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Annotation

The Dizi series of Devonian-Triasic age, located in the extreme north of the Black Sea-Central
Transcaucasian terrane, is exposed on the Southern Slope of the Greater Caucasus, Svaneti (Georgia). It is
built up of 1800-2000 m thick mainly terrigenous sediments: sandstones, gritstones, argillites, organic
carbon-rich shales, silicites, tuff sandstones, volcanics, limestone and marble lenses, graphitized phyllites,
phyllitic shales and various hornfels altered in the most low-temperature greenschist facies conditions.

In the series Middle Jurassic (Bathonian) intrusions, represented by pyroxenite, gabbro, gabbro-
diorite, diorite, syenite-diorite, monzonite-diorite, quartz diorite and granite, occur.

Among the ten mapped exposures of these intrusions the multiphase Kirari, Abakuri and the Dizi
intrusions are the largest. Under the influence of these intrusive bodies the Dizi series underwent contact
(thermal) metamorphism. K-Ar age dating of the Dizi series magmatites established 176-165 Ma [11]
confirming the formation of intrusives during the Bathonian orogeny.

Despite the fact that these magmatic rocks were the object of interest of many researchers, many
petrological and mineralogical questions require further specification. Actually, the studies in respect of
their geochemistry haven’t been performed so far. Important for petrogenetic modeling trace and rare
earth elements content and their distribution regularities have to be defined as well.

Integrated field, petrological and geochemical studies of abovementioned intrusions were
undertaken including accurate mapping of the intrusions boundaries, standard petrography of more than
150 thin sections, identification of the intrusions effects on host-rocks and whole-rock XRF analyses on
selected from intrusions 33 representative samples (pyroxenite, diorite, syenite, monzonite and granite).

According to the total alkali vs silica (TAS) classification diagram [44] the larger part of the Dizi
intrusions are classified as syenites. Diorites and monzonites are in limited amounts established mainly in
the peripheral part of the syenite intrusions.

On the K,0 / SiO, diagram [35] the majority of samples from the Kirari, Abakuri and Dizi area
intrusions, plot in the field of banakites and high-K andesites, rarely — in the field high-K dacites and
shoshonite field. Basic rocks from Kirari and Abakuri intrusions plot in the field of basalts and low-K
basalts.

In the P,Os% / Zr ppm diagram [36], the main part of figurative points (more than 80%) of
intrusions plot in the field of tholeiitic basalt.

On the Na,0 + K,0%/SiO, diagram [40] half of the points disposed within alkaline and the rest
in sub-alkaline field. The rocks of basic composition are less alkaline. Rock alkalinity increases with the

acidity of the rocks. Figurative points of the Kirari intrusive rock samples are evenly arranged in the



alkaline and sub-alkaline fields while for Abakuri figurative points the deviation to the sub-alkalinity is
observed.

In AFM diagram [40] all the points of diorites, syenites and monzonites from the Dizi village area
are plotted in the calc-alkaline field. The Kirari intrusive formations are of more calc-alkaline in
composition, though tholeiitic formations are observed as well. The Abakuri intrusive formations also are
of tholeiitic composition.

According to trace and rare earth element concentrations discrimination diagrams for the tectonic
interpretations of granitic rocks [45] are created. As a result, syenite-diorite intrusions of the Dizi series
belong to the granitoids of continental, volcanic arc and syn-collisional type.

View of the Kirari intrusion
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930©MA0 5 39JMOOGHYIMo  domGHoGoL  JgMEwgdo.  9J3glmOmeo  dobyMmowgdosb
33630905 - MOG0E0, 53530F0, 300300 s Fsbyao JobgMsero.

39033530 §o6Imaqbowos Jugbmdm®mamwo dsM33wgdol Lobom, Mmdgams bmds - 0.5
- 1,5 80-0gs. 85 bloto  sbslosmgdl  3gOHGHOGHMWO  5393wgds. 030 bLMLGO©

3900G0HB0MYOMW00.
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339030 gdbol 0.2 — 1 88-8pg 0BMIgEGHmwo 6 Jugbmdmemzmeo gm®Iol BsM33wgdl
HMAgOL 5HILOSMYOL F9EOLYOMEMO BoJOMDS.

