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Abstract: This paper presents new geochronological, petrological, geochemical and Hf isotopic data of the intru-
sions from the Zongnaishan area in northern Alxa, Inner Mongolia, and discusses the tectonic settings and
boundary of southernmost Central Asian Orogenic Belt (CAOB). Zircon U-Pb dating indicates that the Zong-
naishan batholith includes the Middle Permian K-feldspar granite (272 +1 Ma), Early Triassic diorite (249 + 1
Ma) and Early Triassic granodiorite (247 =1 Ma). According to their geochemistry, the Middle Permian K-

feldspar granite is weakly peraluminous and shoshonitic, belonging to the highly fractionated I-type granites; the
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Early Triassic diorite is calc-alkaline; and the Early Triassic granodiorite is metaluminous to slightly peralumi-
nous and calc-alkaline. The REE patterns of all the three intrusions are high in LREEs and low in HREEs with
week to moderate Eu negative anomalies. The primitive mantle normalized trace element diagrams are character-
ized by the enrichment of the LILE (K, Rb, Ba and Sr) and depletion of HFSE (Ta, Nb, P and Ti). Based on
the zircon HIf isotopes, the authors hold that the intrusive rocks were mainly derived from juvenile material with
high eHf(z) values (+0.3— +11.6) and young two-stage Hf model ages (1 275~533 Ma). The juvenile fea-
tures of Zongnaishan-Shalazhashan terrane are similar to the most prominent features of the CAOB, but different
from those of cratons or Precambrian blocks, such as the North China Craton and the Alxa Block, implying that
the Zongnaishan-Shalazhashan terrane is part of the CAOB, and the southernmost boundary of CAOB here is to
the south of the terrane. The recognition of Late Carboniferous typical adakite magmatism in this region pro-
vides evidence for the subduction of the oceanic crust of the CAOB. The Middle Permian magmatic activities
(272~264 Ma) display a bimodal association with high-K calc-alkaline features and are interpreted as forming in
a post-collision setting. These studies, in combination with regional geology, provide new constraints on the tec-

tonic evolution of southern CAOB during the Late Paleozoic and the location of the southernmost margin of the

