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Recognition of the 1.84 Ga tectono-thermal event in the southeastern margin of

the Siberian craton: record from zircon U-Pb dates and Hf isotopes of migmatitic

biotite plagioclase gneiss from the southern edge of southern Stanov belt, Tydna,
Far East, Russia
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Abstract: The formation of the Columbian supercontinent at 1.9~ 1.8 Ga has been a topic of wide interest in
recent years. The assemblage of the supercontinent has been recorded in the Siberian craton by the 1.9~1.8 Ga
high grade metamorphic belt. The U-Pb zircon geochronological study has gained a new insight into the geologi-
cal evolution of the southeastern margin of the Siberian craton. Zircons from migmatitic biotite plagioclase gneiss
show core-rim textures in cathodoluminescence (CL) image. Core features indicate detrital deposits of magmatic
origin zircons. Structureless overgrowths are metamorphic in origin. The four age groups of detrital cores are ==
2.57, ~2.39, ~2.33 and ~2.20 Ga. The age of migmatitic overgrowths is 1.84 Ga. It is therefore suggest-

ed that the sediments were deposited at~2.20 Ga and derived from Archean and Paleoproterozoic source rocks.
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These data indicate that the metamorphic rocks were formed in Paleoproterozoic instead of Archaean as conven-
tionally thought. Hafnium analysis shows that the cores of zircons from migmatitic felsic gneiss have negative or
positive as well as variable eHf () values ( —16.2 to+2.7) and Archean (3.7 to 2.8 Ga) depleted-mantle mod-
el ages, the overgrowths of zircon have negative variable eHf () values (—18.6 to —7.5) and Archean (3.6 to
2.9 Ga) depleted-mantle model ages. The eHf(z) values of most zircon cores are negative, indicative of a recy-
cled continental crust. The source region of these magmas might have been related to Archean material of the Al-
dan Craton, suggesting derivation from an isotopically heterogeneous old crust source. U-Pb in situ zircon dating
shows a 1. 84 Ga overgrowth of zircons in migmatitic gneiss, implying Paleoproterozoic migmatization. The
1.84 Ga age of the migmatization event is correlated with the 1.9~1.8 Ga high grade metamorphism recorded
in other regions of the world such as North America craton, Greenland, Baltica, and North China Craton, and
was probably related to the formation of the Columbia.

Key words: zircon U-Pb ages; Hf isotope; migmatitic biotite plagioclase gneiss; Stanov; Siberian craton; Russia
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1 LA-MC-ICPMS U-Pb
Table 1 LA-MC-ICPMS U-Pb isotopic analytical data of migmatitic biotite plagioclase gneiss
wy 107° Ma
207 207 206 207 207 206
