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Abstract: This paper is the result of geological survey engineering.

[Objective] The Kaladawan area is located within the area defined by the NE—striking Altun strike—slip fault to the north and EW—
striking northern Altun fault. The cumulated gabbro is exposed to the north Altun Fault 4 km to the south, basic marine volcanic
rocks such as occipital basalt occur in both north and south. As the main component rock type of oceanic crust, the study of cumulate
gabbro will further reveal the evolution characteristics of early Paleozoic Altun oceanic crust. [Methods] In this paper, petrology,
mineralogy, geochemistry and zircon SHRIMP U—Pb dating of cumulate gabbro in the Kaladawan area have been studied. [Results]
The study shows that the cumulate gabbro in Kaladawan can be divided into two types: pegmatite and coarse—grained, and has the
characteristics of gradual transition. The geochemistry features include low K.O content (average is 0.44%), flat REE partition
curves (the average LREE/HREE value is 2.54), positive Eu anomalies (the average dEu value is 1.05), and negative Nb and Ta
anomalies (the average Nb and Ta content is 2.31x10°° and 0.16x 107, respectively), which indicates that it occurs in the tectonic
environment of the back— arc basin. The zircon SHRIMP U— Pb age of 514— 516 Ma is very close to that of the adjacent
intermediate— basic volcanic rocks of 517 Ma, indicating that the cumulate gabbro was formed in late Cambrian of the early
Paleozoic. [Conclusions] The results show that there was an obvious oceanic crust spreading during the late Cambrian in the
Kaladawan area. This result, together with island arc intermediate— acid volcanic rocks 478— 485 Ma and co— collisional
intermediate—acid intrusive rocks 477—488 Ma, constitutes a complete sequence of regional tectonic evolution, and an evolutionary
history of the early Paleozoic oceanic crust spreading and plate subduction to continental collision in the North Altun region is

further determined.

Key words: cumulated gabbro; geochemistry characteristics; zircon SHRIMP U— Pb age; ophiolite zone; geological survey
engineering; Kaladawan area; Altun Mountains

Highlights: The discovery of cumulate gabbro in the Kaladawan area for the first time provides further evidence for the existence of
the early Paleozoic Altun Ocean.
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Fig.1 Distribution map of geological structure and cumulated gabbro in Kaladawan area, Altun Mountains
1— Lower Youshashan Formation of Miocene; 2— Upper Ganchaigou Formation of Miocene; 3— Lower Ganchaigou Formation of Oligocene;

4—Yin'gebulake Formation of upper series of Carboniferous System; 5— Simi'erbulake Formation of upper Cambrian; 6—Zhabulake Formation of

upper Cambrian; 7— Jinyanshan Formation; 8— Dagelagebulake Formation of Archean; 9— Diorite of Early Paleozoic; 10— Granodiorite of Early

Paleozoic; 11—Granite of Early Paleozoic; 12—Porphyritic adamellite of Early Paleozoic; 13—Gabbro; 14—Fault; 15—Ductile-brittle deformation belt;

