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RAPAKIVI GRANITES WITHIN PHANEROZOIC COLLISIONAL OROGENS AS A
POSSIBLE CONSEQUENCE OF CONTINENTAL SUBDUCTION AND FOLLOWING
EXHUMATION OF THE PRECAMBRIAN CRUST: EVIDENCES FROM THE PERMIAN
JANGART RAPAKIVI IN SOUTH TIEN SHAN COLLISIONAL BELT, EASTERN
KYRGYZSTAN
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Annotation: The article discusses Rapakivi granites formed during the collision of tectonic plates that led
to the formation of Phanerozoic mountains. In particular, the Permian granites of Jangart Rapakivi
around the southern Tien Shan are considered. Since these stones are among the most ancient, the Earth
will be a direct evidence of understanding the geological evolution of our city.
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1. Introduction

Rapakivi granites of the Proterozoic age occur on all continents (Fig. 1) and presumably
represent the most voluminous silicic magmatism on the Earth (Ramo and Haapala, 1995). They
have been emplaced in an extensional tectonic setting not directly related to lithosphere
convergence (Anderson and Bender, 1989). Geochemically and otherwise they are considered to
be classical representatives of A2-type granites by Eby (1992). Proterozoic rapakivis form a truly
bimodal association together with large volumes of contemporaneous basic rocks comprising
mostly of anar- thosite and gabbro. According to widely accepted magmatic underplating model
anorthosites and other basic rocks are considered to be derivates of upwelled mantle melts that
introduced the heat and caused the anatexis of granulitic lower crustal domains (Christiansen et
al., 1983; Haapala et al., 2005; Heinonen et al., 2010). In this classical scenario, well known
similarity of the chemical composition of rapakivi with such typical granulite facies rocks as
charnokites and enderbites (Collins et al., 1982) is evidence of an extensive melting of granulitic
source, which was possible owing to high geothermal gradients within the Proterozoic crust and
mantle (e.g. Hand et al., 1999). Thus, the outburst of rapakivi granite magmatism in middle
Proterozoic and its following degradation toward Proterozoic termination were probably
controlled by general cooling of the Earth (Larin, 2009).

However, rare examples of late-postcollisional rapakivis within Phanerozoic collisional
orogens are also known (Fig. 1). They include: Paleozoic rapakivi of the Jangart complex in the
South Tien Shan, Kyrgyzstan (Solomovich and Trifonov, 1991; Solomovich and Trifonov, 2002;
Konopelko et al., 2007), Tatalin pluton in the Qaidam Basin, China (Lu et al., 2007), Coastal Main
plutons, USA (Stewart, 1998); the Mesozoic rapakivi of Shahevan pluton in the Qinling orogen,
China (Wang et al., 2002; Zhang et al., 2009a); Cenozoic rapakivi of the Basin and Range
Province: the Spirit Mountain pluton, Nevada, (Haapala et al., 2005; Walker, 2006) and Kingston
Peak, Little Chief and Shoshone plutons in the Death Valley, California, USA (Calzia and Ramo,
2005). In spite of remarkable petrological and geochemical similarity with their Proterozoic
counterparts, Phanerozoic rapakivi magmatic association usually lack anarthosite or any signifi-
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cant volume of other contemporaneous basic rocks. Thus, the applicability of mantle melt
underplating hypothesis to explain their origin is highly questionable. On the other hand, all known
occurrences of Phan-erozoic A-type granites with typical rapakivi texture were found within those
collisional orogens where ultra-high pressure (UHP) coesite bearing metamorphic rocks of a close
age were also found (Fig. 1), suggesting a connection of their petrogenesis with a deep continental
subduction (Solomovich, 2007). But UHP metamorphic terranes are much more common than
Phanerozoic rapakivis. More than forty UHP terranes within more than twenty orogenic belts have
been documented around the world (Liou et al., 2009; Zhang, 2011). One more constrain for the
Phanerozoic rapakivi appearance is that they occur in only those collisional orogens where the
Precambrian craton crust was overridden by orogenic complex (Fig. 1).

The Jangart rapakivi complex of the Early Permian age, occurring in the Late Paleozoic
South Tien Shan collisional belt (STCB), is considered to be a key subject for the development of
an alternative petrogenetic model for the Phanerozoic rapakivis, which links the formation of these
rocks to the processes of deep subduction and subsequent exhumation of ancient continental crust.