Pb - Th U zog)b lo 23,5)5 2355 lo zuef;)b lo 23,5)[1} lo 238P[l} lo
1.1r 32 96 36 2.69 0.1090 0.0005 4.154 0.033 0.2763 0.0020 88 1783 7 1665 7 1573 10
2.1c 269 312 440 0.71 0.1632 0.0005 8.687 0.078 0.3857 0.0029 84 2489 7 2306 8 2103 13
3.1r 56 38 234 0.16 0.1105 0.0003 4.239 0.033 0.2782 0.0022 88 1808 6 1682 6 1582 11
4.1c 87 112 152 0.74 0.1363 0.0005 6.995 0.072 0.3716 0.0029 93 2 181 8 2111 9 2037 14
S5.1re 46 38 121 0.32 0.1352 0.0005 7.021 0.056 0.3764 0.0025 95 2166 6 2114 7 2059 12
6.1c 271 142 540 0.26 0.1709 0.0004 10.445 0.071 0.4431 0.0030 92 2567 S 2475 6 2364 13
7. 1r 41 105 32 3.29 0.1133 0.0005 5.156 0.042 0.3299 0.0023 99 183 7 1845 7 1838 11
7.2c 76 50 165 0.31 0.1490 0.0004 8.831 0.091 0.4294 0.0042 99 2335 8 2321 9 2303 19
8. 1r 77 38 294 0.13 0.1162 0.0003 5.153 0.040 0.3215 0.0024 95 189 o6 1845 7 1797 12
8.2¢ 170 123 327 0.38 0.1658 0.0004 9.318 0.078 0.4073 0.0033 88 2516 6 2370 8 2202 15
9.1r 44 114 27 4.16 0.1132 0.0005 5.261 0.050 0.3370 0.0030 101 1851 8 183 8 1872 14
10.1r 35 38 89 0.43 0.1136 0.0004 5.323 0.033 0.3397 0.0021 101 1858 5 1872 5 1885 10
10.2¢ 175 132 440 0.30 0.1495 0.0005 7.453 0.050 0.3612 0.0018 85 2340 5 2167 6 1988 8
11.1r 53 132 28 4.75 0.1125 0.0005 5.509 0.045 0.3552 0.0025 106 1840 7 1902 7 1959 12
12.1r 37 79 33 2.41 0.1121 0.0006 5.108 0.041 0.3304 0.0023 100 1834 7 1838 7 1840 11
13.1r 43 99 22 4.51 0.1126 0.0007 5.462 0.059 0.3517 0.0033 105 1842 9 1895 9 1943 16
14.1r 41 93 26 3.601 0.1143 0.0006 6.101 0.065 0.3871 0.0040 113 1870 9 1990 9 2109 19
15.1c 345 152 689 0.22 0.1767 0.0006 10.972 0.072 0.4506 0.0034 91 2622 6 2521 6 2398 15
16.1c 375 248 790 0.31 0.1568 0.0005 8.810 0.069 0.4076 0.0033 91 2421 6 2318 7 2204 15
17.1re 75 51 139 0.37 0.1541 0.0005 9.485 0.090 0.4459 0.0037 99 2392 7 238 9 2377 17
18.1r 30 72 23 3.16 0.1116 0.0007 5.028 0.065 0.3265 0.0037 100 1826 10 1824 11 1821 18
19.1c 184 208 308 0.68 0.1499 0.0006 7.929 0.145 0.3824 0.0063 89 2345 14 2223 17 2088 30
20.1c 119 48 286 0.17 0.1536 0.0004 8.927 0.072 0.4213 0.0033 95 2386 6 2331 7 2266 15
21.1r 33 66 Sl 1.29 0.1111 0.0005 4.918 0.046 0.3208 0.0027 99 1818 8 1805 1794 13
22. 1re 32 51 69  0.73 0.1194 0.0005 5.397 0.062 0.3278 0.0037 94 1948 9 1884 10 1827 18
23.1r 53 135 200 6.64 0.1118 0.0006 4.980 0.065 0.3229 0.0040 99 1830 11 1816 11 1804 19
24.1c 274 290 504 0.57 0.1460 0.0006 7.808 0.086 0.3881 0.0045 92 2300 9 2209 10 2114 21
25.1re 04 34 139 0.24 0.1505 0.0004 8.588 0.086 0.4136 0.0040 95 2352 8 2295 9 2231 18
26.1re 38 59 45  1.31 0.1381 0.0007 7.595 0.096 0.3982 0.0042 98 2203 10 2184 11 2161 19
27.1c 52 43 107 0.40 0.1404 0.0008 7.611 0.094 0.3928 0.0041 96 2232 10 218 11 2136 19
28.1re 92 83 155 0.53 0.1485 0.0007 8.489 0.125 0.4137 0.0053 96 2328 11 2285 13 2232 24
