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Abstract Adakites and Nb-enriched arc basaltic rocks 
(NEABs) are identified to occur within the Carboniferous arc 
volcanic sequence in the Alataw Mountains, Xinjiang. The 
adakites, which consist of calc-alkaline dacites and rhyolites, 
are characterized by strong depletion of heavy rare earth 
elements (HREEs) (e.g., Yb) and Y, high Sr contents and 
Sr/Y ratios, either with no Eu anomalies or obvious positive 
Eu anomalies, apparent positive Sr anomalies, and depleted 
Nb and Ti. The Alataw adakites are very geochemically 
similar to the adakites that were presumably derived from 
partial melting of subducting oceanic crust. The rhyolitic 
adakite in the Alataw Mountains shows low MgO contents of 
0.35% and Mg

# values of about 17. However, the dacitic ada-
kite shows high MgO contents of 2.67% to 3.32% and Mg#

values of 53 to 58, suggesting that the adakite was possibly 
contaminated by mantle peridotite. On the other hand, the 
NEABs are characterized by Na-rich (Na2O/K2O > 2.0), high 
P2O5 and TiO2 contents, positive to weakly negative Nb 
anomalies, and non-negative Ti anomalies, suggesting that 
the NEABs were probably derived from partial melting of 
mantle peridotite that interacted with slab melt under high 
geothermal gradient. The Alataw adakites were probably 
derived from partial melting of oceanic crust on the southern 
margin of the Junggar plate that was subducted beneath the 
Bole block in the Carboniferous. The Alataw adakites-NE- 
ABs association implies that the partial melting of the sub-
ducting oceanic crust and the succedent interactions between 
the slab melt and peridotite in the mantle wedge possibly 
took place under the Bole arc in Carboniferous. On the 
southern margin of the Junggar plate, the Carboniferous 
subduction of oceanic crust (basin) was possibly extensive in 
the late Paleozoic era. In the Alataw area, high geothermal 
gradient possibly occurred in Carboniferous, and partial 
melting of subducting oceanic crust was a probable mecha-
nism of Carboniferous regional crust growth. 
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Adakites and Nb-enriched arc basaltic rocks (NEABs) 

in arc setting, which are closely correlated in petrogenesis, 

have recently been widely followed with interest[1 9]. In 

general, adakite is derived from partial melting of sub-

ducting oceanic crust[1]. When adakitic magma (slab melt) 

passes through the mantle wedge, the interactions between 

slab melt and mantle peridotite will occur: slab melt is 

contaminated by peridotite, meanwhile peridotite is me-

tasomated by slab melt. The NEABs are derived from par-

tial melting of mantle peridotite metasomated by slab  

melt[3 9]. Petrogenetically, the adakites-NEABs associa-

tion is different from conventional association of calc- 

alkaline basalt-basaltic andesite-andesite-dacite-rhyolite in 

arc setting, which is derived from partial melting of peri-

dotite in the mantle wedge metasomated by fluid released 

by subducting oceanic crust[10]. Therefore, adakites-NE- 

ABs association provides a very important clue to inves-

tigating magmatic processes under arc and the interactions 

between slab melt and mantle peridotite. Adakites from 

different area in China[11 16], including Devonian adakite 

on the northern margin of the Junggar plate[13] and Per-

mian adakitic igneous rocks in Awulale area, west Tian-

shan[16], have been reported. However, so far, no NEAB 

has been reported in China. Recently, we find that adakite 

and NEABs coexist in the Carboniferous arc volcanic se-

quence in the Alataw Mountains, north Xijiang. In this 

report, we present the characteristics of the adakites and 

NEABs and discuss their geological significance.  

1  Geological setting 

The Alataw Mountains are geographically located 

north of the Bole-Wenquan area, Xinjiang (Fig. 1). Tec-

tonically, they are part of the Bole block, which belongs to 

the Yili-middle Tianshan microplate of the Kazakhstan 

plate (Fig. 1). A late Paleozoic block, the Yilianhabier-

gashan-Dananhu, consisting of oceanic crustal slab, oc-

curs on the northeast of the Bole block (Fig. 1). In the 

Bole block, the oldest rocks are Proterozoic metamorphic 

rocks; early Paleozoic and Mesozoic strata are absent, but 

late Paleozoic (Devonian and Carboniferous) and Ceno-

zoic strata and sedimentary materials are widespread (Fig. 

