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Abstract. The article presents the first data of geochemical studies of the Late Permian
granitoids of the Gamov Complex located in the southwestern part of the Voznesenskiy
terrane. The purpose of the study was to identify the main geochemical features of the Late
Paleozoic granitoids of the southwestern Primorye, which in the future will allow us to draw
conclusions about the petrogenesis of these granitoids. Elemental analysis of 20 samples was
carried out, conducted statistical and mathematical processing of the data, have been
constructed representative diagrams and graphs for this group of rocks. Elemental analysis was
performed by atomic emission (ICP-AES) and inductively-coupled-plasma (ICP-MS) mass
spectrometry, at the Analytical Center FEGI FEB RAS.

1. Introduction

The Late-Paleozoic Gamov complex of granitoids located in the south-west of Primorye is an object of
investigation (figure 1). In the tectonic viewpoint, the Gamov complex is located in the southwestern
part of the Voznesenskiy terrane. The complex is represented by a gabbro-diorite-granodiorite-
plagiogranite-granite rock association that forms the Gamov batholith. Due to tectonic faulting and
overlapping by later formations, it is exposed by scattered fragments of up to 120 km? The complex
breaks, hornfels, sections granitizing the Reshetnikovskaya and Barabashsky formations of the upper
Permian, and is overlapped by the Upper Triassic Talminskaya series [3].
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Three phases are distinguished in the structure of the Gamov granitoid batholith. The first is
gabbro, gabbro-diorites and diorites. The second is biotite-hornblende-quartz granodiorites and
plagiogranites. The third phase includes dikes and veins of aplite-like granites, leucogranites and
pegmatites [3].

2. Materials and methods

Elemental analysis of 20 samples was carried out at the Analytical Center of the Far Eastern
Geological Institute, FEB RAS. Major-element compositions (excepting SiO, and H,O") were
determined by atomic emission spectroscopy with inductively coupled plasma mass ICP-OES
spectrometer iCAP 6500Duo (Thermo Scientific Corporation, USA). SiO, and H,O™ contents were
determined using a standard weighting (gravimetric) method. Trace element and REE abundances
were measured by inductively coupled plasma mass ICP-MS spectrometry Agilent 7500C ( Agilent
Technologies, USA). The precision of the analyses was generally 2-5% for major oxides, and 5-10%
for trace and REE elements. The correctness of the results is confirmed by the analysis of international
and Russian standard samples of JG-3, JB-3, JA-2 (Japan) and SG-3 (GSO No. 3333-85, Russia).

3. Results and discussion
The contents of major components, rare and rare-earth elements in representative samples of the main
species of rocks are given in the table (table 1). On the classification diagram (Na,O + K,0) - SiO,,
the points of the compositions of rocks of the Gamov massif are located in the fields of granodiorites,
granites, leucogranites (figure 2). The rocks are mainly magnesian, peraluminous, potassium-sodium
series. By the ratio of K,O and SiO,, the rocks refer to the calcic and calc-alkalic series.

According to the classification of Whalen [9] (figure 2E, F) and Maeda [6] (figure 2G) the
figurative points of granitoids of the Gamov complex are located in the S and | types of granite.
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Table 1. Chemical compositions of granitoids of the Gamov Complex