29.1r 28 15 103 0.14 0.1138 0.0004 5.151 0.063 0.3286 0.0042 98 180 10 1845 10 1831 20
30.1c 184 211 382 0.55 0.1445 0.0004 7.000 0.079 0.3513 0.0041 85 2282 9 2111 10 1941 20
31.1c 329 329 844 0.39 0.1367 0.0006 6.095 0.093 0.3223 0.0041 82 2185 12 1990 13 1801 20
32.1c 476 469 971 0.48 0.1517 0.0010 7.088 0.079 0.3382 0.0025 79 2365 10 2122 10 1878 12
33.1c 304 409 473 0.87 0.1484 0.0004 7.311 0.071 0.3570 0.0033 85 2328 8 2150 9 1968 16
34.1c 266 138 556 0.25 0.1641 0.0004 9.456 0.089 0.4176 0.0038 90 2498 7 2383 9 2249 17
35.1c 286 218 606 0.36 0.1553 0.0006 7.957 0.105 0.3709 0.0044 85 2405 10 2226 12 2034 21
36.1r 136 333 114 2.92 0.1101 0.0004 4.387 0.053 0.2889 0.0035 91 180 10 1710 10 1636 17
37.1c 407 373 973 0.38 0.1438 0.0006 6.513 0.061 0.3281 0.0029 80 2274 7 2048 8 1829 14
r— c— re—
Hf 176Hf 177Hf 4
2 7.1 oLu Y7HI
7 Lu 7T HI 0.000021 ~  0.000021 "°Hf "Hf  0.281 151 7.2
0.000 222 176 Lu 177 Hf 0.000 328 ' Hf 77 Hf
70 Lu 7 HI 0.000 058 ~  0.281 025 8.1 7oLy THI
0.000 934 7oLu "7HS 0.000222 °Hf ""Hf  0.281372 8.2
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2 Hf
Table 2 Zircon Hf isotopic compositions of migmatitic biotite plagioclase gneiss
176 176 176 176 C
t Ma 173; 177LH“f 177HHff 26, 177:( eHf 0 eHf ¢+ 26 TI\‘;I“: Tl\f/)[“f Siw
1.1r 1783  0.003496  0.000061  0.281127  0.000025 0.281125 —38.2 —18.6 0.9 2887 3591 —1.00
2.1c 2489 0.024013 0.000491  0.281106 0.000022 0.281083 —58.9 -3.9 0.8 2946 3230 —0.99
3.1r 1808 0.001384  0.000026 0.281245  0.000023 0.281244 —54.0 -13.8 0.8 2728 3317 —1.00
4.1c 2181  0.009623 0.000166  0.281105  0.000025 0.281098 —59.0 —10.5 0.9 2924 3395 —0.99
5.1re 2166  0.033545  0.000629 0.281178  0.000025 0.281152 -56.4 -8.9 0.9 2860 3286 —0.98
6.1c 2567 0.036751  0.000718  0.281162  0.000024 0.281126 —57.0 -0.6 0.8 2889 308 —0.98
7.1r 1853  0.001422  0.000021  0.281151  0.000022 0.281151 —57.3 —16.1 0.8 2851 3491 —1.00
7.2¢ 2335  0.017363 0.000328  0.281025 0.000028  0.281010 —61.8 —10.0 1.0 3042 348 —0.99
8.1r 1899 0.011719 0.000222  0.281372  0.000029 0.281364 —49.5 -7.5 1.0 2572 2998 —0.99
8.2c 2516 0.034584 0.000710 0.281048 0.000020 0.281013 —-61.0 -5.8 0.7 3042 3363 —0.98
9.1r 1851  0.004083 0.000075 0.281176  0.000021  0.281174 —56.4 —15.3 0.8 282 3442 —1.00
10.1r 1858  0.002298  0.000041  0.281273  0.000021  0.281272 —53.0 —11.7 0.7 2691 3224 —1.00
10.2c 2340  0.041250  0.000877  0.281205 0.000020 0.281166 —55.4 —4.4 0.7 282 3145 -0.97
11.1r 1840 0.002872  0.000054  0.281201  0.000022 0.281199 —55.6 —14.7 0.8 2788 3394 —1.00
12.1r 1834  0.005933  0.000118  0.281195  0.000019  0.281191 —55.8 —15.1 0.7 2801 3415 —1.00
13.1r 1842  0.002009  0.000037 0.281138 0.000019 0.281136 —57.8 -16.8 0.7 2871 3529 —1.00
14.1r 1870  0.004545 0.000102  0.281178  0.000018  0.281175 —56.4 —14.8 0.6 282 3427 —1.00