1). The late Paleozoic strata mainly consist of deposits of 

residual oceanic basin and supra-marine basin[17]. Igneous 

rocks in the region include large-scale Variscan granitoids 

and a few late Paleozoic volcanic rocks. The volcanic 

rocks mainly outcrop in the Halatulukegou and the west 

side (Frontier Defence Checkpoint-Alataw Pass) of Aibi 

Lake (Fig. 1). In the Halatulukegou area, the volcanic 

rocks mainly consist of aubergine and gray dacites, and 

nip rhyolites, andesites, volcanic breccias, and tufaceous 

breccias and sedimentary rocks (Fig. 1(b)). Whereas in the 

Frontier Defence Checkpoint-Alataw Pass area of the west 

side of Aibi Lake, the volcanic rocks mainly consist of 
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Fig. 1.  The geological map of the Alataw Mountains in north Xinjiang (a)[17], sketch map of volcanic rocks section of Halatulukegou area (b) 

and Frontier Defence Checkpoint-Alataw Pass area of the west side of Aibi Lake (c). The tectonic units of the north of Xinjiang[17]: , Siberia 

plate: 1, Junggar active continental margin block of late Paleozoic forepart: 1-1, Hebuke-Santanghu island arc of late Paleozoic forepart; 2, Nor- 

th Junggar block consisting of oceanic crustal slab of late Paleozoic forepart; 2-1, Dalabute-Kelamaili block consisting of oceanic crustal slab of 

late Paleozoic forepart; 1, Kazakhstan plate: 1, North Tianshan active continental margin block: 1-1, Tacheng block; 1-2, west Junggar accre-

tion wedge of late Paleozoic; 1-3, Yilianhabiergashan-Dananhu block consisting of oceanic crustal slab of late Paleozoic; 1-4, Bogeda oceanic 

basin of late Paleozoic; 2, Yili-middle Tianshan microplate: 2-1, Bole block; 2-2, Keguqinshan-Mishengou arc-trench block; 2-3, Yining rift of 

late Paleozoic; 3, South Tianshan active continental margin block of early-middle Paleozoic; 3-1, Haerkeshan trench block of early Paleozoic;

3-2, early Paleozoic accretion wedge in the South side of Haerkeshan; 3-3, Haerkeshan- Kumishen-Kawalabuke block consisting of early Pa-

leozoic oceanic crustal slab; 3-4, Huolashan-eerbinshan block consisting of late Paleozoic oceanic crustal slab; ,  Tarim plate: 1, microplate 

in the margin of Tarim plate: 1-1, Kuluketage block.
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basalts, and nip tufaceous andesites, dacites and breccias 

(Fig. 1(c)). During late Paleozoic, the volcanic rocks and 

sedimentary rocks show that the Bole block were probably 

arc setting, but the Yilianhabiergashan-Dananhu block was 

probably oceanic basin[17]. The Alataw adakites and NE-

ABs are parts of the Carboniferous arc volcanic rocks.       

( ) Alataw NEABs.  Major and trace elements data 

of the Alataw NEABs are listed in Table 1. The NEABs con-

sist of arc basalts and basaltic andesites. They are character-

ized by sodium-rich (Na
2  Geochemical characteristics of Alataw adakites and 

NEABs

( ) Alataw adakites.  Major and trace elements 

data of the Alataw adakites are listed in Table 1. The ada-

kites, consisting of calc-alkaline andesite-dacite-sodic 

rhyolite and corresponding intrusive rocks, are character-

ized by SiO2 56%, high Al2O3 ( 15% at SiO2 = 70%) and 

Na2O (  3.5%), strong depletion of heavy rare earth ele-

ments (HREEs) (e.g. Yb 1.90 g g 1) and Y (

18 g g 1), high Sr contents (mostly 400 g g 1), high 

Sr/Y ratios ( 20 40), and positive Sr and Eu anomaly or 

no Eu anomaly. They also have Nb, Ta, Ti and P depletion 

similar to the arc volcanic rocks[1 3]. In the Alataw Moun- 

tains, five samples (include four dacites and one rhyolite) 

were found to have geochemical characteristics of adakites. 