CAOB.
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Fig. 1 Tectonic location (a) and geological sketch map (b) of northern Alxa
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Fig. 5 Zircon U-Pb concordia diagram for the granitoids in Tamusu area
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Table 2 Major (wy/ %) and trace (wp/10~ ) element composition of the intrusive rocks in Tamusu area
g ks HHNKA Q4711 Ma) WK (249 + 1 Ma) IR AERIA (27241 Ma)
FE i 121LS152  12LS153  12L.S154  12LS155 12LS156 12LS160 12LS161  121S162  12LS165 12LS166 12L.S167 121.S170
SiO, 67.16 67.27 66.57 66.79 65.54 56.77 55.88 55.19 76.85 76.44 76.40 76.72
TiO, 0.58 0.55 0.63 0.62 0.65 1.21 1.00 1.26 0.12 0.15 0.15 0.11
ALO; 1568 1575 16.19  16.10  16.65  16.71 17.33  17.61 12.22  12.35 2.40 12.27
Fe,O5 3.39 3.12 3.61 3.34 3.71 7.05 6.39 6.90 1.17 0.97 .10 1.14
MnO 0.05 0.05 0.05 0.05 0.06 0.11 0.10 0.11 0.01 0.03 0.01 0.03
MgO 1.45 1.47 1.69 1.50 1.77 4.56 4.82 4.83 0.09 0.13 0.09 0.07
CaO 3.25 3.35 3.69 3.59 3.46 5.87 6.09 7.31 0.56 0.65 0.57 0.51
Na,O 4.16 4.03 4.22 4.20 4.44 3.77 3.61 4.05 2.54 2.37 2.45 2.36
K,O 2.86 2.84 2.49 2.65 2.59 1.86 2.04 1.19 5.96 6.32 6.49 6.53
P,0O5 0.10 0.12 0.15 0.12 0.14 0.43 0.32 0.25 <0.01 <0.01 <0.01 <0.01
Los 1.10 1.20 0.50 0.80 0.80 1.30 2.10 1.00 0.40 0.50 0.30 0.20
Total 99.79 99.80 99.79 99.79 99.77 99.66 99. 66 99.71 99.91 9.91 99.94 99.90
Mg 48 51 51 50 51 59 62 61 14 23 15 12
Na,O/K,O 1.45 1.42 1.69 1.58 1.71 2.03 1.77 3.40 0.43 0.38 0.38 0.36
A/CNK 0.99 1.00 0.99 0.99 1.02 0.88 0.90 0.83 1.05 1.04 1.03 1.03
La 35.90 26.30 29.10 33.80 29.40 37.60 29.90 24.40 40.50 40.20
Ce 70.50 53.20 57.20 66.40 57.00 85.00 68.70 53.80 70.30 72.20
Pr 8.05 6.31 6.64 7.34 6.39 9.99 8.48 6.55 6.94 7.43
Nd 27.50 23.50 23.90 28.00 23.00 40.50 34.50 27.00 23.20 25.00
Sm 4.88 4.10 4.58 4.72 4.12 7.46 6.22 5.11 2.83 3.28
Eu 1.09 1.01 1.02 1.06 0.99 1.90 1.67 1.56 0.39 0.44
Gd 4.20 3.81 3.93 3.97 3.38 6.48 5.41 4.46 1.92 2.19
Th 0.53 0.46 0.51 0.50 0.44 0.87 0.73 0.62 0.15 0.21
Dy 3.22 2.85 2.99 3.06 2.66 5.51 4.42 3.74 0.90 1.26
Ho 0.54 0.52 0.49 0.54 0.50 0.95 0.74 0.57 0.10 0.19
Er 1.78 1.45 1.58 1.64 1.37 2.81 2.20 1.90 0.39 0.58
Tm 0.23 0.22 0.20 0.23 0.17 0.37 0.32 0.26 0.04 0.07
Yb 1.74 1.39 1.58 1.52 1.31 2.45 2.12 1.68 0.50 0.70
Lu 0.24 0.20 0.20 0.23 0.20 0.33 0.28 0.25 0.06 0.09
Y 17.50 15.80 15.70 17.10 13.90 27.10 21.60 19.20 4.40 6.20
SREE 160.40 125.32 133.92 153.01 130.93 202.22 165.69 131.90 148.22 153.84
LREE/HREE  11.85 10.50 10.67 12.09 12.05 9.23 9.22 8.78 35.51 28.08




998 woAa v ¥ R & 33 %
k2
Continued Table 2
bk e KA (247 1 Ma) K249 +1 Ma) HEAE A (27211 Ma)
Bf b 12LS152  121S153 12LSI54 12LS155 12LS156 12LS160 12LS161 12LS162 12LS165 12LS166 121167 12LS170
3Eu 0.72 0.77 0.71 0.73 0.78 0.81 0.86 0.97 0.48 0.47
(La/ Yb)y 14.80  13.57  13.21 15.95  16.10  11.01 10.12  10.42  58.10 41.19
Sc 7.00 6.00 8.00 7.00 7.00 14.00  14.00  16.00 <1 <1
\ 67.00  65.00  65.00  63.00  66.00  117.00  94.00  131.00  8.00 8.00
Cr 13.68  13.68  27.37  20.53  13.68  82.11  88.95  102.63  13.68 13.68
Co 7.70 7.70 8.60 7.10 8.50 2260  21.50  23.00 0.30 0.80
Ni 10.00  11.40  12.00 9.50 12.40  36.80  38.90  27.20 0.90 0.60
Cu 1.50 1.80 3.00 3.60 5.40 28.20  30.90  19.30 2.00 4.50
7n 48.00  45.00  44.00  45.00  52.00  53.00  46.00  33.00  15.00 6.00
Ga 19.30  18.10  18.20  17.80  19.50  19.40  18.20  18.60  14.20 13.40
Rb 94.40  82.20  74.20  78.60  88.10  47.50  58.30  29.70  116.70 128.60
Sr 429.50  441.00  520.70  443.80  456.70  696.80  825.80  694.70  35.70 45.40
Zr 228.20  202.10  190.10  247.30  207.80  354.50 278.20  194.20  147.70 138.70
Nb 7.90 6.80 6.30 7.40 5.90 13.90  11.10 9.50 0.70 1.20
Ta 0.80 0.60 0.60 0.60 0.50 0.90 0.70 0.50 0.10 0.10
Cs 3.80 1.70 1.30 2.20 2.20 1.80 2.80 2.50 0.80 0.90
Ba 522.00  576.00  568.00  551.00  531.00  459.00  484.00  337.00  298.00 320.00
Hf 5.50 4.80 4.50 6.60 5.10 7.10 6.10 4.30 5.00 4.60
Pb 2.60 1.60 1.60 2.00 1.90 2.40 4.40 2.00 3.50 3.70
Th 11.50 9.60 9.30 9.90 8.60 5.10 4.50 3.60 22.30 21.30
U 2.90 1.60 1.40 2.20 1.80 1.20 1.10 0.90 1.30 1.00