Being a constituent of late-postcollisional magmatism within STCB, the Jangart rapakivis
may also somehow relate to the huge Permian magmatic domain or large igneous province (LIP)
overlapping the North Tarim and Chinese and Kyrgyz Tien Shan and consisting of wide range of
basic, alkaline and acid rocks. The origin of this domain remains controversial, but many
researchers attribute it to the mantle plume activity (e.g. Yang et al., 2007; Pirajno et al., 2008;
Zhang et al., 2010a,b; Qin et al., 2011). In this article we summaries all published and unpublished
new data concerning the Jangart rapakivis in the context of their geological setting within both
STCB and LIP. Then we will discuss the suggested petrological model.

2. Regional geological setting

The Jangart rapakivi granite complex occurs within the Late Paleozoic South Tien Shan
collisional belt (STCB), which is the most southern part of the giant Central Asian orogenic belt.
It is generally accepted that STCB resulted from closure of the Turkestan Ocean followed by
oblique collision between the Tarim Precambrian craton and the Caledonian Kazakhstan-Yili
(Kazakh) continent (Biske, 1996; Chen et al., 1999) (Fig. 2). The Kyrgyz portion of STCB, which
is about 1100 km in length, consists of two segments divided by the largest in the Central Asia the
Talas-Fergana diagonal dextral strike-slip fault (TFF). Those segments remarkably differ from
each other by the thickness of continental crust, type of regional metamorphism and late-
postcollisional magmatism (Solomovich, 2007). The relatively wide Alay segment situated to the
west of TFF is characterized by moderately thickened (45- 55 km) crust (Sabitova, 1989) and high
temperature/low pressure zoned regional metamorphism (Bakirov, 1978) containing relics of
granulite facies rocks Nenakhov et al., 1992).
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Fig. 2. Schematic map showing the distribution of granite plutons and their U-Pb zircon ages (Ma) in the central part of the South Tien Shan collisional belt. (See above-
mentioned references for further information).
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The Permian magmatism in the Alay segment (Fig. 2) is represented by strongly peraluminous S-
type granites, locally rooted in high-temperature/ low pressure metamorphic rocks, numerous
calk-alkaline I-type granite plutons and small shallow level shoshonitic/ultrapotassic intrusions,
that temporally alternate reciprocally with I-type granites.

Situated to the east of TFF the relatively narrow Kokshal segment is distinguished by over
thickened (60-65 km) crust and occurrences of high to ultra- high-pressure (HP-UHP)
metamorphic terranes. The eastern con-tinuation of the Kokshal segment in the Chinese portion of
STCB consists of the same top-to-the south nape structures as in the Kyrgyz portion. The Atbashy-
West Chinese Tien Shan HP-UHP metamorphic belt extends for about 1300 km along the closing
suture of the Turkestan Ocean. This belt consisting mostly of coesite bearing eclogites, pelitic,
felsic and calcareous schists is considered to be only known HP-UHP belt in the world with mostly

T

-

oceanic crust protolith (Zhang, 2011). In contrast to the Alay segment, the Permian late-
postcollisional magmatism within STCB to the east of TFF is represented almost exceptionally by
A-type granites, including the Jangart rapakivi (Fig. 2). That distinction of STCB segments is
believed to be evoked by the difference in style of continental collision in each segment
(Solomovich, 2007). In particularly, to the east of TFF the collision was followed by the
continental subduction of the Tarim beneath STCB. The Tarim continental subduction was initially
inferred on the basis of geological (Biske, 1996; Chen et al., 1999), petrological and Nd-isotopic
arguments. The Late Paleozoic underthrusting of the Tarim beneath STCB at a distance of 50-100
km was later defined by the seismic profiling in western part of the Kokshal segment of STCB.

The time estimation of collision between the Tarim craton and Kazakh continent are
contradictory and vary from Late Devonian- Early Carboniferous to Late Permian-Triassic (see
Han et al., 2011 for detailed bibliography). The main reason for this contradiction is probably that
the closing of the Turkestan Ocean occurred in scissors-like manner from east to west (Chen et al.,
1999). However, for greater central portion of STCB shown in Fig. 2 most researchers place
collision into more narrow time span between Early Carboniferous and Early Permian. The lower-
age bound for the beginning of collision is provided by the youngest radiolarians and conodonts
of the Early Carboniferous age found within ophiolitic melange. The youngest paleontological
ages of the Turkestan Ocean deep-water sediments not related to ophiolitic melange are also the
Early Carboniferous (Biske et al., 2012). The lower-age bound for collision termination was
established by the presence of the Latest Carboniferous to Permian molassa, which unconformable
overlays HP-UHP eclogites and contains their gravels. The upper age limit for collision
termination is probably provided by the emplacement of the Early Permian rapakivi granites,
which are the eldest stitching granites in STCB with U-Pb zircon age of 299-292. But it is
important to note that the southward movement of napes continued at least locally in the Early
Permian, suggesting late-collisional emplacement of rapakivi.