The dacites show high Al2O3 contents (16.71% 18.25%) 

and low SiO2 contents (61.23% 63.64%), and the rhyolite 

has low Al2O3 content (13.60%) and high SiO2 content 

(72.36%). All of five samples are characterized by sodium- 

rich (Na2O=3.74% 4.67%, Na2O/K2O = 1.52 3.32) calc- 

alkaline (Fig. 2(a)), strong depletion of HREE (e.g. Yb = 0.80

1.39 g g 1) and Y (6 13 g g 1), non-negative Eu 

anomalies (Eu/Eu* = 0.95 1.34), high Sr contents (379

540 g g 1), positive Sr anomalies ( Sr = 1.69 2.71) (Ta- 

ble 1, Fig. 3), and low P2O5 and TiO2 contents (Fig. 2(b)) and  

depletion in Nb and Ti (Fig. 3). In the Sr/Y vs. Y diagram, 

five samples are plotted in the field of adakitic andesite- 

dacite different from “normal” arc andesite-dacite (Fig. 4). 

2O/K2O > 1.00), higher P2O5 and

TiO2 contents and lower La/Nb ratios (mantle-normalized 

La/Nb ratios ((La/Nb)PN) < 2.0) relative to normal basalt- 

basaltic andesite[3 8]. The Alataw NEABs consist of calc- 

alkaline basalts and basaltic andesites (Fig. 2(a)). They are 

geochemically characterized by sodium-rich (Na2O/ K2O = 

2.03 8.06), P2O5 (0.33% 0.57%) and TiO2 (2.00%

3.61%) contents higher than those of the typical arc igne-

ous rocks (Fig. 2(b), Table 1), positive Nb-weak negative 

Nb anomalies ((La/Nb)MN = 0.78 1.74) and no negative 

Ti anomalies (Fig. 3(a)). The Nb contents (5.87 12.90 

g g 1) and Nb/La ratios (0.60 1.34) of the Alataw 

NEABs are pretty similar to those of the typical NE-  

ABs[4 5], and are different from those of normal basalt- 

basaltic andesite (Fig. 3(b))[9]. In addition, the Alataw 

NEABs are similar to the Archean NEABs[6,7] in HREE 

and transition metal contents, but obviously different from 

the Cenozoic NEABs[2,4,5,8] for the former have higher 

HREE (e.g. 2.01 5.01 g g 1) and lower transition  

metal contents (e.g. Cr = 1 217 g g 1 and Ni = 1 146 

g g 1), and the latter have lower HREE (e.g. 1.32 1.88 

g g 1) and higher transition metal contents (e.g. Cr =  

135 250 g g 1 and Ni = 70 190 g g 1) (Table 1). 

Table 1  Major and trace elements data of the Alataw adakites and Nb-enriched arc basaltic rocksa)

