma, 881 Ma and 923 Ma. The youngest fourteen zircon grains yield a weighted mean age of 624±22
Ma (MSWD=9.9) which constrains the youngest depositional age protolith.
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All of zircon grains from garnet-bearing crystalline schist sample display clear core and rim
structure. At least 4 populations of zircons are recognized. The largest population is defined by 37
analyses of zircon, yielding Cryogenian 206Pb/238U ages with prominent peak at 792 Ma. Next age
population is defined by 22 analyses of zircon, giving Tonian 206Pb/238U ages with minor prominent
peak at 915 Ma and 968 Ma. The old ages are clustering at 1434 Ma and 2019 Ma. Youngest six
zircon grains with high Th/U ratio yield a weighted mean age of 675±22 Ma (MSWD=8.4) which
constrains the youngest depositional age protolith. The age of 870±8 Ma was dated at rim of the
zircon which has core age of 997±8 Ma, thus may represent time of high-grade metamorphism.
On basis of these age spectra, we suggest that the protolith of the schists from Ereendavaa
Formation were deposited after ~508 Ma, and affected by high grade metamorphism in the Early
Ordovician, at ~470 Ma. Whereas, protolith of the schists from the Khaychin-Gol Formation were
deposited after ~640 Ma, within the error. The minimum depositional age can be constrained by the
crystallization age of coarse grained granites scarcely exposed within the metamorphic blocks, at
557 Ma (Orolmaa et al., 2015). Therefore, we suggest that garnet-bearing crystalline schist and
graphite schist from Khaychin-Gol Formation can be part of Precambrian basement of the
Ereendavaa terrane.
Based on the detrital zircon population, the source area of the Cambrian schists contained
Middle Neoproterozoic and Late Paleoproterozoic rocks, with some Neoarchean materials. In
contrast, the source area of the Late Neoprotreozoic schists dominated by Early to Middle
Neoproterozoic rocks. The zircon age of 489±9 Ma and 870±8 Ma which were dated on the rim and
metamorphic zircons may represent different stages of high grade metamorphism in this area.
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Structural controls on carbonate-hosted Pb–Zn mineralization in the Dongmozhazhua
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Fault zones control the locations of many ore deposits, but the ore-forming processes in such
fault zones are poorly understood. We have studied the deformation and ore textures associated with
fault zones that controlled the lead–zinc mineralization of the Dongmozhazhua deposit, central Tibet.
Geological mapping shows that the structural framework of the Dongmozhazhua area is defined by
NW–SE-trending reverse faults and superposed folds that indicate at least two stages of deformation.
Scanline surveys along the ore-controlling fault zones show an internal structure that comprises a
damage zone, a breccia zone with clasts that have become rounded, and a breccia zone with
lenticular clasts, and this complex architecture was formed during at least two compressional
substages of deformation. The Pb–Zn mineralization in the Dongmozhazhua area occurs exclusively
close to NW–SE-trending reverse fault zones. Microtextural observations reveal that mineralization
occurred as veinlets and disseminated blebs in limestone clasts, and as continuous bands and
cements in fractured rocks. Cataclastic sulfide grains also can be seen in the matrix of some fault
zones. The types of mineralization differ with structural position. The fillings of the ore-bearing
veinlets typify the products of hydraulic fracture and both types of mineralization took place
concurrently with regional contraction. We consider, therefore, that the ore-bearing fluids in the
Dongmozhazhua deposit were concentrated in fault zones during regional compression and that the
ore minerals were precipitated during hydraulic fracturing of host rocks. Subsequent fault activity
pulverized some pre-existing sulphide material into cataclastic grains in the matrix of a tectonic
breccia that developed in the same faults.
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