The numerous isotope dating of HP-UHP eclogites are generally compatible with
geological data. In the Kyrgyz portion of STCB (Atbashy terrane) peak metamorphic ages of
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subducted materials was estimated as 324-327 Ma by 40Ar/39Ar dating and 319 +4 Ma by Sm/Nd
isochrone. In the Chinese South Tien Shan peak metamorphic ages for eclogites were established
as following; 308.9 £2 to 326 + 5.2 Ma by Lu-Hf and Sm-Nd isochrone, 319.5 + 2.9 Ma and
318+3.3Ma by U-Pb zircon (Su et al., 2010) and 313-316 Ma by Lu-Hf isochrone. SHRIMP U-Pb
zircon dating of coesite-bearing metapelite yielded the peak metamorphic age 320.4 + 3.7 Ma,
which is in range with eclogites. The consistent results from independent geochronological
techniques clearly demonstrate that all UHP rocks with oceanic crust protolith formed on the
boundary between Lower and Upper Carboniferous in average about 320 Ma ago. It is important
to note that U-Pb zircon ages, which are less susceptible to isotope reequilibration during
exhumation and provide more accurate dating of UHP metamorphic events (Zheng, 2012), for both
eclogites and metapelites are similar and coincide with average evaluation. The peak metamorphic
age of 320 Ma can be considered as the transition time from subduction of those particular oceanic
crust slices to their exhumation. The cooling 40ArI39AT age of phengite of 316 + 3 Ma from the
HP-UHP Atbashy terrane (Henger et al., 2010) implies a rapid exhumation. On the other hand,

numerical thermo-mechanical experiments (Burov et al., 2014) showed that oceanic UHP rocks
are exhumed thanks to mixing with low-density continental crust during transition from oceanic
to continental subduction. All this suggest that peak UHP metamorphic age of 320 Ma corresponds
to the docking of the Tarim to Kazakh continent and to beginning of the continental subduction.

3. Jangart rapakivi granite suite

3.1. Geology

The Jangart rapakivi granites and genetically related leucogra- nites and Li-mica granites
occur in the eastern portion of the Kok- shal segment of STCB (Fig. 3), known as the Saryjaz
syntaxis, which is distinguished by the shortest (40- 50 km) distance between collided Tarim and
Kazakh continents, over thickened (*65 km) continental crust, the extremely tense collisional
thrust tectonics and numerous late- postcollisional A-type granite plutons, containing
economically important Sn-W and gold deposits. The Saryjaz syntaxis is made up of series of
folded napes overthrusted southward. The napes are divided into three major packages that are
exposed in succession, the lowest package in the south and uppermost on the north. Two upper
packages namely Inylchek and Bor- koldoy-Uchkul represent the lithology of the Turkestan ocean
floor (ophiolites) and seamounts respectively, while lower Merzbacher- Kokshal package consists
of carbonate-rich and flysh formations related to the passive Tarim continental slope (Fig. 3). The
western wing of the West Chinese Tien Shan HP-UHP metamorphic terrane occurs on NE
boundary of the Saryjaz syntaxis with the Kazakh continent. Heavily faulted Tarim platform
northern margin under- thrusted beneath the Saryjaz syntaxis consists of narrow tectonic blocks,
which are made up of the Proterozoic basement rocks and sedimentary cover rocksof different age.