65



6. 06O Boo LbgMEgdol 3mbEsd@rmo Bgdmgdgwgds 89833w Jobgdody

2016 - 2017 §.§. ©. 99ba9e0s, 3. F0F0bsdg, m. Hmhmbogs s 3. d9MH0Igbmsb g
30mbsffomgmdo B39y Logdudgogom bsddsmgddo. dm3m3zqdwEo Fsboerol 3599MMEO
508539008 990009y ©oY0bEs, MM oBol Lgmos FoMdmygbowos Mgyuombscm®do
99Go0mOx0BIoL  Y39waHg  ©dswo  Loxggbwemol  30OHMdYddo  F9E9dMHBOHBOMYdMEO
33005439%0m,  365390EJO0m,  MR0WOoFIOom,  bsbdoMmM3s6-mobmgzsbo  godwgdom,
LoEOEO0AJPO®,  BHMBMJ3085d3900m, 3 IBoBHJdOm, 306MJ39d0m,  FMTROEHODOMYOMEO
BooGJOOm, BowoEolgdOo GBoJwgdom, FosMTSOOWMIO00 ©s bs0MY3M0  OJsmEgdom.
JoBgdol bsfowo dogh  OLEMEOMYIME0s S bollosmgds IHIGM0WbsmFgdMwo  ©s
BmEgd6030 G9du@M®gdom (bme. 36).

bEomo 36. DMEgdMH030, H3HOBsMFGdMwo Jgods-mobm®mo Jobo 9.gbawMHob dobsbgbs
396535000, bydgzmgHob bgmds
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DMgdmHomds  sbobogl  Jobgdol 30603569 - WOMMEIMAONO 569NN Y35MIM369d5L,
OMIgoE  39dmobs@gds  339ME0L,  3oa0M3MsH-335M30560, mobmgsbo s bsbdommgzgsbo
0360w dM99060:030 bsaMM™M3gd0m.
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913306 - 3Eo0M3EsD - 339030960, 3MMOIOOE) -56BOE) - 30HMbsBO Bsregdo,
056350 Mgd0, 135MbJd0 S b3sMbOLYdMO Jsbgdo.
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9906006905 39o3odMMo  BLHONIGMMSE —  ©IB539305B6MdOL  Fgdamdo  obz0maMgds
306O0IO0EH0L 3MOROMOMILEHJOTo (LE. 39). 35MGIMbsGMo 50300xMYd0M 438O
3969080 93b3wgds 306OMmJugbo, MJodyrmsms, 39990baB™mbodo, sd@obmwodo s GHMYImEodo,
038305050 53530 G0.
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bBomo 38. 5 - 3mb6AESdGHO Logbo®-OMMHOE OB S 0wl [ygdol B 39(390E HJsrmEgdL
FmOob; d — Mool Jugbmeomo bogbod-omemo@do

3M635dBHMM0  390Moddbol  mMgmeo, 59mf3gMmo  0bGHOMB03gdol  obol  bgHool
Jobgdg  Bgdmddggdom,  s0figzl =350  FgAHOL.  306G0dB-09BHo0mOBMwo  Jobgdo
3963000569005 OBOL bgHool M30MMHIL L3NG boffoendo 306Gl 0bEHMYHBoz0L
2903990 @9 51939 30OM BmEoL LEbom 3M(390YdS $FMBLZEYmOL F0T>MMMgd0m dE. J.
bmdxn@g@ols s 9bammol Gglo®mogolash 550 dg@EEmoo dos; om0 g439wsbg FoOMM
2990b53w900 45803309305 HYROEO-TguUEBO0L  Lsog@MImMdowm  gbol  gobfizmog s
30399ds 1800 g@™ol dsbdowby, 9.§. »3OMbMOMZ0L* 3wY)d0Esd . WbEMLdw).
00bo60dbs305, GMI gl FMbs339M0  RoXIMJIM0s  Lb3ob3s  BMAoL  9MOMIBIVMI©
2393039900 30350 0bGHOMBoMmo Lbgmwom. 0bGHMHBomwo Lbgmeol Loddwsgztg
gm39wmzol 56 3oBLsBO3MO3L  3MBBIIGHMOO Mmool  LoddEsgzMgL.  FoMEs  sdobo,
0505w 3H9839M5GHMOMo OJogdo 33b3wYds s1g3g 08 5EY0Egd30, LysE 0bGHOMHBorwo
bbgmewo 56 sMob  gododzwgdmero. sg3g  3MbGOIGHOM-09390MmOHBMYo  DBMmbgdo  BoMogL
9O0IBIDL, Gog  SOLYPPOMOE SO BMBIEMdOL  gPm0sbo LMool F9ddbsl o
d9L50530LOE  SMMMEIGOL (390390 DBMbgdoL  LOIIWH3MYIIOL  QoBLIBOZMLL.  SBY39
39350mMORMwo BMbsEMdOL oygbsdo 360dbgm396 MsMymzom MHMEL MsdsdmdL M©393900.
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7. 39&6Hmagbmero, 08305000 s 08305m30fs gergdgb@godols 998(339emdgd0

©oBob ByF0sdo 3630056900 350y 0bEHOMB0o39d0L Jsbgddo

sbGowo 1 ()