Mg(X0.07% ~0.13% )~ Ti0,(0.11% ~0.15% ) Fi MnO
(<0.03%)s NayO 754 2.4% ~2.5% » NayO< K, O»
AT (Na,O + K,O) 4 8.5% ~8.9% , M8 % i
ZHNCE 6a). FEANFEEL A/CNK 75 1.03 ~
1.05,A/NK=1.1, A58 (K 6b). WK AR
HHAHER Si0,(55.2% ~56.8% VA1 K,0(1.2% ~

2.0%) & &, 1M ALO; (16.7% ~ 17.6% )+ CaO
(5.9% ~7.3%)-MgO(4.6% ~4.8% ) %75 &, &
THEFCA/CNK = 0.83 ~0.90) FA 85 5 1 & 1) ([
6). 4t X N A 59 3 85 i CA/CNK = 0.99 ~
1.02), Bk & 51 (SI0, = 65.5% ~ 67.3% , K,0=
2.6%~2.9%), LA NayO(4.0% ~4.4% F1 AL O;

T
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Fig. 6 K,0- SiO, diagram (a, after Maniar and Piccoli

» 1989) and A/NK - A/CNK diagram(b, after Peccerillo and

Taylor, 1976)
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Fig. 7 Chondrite-normalized REE patterns (a) and primitive-mantle normalized trace element patterns (b) for the Tamusu
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4.3 A Hf FfIzx