In the central part of the Saryjaz syntaxis within a difficult of access watershed region of
the Kokshal range and on the border between thrust packages of STCB and Tarim we have
identified some specific structure named as the Kokshal mega-melange (mega-breccia) terrane
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(Figs. 3 and 4). This structure has been outlined by the analysis of the latest available geological
data and our interpretation of the satellite imagery made by US Geology Survey. The megamelange
terrane has a lenticular (20 x 120 km) configuration and consists of huge (from several hundred
meters to several kilometers to 15-20 km) blocks (mega-clasts). In the eastern portion of this
structure randomly oriented mega-clasts are generally closely spaced with minor matrix, whereas
in the western portion shaly matrix prevails significantly (Fig. 4). The majority of mega-clasts
consist of the Early to Late Paleozoic carbonate-terrigenous rocks that relate to the Tarim
sedimentary cover. But in central part of the mega-melange terrane (Fig. 3) large blocks (mega-
clasts) consisting of Tarim metamorphic basement rocks are exposed. An angular shape of mega-
clasts, random orientation of their elongations, rock’s bedding and foliation (Fig. 4) and especially
the occurrence of ancient metamorphic rocks in the center suggest a diapiric (not tectonic) origin
of the megamelange terrane. The mega-melange terrane is superimposed on nape packages and
cuts through Paleozoic sedimentary rocks ranging in age from the Silurian to Late Carboniferous
and hosts Early Permian rapakivi plutons as if cementing the mega-breccia. All this suggests
almost synchronous formation of rapakivi granites and mega-melange terrane and their possible
genetic relation. There is some vertical and lateral zoning in the spatial distribution of genetically
related A-type granites in the Saryjaz syntaxis. This zoning generally reflects different level of
erosion of presumably single magmatic column within distinct tectonic units of the Saryjaz
syntaxis. The northern an upper most Inylchek thrust package hosts shallow-level small stocks of
highly differentiated rare metal leucogranites and Li-mica granites (Fig. 3). The dyke suite of those
granites is represented by Li-F felsite porphyry (ongonite) and K-B porphyry (elvane). The
Merzbacher-Kokshal package, which lies to the south and structurally under the Inylchek package
hosts less evolved mostly middle size plutons consisting of biotite granites. Finally, situated farther
to the south the mega-melange terrane contains large, deeper level plutons of the Jangart rapakivi
that represent the root of magmatic column. The exposure of A-type granites related to different
depth of formation on the current level of erosion can be explained by general submersion of
subducted Tarim plate to the north and different vertical movement of individual blocks during
Alpine tectonics, caused by India-Asia collision.

Rapakivi granites make up two large plutons, the Jangart (350 km2) and Akshiyrak (450
km?2) and several small satellites (Fig. 3). An unstudied large granite pluton occurring in the eastern
Chinese continuation of the Kokshal mega-melange terrane (Fig. 3) is probably also made up of
rapakivis or related rocks. Rapakivi plutons intrude the mentioned above blocks (mega-clasts) It
is important to note the presence of the protoclastic texture within endocontact fringes of rapakivi
plutons, which underline the connection of rapakivi plutons emplacement with diapir- ism. U-Pb
zircon ages of the Akshiyrak and Jangart granites are 292 + 3 Ma and 296 + 4 Ma respectively. In
their turn rapakivi granites of the

Jangart pluton are intruded by small stocks consisting of alkaline gabbro, nepheline syenite
and carbonatite (Solomovich and Trifonov, 1991) (Fig. 3). The similar alkaline rocks with U-Pb
zircon age of 274 £ 2 Ma are described on the North Tarim.
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Fig. 4. A fragment of the southwestern part of the Kokshal mega-mélange (mega-breccia) terrane according to interpretation of the satellite image Landsat-7

(EPP148031_7F19990918). Carbonate-terrigenous rocks of megaclasts in accordance with available data relate to the Devonian-Late Carboniferous. The satellite image has
been downloaded via the USGS portal (http://landsat.usgs.gov/). See text for farther explanation.

3.2. Petrology and geochemistry
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The detailed petrologic and geochemical description of the Jangart rapakivi as well as other
A-type granites in the Saryjaz syntaxis can be found in some previous publications (Solomovich
and Trifonov, 1991; Solomovich and Trifonov, 2002; Konopelko et al., 2007). In this paper we
place special emphasis on the comparison of Jangart rapakivis with their classical Finnish
counterparts and other A-type granites in STCB occurring beyond the Saryjaz syntaxis.