Adakite Enriched-enriched arc basaltic rocks Rock

No. 1 2 3 4 5 6 7 8 9 10 11 

Sample XT-28 XT-27 XT-30 XT-26 XT-29 XT012-1 XT012 XT014 XT017 P154-3 P201

SiO2 61.90 62.39 63.64 61.23 72.36 54.67 53.62 50.34 53.28 46.07 51.37 

TiO2 0.60 0.66 0.50 0.69 0.32 3.61 3.21 2.97 3.56 2.50 2.00 

Al2O3 16.71 17.37 17.40 18.25 13.60 12.59 14.23 16.59 15.16 14.43 15.27 

Fe2O3 2.76 4.03 2.24 2.72 1.50 4.22 5.73 2.92 5.37 4.29 4.71 

FeO 1.70 0.90 1.50 1.85 1.80 8.00 7.03 7.96 8.50 9.10 6.36 

MnO 0.07 0.03 0.06 0.04 0.04 0.14 0.20 0.03 0.27 0.30 0.23 

MgO 2.71 3.32 2.72 2.67 0.35 2.15 2.43 6.56 3.18 5.39 2.47 

CaO 5.80 2.62 4.42 2.31 0.96 5.05 5.24 5.66 2.59 8.90 7.29 

Na2O 3.74 4.38 4.11 4.23 4.67 2.96 3.58 2.78 3.26 2.90 3.40 

K2O 1.58 1.32 1.34 1.78 3.07 1.46 1.59 0.59 1.41 0.36 0.55 

P2O5 0.10 0.05 0.07 0.08 0.06 0.42 0.48 0.33 0.41 0.42 0.57 

H2O 2.07 2.65 1.71 3.18 1.01 1.78 2.29 4.04 1.83 2.80 2.78 

CO2 0.05 0.05 0.07 0.79 0.02 2.83 1.88 2.76 

LOI 1.35 

(To be continued on the next page)
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(Continued)

Rock Adakite Enriched-enriched arc basaltic rocks 

No. 1 2 3 4 5 6 7 8 9 10 11 

Sample XT-28 XT-27 XT-30 XT-26 XT-29 XT012-1 XT012 XT014 XT017 P154-3 P201

99.79 99.77 99.78 99.82 99.76 99.88 99.63 100.78 100.16 99.34 99.76 

Mg# 0.54 0.57 0.58 0.53 0.17 0.25 0.26 0.53 0.30 0.43 0.29 

Na2O/K2O 2.37 3.32 3.07 2.38 1.52 2.03 2.25 4.71 2.3.2 8.06 6.18 

Cr 34 35 24 38 8 12 10 74 14 N.D. N.D. 

Ni 20 20 19 21 4 9 5 39 10 N.D. N.D. 

Co 14 14 13 13 3 34 29 57 32 N.D. N.D. 

Sc 27 14 12 14 3 33 8 33 12 N.D. N.D. 

V 99 113 86 85 18 410 384 283 416 N.D. N.D. 

Rb 43 37 39 57 69 26 3 5 4 N.D. N.D. 

Sr 493 432 540 379 486 368 293 409 354 N.D. N.D. 

Ba 463 618 550 347 863 382 312 91 309 296 179

Y 13 10 10 13 7 46 16 33 17 44 38

Zr 130 134 119 134 124 306 356 203 336 277 271

Nb 4.74 4.94 3.56 5.01 3.64 10.33 10.00 5.87 10.00 12.90 11.10 

Hf 3.70 3.59 3.12 3.49 3.20 7.79 7.10 4.74 6.74 N.D. N.D. 

Ta 0.67 0.52 0.38 0.49 0.38 0.72 0.61 0.40 0.58 N.D. N.D. 

Pb 7.79 6.85 8.96 4.97 5.63 6.49 4.92 1.63 4.59 N.D. N.D. 

Th 4.01 4.11 3.37 3.84 3.88 2.41 0.38 0.71 0.43 N.D. N.D. 

U 1.28 1.21 1.10 0.88 1.03 0.61 0.67 0.23 0.58 N.D. N.D. 

