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Spatial and temporal variations of granitoids in the Altay orogen and their
implications for tectonic setting and crustal growth: perspectives
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Abstract: The Altay orogen, which stretches across the boundary areas among China, Russia, Kazakhstan and
Mongolia, is a major unit of the Central Asia Orogenic Belt. Numerous granitoid plutons occur in the orogen.
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This paper has summarized the spatial and temporal evolution of the plutons and discussed their tectonic setting
and implications for crustal growth. According to zircon ages available, these plutons can be divided into three
periods, namely early-middle Paleozoic, late Paleozoic and Mesozoic. The early-middle Paleozoic plutons can be
subdivided into 470 ~440 Ma (middle-late Ordovician) and 425~360 Ma (late Ordovician-Late Devonian), the
late Paleozoic into 355~318 Ma (early Carboniferous) and 290 ~270 Ma (early Permian), and the Mesozoic
mainly into 245~190 Ma (middle-late Triassic-early Jurassic). The early-middle Paleozoic (470~360 Ma) plu-
tons that occur widely are mainly of calc-alkaline I type subjected to various degrees of deformation, in which
470 ~440 Ma plutons occur as gneissic bodies. They were formed during syn-accretion orogenic processes, from
the early active continental subduction (470~440 Ma) through continuous subduction/back-arc extension (420
~380 Ma) to collision (380~360 Ma). The early Carboniferous plutons occur in the southern part of the oro-
gen, and some of them are alkaline and show circular or irregular shape with insignificant deformation. They
were emplaced in a late (or post) orogenic setting. The early Permian plutons mainly occur in the southern part
of the orogen, with a few seen in the central part. They are mostly of circular shape and show very weak or no
deformation except for a few deformed ones in the Ertix slip zone. The rock types are characterized by I and A
types in association with mafic intrusions including dykes, displaying a post-orogenic extensional setting. The
early Mesozoic plutons, showing circular or irregular shape without deformation, are characterized by high-
differentiation I-type and S-type, associated with rare metal deposits. They were emplaced in an intercontinental
setting. Nd isotopic mapping of the plutons indicates that eNd(z) values arc lower ( —4 to +2) in central Altay
and higher (+1.4 to +6) in southern Altay; correspondingly, 7py values decrease from 1.6~1.1 Ga in central
Altay to 1.0~0.5 Ga in southern Altay. These results demonstrate that central Altay contains widespread old
continental basement, whereas southern Altay comprises a significant proportion of juvenile crust, suggesting
that the crust grew southward. The horizontal (lateral) and vertical crustal growth contributed ca. 18% ~28%
and 7% ~8% , respectively, to the area of Chinese Altay. The authors’ studies also suggest that the Altay oro-
gen prescrved original accretional crustal structures during Mesozoic, without large-scale vertical tectonic super-
position. The Altay orogen experienced formation of an active continental margin, splitting of the margin to
form a back-arc ocean and the final closing of the back-arc ocean. It is also held that the CAOB underwent not
only accretional processes but also back-arc opening and closure of microcontinent margins, which might have
been a common process in the central Asian accretionary orogen.

Key worlds: granitoids; zircon geochronology; isotope; regional deformation; tectonic evolution; Central Asian
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1
Table 1 Zircon age data of granitoids in the Altay orogen
Ma