By outward appearance, petrographic texture and mineral com-position Jangart rapakivi is
quite similar to its classical analogue (Solomovich and Trifonov, 1991; Trifonov, 1991). Ovoidal
rapakivi, varying in composition from granite to granosyenite, is coarsegrained, densely
porphyritic and occasionally exhibit a trachytoid fabric. In typical varieties 30-40% of K-feldspar
megacrysts are surrounded by oligoclase rims to create a rapakivi-textured mantle (Fig. 5a and b).
The presence of two generations of quartz crystals (Fig. 5¢) is also typical. Major minerals are
perthitic microcline (40-60%), plagioclase (15-20%), quartz (15-30%), biotite (5-10%) and
hornblende (2-7%). Accessory minerals include allanite, zircon, apatite, fluorite, titanite, ilmenite
and magnetite. Iddingsite pseud-omorphs at the expense of fayalite and small wustite globules
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Fig. 5. Tex of Kokshal r. 1 akivi granites. Ovoidal K-feldspar rapakivi granites m Jangart pluton (a and b), after Konopelko et al. (2007). Microdrowing (c) of two quartz
4 tions: carly phei Tystic (Q1) and late interstitial (Q2) in rapakivi granites from Akshiyrak pluton, after Trifonov (1991

with native iron cores are found in some samples with low quartz content, suggesting the low
oxygen fugasity and reduced character of parental magma, typical of all rapakivi granites
(Shinkarev and lvanikov, 1983). Unlike the rest of A-type granites in STCB, which are more
leucocratic, Jangart rapakivis as well as Finnish ones fall within field of granosyenite in the TAS
diagram (Fig. 6). But it is important to note that samples of Jangart and Finnish rapakivis with the
equal K20 + Na20 content differ from each other by K/ Na ratio, which is slightly higher in Finnish
rocks (1.8 vs. 1.6) (Solomovich and Trifonov, 1991). Both Jangart and Finnish rapakivis are
metaluminous (molar Al203/(Ca0 + K20 + Na20) < 1) with high (0.85-0.95) molar FeOt/(FeOt +
MgO) ratio. The same ratio in biotite is especially high and close to 1 (Solomovich and Trifonov,
1991; Haapala et al., 2005).

In REE diagram (Fig. 7a) the Jangart rapakivis are nearly identical to their Finnish
counterparts. The multi-element graphs (Fig. 7b) are also very similar with the exception that
Finish rocks, probably owing to higher K/Na ratio, have slightly more pronounced Rb-maximum
and higher values of Zr and Hf. As well as Finnish rocks Jangart rapakivis exhibit strong
geochemical characteristics of A-type granites, including high content of HFS elements, high
Ga/Al, Rb/Ba and Rb/Sr values (Solomovich and Trifonov, 2002; Konopelko et al., 2007). Both
of them also plot into A-type field of Whalen et al. (1987), A2-type field of Eby (1992) and within-
plate granite field of Pearce et al. (1984) diagrams (Fig. 8a-c). Negative sNd(t) values of Jangart
rapakivis (-4.8 to -6.9) (Konopelko et al., 2007) are in range with those of the Fenno- scandian
Shield (0 to -9.0) (Haapala et al., 2005) suggesting crustal sours of the parental magma.

World-wide rapakivis are notable for their high content of radiogenic heat-producing
elements such as K, U and Th. The con-centrations of these elements in Jangart (U-in range of 3-
9 ppm; Th-in range of 19-52 ppm) (Konopelko et al., 2007) and Finnish Wiborg (U-8 ppm; Th-25
ppm) (Haapala et al., 2005) rapakivis are quite similar and place both of them in the high heat
producing category according to Darnley (1986). The radiogenic heat production significantly
slows down rate of magma cooling and can maintain temperature above the solidus for up to 10-
20 Ma within large plutons (Willis-Richards and Jackson, 1989). A high concentration of fluorine
is another well-known peculiarity of rapakivi (e.g. Shinkarev and Ivanikov, 1983; Haapala et al.,
2005). The fluorine contents in Jangart (0.2-0.35 wt.%) (Solomovich and Trifonov, 2002) and
Finnish (0.2-0.42 wt.%) (Simonen and Vorma, 1969) rapakivis are also similar and close to that
of rare-metal granite according to Koval (1998). Both slow cooling and high fluorine content are
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favorable for deep crystal fractionation of the parental magma. Fractionation paths of granites in
the Saryjaz syntaxis from rapakivi to Li mica granite and the Finnish rapakivi from wiborgite to
topaz granite are identical (Fig. 9) and caused mostly by the fractionation of plagioclase, K-
feldspar and biotite.
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However, there is some important geochemical difference between the Jangart and classical
rapakivi. While the Proterozoic rapakivis world-wide are characterized by low boron contents
(Haapala et al., 2005), the boron concentration in the Jangart rapakivis (18-47 ppm with average
of 25 ppm) is about two times higher compared with ordinary granites according to Vinogradov
(1962). The boron content farther increases to average of 50 ppm in leucogranites and to 115 ppm
in Li-mica granites (Solomovich et al., 2012). The enrichment of A-type granites of the Saryjaz
syntaxis in both fluorine and boron radically increases their potential for economic Sn and Sn-W
mineralization. As main source of boron in granites is considered to be metasedimentary rocks
(e.g. Trumbull et al., 2008), assimilation of the juvenile Late Paleozoic crust in late-postcollisional
setting could have some influence upon the formation of the Saryjaz A-type granites. This
assumption is collaborated by the strong variation of the initial 87Sr/86Sr ratio (Sr0 from 0.7080 to
0.72536) within leucogranites, suggesting the heterogeneity of source rocks (Solomovich and Trifonov,
2002).