30033mb9630 Dz-1 Dz-la Dz-2 Dz-3 Dz-4 Dz-5 Dz-6 Dz-7 Dz-8 Dz-9 Dz-11
SiO, 63.65 56.51 46.27 58.56 55.9 58.21 | 57.94 55.72 58.99 56.53 59.14
TiO, 0.2462 | 0.332 | 0.7182 | 0.389 | 0.4232 | 0.416 | 0.396 | 0.4124 | 0.4714 0.559 | 0.3598
Al,O4 17.81 18.49 15.47 17.99 | 16.44 | 17.82 | 17.24 16.96 15.96 16.63 17.42
Fe,O3 3.214 4,764 10.2 4914 | 5337 | 5129 | 4.921 5.045 5.078 5.94 3.543
MnO 0.135 0.032 | 0.4552 | 0.188 | 0.2178 | 0.186 | 0.1607 | 0.2038 0.162 0.173 | 0.1213
MgO 0.6253 | 6.453 4.029 1411 | 1.805 | 1.375 | 1.277 1.703 1.93 2.584 1.66
Cao 3.623 | 04331 | 9.314 5.678 | 5.587 | 5.164 4,94 4.367 5.257 5.702 3.711
Na,O 6.03 5.882 4.348 5071 | 4.848 | 4.174 | 4.666 5.834 3.42 3.456 8.068
K,0O 4566 | 0.9189 | 0.9889 | 4.678 | 4.027 | 4.739 | 4.486 4.28 3.601 3.072 1.941
P,O5 0.1088 | 0.1001 0.56 0.2387 | 0.2766 | 0.279 | 0.2511 | 0.2012 | 0.2249 | 0.2649 | 0.1248
SO, 0.02552 | 0.1547 | 0.05152 | 0.2305 | 0.1151 | 0.123 | 0.111 | 0.03375 | 0.01097 | 0.01269 | 0.0318
LOI - - - - - - - - - - -
Total 100.03 | 94.07 92.40 99.35 95.0 97.61 | 96.39 94.76 95.11 94.92 96.12
\ 56.62 45.32 185.2 90.01 | 8751 | 96.33 | 89.44 92.97 80.49 91.66 77.43
Cr 103.5 62.81 47.82 71.28 | 6343 | 100.7 | 89.34 61.92 98.76 106.2 90.83
Co 4.843 5.251 14.08 5.849 | 6.075 | 5.919 | 5.819 5.823 7.582 6.264 4.879
Ni 0.7962 | 8.553 11.08 | 0.8493 | 10.32 | 1.926 | 1.427 2.685 5.549 6.68 0.7583
Rb 169.7 35.57 46.85 165 149.9 | 155.7 | 158.1 125.3 130 106.2 64.51
Sr 653.2 120.5 660.8 684.4 | 710.1 | 6015 | 6117 387.6 416.5 454.4 392.2
Y 36.22 18.29 34.65 38.32 | 34.63 | 29.97 | 30.66 37.37 21.07 21.22 33.23
Zr 255.2 293.1 58.6 198.6 | 169.9 | 175.7 | 1954 238.1 156.3 1915 230.1
Nb 18.76 18.76 6.15 1214 | 1441 | 1154 | 11.74 15.18 7.628 8.646 14.34
Cs 4.377 4.338 5.105 15.6 4.61 4,613 | 4.519 4.549 4,571 4.654 4.16
Ba 1188 55.35 124.2 834.7 | 951.6 | 8205 | 715.8 665.6 652.5 580.1 500.7
La 40.37 29.99 34.29 7.154 | 7.331 | 52.35 | 47.15 52.8 26.18 37.71 48.42
Ce 87.8 74.6 87.35 110.7 | 131.1 | 95.64 | 86.28 94.34 44.23 57.05 85.44
Nd 142.9 61.92 19.47 51.35 | 3445 | 1205 | 109.9 109.1 71.03 90.89 110.3
Hf 0.9213 | 0.8533 | 2.695 1.003 | 1.018 | 0.9992 | 0.9831 | 0.9676 | 0.9582 1.002 | 0.8761
Ta 1.935 1.799 2.532 2.09 2,108 | 2.078 | 2.049 2.02 2.019 2.097 1.857
Th 47.49 58.59 7.847 2331 | 3382 | 3255 | 31.77 40.22 18.38 17.22 37.52
) 9.401 11.27 5.675 6.183 | 7.745 | 6.359 | 8.375 8.068 2.963 2.354 7.556
Cl 300.8 179.7 472.7 322.7 | 255.4 371 487.5 482.8 342.9 433.1 268.7
Se 0.4177 | 0.3817 | 0.4419 | 0.4117 | 0.4112 | 0.4078 | 0.4014 | 0.4174 | 0.3941 | 0.4031 | 0.3838
Br 0.3272 | 0.7472 | 0.4795 | 0.2445 | 0.2445 | 0.2415 | 0.2285 | 1.713 0.233 0.655 1.016
Pb 42.38 6.356 19.6 40.1 39.39 | 3453 | 32.85 32.67 19.29 18.42 22.99
Zn 38.8 8.069 152.8 62.03 | 65.52 | 57.98 | 46.14 61.77 63.63 72.11 43.24
Cu 18.44 10.24 17.67 13.66 | 24.39 | 23.49 | 33.84 14 4.408 6.662 9.376
As 4.3 6.387 1.27 0.6358 | 6.178 | 0.6028 | 2.889 | 0.4204 | 0.3741 | 0.9948 | 1.727
Hg 1.632 1.464 3.261 1.709 1.71 1.692 | 1.666 1.643 1.636 1.675 1.527
Tl 1.291 | 0.5232 | 0.6267 1.651 | 1.516 | 0.8796 1.22 0.8663 | 0.5657 0.577 | 0.5276
Sn 1.258 1.145 1.569 1343 | 1.362 | 1.355 | 1.321 1.324 1.331 1.368 1.199
Sh 1.2 1.092 1.524 1.368 | 1.384 1.36 1.313 1.272 1.313 1.316 1.176
w 1.112 1.358 4,724 1.198 1.212 1.191 1.175 1.156 1.154 1.197 1.064
Bi 0.6447 | 0.5612 | 0.7121 | 0.6512 | 0.6791 | 0.6452 | 0.6355 | 0.6494 | 0.6232 0.64 0.5952
Mo 0.4909 | 17.03 | 0.5991 | 0.5162 | 1.791 | 2.921 | 1.441 | 0.5106 1.493 2.75 0.4721
Ga 12.04 10.59 19.86 11.6 1427 | 1217 | 13.49 12.12 11.11 12.7 12.3
Ge 0.6059 | 0.6939 | 0.536 | 0.6296 | 0.637 | 0.6222 | 0.6274 | 0.6091 | 0.6069 | 0.6181 | 0.558
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3bcowo 1 (d)