1 150 3 TIMS Chen  Jahn 2002 24
2 180 20 U-Pb Vladimirov 2001 30
3 182 9 U-Pb Vladimirov 2001 30
4 196 4 U-Pb Vladimirov 2005 31
5 197 1 U-Pb Vladimirov 2001 30
6 198 7  SHRIMP Wang 2007 33
7 202 4 SHRIMP Wang 2008 34
8 210 3 LA-ICP-MS Wang 2008 34
9 212 6  SHRIMP Wang 2007 33
10 212 2 TIMS Wang 2008 34
11 213 2 SHRIMP Wang 2007 33
12 Kalguty 215 3 SHRIMP Annikova 2006 21
13 216 5  SHRIMP 2010 14
14 220 9  SHRIMP Wang 2007 33
15 225 4 U-Pb Vladimirov 2001 30
16 225 4 U-Pb Vladimirov 2005 31
17 231 11 U-Pb Vladimirov 1997 29
18 231 11 U-Pb Vladimirov 2005 31
19 244 2 U-Pb Vladimirov 2001 30
20 245 7 U-Pb Vladimirov 2005 31
21 245 2 U-Pb Vladimirov 2005 31
22 251 5 U-Pb Vladimirov 1997 29
23 256 4 LA-ICP-MS 2006 7
24 266 4 LA-ICP-MS 2010 14
25 Gobi-Altai 271 7 TIMS Kozakov 2007 27
26 Uench River 271 7 U-Pb Kozakov 2007 27
27 Tan-Altai 274 5 TIMS Kozakov 2007 27
28 Tan-Altai Khatan-khaikhan 274 6 TIMS Kozakov 2007 27
29 Uench River 274 5 U-Pb Kozakov 2007 27
30 Uench River 274 6 U-Pb Kozakov 2007 27
31 274 13 U-Pb Vladimirov 2001 30
32 275 2 TIMS 2006b 9
33 275 2 SHRIMP 2009 5
34 276 5 La-ICP-MS 2006 7
35 276 9  SHRIMP 2005 12
36 278 7 LA-ICP-MS Briggs 2007 22
37 279 4 LA-ICP-MS 2006 7
38 279 9 U-Pb Vladimirov 2001 30
39 281 10 LA-ICP-MS 2009 6
40 281 6  SHRIMP 2006 7
41 281 5 TIMS 2006b 9
42 281 4 SHRIMP 2007a 20
43 283 4 SHRIMP 2007b 19
44 285 3 U-Pb Vladimirov 2001
45 286 1 TIMS 2006¢ 10
46 Tessel Block 289 2 SHRIMP Helo 2006 25
47 301 7 U-Pb Vladimirov 2001 30
48 315 14 U-Pb Vladimirov 2001 30
49 318 6 LA-ICP-MS Yuan 2007 38
50 324 4 U-Pb Vladimirov 2001 30
51 326 6  SHRIMP 2008 2
52 Tan-Altai 330 4 TIMS Kozakov 2007 27
53 333 3 U-Pb Vladimirov 2001 30
54 Unegt Uul 337 6 LA-ICP-MS  Hrdlickova 2008 26
55 343 3 SHRIMP 2006 7
56 Chandman 344 2 LA-ICP-MS  Hrdlickova 2008 26
57 353 3 SHRIMP 2006 7
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1-1
Continued Table 1-1
Ma 1

58 355 5 La-ICP-MS 2009 6
59 358 4 SHRIMP 2006 7
60 359 5 LA-ICP-MS Yuan 2007 38
61 360 14 U-Pb Vladimirov 2001 30
62 Tessel Block 361 1 Pb Pb Helo 2006 25
63 362 4 U-Pb Vladimirov 2001 30
64 3604 16 U-Pb Vladimirov 2001 30
65 304 8 U-Pb Vladimirov 2001 30
60 365 5 U-Pb Vladimirov 2001 30
67 3607 4 U-Pb Vladimirov 2001 30
68 3609 4 U-Pb Vladimirov 2001 30
69 371 15 U-Pb Vladimirov 2001 30
70 371 1 TIMS Wang 2006 32
71 372 10  SHRIMP 2010 14
72 372 19 SHRIMP Zhang Haixiang 2003 17
73 375 11 U-Pb Vladimirov 2001 30
74 376 5 SHRIMP Cai 2010 23
75 376 10  SHRIMP 2006a 18
76 378 6 [a-lCP-MS 2009 6
77 378 7 SHRIMP Xu 2010 37
78 379 7 U-Pb Vladimirov 2001 30
79 381 6 SHRIMP 2006a 18
80 381 4  LA-ICP-MS Sun Min 2008 28
81 381 4 U-Pb Vladimirov 20010 30
82 381 5 U-Pb Vladimirov 2001 30
83 382 3  La-ICP-MS 2010 14
84 389 50 U-Pb Vladimirov 2001 30
85 390 1 TIMS 2009 3
86 394 4 LA-ICP-MS 2007 11
87 396 0 TIMS 2009 3
88 Tessel 396 3 SHRIMP Helo 2006 25
89 Tessel 397 3 SHRIMP Helo 20060 25
90 398 5 LA-ICP-MS 2007 11
91 398 9 LA-ICP-MS Yuan 2007 38
92 399 4  LA-ICP-MS 2007 11
93 399 TIMS 1998 13
94 399 2 TIMS Wang 2006 32
95 400 6 SHRIMP 2008 15
96 400 6 SHRIMP Wang 2006 32
97 403 5 LA-ICP-MS 2005 8
98 404 9 Pb Pb 1997 4
99 404 8 SHRIMP Xu 2010 37
100 404 8 LA-ICP-MS Yuan 2007 38
101 406 5 LA-ICP-MS Yuan 2007 38
102 408 7 SHRIMP Wang 2006 32
103 409 7 SHRIMP Wang 2006 32
104 411 1 Pb Pb Windley 2002 35
105 412 12 Pb Pb 1997 4
106 412 5 LA-ICP-MS Sun Min 2008 28
107 412 6 LA-ICP-MS Yuan 2007 38
108 413 4 SHRIMP 2007 16
109 415 5 La-ICP-MS 2009 6
110 416 5 SHRIMP Wang 2006 32
111 416 9 LA-ICP-MS Yuan 2007 38
112 420 5 Pb Pb 1997 4
113 425 8 LA-ICP-MS Sun Min 2008 28
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