La 11.34 7.89 10.08 8.44 11.75 17.36 8.33 9.34 7.49 11.25 17.50 

Ce 23.30 16.55 20.58 22.35 20.68 43.63 23.82 26.03 21.70 31.56 42.13 

Pr 2.96 2.05 2.51 2.90 2.21 6.58 3.91 4.09 3.61 5.27 6.42 

Nd 11.72 8.08 9.89 11.76 7.96 30.12 19.18 20.10 17.78 24.70 26.59 

Sm 2.49 1.71 1.99 2.31 1.38 7.43 4.81 5.10 4.60 6.95 6.80 

Eu 0.85 0.78 0.73 0.74 0.39 2.50 1.55 1.69 1.53 2.38 1.82 

Gd 2.36 1.83 1.97 2.24 1.12 8.58 5.22 6.20 5.00 7.98 7.92 

Tb 0.41 0.32 0.33 0.39 0.19 1.45 0.98 1.04 0.94 1.41 1.24 

Dy 2.38 1.94 1.91 2.36 1.19 8.61 6.09 6.19 5.84 8.47 6.96 

Ho 0.49 0.39 0.38 0.47 0.24 1.74 1.32 1.25 1.26 1.80 1.50 

Er 1.34 1.16 1.08 1.35 0.71 4.75 3.79 3.36 3.55 5.24 4.47 

Tm 0.21 0.18 0.17 0.21 0.11 0.74 0.55 0.51 0.52 0.78 0.66 

Yb 1.39 1.27 1.10 1.37 0.80 4.89 3.34 3.31 3.14 4.67 4.09 

Lu 0.24 0.21 0.18 0.24 0.14 0.79 0.52 0.52 0.48 0.72 0.60 

REE 61.46 44.36 52.89 57.12 48.86 139.18 83.40 88.74 77.45 113.18 128.70 

Sr/Y 38.43 43.42 52.78 29.04 72.42 8.00 18.31 12.42 20.82 

Eu/Eu* 1.07 1.34 1.14 1.00 0.95 0.96 0.95 0.92 0.98 0.98 0.76 

 Sr 2.15 2.68 2.71 1.69 2.63 0.74 1.01 1.31 1.32 

(La/Nb)PM 2.48 1.66 2.94 1.75 3.35 1.74 0.86 1.65 0.78 0.91 1.64 

Nb/U 4 4 3 6 4 17 15 26 17

Ce/U 3 2 2 4 4 7 5 16 5

a) 1 6, Major elements are analyzed by wet chemical technique in Wuhan geological Experimental Institute, Hubei Province; 7 9, major ele-

ments are analyzed by wet chemical technique in Guangzhou Institute of Geochemistry, Chinese Academy of Sciences. 1 9, Trace elements are ana-

lyzed by ICP-MS in Guangzhou Institute of Geochemistry, Chinese Academy of Sciences; 10, 11 are from Chen et al.[20]; Mg#=100 Mg2+/ (Mg2+ +

Fe2+(total Fe)); Eu/Eu*= EuN/(SmN GdN)1/2, EuN, SmN and GdN are the chondrite-normalized values, Sr = 2 SrPM / (CePM +NdPM), SrPM, CePM, NdPM

and (La/Nb)PM are the primordial mantle-normalized values. N.D., Not detected. 
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Fig. 2.  SiO2-K2O (a) and TiO2-P2O5 (b) diagrams of Alataw volcanic 

rocks. (b) is from ref. [2]. 1, Alataw NEABs; 2, Alataw adakites; 3, ada-

kites in the northern margin of Junggar plate; 4, Awulale adakitic vol-

canic rocks. 

3  Discussion 

( ) Petrogenesis of adakites and NEABs.  Adakite 

is initially thought to be intermediate-acid igneous   

rocks derived from partial melting of subducting oceanic 

crust under eclogite facies[1]. However, some researches 

suggested that some rocks with geochemical characteris-

tics of adakite were possibly derived from partial melting 

of thickened basaltic lower crust under eclogite fa-   

cies[14,15,21 24]. Adakites formed via above two mecha-

nisms have been reported in the north of Xinjiang[13,16].

Adakites related to partial melting of subducting oceanic 

crust[13] were formed in early Devonian arc setting on the 

northern margin of Junggar plate, and the adakites derived 

from partial melting of thickened basaltic lower crust[16]

were formed in Permian post-collision setting of Awulale 

area. The Alataw adakites occur in the Carboniferous 

strata, which is different from the formation age of the 

adakites on the northern margin of Junggar plate and the 

Awulale adakitic rocks. The Alataw adakites were proba-

bly derived from partial melting of subducting oceanic 

crust, and the obvious interactions between slab melt and 

mantle peridotite probably took place when slab melt went 

through the mantle wedge during ascending on the basis  

Fig. 3.  Primordial mantle-normalized trace elements diagram (values of 

primitive mantle is from ref. [18]) (a) and Nb-Nb/La diagram (b). The 

field of high-Nb arc basaltic rocks is from Defant et al.[2]; the field of 

NEABs is from Sajona et al.[4,5]; the field of normal arc basalt is from 

Kepezhinskas et al.[9]. The data of the Alataw NEABs are from Table 1; 

other data in the diagram are from refs. [2 9]. 