16— Section of cumulated gabbro (Fig.2); 17— Samples of rocks geochemistry of cumulated gabbro; 18— Samples of SHRIMP age of cumulated
gabbro; 19—Samples of SHRIMP age of basalt; 20—Samples number and SHRIMP age
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Fig.2 Profile of cumulated gabbro in Kaladawan area, Altun Mountains
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Fig.3 Field photographs and micrographs of cumulated gabbro in Kladawan area
a—Pegmatite gabbro; b, c—Coarse granular gabbro; d—Pegmatite gabbro; e, f—Coarse granular gabbro; Pyr—Pyroxene; Pl—Plagioclase
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Table 1 Compositions of major elements (%) of cumulated gabbro in Kaladawan and Hongliugou area
F5  FEdS FEAMAZE Si0. ALO, CaO Fe.0s FeO KO MgO MnO NaO P,Os TiO, CO, H,0' LOI  Total
1 K347-9  KFVAPE 47.69 11.02 10.06 558 9.79 0.07 835 0.7 208 039 071 026 190 208 100.15
2 K412-1 4590 2298 11.53 128 3.09 073 731 007 211 001 012 086 3.54 147 101.00
3 K421-1 4838 1397 735 364 864 076 582 0.19 424 030 212 138 244 100 10023
4 K426-1  WEERVE 4691 1570 10.02 268 729 026 7.68 0.17 297 0.5 136 129 3.10 1.67 101.23
5 K432-1 KW 4817 16.04 14.05 183 420 030 10.14 0.11 168 0.02 040 043 224 146 101.07
6 K432-2 4834 1545 1170 2.15 4.87 025 1052 0.13 230 003 071 026 270 0.65 100.06
7 K433-1 4250 1451 10.02 221 6.68 0.10 1477 0.15 124 001 009 276 502 0.66 100.72
8 K456-1  WEETEE 4896 1631 10.88 244 501 102 588 0.14 360 0.14 125 224 226 0.76 100.89
9  03Y26-11 4216 0.09 17.98 545(&%) 0.10 1191 1737 022 024 000 --- -~ 488
10 03Y26-12 oy 4275 009 1731 5.87(48k)  0.09 1230 1661 042 008 001 - - 411 -
11 03Y26-18 i 4095 0.03 2661 4.06(4%) 008 720 1553 076 048 001 - - 478 -
12 03Y26-19 £ 4295 0.09 20.08 5.06(4%) 009 1080 16.18 056 024 001 - - 408 -
13 03Y26-21 4223 007 2143 513(28) 009 1071 1593 046 0.18 001 - - 434
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Table 2 REEs contents (10°) of cumulated gabbro in Kaladawan and Hongliugou area

P LREE/

., FE#5 TLa Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y XREE (La/Yb)x OEu
=]