4. Discussion
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4.1. Possible mantle plum connection and basalt underplating

As mentioned above, the Permian large igneous province (LIP) embracing the North Tarim
and southern part of the Central Asia orogenic belt (CAOB) was established in last decade. LIP
forming magmatic association, attributed by many researchers to mantle plum activity,
predominantly consists of flood basalts, mafic dykes swarms, layered mafic-ultramafic intrusions
and voluminous A- type granites (Zhang et al., 2010a, 2010b; Zhang and Zou, 2013; Yang et al., 2007;
Pirajno et al., 2008; Zhou et al., 2009; Li et al., 2011, 2012; Qin et al., 2011; Zhang et al., 2012).

The upwelling of plum temporally coincided with final stage of formation of STCB and
thus CAOB on the whole. Many Permian A-type granites in the Tarim and CAOB including
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including North Tien Shan, Jungar and Altay occur in close spatial association with mantle plum
related mafic-ultramafic intrusions and dyke swarms. Geochemically they show Ar type granite
affinity (Fig. 8b) and are considered to be products of intensive fractionation of OIB-like basaltic
magma (Yang et al., 2007; Pirajno et al., 2008; Zhang et al., 2010a, 2010b, 2013; Huang et al.,
2012). To the contrary, all A-type granites in STCB including the Jangart rapakivi show A2-type
affinity (Fig. 8b) (Konopelko et al., 2007; Zhang and Zou, 2013) and do not spatially associate
with mafic-ultramafic plutons. The depleted mantle Nd model ages of those granites are relatively
uniform (1.05- 1.43 Ga) and point to the Precambrian basement of the Tarim as their possible
source rocks (Konopelko et al., 2007). In this connection, plum basalt underplating model is
reasonably applied to explain the origin of all A2-type granites in STCB (Konopelko et al., 2007;
Zhang et al., 2013). This model is generally supported by the comparison of compiled age
histograms of the Permian LIP- related basalts and A-type granites (Fig. 10). The comparison
shows that initial, peak and final stages of A-type granitic magma- tism postdate those particular
stages of basalt magmatism for about 5 Ma correspondingly. This 5 Ma time span probably enough
for basalt magma fractionation to produce A-type granites outside STCB or for heating and melting
of the Tarim basement rocks to form A2-type granites inside STCB. But all this does not relate to
the Jangart rapakivis, which started to emplace before the oldest basalts did (Fig. 10a). Rapakivis
also lack any mafic microgranular enclaves and sinplutonic mafic dykes, which are common for
the rest of A-type granites in the Kokshal segment of STCB beyond the Saryjaz syntaxis
(Solomovich, 2007). Finally, as mentioned above, rapakivi were intruded by alkaline rocks
(Solomovich and Trifonov, 1991) related to mantle plum activity (Zhang et al., 2008). Thus the
basalt underplating hypothesis is not applicable to explain the Jangart rapakivi petrogenesis.

However, all mentioned above does not rule out a possibility of some positive dynamic
influence of mantle plum upwelling upon the rapakivi formation. The arriving of mantle plum to
the astheno- sphere, which probably occurred some millions of years before rapakivi emplacement,
could cause some decompression within the subduction channel, thus facilitating the previously
subducted continental crust exhumation.
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Fig. 10. Histograms of compiled U-Pb zircon age data: (a) Tarim, Tien Shan and Jungar A-type granites (n=42); (b) Tarim, Tien Shan and Jungar basalts and mafic dykes
(n=47). Data sources: Konopelko et al. (2007, 2009), Long et al. (2008), Zhang et al. (2010a,b, 2012), Qin et al. (2011), Huang et al. (2012).