Fig. 4.  Y-Sr/Y diagram of igneous rocks[19]

of the evidences listed as follows: 

(1) The rocks types and series of the Alataw Carbon-

iferous adakites (Fig. 2(a)) accord with that of adakites 

derived from partial melting of subducting oceanic   

crust [1,13], but adakitic igneous rocks derived from partial 

melting of thickened basaltic lower crust are commonly 
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potassium-rich and alkali-rich[14,15,21 23] (e.g. the Awulale 

adakitic rocks[16], Fig. 2(a)). The differences of source 

rocks are possible to result in some differences of their 

derivants, because the middle oceanic ridge basalt 

(MORB) commonly has lower potassium and alkali than 

the continental basaltic rocks. Therefore, the Alataw ada-

kites with low K2O and high Na2O contents were most 

probably derived from partial melting of MORB source. 

(2) The Alataw Carboniferous adakites are charac-

terized by strong depletion of HREE (e.g. Yb = 0.80 1.39 

g g 1) and Y (6 13 g g 1), without Eu-obvious Eu 

anomaly (Eu/Eu* = 0.95 1.34) and distinctly positive Sr 

anomaly. It is suggested that plagioclases had disappeared 

and garnets were important residual minerals in the source of 

the Alataw adakites, due to partial melting of source rocks 

under eclogite facies. The rare earth elements (REE) compo-

sitions and differentiation degree between HREE and light 

REE of the Alataw adakites are similar to that of Philippine 

adakites[4], implying that their source rocks might be MORB.  

(3) Among the Alataw adakites, a rhyolite adakite 

(one sample) shows low MgO content (0.35%) and Mg#

(17), but dacitic adakites (four samples) have high MgO 

(2.67% 3.32%) and Mg# (53 58). In the SiO2-MgO 

diagram (Fig. 5), the MgO contents of four dacitic ada-

kites are higher than those of melts derived partial melting 

of basalts under 1.0 4.0 GPa pressures, and those of 

adakites (including north Junggar adakite[13]) derived from 

partial melting of subducting oceanic crust when their 

SiO2 contents are the same. However, the rhyolite adakite 

is plotted in the field of melts derived partial melting of 

basalts under 1.0 4.0 GPa pressures (Fig. 5). In addition, 

the transition metal elements (e.g. Cr, Ni, Co, Sc and V) 

contents of the rhyolite adakite are distinctly lower than 

those of the dacitic adakites (Table 1). It is suggested that 

the interaction between adakitic magma (slab melt) and 

mantle peridotite could take place when the Alataw ada-

kitic magmas passed through the mantle wedge[3,25]. When 

adakitic magmas (e.g. the Alataw rhyolite adakite) are 

contaminated by mantle peridotite, the MgO contents or 

Mg# and transition metal elements contents of contami-

nated magmas are probably increased and SiO2 are proba-

bly decreased (e.g. the Alataw dacitic adakites) (Fig. 5). 

The adakites derived from partial melting of oceanic crust 

commonly have these geochemical characteristics[3], but 

adakitic rocks derived from partial melting of thickened 

lower crust do not have such geochemical characteristics 

(e.g. Mg# < 47) due to lack of interactions with mantle 

peridotite[3,21].

(4) The Alataw NEABs strongly imply that the in-

teractions between slab melt and mantle peridotite proba-

bly took place in the Alataw area in the Carboniferous. 

Normal arc volcanic rocks are commonly characterized by 

strong depletion of high field strength elements (HFSE) 

(e.g. apparent Nb and Ti depletion in the primordial man-

tle-normalized diagram), suggesting that they were de-

rived from partial melting of mantle wedge peridotite me-

tasomated by HFSE-depleted fluid from subducting oce-

anic crust[9]. However, the Alataw NEABs have geo-

chemical characteristics different from the normal arc 

volcanic rocks, for instance, high P2O5 and TiO2 contents 

(Fig. 2(b)), positive Nb-weak negative Nb anomaly ((La/ 

Nb)PN = 0.78 1.74), and no Ti-positive Ti anomalies (Fig. 