308306960 | Dz-12 | Dz-13 | Dz-13a | Dz-14 | Dz-15 | Dz16 | Dz-17 | 112 | 2112 | 512 | 7-12
Si0, 6055 | 57.99 | 5659 | 60.91 | 4412 | 56.48 | 5829 | 579 | 5817 | 5426 | 565
Tio, 0368 | 0535 | 0.5703 | 0.3773 | 0.02368 | 0.5716 | 0.4568 | 0.4444 | 0.4357 | 0.5835 | 0.557
Al,O, 17.72 | 1834 | 17.7 | 1567 | 0.7113 17 1738 | 1512 | 1611 | 1563 | 16.14
Fe,05 3788 | 4.92 | 5442 | 431 | 9416 | 6195 | 5223 | 5245 | 4925 | 6.654 | 582
MnO 0209 | 0.1235 | 0.1563 | 0.1574 | 0.1285 | 0.1671 | 0.1681 | 0.1334 | 0.1184 | 0.1973 | 0.158
MgO 1.385 | 1.862 | 218 | 1.64 | 3515 | 2493 | 1.946 | 1487 | 1.959 | 2514 | 2.305
CaO 3814 | 5331 | 564 | 5137 | 6731 | 6523 | 5898 | 4286 | 3.779 | 5075 | 5.984
Na,O 6.253 | 4.443 | 4104 | 4301 | 01353 | 3217 | 4.176 | 3.297 | 5972 | 2911 | 3.787
K,0 4944 | 25 | 1.882 | 3.447 | 0.00629 | 4658 | 4133 | 397 | 1.019 | 3771 | 2.625
P,0s 0.161 | 0.2763 | 0.3114 | 0.1423 | 0.00069 | 0.3932 | 0.3153 | 0.2233 | 0.183 | 0.2682 | 0.267
SO, 0.018 | 0.0244 | 0.01293 | 0.3668 | 0.5672 | 0.0727 | 0.01945 | 0.8368 | 0.1228 | 0.01364 | 0.043
Lol - - - - - - - - - - -
Total 9920 | 96.35 | 9459 | 96.46 | 97.0 97.8 980 | 930 | 930 | 920 | 9418

v 96.26 | 90.77 | 9252 | 69.05 | 16.68 | 1524 | 1052 | 41.27 | 54.66 | 8881 | 86.42
cr 9473 | 1154 | 101 | 7823 | 2846 | 8588 | 69.16 | 1479 | 1831 | 2559 | 23.32
Co 5201 | 5737 | 5992 | 6598 | 1123 | 9.086 | 6.117 | 1038 | 537 | 6576 | 6.153
Ni 1196 | 3.436 | 3.877 | 1538 | 2104 | 5891 | 4353 | 1.928 | 2792 | 9.267 | 7.65
Rb 150.5 | 133.6 | 1165 | 132.8 | 0.7127 | 166.6 | 139.8 | 183.9 | 53.34 | 1416 | 118