4.2. Continental subduction and exhumation connection

According to mentioned above seismic data (Makarov et al., 2010) the Tarim continental
crust subducted beneath STCB at low angle was trapped within lithospheric mantle and never
exhumed. A low initial subduction angle that creates too much friction along the upper subduction
channel boundary for revers motion might be one of main reason that prevents continental crust
exhumation (Brueckner, 2009). But on the other hand, while continental subduction resulting in
the formation of UHP rocks usually takes place along the whole collisional belt, spatial
distri—bution of UHP terranes around the world suggests that their exhu—mation occurs only
locally in specific sites, characterized by geometrical or structural complexities (Boutelier and
Chemenda, 2008) such as the obliquity of plate convergence, existence of strike-slip/transform
fault, cutting oblique the interplate zone or the curvilinear geometry of the plate boundary. The
Saryjaz syn- taxis definitely possesses many of those features. Indeed, within the Saryjaz syntaxis
the collisional suture separating STCB from the Kazakh continent is characterized by flexure-like
bending com—plicated by NE left-lateral strike-slip tectonics (Fig. 3). For regional sinistral
shearing tectonics caused by oblique collision between the Tarim and Kazakh continents
(Bazhenov et al., 1999) it is quite typ—ical the appearance of local extension environment in areas
with similar flexure. The thermo-mechanical physical modeling of such kind of environment
(Boutelier and Chemenda, 2008) showed a local reduction of the interplate pressure that permits
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the rise of deeply subducted low-density continental crust under buoyancy force. Additionally, the
latest thermo-mechanical numerical mod—eling (Burov et al., 2014) showed that UHP rocks
exhumation on the crustal level (*40 km depth) is rapid and is driven by buoyancy of partly
metamorphosed or partly molten UHP material often mixed with non-metamorphosed crustal
volumes. In the context of all these geological and experimental data, the origin of the described
above diapiric mega-melange (mega-breccia) terrane, which hosts the Jangart rapakivi, can be
considered as the conse—quence of exhumation of deeply subducted Tarim continental crust slices.

4.3. Jangart rapakivi formation

Some traces of sinexhumation anatexis of HP-UHP rocks were noticed in many terranes
(e.g. Lang and Gilotti, 2007; Gordon et al., 2012; Chen et al., 2013). But an extensive high degree
melt—ing of HP-UHP rocks is different and might be possible under some specific conditions,
namely with long residence time of source rocks in a mantle depth allowing the subducted slab
temperature to approach the temperature of surrounded mantle and with a rapid exhumation
allowing isothermal decompression and subse—quent melting of source rocks. Meanwhile,
according to compara—tive analyses (Kylander-Clark et al., 2012) all well-studied worldwide HP-
UHP terranes with few exception can be divided into two separate groups; large (tenth of thousands
km?2) terranes that evolved and exhumed slowly (over 10-30 Ma) and small ones (hundred and
first thousands km2) that formed and were exhumed rapidly on time scale of <10 Ma. It is clear
that each of those groups meets only one of the two mentioned above main conditions for extensive
melting, which can explain its rarity.

Pressure (GPa)
Depth (km)

-20

By the size (about 2500 km2), the Kokshal mega-melange ter- rane typically relates to the
group of small terranes with short time span of exhumation of about 2-3 Ma (Kylander-Clark et
al., 2012). For the Kokshal terrane this time span can be even shorter because the synexhumational
melting significantly increases the exhuma—tion rate (e.g. Zeng et al., 2009). Being aware of the
age difference between the beginning of the continental subduction (320 Ma) and the oldest
rapakivi emplacement (296 Ma) and taking into account several millions of years needed for
subduction and exhumation, 20 Ma time span can be considered as reasonable estimation for the
continental crust residence time on a mantle depth within the Saryjaz syntaxis. This estimation is
in range with big terranes. The temperature of subducted slab will approaches mantle tem-perature
asymptotically. Therefore simplified equations designed to calculate cooling or heating time of
geological bodies usually consider the time span required for the temperature to reach 84% of the
asymptotic temperature. According to a rough calculation by Brueckner (2009), 20 Ma is
considered to be a minimum time required for temperature of subducted slab to approach that of
ambient mantle depending mostly of the slab thickness. Taking into account the closest distance
between col—lided Tarim and Kazakh continents in the Saryjaz syntaxis, it is plausible to presume
the deepest continental subduction there within STCB. However a hypothetical P-T-t path of
continental crust slice (Fig. 11), led to the formation of the diapiric mega—melange, probably
should not crosscut the quartz-coesite transition line, because there is no any information
concerning the presence of UHP minerals within exhumed metamorphic rocks of the Tarim
basement.
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model of the Jangart rapakivi and related A-type
ranites (leucogranite, Li-mica granite) in the Saryjaz syntaxis of STCB.