BEARZARZNA AT Lo-HI R 20 B 45 5L 0
% 3. BB A &5 AR RS R TOHE VT HEEA TR OE, 43
R ZH KR A (272 £ 1 Ma) 0¥ 1h
YOH{/YTHIE 9 0.282 611 ~0.282 754, eHI () H K
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Table 3  Analytical results of zircon Hf isotopes for the intrusive rocks in Tamusu area
i t/Ma  VOYB/VTTHE  VOLu/1TTHE O/ TTTHE +2¢  (SH/VTTHD;  eHf(0)  eHi(z)  tpw/Ma 165m/ Ma S Lot
RN (24741 Ma)
121.8152-1 243 0.038757  0.000901  0.282784 0.000016  0.282 780 0.43 5.63 661 913 -0.97
121.S152-2 251 0.022 565 0.000 534 0.282778 0.000017  0.282776 0.22 5.65 663 918 -0.98
121S152-3 246 0.040464  0.000878  0.282848 0.000015  0.282 844 2.69 7.95 571 767 -0.97
121LS152-4 243 0.060 356 0.001 428 0.282824  0.000028  0.282817 1.82 6.94 614 830 -0.96
12181525 242 0.050317  0.001183  0.282830 0.000024  0.282 824 2.04 7.18 601 814 -0.96
121.S152-6 243 0.103 791 0.002 347 0.282837 0.000020  0.282827 2.31 7.27 610 808 -0.93
1218152-7 244 0.144653  0.003216  0.282962 0.000033  0.282948 6.73 11.58 436 533 -0.90
121.S152-8 244 0.073 247 0.001 701 0.282857 0.000022  0.282849 3.00 8.08 571 757 -0.95
121.8152-9 247 0.053420  0.001284  0.282858 0.000015  0.282853 3.05 8.27 562 747 -0.96
121.S152-10 249 0.050 453 0.001 233 0.282832  0.000022  0.282827 2.14 7.41 598 804 -0.96
121815211 247 0.086708  0.002075  0.282795 0.000023  0.282785 0.80 5.90 667 899 ~0.94
12LS152-12 242 0.045719 0.001 174 0.282852 0.000022  0.282 846 2.82 .96 570 764 -0.96
121815213 246 0.047031  0.001219  0.282885 0.000016  0.282879 3.99 9.19 523 687 -0.96
121L.S152-14 246 0.063 954 0.001 504 0.282841  0.000020  0.282834 2.44 7.60 590 789 -0.95
121.8152-15 249 0.101418  0.002256  0.282803  0.000020  0.282792 1.09 6.19 659 882 -0.93
121.S152-16 249 0.042 313 0.001 004 0.282751 0.000018  0.282 746 -0.75 4.56 710 986 -0.97
12LS152-17 249 0.087704  0.002065  0.282815 0.000023  0.282 805 1.51 6.65 638 852 ~0.94
121.S152-18 247 0.035 834 0.000 871 0.282800 0.000016  0.282796 1.00 6.29 638 874 -0.97
121515219 250 0.028044  0.000679  0.282791  0.000019  0.282 788 0.68 6.06 647 891 -0.98
121.S152-20 248 0.038 674 0.000 887 0.282851  0.000017  0.282 847 2.79 8.09 567 759 -0.97
121.8152-21 247 0.038249  0.000860  0.282831 ~0.000016  0.282827 2.09 7.39 594 804 -0.97
WK (24941 Ma)
121.S160-1 250 0.072619  0.001461 — 0.282775  0.000023 = 0.282 768 0.11 5.36 684 935 -0.96
121.S160-2 246 0.202 775 0.003 744 0.282571  0.000032  0.282 554 -7.10 -2.30 1039 1420 -0.89
121.S160-3 247 0.080 134 0.001505  0.282656 0.000024  0.282 649 —4.09 1.10 855 1205 -0.95
121.S160-4 249 0.082 889 0.001 465 0.282722  0.000026  0.282715 -1.79 3.44 761 1057 -0.96
121.8160-5 248 0.206099  0.003656  0.282688 0.000027  0.282671 -2.98 1.86 860 1157 -0.89
12L.S160-6 249 0.080 150 0.001 920 0.282826  0.000 021 0.282 817 1.90 7.07 619 826 -0.94
121.S160-7 248 0.120704  0.002275  0.282683  0.000029  0.282672 -3.16 1.93 835 1153 -0.93
121.S160-8 250 0.098 178 0.002 111 0.282798 0.000024  0.282788 0.90 6.05 664 891 —0.94
121.5160-9 250 0.048111  0.001050  0.282808 0.000022  0.282803 1.28 6.60 630 857 -0.97
121.S160-10 253 0.124 556 0.002 681 0.282796  0.000 021 0.282783 0.84 5.94 677 901 -0.92
121.8160-11 246 0.258359  0.005339  0.282791  0.000029  0.282767 0.68 5.22 738 941 ~0.84
121.S160-12 244 0.049 718 0.001 178 0.282821 0.000023  0.282816 1.75 6.93 613 831 -0.96
121.8160-13 243 0.034231  0.000884  0.282761 0.000019  0.282757 -0.39 4.81 694 965 -0.97
121.S160-14 246 0.081 112 0.001 849 0.282782 0.000022  0.282773 0.34 5.44 682 927 —0.94
121.S160-15 248 0.061591  0.001443  0.282775 0.000017  0.282 768 0.11 5.32 684 937 -0.96
121.S160-16 250 0.035 626 0.000 983 0.282738 0.000016  0.282734 -1.20 4.14 728 1014 -0.97
121.8160-17 251 0.058279  0.001438  0.282739 0.000018  0.282732 ~-1.17 4.10 736 1017 -0.96
121.S160-18 250 0.131 185 0.002 953 0.282937  0.000029  0.282923 5.83 10.84 471 585 -0.91
121.8160-19 250 0.262422  0.005531  0.282614 0.000026  0.282 588 -5.59  -1.01 1026 1341 -0.83
121.S160-20 250 0.059 932 0.001 377 0.282753  0.000019  0.282 747 —0.66 4.01 714 983 -0.96
121.8160-21 245 0.036398  0.000889  0.282755 0.000021  0.282751 -0.60 4.64 702 978 -0.97
121.S160-22 249 0.083 209 0.001 979 0.282837 0.000024  0.282828 2.31 7.45 604 801 -0.94
121.8160-23 249 0.131675  0.002800  0.282715 0.000025  0.282702 ~2.02 2.99 799 1086 -0.92
121.S160-24 252 0.055 378 0.001 276 0.282815 0000022  0.282 808 1.50 6.84 625 843 -0.96
HIRAERS (2721 Ma)
12L8165-1 276 0.066013  0.001 441 0.282678  0.000016  0.282 671 -3.32 2.48 822 1139 -0.96
121.8165-2 275 0.077144  0.001790  0.282620 0.000017  0.282611 -5.39 0.34 914 1275 -0.95
121.5165-3 276 0.066233  0.001446  0.282724 0.000015  0.282717 -1.69 4.11 757 1035 -0.96
121.8165-4 275 0.059372  0.001252  0.282761 0.000016  0.282 754 -0.40 5.42 701 951 -0.96
121.S165-5 276 0.046 156 0.001 000 0.282709  0.000014  0.282 704 -2.22 3.67 769 1 064 -0.97
121.5165-6 273 0.042908  0.000927  0.282741  0.000014  0.282737 -1.08 4.75 722 992 -0.97
12L.S165-7 274 0.056 302 0.001 186 0.282696  0.000014  0.282 690 -2.68 3.12 791 1097 -0.96
121.8165-8 269 0.069811  0.001456  0.282674 0.000017  0.282 667 ~3.45 2.21 828 1152 -0.96
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Continued Table 3