15.1c 2622  0.043696  0.000934  0.281197  0.000023 0.281150 —55.7 1.6 0.8 2857 2998 —0.97
16.1c 2421  0.046081  0.000933  0.281198  0.000019  0.281155 —35.7 —-2.9 0.7 285 3117 —0.97
17.1re 2392 0.009785  0.000179  0.281067  0.000020  0.280059 -60.3 -7.0 0.7 2974 3343 —0.99
19.1c 2345 0.010438 0.000236  0.281193  0.000018  0.281182 —55.8 —-3.7 0.6 2812 3107 -0.99
20.1c 2386  0.021975  0.000491  0.281137  0.000017 0.281115 -57.8 -5.1 0.6 2905 3226 —0.99
21.1r 1818  0.004944  0.000098 0.281131 0.000019 0.281128 —58.0 —17.7 0.7 2884 3563 —1.00
22.1re 1948  0.006007  0.000116  0.281091  0.000018 0.281086 —59.5 —16.2 0.6 2939 3569 —1.00
23.1r 1830  0.002207  0.000043  0.281185 0.000019 0.281183 —56.1 —15.4 0.7 2809 3434 —1.00
24.1c 2300 0.024447  0.000543  0.281242  0.000020 0.281218 —54.1 —3.4 0.7 2768 3057 —0.98
25.1re 2352 0.021151 0.000437 0.281101 0.000016 0.281082 —59.1 -7.1 0.6 2949 3320 —0.99
26.1re 2203 0.002933  0.000058  0.281141  0.000019 0.281138 —57.7 -8.5 0.7 2868 3293 —1.00
27.1c 2232 0.005336  0.000098  0.281102  0.000018  0.281098 —59.0 —9.3 0.6 2922 3361 —1.00
28.1re 2328 0.018070  0.000388  0.281181  0.000017 0.281164 —56.3 —4.7 0.6 2839 3158 —0.99
29.1r 1860  0.004401  0.000082  0.281740  0.000016  0.281737 -36.5 4.9 0.6 2070 2204 —1.00
30.1c 2282 0.029367  0.000678  0.280944  0.000018  0.280915 —-64.6 —14.7 0.6 3178 3726 —0.98
31.1c 2185  0.030467 0.000646  0.281178  0.000020  0.281151 —56.4 —8.5 0.7 2862 3277 —0.98
32.1c 2365 0.033567 0.000692 0.281175 0.000018  0.281143 —56.5 —4.6 0.6 2870 3178 —0.98
33.1c 2328 0.029831  0.000638 0.281079 0.000019 0.281050 —59.9 —8.8 0.7 2994 3403 -0.98
34.1c 2498  0.025601  0.000527  0.281197  0.000018 0.281172 —55.7 —0.5 0.7 287 3031 —0.98
35.1c 2405 0.036589  0.000803  0.281359  0.000023 0.281322 —-50.0 2.7 0.8 2629 2764 —0.98
36.1r 1800  0.004480  0.000080 0.281426  0.000016 0.281423 —-47.6 -7.6 0.6 2491 2932 —1.00
37.1c 2274  0.029201  0.000617 0.281164 0.000@0 0.281137 -56.9 -6.9 0.7 2878 3250 -0.98
a eHf ¢+ =10000x  'OHf THf ¢— "SLu "7Hf ¢x &' —1 VOHT "THE qur o~ 7OLu YTHE quur X =1 -1 Tpy=1 AxIn
1+ 176Hf 177Hf ST 176Hf 177Hf DM l76LU ]77Hf s l76LU ]77Hf DM ’I‘I)M(‘: ’I‘I)M7 TI)A\/Ii t X f(j(,‘ifs .ft(fi.f.[)M fLu Hf =
oLy Hf ¢ Ly YTHE qqur— 1 A=1.867x10 ' a Soderlund et al. 2004  °Lu YTHf ¢  OHf YTHF
oLy T Hf qqr = 0.033 2 YSHf THf quro = 0. 282 772 Blichert-Toft and Albarede 1997 76 Lu Y7 Hf py = 0.038 4
TOHf YTHf 1,y=0.28325 Griffin ez al. 2002 70y 17Hf =0.015 fee= 'Lu ""Hf oLy THf qur — 1 fs=
Srow fom= 7Ly YHf py 7SLu 77HE coor — 1 ¢
176 1y 177 Hf 0.000 710 7 Hf '77 Hf 0.281 205 76 Hf 7 Hf
0.281 048 10.1 YoLu THI VoHf 7HI 0.280 915
0.000 041 "°Hf Y7H( 0.281 273 10.2  0.281 737 29.1 ToHf Y7THf

176 Lu 177 Hf

0.000 877 YOHf "Hf
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