Under condition of attained thermal bal—ance
between the slab and ambient mantle the slab
temperature depends only on depth and
geothermal gradient. This temperature of about
950 °C, that corresponds to the depth of 90 km
(Fig. 11) even being reduced to 84% of
asymptotic temperature i.e. 800 °C is still higher
than wet granite solidus. But it is not high enough
to melt a dry refractory granulitic source rock of
rapakivi even after adiabatic decompression (Fig.
11). However, additional heat will be generated
by the radioactive decay of K, U and Th. The
most of crustal radiogenic heat is usually released
into atmosphere, but if the continental crust is
trapped within mantle, the loss of radio—genic
heat will be reduced or even eliminate, so as time
passes the subducted slab will be hotter than
ambient mantle (Brueckner, 2009). The average
Precambrian crust radiogenic heat production is
about 2.7 pW/m3 (Pinet and Jaupart, 1987). With
the average rock density of 2700 kg/m3 and
specific heat of about 1000 J/kg °C (Davies,
2011) it takes c. 30,000 years to raise the
tem—perature of 1 kg of slab by 1 °C. Thus around
10 Ma are required to raise temperature by 300
°C. By a minimum scenario the attained tempe-

rature of about 1100 °C is sufficient for the deepest part of slab consisting of granulites to cross the
dry granite solidus line below Moho under condition of isothermal decompression (Fig. 11).

The partially melted rocks become highly ductile and may move upward as a diapir (e.g.
Whitney et al., 2004). Besides many researchers (e.g. Clifta et al., 2004; Cottle et al., 2007;
Osozawa and Wakabayashi, 2012) suggest that the exhumation on the crus—tal level is driven by
extensional detachment faulting. In this con—text the border between the consolidated collisional
wedge of STCB and the subducted slab of the Tarim could act as the main exten—sional detachment
fault zone (Fig. 12), channeling the exhumation of overheated continental crust slices. Higher
degree of melting that occurred on the crustal level led to the separation of rapakivi magma with
subsequent intrusion into mega-melange terrane. The crystal fractionation of the parental rapakivi
magma within inter—mediate chambers led to formation of rare-metal leucogranites and Li-mica

granites on the post-collisional stage.

5. Conclusion

All worldwide known rare occurrences of the Phanerozoic rapakivi relate to only those
collisional orogens, which border Pre—cambrian cratons and contain HP-UHP metamorphic
terranes sug—gesting the connection of their origin with a deep subduction of the ancient
continental crust. The Jangart rapakivi plutons of the Early Permian age are genetically relate to
unique mega-melange (mega—breccia) terrane that was probably formed in the course of the late-
collisional diapiric style exhumation of a partially molten slice of the previously subducted Tarim
platform basement. In this connec—tion large blocks of the Tarim metamorphic basement occurring
in the center of the mega-melange terrane deserve to be checked for the presence of UHP minerals,
in spite of high possibility that those minerals could be erased by the high-temperature
metamorphic overprint during heating and exhumation.

In contrast with their Proterozoic counterparts, which are anor- ogenic, the Phanerozoic
rapakivis have been emplaced mostly in the late-postcollisional tectonic setting. The term
“synexhuma- tional granite” can be used to a better definition of their tectonic character.

Like some other high-temperature igneous rocks such as kom- atiite, rapakivi belongs to
those remarkable rock “species” that being common in the Precambrian almost came to
“extinction” toward the Proterozoic termination owing general cooling of the Earth, but still have
“survived” in the Phanerozoic. The study of these relict rocks can gain an important insight into

the geological evolution of the Earth.
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