Sr 562 | 488.7 | 484 | 4892 | 1109 | 5237 | 5256 | 3704 | 322 | 3822 | 4538
Y 3755 | 1555 | 2065 | 2031 | 0.6515 | 24.88 | 27.25 | 2328 | 20.37 | 2178 | 20.07
zr 2384 | 1727 | 1631 | 209.1 | 03435 | 2083 | 1917 | 237 | 1647 | 2032 | 185

Nb 172 | 1324 | 131 | 11.92 | 03416 | 7.127 | 1192 | 1047 | 82 | 7.943 | 9592
Cs 4461 | 4495 | 4534 | 5512 | 1831 | 4902 | 4725 | 1149 | 4.014 | 4799 | 4.698
Ba 1033 | 4203 | 2952 | 6295 | 2223 | 730.2 | 6927 | 8081 | 297.3 | 7257 | 341.2
La 4934 | 3096 | 4033 | 29.85 | 3217 | 5615 | 4053 | 6.742 | 7.098 | 7.579 | 7.48
Ce 8535 | 6255 | 7284 | 56.36 | 9.453 | 9125 | 74.32 | 8156 | 8.722 | 58.22 | 100.6
Nd 1149 | 7219 | 6422 | 7252 | 4524 | 1262 | 7533 | 5947 | 67.83 | 76.01 | 67.27
Hf 0.9425 | 0.9566 | 0.9766 | 1.147 | 563 | 1.045 | 0.9922 | 0.9803 | 0.9093 | 2.01 | 1.001
Ta 1.984 | 2,007 | 2045 | 2417 | 1273 | 2176 | 2076 | 2.031 | 4913 | 2136 | 2.088
Th 4871 | 2063 | 1766 | 2057 | 04097 | 3255 | 2235 | 2379 | 19.63 | 1612 | 16.89
U 7528 | 4153 | 4128 | 4982 | 0.6468 | 5298 | 4.328 | 8.008 | 4.38 | 3512 | 4.056
cl 3284 | 389.7 | 4234 | 2611 | 7147 | 3664 | 4188 | 4009 | 2313 | 317 | 3025
Se 0.3963 | 0.403 | 0.4057 | 0.4801 | 0.4047 | 0.421 | 0.4191 | 0.4029 | 0.3863 | 0.4066 | 0.401
Br 1.068 | 0.5589 | 0.2337 | 0.2843 | 0.3266 | 0.2816 | 0.4223 | 0.2433 | 0.6883 | 0.658 | 0.238
Pb 5355 | 28.87 | 2548 | 39.22 | 0.6257 | 2589 | 2756 | 237 | 1451 | 19.06 | 17.35
Zn 5897 | 66.18 | 7064 | 559 | 6429 | 6431 | 59.73 | 69.24 | 8513 | 70.09 | 61.14
Cu 1147 | 1381 | 1474 | 3355 | 31.81 | 3131 | 1829 | 1103 | 1897 | 836 | 8.627
As 08089 | 1.074 | 1516 | 0.7454 | 117.6 | 05783 | 0.3895 | 0.5432 | 0.3561 | 1.058 | 0.511
Hg 1644 | 1631 | 1643 | 1.997 | 2568 | 1.756 | 1.696 | 1.668 | 1.54 | 1.69 | 1.667
Tl 0.7306 | 0.5507 | 0.7428 | 0.6595 | 0.5871 | 0.8326 | 0.5447 | 0.8608 | 0.5395 | 0.5805 | 0.578
Sn 1302 | 1.286 | 1318 | 159 | 145 | 1432 | 1371 | 1504 | 1271 | 1.403 | 1.378
Sb 1273 | 1242 | 1265 | 1521 | 1.428 | 1.356 | 1.314 | 144 | 1.362 | 1.351 | 1.385
w 1138 | 1149 | 1172 | 1.389 | 1.306 | 1.245 | 119 | 1173 | 1.103 | 122 | 1.193
Bi 06522 | 0.6216 | 0.628 | 1.064 | 064 | 0.6698 | 0.6467 | 0.6414 | 0.5946 | 0.6477 | 0.638
Mo 05004 | 4277 | 332 | 08608 | 1.833 | 05341 | 05114 | 05162 | 0.4743 | 05179 | 0.505
Ga 1269 | 133 | 141 | 1054 | 1.055 | 1301 | 1282 | 1157 | 9.394 | 1375 | 15.89
Ge 0602 | 0603 | 0.6139 | 0.7458 | 0.6525 | 0.6581 | 0.63 | 0.6277 | 0.5693 | 0.6399 | 0.616
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gbOowo 1 (p)