A-54  A-55a  K-7-9 3-56a  K-7-7 T-11-5 T-52 An-18  T-50 JI-16 K-26a  K-7-8

Element —— 2 3 4 5 6 7 8 9 10 11 12
Sio, 6568 6643 6798 6820 6927 7017 7031 7127 7420 7444 7515 7575
Tio, 056 052 051 053 048 034 040 041 020 017 012 012
ALO, 1547 1518 1483 1563 1456 1488 1454 1382 1326 1387 1357 13.34
Fe,0, 503 490 460 510 418 294 345 331 102 192 168 143
MnO 009 008 007 007 006 004 005 005 004 002 002 002
MgO 197 172 143 102 126 139 123 125 046 073 048 0.6
Ca0 459 419 310 325 288 450 230 178 126 096 076 099
Na,O 297 298 329 344 312 308 355 432 323 580 363 356
K,0 232 270 328 201 332 092 215 232 379 076 419 432
P,0s 008 008 008 011 009 004 009 009 004 002 004 002
LOI 090 086 042 051 057 143 145 122 125 097 046 03
sum 9979 9963 9985 10011 9984 9981 9966 9989 9965 9978 9979 100,14
Be 113 090 166 1,89 108 085 104 003 103 196 131 101
sc 164 153 135 161 114 49 63 79 45 41 41 31
Y, 8794 8200 8693 5508 7478 7344 4684 4440 1543 1231 6,66 1459
cr 1732 1345 1506 1748 1447 2571 1188 1269 553 633 1813 2016
Co 1122 1078 978 614 836 947 660 602 215  2.28 121 167
Ni 670 472 726 892 709 979 606 367 249 212 242 564
Cu 1013 4522 2682 4254 1516 2553 486 832 157 2553 673 937
Zn 49 505 59 878 477 372 492 245 289 321 188 259
Ga 1756 1770 1751 1934 1596 1531 2258 1484 1693 1555 1631 14,65
Rb 7497 0037 19144 7374 16489 3017 9522 4911 10502 1981 11749 138,34
Sr 1923 1953 1699 2053 1658 3784 4377 3467 2094 3346 1269 983
Y 2549 2853 3162 4053 2742 529 17,89 1378 2608 1364 31,62 2245
7 1693 1799 151,0 2032 2549 4773 2172 1977 1100 1460 1196 7741
Nb 489 517 646 708 601 219 644 415 5905 298 655 732
Mo 7147 650 817 993 739 1330 636 614 003 045 044 1149
cd 001 009 019 029 035 018 043 009 007 040 <DL <DL
Sn 223 300 118 304 139 017 195 012 234 230 206 314
Cs 150 176 1276 247 1211 173 254 128 189 066 165  3.40
Ba 3669 5257 39390 3972 4066 2844 6486 8507 5219 1971 6933 7118
La 1649 2068 3152 5163 3213 811 5543 2484 2505 2020 3207 2484
Ce 3645 6284 4910 11763 5238 1968 11859 4355 5134 3632 6868 4503
Pr 433 666 646 1361 637 245 1220 452 557 396 784 469
Nd 1635 2469 2494 5225 2470 956 4130 1532 2009 1292  27.86 16,90
sm 334 423 468 995 473 200 7,04 233 366 244 681 340
Eu 087 076 095 109 094 045 08 08l 047 059 072 048
Gd 396 472 499 920 402 135 504 259 425 240 565 353
b 065 079 08 131 08 017 067 034 068 029 097 059
Dy 431 475 566 696 424 092 305 199 379 193 534 364
Ho 094 099 123 150 115 020 057 055 075 037 120 081
Er 260 283 383 439 267 044 194 145 245 142 316 221
Tm 036 044 051 065 040 008 023 018 039 014 050 032
Yb 244 302 344 429 325 052 164 141 272 109 338 200
Lu 038 042 047 054 034 011 025 025 040 017 047 031
Hf 475 511 486 617 765 235 543 516 399 344 405 278
Ta 048 049 056 072 057 026 045 033 061 005 072 077
W 588 527 631 760 649 905 421 48 034 021 052 969
Pb 941 939 1940 1154 1760 993 1245 309 1619 838 1602 2306
Th 837 884 2227 1866 1962 765 2414 1050 1756 845 1851 1508
U 138 151 302 263 303 164 109 172 240 079 280 270

Note: The content of oxides in mass%, microelements in g/ t.
<DL- value below detection limit
1-3 - granodiorites, 4-8 - granites, 9-12 - leucogranites
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Figure 3. The REE distribution spectra in granitoids of the Gamov complex are normalized by the
chondrite composition [8].

REE patterns of granites (figure 3) are characterized by an enrichment of light rare earth elements
(LREE) (La/Yb)y = 2,44-32,92 and the presence of a negative Eu anomaly (Eu/Eu* = 0.35-0.84),
which is typical for granites formed due to crustal sialic sources. Granitoids of the Gamov complex are
significantly enriched with large-ion lithophiles (LILE) - Cs, Rb, Ba, K, and high field strength
elements (HFSE) -Th and U (figure 4).
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Figure 4. Trace element spidergrams for granitoids of the Gamov complex are normalized by the
composition of the primitive mantle [8].

Radiological K/Ar dating in the petrotip (Gamov Peninsula), in biotite and amphibole, correspond
to 251 and 252 Ma [3]. Definitions of Chinese geologists U/Pb method in contiguous territories give
an age of 254 million years, which corresponds to the late Permian time [3]. The latest U-Pb isotope
studies of zircons (SHRIMP-11 method) [4] established that the age of the Gamov massif is 260 * 2
million years, which confirms by the earlier obtained Late Permian age.

4. Conclusions
Late-Paleozoic granitoids of the Gamov complex form a series of granodiorite-granite-leucogranite.

Refer to magnesian, peraluminous, calcic and calc-alkalic varieties. They have elevated concentrations
of light rare earth elements and large-ion lithophile elements. Correspond to granites of 1 and S types.
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