3), but similar to oceanic island basalt (OIB). So, the 

Alataw NEABs were not likely derived from partial melt-

ing of mantle wedge peridotite metasomated by HFSE- 

depleted fluid from subducting oceanic crust. In addition, 

Nb/U (15 26) and Ce/Pb (5 16) of the Alataw NEABs 

are different from those of oceanic island basalt (OIB) (47

10 and 25 5, respectively)[18], which dismissed the 

possibility that they were derived from OIB-type mantle. 

Many researches suggest that NEABs were probably de-

rived from partial melting of mantle peridotite me-

tasomated by “sodic melt” (namely, slab melt), which re-

sulted from partial melting of subducting oceanic crust[3 8].

During partial melting of subducting oceanic crust, rutile 

may be another residual mineral besides residual garnet 

and pyroxene, which results in the Nb and Ti depletion in 

some slab melts. However, the fluid released by subduct-

ing oceanic crust exhibits much lower Nb and Ti contents 

than slab melt, because Nb and Ti preferentially reside in 

melt within melt-fluid coexisting system, e.g. Nb and Ti 

distribution coefficients between fluid and andesitic melt 

(Dfluid/melt) are less than 0.004 0.005 and 0.005 0.026, 

respectively[26]). When the slab melt rich in Nb and Ti 

passes through the mantle wedge, it will interact with the 

mantle peridotites, and will be contaminated by mantle 

peridotite (Fig. 5). At the mean time, the interactions be-

tween slab melt and mantle peridotite lead to the forma-

tion of Nb, Ti and Na2O-rich amphibole and ilmenite, or 

amphibole and Fe-rich orthopyroxene[4 7]. Arc basalts 

Fig. 5.  SiO2-MgO diagram of adakites and experimental melt of ba-

salt[3].
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and basaltic andesites derived from partial melting of the 

metasomatized mantle (namely, NEABs) may have much 

higher Nb and Ti contents than the “normal” arc ba-

salt-basaltic andesite[10]. Thus, the Alataw adakites-NE- 

ABs association suggests that the interactions between 

slab melt and mantle peridotites probably took place when 

slab melt passed through the mantle peridotite. 

The HREEs and transition metal element contents of 

the Alataw NEABs are similar to that of Archean NE-

ABs[6,7] rather than Cenozoic NEABs[1 5,8], so, a petro-

genesis similar to Archean NEABs can be inferred. The 

geothermal gradient was very high in Archean[27], and it 

was much lower in Cenozoic even though high geother-

mal gradient might be existed locally. Owing to very high 

geothermal gradient, the partial melting of the metasoma-

tized mantle peridotite is possible to take place under the 

plagioclase stability[27,28]. However, in the Cenozoic, the 

partial melting of the metasomated mantle peridotite with 

low geothermal gradient is possible to take place under the 

garnet stability[27,28]. It is the possible reason that the Ar-

chean NEABs are richer in HREEs than the Cenozoic 

NEABs. In addition, the Archean[6,7] and the Alataw Car-

boniferous NEABs are lower in transition metal elements 

than the Cenozoic NEABs[1 5,8]. This is possibly related to 

the melting depth of the metasomated mantle peridotite or 

the interaction degree between slab melt and mantle peri-

dotite. The bigger the depth, the stronger the interaction, 

the higher the partial melting degree of mantle peridotite, 

and the higher the transition metal elements contents of 

NEABs; on the contrary, the smaller the depth, the weaker 

the interaction, the lower the partial melting degree of 

mantle peridotite, and the lower the transition metal ele-

ments contents of NEABs. Recently, Martin and Moyen[29]

suggested that partial melting depth of the Archean slab 

(4.5 2.5 Ga) and the interaction degree between slab 

melt and mantle peridotite were closely related to geo-

thermal gradient: the higher the geothermal gradient, the 

shallower the melting depth of slab, and the weaker the 

interaction degree between slab melt and mantle peridotite. 