3m03mbgbo | 8-12 11-12 Kr-2 Kr-14 | Kr-X Ab-3 Ab-4 Ab-5 Ab-8 Ab-9 | Ab-10
SiO, 56.75 55.76 44.34 52.31 57.53 63.07 56.25 | 56.85 43.55 4549 | 4331
TiO, 0.5213 | 0.6016 1.155 0.6224 | 0.497 | 0.6037 | 0.7172 | 1.189 1.115 | 0.3737 | 0.4918
Al,O3 15.67 15.86 17.65 19.18 15.86 15.16 18.34 | 2454 15.2 5.805 | 10.28
Fe,O3 5.619 6.283 10.82 4.748 5.335 4.664 5563 | 2.835 10.16 10.69 11.7
MnO 0.157 | 0.1792 | 0.1968 | 0.08632 | 0.154 | 0.07793 | 0.038 | 0.0202 | 0.2087 | 0.1836 | 0.2212
MgO 2.09 2.42 7.301 2.864 2.251 2.748 9.028 | 1.568 11.8 20.73 | 18.57
CaO 5.137 5.681 11.41 7.703 4.907 4474 | 0.7971 | 0.3843 | 9.719 16.28 | 14.81
Na,O 3.016 2.446 0.4543 3.907 3.724 4.864 2.864 | 3.017 1.527 | 0.1353 | 0.1353
K,O 3.599 3.392 1.125 1.523 4.494 1.688 1.778 4.99 1.545 0.391 | 0.2452
P,Os 0.1896 | 0.2477 | 0.1764 | 0.2542 0.25 0.1954 | 0.2378 | 0.1011 | 0.3613 | 0.0007 | 0.1331
SO, 0.223 | 0.02721 | 0.04884 | 0.03261 | 0.013 | 0.0023 | 0.0025 | 0.0867 | 0.03858 | 0.317 0.15
LOI - - - - - - - - - - -
Total 93.0 92.9 94.6 93.23 95.0 97.6 95.6 95.60 95.20 | 100.00 | 100.00
\ 12.54 104.8 278.7 106.9 108.2 107.1 105.7 | 102.2 2434 1925 | 1794
Cr 9.044 26.65 121.4 77.57 91.94 136.8 70.3 115 456.2 1180 855.8
Co 15.7 9.285 32.06 9.013 7.302 6.688 14.6 5.273 38.25 58.67 | 53.28
Ni 4.867 10.17 46.2 189.4 6.817 17.13 24.5 2.895 154.8 293 253.6
Rb 127.8 116.8 44.14 64.08 164.4 79.54 76.66 179 43.8 12.01 | 5.744
Sr 422.4 4175 407.6 626.6 455.7 302.4 78.26 | 170.2 516.8 193 3194
Y 17.83 21.35 28.62 13.51 20.38 20.03 69.62 | 7.723 20.38 10.73 15.1
Zr 168.9 176.5 57.12 177.2 168.2 123.4 186.6 | 162.8 38.54 1515 | 16.57
Nb 8.115 8.158 3.006 4.279 8.951 10.24 15.24 | 14.73 3.242 | 0.4674 | 0.47
Cs 125.4 4.882 6.642 5.55 5.769 7.924 4.96 4.851 6.33 8.228 | 6.797
Ba 877.7 694.5 195.5 339 744.3 2459 128.8 | 388.2 359.5 88.8 47.06
La 249.4 7.635 9.704 21.93 30.3 8.711 1129 | 8.539 9.429 1766 | 11.42
Ce 8.12 4421 20.58 45.55 68.01 42.7 166.9 | 25.98 35.49 1095 | 18.23
Nd 14.56 84.54 73.79 59.4 89.47 63.03 87.38 | 37.98 76.12 7177 | 66.54
Hf 0.9956 1.02 3.936 1.174 1.203 1.117 1592 | 1.038 1.432 1471 | 4.447
Ta 5.406 2.123 3.285 2474 2.518 2.369 2.32 2.151 3.111 3.096 | 3.279
Th 17.72 16.38 3.495 10.06 26.83 9.26 14.04 7.41 3.946 1.729 | 1.964
U 4.569 2.018 0.9988 1.067 2.834 1.071 1.883 | 1.379 | 0.9878 | 0.751 | 0.7256
Cl 388.9 295.7 411.2 362 481 247 287 432.7 940.6 780.5 | 707.4
Se 0.4042 | 0.4071 | 0.5561 | 0.4814 0.49 0.4581 | 0.4421 | 0.4283 | 0.3559 | 1.266 | 0.564
Br 0.2444 | 0.256 0.3596 | 0.3077 | 0.885 | 0.7992 | 0.4377 | 0.2535 | 0.5499 | 0.3537 | 0.3634
Pb 19.05 17.12 8.922 14.81 30.96 9.485 3.013 | 4.952 3.278 2.683 | 2.143
Zn 116 83.1 90.27 51.31 55.06 47.63 2461 | 19.68 83.46 5135 | 72.48
Cu 207.3 9.465 68.55 46.85 5.563 2.521 3.088 | 9.062 26.02 1949 | 45.78
As 0.5178 | 0.4891 | 0.5347 0.459 0.626 1.112 5.155 23.3 0.576 | 0.5782 | 0.583
Hg 1.675 1.695 2.395 2.01 2.043 1.886 1.824 | 1.786 2.297 3.973 3.62
Tl 0.666 | 0.5861 | 0.7393 | 0.7039 | 0.646 | 0.6712 | 0.6539 | 0.6478 | 0.9103 | 0.8134 | 0.8039
Sn 16.5 1.433 2.079 1.599 1.696 1.499 1.458 | 1.376 1.928 2.021 | 2.074
Sb 1.461 1.362 1.921 1.517 1.61 1.446 2.695 | 2.863 1.826 1918 | 1.978
w 1.195 1.211 1.82 1.418 1.443 1.352 1327 | 1.235 1.745 1.9 1.966
Bi 0.6446 | 0.6486 0.932 0.7611 | 0.779 | 0.7206 0.7 0.687 | 0.8748 | 0.9201 | 0.9573
Mo 0.5145 | 0.5134 | 0.7009 2.217 0.904 4.7 0.5788 | 1.953 1.907 6.815 | 3.356
Ga 11.71 13.85 18.19 15.57 11.84 6.72 8.073 | 1443 8.955 3.361 | 8.294
Ge 0.6278 | 0.6305 0.877 0.7474 | 0.7628 | 0.6245 | 0.6687 | 0.6535 | 0.8535 | 0.8857 | 0.9058
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0536505 1. 306560-50539MH0L Fo M0 3nd3gdbol Jobgdol Lo 3eslingo3o30Mm EOs™MTs [43]