1 K374-9 374 965 153 751 245 0.89 3.63 0.67 4.62 1.08 3.18 045 2.97 046 264 4283 151 0.85 091
2 K412-1 070 1.65 020 097 023 0.34 038 0.06 0.40 0.08 0.22 021 0.05 219 549 292 225 351
3 K421-1 17.10 3850 4.99 23.00 5.83 1.89 6.81 1.11 722 1.42 433 057 390 0.57 39.80 11724 3.52 296 0.92
4 K426-1 734 1770 251 1220 3.47 134 424 071 457 092 276 036 243 034 26 60.89 2.73 204 1.07
5 K432-1 1.17 859 051 2.87 096 048 140 026 1.62 034 1.14 0.15 1.04 0.16 9.72 20.69  2.39 0.76  1.27
6 K4322 198 7.87 0.80 446 138 0.64 2.14 038 252 0.52 1.64 023 149 022 1450 2627 187 090 1.14
7 K433-1 063 217 019 1.00 026 027 032 0.05 035 0.08 027 0.00 028 0.05 220 592 323 152 2.86
8 K456-1 592 1550 234 12.10 3.46 131 447 0.76 523 1.08 3.34 044 295 045 30.50 5935 2.17 136 1.02
9 03Y26-11 0.11 029 0.05 026 0.2 0.07 0.17 0.03 022 0.05 0.13 0.02 0.10 0.02 1.11 1.64 122 0.74 1.50
10 03Y26-12 0.16 041 0.07 034 0.15 0.07 0.19 0.03 025 0.06 0.14 0.02 0.13 0.02 131 204 143 0.83 127
11 03Y26-18 0.15 032 0.04 0.19 0.06 0.06 0.08 0.01 0.08 0.02 0.05 0.01 0.04 0.01 041 1.12 273 253 2.65
12 03Y26-19 0.17 035 0.05 033 0.13 0.08 0.18 0.03 021 0.05 0.15 0.02 0.11 0.02 1.11 188 144 1.04  1.60
13 03Y26-21 0.16 032 0.05 027 0.12 0.08 0.15 0.03 0.19 0.04 0.12 0.02 0.10 0.02 096 1.67  1.49 1.08 1.82
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Fig.4 Chondrite-normalized REE patterns of Kaladawan area (a) and Milan area(b) (after Yang Jingsui et al., 2008) cumulated
gabbro in Altun Mountains (normalized values from Sun and McDonough, 1989)
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Fig.5 Primitive mantle-normalized trace elements spidergram of Kaladawan area (a) and Milan area(b) (after Yang Jingsui et al.,
2008) cumulated gabbro in Altun Mountains (normalized values from Sun and McDonough, 1989)
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Table 3 Trace elements contents (10°) of cumulated gabbro in Kaladawan and Hongliugou area
J75 M5 Rb Ba Th U K Ta Nb Sb Cs St Nd P Zr Hf Sm Ti V W As
1 K374-9 1.05 168 036 03 581 0.15 243 -- 0.05 118 7.51 1702 27.8 1.1 2.45 4257 395 050 ---
2 K412-1 262 132 0.17 0.1 6370 0.02 0.31 090 1.34 233 097 46 398 0.12 023 756 402 0.15 10.2
3 K421-1 20,5 213 3.79 132 6613 0.55 899 0.56 0.37 270 23 1372 159 391 5.83 13321 387 0.70 2.09
4 K426-1 10.1 746 131 0.75 2158 0.25 3.12 0.68 0.32 377 122 655 903 226 3.47 8153 279 0.51 232
5 K432-1 331 40.7 0.22 0.05 900 0.01 0.14 1.35 0.60 133 1 47 259 0.09 0.26 2585 176 0.21 7.52
6 K432-2  10.6 80.7 0.57 0.08 2569 0.05 0.45 132 0.54 200 287 90 15 0.5 096 2474 238 0.22 9.39
7 K433-1 835 872 0.83 0.05 2152 0.07 0.76 195 0.74 213 446 136 20.6 0.7 138 4413 363 0.28 71.8
8 K456-1 29.6 517 043 0.17 8854 0.14 229 1.41 1.01 311 121 639 101 2.71 3.46 7836 256 0.44 2.77
9 03Y206-11 6.54 29.12 0.09 0.08 1992 0.02 0.04 --- -- 131.07 026 0 049 0.02 0.12 540 110 -- --
10 03Y206-12 0.87 5.19 0.09 0.06 664 0.03 0.04 -- -- 11985 034 44 0.64 0.02 0.15 540 124 - -
11 03Y26-18 18.83 79.51 0.09 0.07 3985 0.06 0.2 -- --—- 247.03 0.19 44 032 0.01 0.06 180 41.8 - -
12 03Y26-19 7.76 43.41 0.09 0.07 1992 0.02 0.03 --- --—- 17938 033 44 0.6 0.03 0.13 540 123 - -
13 03Y26-21 5.08 18.39 0.09 0.07 1494 0.01 0.02 -- -- 18296 027 44 045 0.02 0.12 420 809 -- -
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Fig.6 Zircon SHRIMP U—Pb concordia diagrams of the cumulated gabbro in Kladawan area, Altun Mountains
a—SHRIMP U—Pb concordia diagrams of all zircon grains from sample K432—1; b—SHRIMP U-Pb concordia diagrams of part zircon grains from
sample K432—1; c—SHRIMP U—Pb concordia diagrams of all zircon grains from sample K432-2; d—SHRIMP U—Pb concordia diagrams of part
zircon grains from sample K432-2
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Fig.7 Trace element geochemistry diagram of cumulated gabbro in Kladawan area
a—V versus Ti/1000 diagram (after Shervais, 1982); b—Yh/YDb versus Ta/Yb diagram (after Pearce, 1982); c—Hf/3—Th—Nb/16 diagram (after Wood
et al., 1979); d—2xNb—Zr/4-Y diagram (after Meschede, 1986); The sequence numbers of points are the same as Table 3 IAB—Island arc basalt;
MORB—Mid—ocean ridge basalt; OIB—Oceanic island basalt; WPB—Intraplate basalt; WPT—Intraplate tholeiite; WPAB—Intraplate alkaline basalt;
SHO-Shoshonite; CAB—Calc-alkaline basalt; IAT—Island arc tholeiite; TR—Transitional basalt; TH—Tholeiite; ALK—Alkaline basalt
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