Therefore, the high HREEs and low transition metal ele-

ments contents of the Alataw NEABs are possibly related 

to partial melting of mantle peridotite metasomated by 

slab melt under the plagioclase stability field in high geo-

thermal gradient[27,28], or the shallow location of interac-

tion between slab melt and mantle peridotite[29].

( ) Geodynamic significances.  The genesis of 

adakites-NEABs association is mainly related to subduct-

ing and melting of young and hot oceanic crust[1,2,4,5]. So, 

the occurrence of the Alataw Carboniferous adakites- 

NEABs association implies that the subducting of young 

oceanic crust possibly took place in the north of Xinjiang.  

The late Devonian-Carboniferous is an important period 

when the tectonic situation of plate changed in Xinjiang 

and the neighboring area[17,30 32]. Firstly, the Paleo-Asian 

ocean was entirely closed on the north margin of Junggar 

plate[30]. Secondly, oceanic basin was opened on the south 

margin of Junggar plate; Carboniferous Asian ocean or 

north Tianshan ocean[30,31] or late Devonian-early Carbon-

iferous narrow oceanic basin[17,32] were formed along Yil-

ianhabierga-Dananhu area, and the Bayinggou ophiolite is 

their oceanic crustal relic[17,30 32]. In the Bole block, the 

oldest rock is Proterozoic metamorphic rocks; early Pa-

leozoic and Mesozoic strata are absent, and the late Pa-

leozoic strata mainly consist of deposits of residual oce-

anic basin and supra-marine basin, and arc volcanic 

rocks[17]. The late Paleozoic volcanic rocks and sedimen-

tary rocks in the Bole block were possibly formed in arc 

setting; on the northeast of the Bole block the Yilianha-

biergashan-Dananhu block consisting of oceanic crustal 

slab was the possible oceanic basin in the late Paleozoic, 

and arc and oceanic basin only occurred in pairs (Fig. 1). 

In late Devonian-Carboniferous[17] or Carboniferous[30 32],

the oceanic crust in the Yilianhabiergashan-Dananhu area 

subducted southwards or southwestwards. In the west of 

subducting zone, oceanic crust subducted underneath the 

Bole block[17], and partial melting of subducting slab took 

place simultaneously. When slab melt passed through the 

mantle wedge, the interactions between slab melt and 

mantle peridotite was responsible for formation of the 

Alataw adakites-NEABs. Therefore, the occurrence of the 

Alataw Carboniferous adakites-NEABs association im-

plies that the Carboniferous was a possible important pe-

riod of oceanic crust subduction in the Yilianhabier-

gashan-Dananhu area. 

In addition, large-scale crustal growth of Central 

Asia has been widely studied[16,20,33 37], but controversies 

exist on the mechanisms of crustal growth. Coleman[33]

thought that the post-collision granites occurring around 

the Junggar basin were derived from partial melting of 

residual oceanic crust. Sengör et al.[34] considered that 

nearly half of the gigantic Central Asian Orogenic Belt 

was derived from the mantle by lateral accretion of arc 

complex and microcontinent, and the formation of new 

crust was mainly related to oceanic crust subduction 

processes. Recently, many researches have suggested that 

the petrogenesis of post-collision granites in gigantic Cen-

tral Asian Orogenic Belt were most probably related to 

underplating of massive basaltic magma, magmatic mix-

ing or assimilation and fractional crystallization, and con-

tinental crust mainly grew vertically in post-collision set-

ting[16,20, 35 37]. Adakite is closely related to crustal growth, 

and many researches suggested that partial melting of 

subducting oceanic crust under high geothermal gradient 

play an important role in Archean crustal growth[1,27]. The 

occurrence of Devonian adakite on the north margin of the 

Junggar plate[13], the Alataw Carboniferous adakite and 

NEABs suggest that partial melting of subducting oceanic 

crust could be another important mechanism of Phanero-

zoic crustal growth in north Xinjiang. In addition, the 
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petrogenesis of the Alataw Carboniferous NEABs also 

implied that the Alataw area was possibly in a setting with 

high geothermal gradient, which probably favored the 

crustal growth. 
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