0530530l 39¢q00: | — BB bLogbo@o, Il — GG 339030560 Logbodo, I — Gm@g
3056030, IV — Lbogbo@o, V — 335030560 Logbo@o, VI — g®msbo@o, VII — dmbgmbodo, VI —
339030060 Imbmbo@o, IX — dmbgmwomMo@o, X — 335030sbo dmbgmmomMo@o, XI —
3M5b6m©omMo@o, XII — gsd6m, X — 335630560 @om®0o@0, s XIV — @mbswo@o
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Q0536535 2. 306M156-50539M0L JodMMHo 3md3gdlol sbgHBO-dsBosw GO Fgagbowmdol Jobgdols
L53eolLO0GOISFOM EOSRMSTd [35]

9350G0L (Ewart, 1982) [35] Logaslogozsaom osa®eds®g bm. obol dosdmgdols
066G@GD03900L 603999900l J0MH0MOEO MoMmEYBMdS (396G Boffoerdo gobemsas. Jobgdol
53bobggaro oM GH0Wwgdo JoMHOMIIE B36530GOL S BoP-35¢09d0sb BgBoEHOL ggardo
dmbgs. 4 H9MHGH0w0 dmdmbo@gdol M0ydo, 1 - oo 3503060 BB EJdOL MHodo.
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Q0031505 3. 30MHM-505329M0L FoadMMO 3mI3gdLol Jobgdol Logzwslingo3sE0Mm OsMTs [39]

35b@ob  (Hastie et al, 1982) [39] ULo3wslogozs3om ©0sMsds®) ©obol LyMosdo
396300000900 0bOHEGHMHB039d0L BoaOo [oMGH0wgdol doMomso bsfowo gobmsys
©I30H-M0MEOG-WOGOG-GMboGHME 39edo. bmg. ©oHol dosdmgdol 0bEHMMBogzgdol
090G0wg00L »dg@gbo bsfowo dmbs s0bodbme g3gwdo. s193g 59539 39edo dmbs 30MHSMOL
Q5 505379600L LOghoE-OMMOEME0 J9AI60WMBOL 0bEHMH03900L BogEmwo g Eowgdo.
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Rmo 306BgLEgOOL (P20s-Zr) [36] B@9 ©5 GHMEgoGo Hoygdol olzmodobszowme
©053M535Dg H9MEH0gdols 80%-bg d9E0 gobsgys GHMwgodMmo 35w @gdol Moydo. 5J9wsb
bmx. EOBOL IMFMYdOL 0bEHOHWH039306 3 F9M G0, 2 5B53MMOL s 1 30MMOL S0IMBB.

A0GI 0oL 39 do.