Eay i t/Ma 176yh/ 1771 176w/ VTTHL

176 4/ 177H( +26 CITOH{/YTTHD;  eHIC0) eHf(7) tpw/ Ma 15w/ Ma SLuHE
121.S165-9 271 0.047258  0.001022  0.282694 0.000014  0.282 689 -2.77 3.00 791 1102 -0.97
121.S165-10 270 0.055 946 0.001 180 0.282729  0.000014 0.282 723 -1.52 4.21 745 1025 -0.96
121.S165-11 271 0.078 573 0.001 743 0.282708  0.000 020 0.282 699 —2.25 3.39 786 1078 -0.95
121.S165-12 271 0.053 451 0.001 162 0.282656  0.000013 0.282 650 —4.09 1.64 847 1188 -0.97
121.S165-13 273 0.056 827 0.001 358 0.282736  0.000013 0.282 729 -1.27 4.49 738 1 009 -0.96
12L.S165-14 272 0.067 147 0.001 571 0.282697  0.000013 0.282 689 —-2.64 3.06 798 1 100 -0.95
121.8165-15 271 0.067450  0.001 551 0.282737 0.000012  0.282729 ~1.24 4.44 741 1011 -0.95
121.S165-16 271 0.055 378 0.001 318 0.282689  0.000012 0.282 682 -2.95 2.78 805 1117 -0.96
121.S165-17 274 0.069 535 0.001 618 0.282682  0.000016 0.282 674 -3.17 2.55 820 1133 -0.95
121.S165-18 271 0.078 472 0.001 705 0.282712  0.000 019 0.282 703 -2.13 3.52 780 1069 -0.95
121.S165-19 275 0.062 701 0.001 578 0.282743  0.000018 0.282735 -1.04 4.71 733 996 -0.95
121.S165-20 273 0.071 269 0.001 475 0.282731  0.000016 0.282 723 —1.47 4.28 748 1023 -0.96
121.S165-21 276 0.057 709 0.001 295 0.282711  0.000013 0.282 704 -2.16 3.67 773 1063 -0.96
121.S165-22 271 0.051 332 0.001 471 0.282761  0.000018 0.282 754 -0.37 5.31 704 954 -0.96
121.5165-23 270 0.049 298 0.001 298 0.282750  0.000017 0.282 743 -0.78 4.93 717 979 -0.96
121.S165-24 270 0.066 136 0.001 430 0.282 646  0.000 015 0.282 639 —4.46 1.21 868 1216 -0.96
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