77



12

O lLma. ool ob@frmBoggdo o
11 e 306560l 0b@fBogo o
10 1 @ 5d537900b 0bHfBoz0 O
O
X
S 9 o O
o
v g Alkaline series o0
+ O
o
o @)
Z 7 ©©O
O @ ®
6 7 OO
O ® o
5 4 Sub-alkaline series
@
4 T T T T T T T T T T T T T T T T T T T T
45 50 55 60 65
SiO, wt. %

Q©O053M595 5. 30MM-50539MHOL Foa Mo 3MI3egdbol Jobgdol &g s bLdEMG LYMogdOL OsYMTs [40]

00306-056M53560L (Irvine, Baragar, 1971) [40] dJodow6 ULo3ersllogolsgom ooyMsdatby
(Na20+K20 — SiO2) §g0@Howgdol bsbgzscmo gobaogs Gv@g Bg®osdo dgmMg Bobgzsmo 30 bvyd-
AMG9 bgdoob Moydo.
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O Loy, 0Bob ob@frmBoggdo FeO (total %)

@ 06M360L obEfvbogo

@ 5d53960L 0byfbogo

Tholeiitic

@
o ©

0o

Calc-alkaline

Na,O + K,O wt. % MgO wt.

©003M535 6. 30HM-505379M0L ToadMMO 3mI3gdLol Jobgdol AFM ©osg®sds [40]

06306-056M53560L (Irvine, Baragar, 1971) [40] AFM ©0sg6595%B9, bmgy. 00Bol osdmgdols

0bGHOYHoggdol gzgws HodEHowo gobwsgs 30O-Gdg 39¢d0. 30O-Gdg 39¢do sbg3)
396535 30M5MOL 60dMTgdol 75% s 505329M0L 50%.
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| |
26 -18 -10 2 6 Pl

@ 306056 - B3390 Bsp3Mo 3m33engduo

©003M535 7. 3M560EGHM0©gd0L I, S, A ©ol3MH0dobs30IE0 OsRMds [38]

D1=-0.76 Al,03+ 5.96 TiO, + 2.91 MnO - 1.93 Na,0+1.95 K,0- 18.5 P,0s;
D2= 0.37 Al,03+ 7.25 TiO, - 54.08 MnO - 4.28 Na,0-0.55 K,0+45.81 P,0s

35L0b, 3535¢0LEBHIOOL  OLZMOOTOBIEOME OREMT>DY [38], y39ws oGO AbEsy©s 1
3930, M53 35LMbMdL FMsb0EHMO0YdOL FogdME LobglbgzoMmdYBL.
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©053M595 8. 30M5M-50539M0L Fo Mo 3mA3gdbol Jobgdol &gl mbozm-boobEgM3Mg@ogom
QQO0oaM0s [45]

0830500 s  038305m30fs  9gdgbBgdol  4s9mygbgdom 53930 GgdEHmbozmeo
Lo0bBHIO3MYGHEG0M  OLIM0T0bIEOMO OSMsTgdo (Pearce, et al., 1984) [45], Mol 99gao©
©5y0bs, MMI obol LMool Logbod-omMo@dwwo dgagbowmdol  0bEH®mMBoggdo
0093136905  3mb6@0bgbGHMMO s 3ME3obmo  M3omgdol o Lobzmwobom®do

36560@™0@gd0L X QMRL.
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©053M595 9. 30M5M-50539MOL Fo Mo 3MA3gdbol Jobgdol &gl ™bozm-boobEgM3Mg@oEom

QQO0oaM0s [45]

50539 933Mgool  oLZMOT0bs30ME oMby (Pearce, et al., 1984) [45], 30656-
50537960L 353050 3033egJulol Yz9ws BoyOIEo FaOEG0Wo  4obwsa®s 3 3sbm®o

635900l 39¢do.
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0536535 10. 30656-505329M0L o060 3003qJbol Jobgdol BgdEmbog®-Lsob@gM3Mg@ozom
Q00005 [45]

306OLoL 3m6EH0b9bEHWIMO S M3YbMMO O 35gdOL EOLIMOTObFOIE OSYMT>DY (Pearce,
et al., 1984) [45], 30656-50532900L Fo33w9MH0 3m33¢9Juol MOoMJdol yzgers saLabggero FoMEHowo

396535 3mbE0bIBEGHWMO M3oegdols 3gendo.
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Na,O + K,O - CaO weight %

12
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4 O Limgg. cooBob ob@frmboggdo
@ 06M560L obEfrbogo
-6
& @ 5Bs3900b obEfvmbogo
8 '_. T T T T T T T
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Si0, weight %

©053M595 11. 30656-50536M0L To3w9MH0 3m33¢gduol Jobgdol GEg-30M056mds [37]

ROMLEGHOL BIEI353H0560 J5bgdol Logwsliogozsom OsyMsdsBy (Frost et al, 2008) [37]

1303600 F90EGH0wgdol doMomso bofloro dmbgzos GvEg-3060056 39¢do, 3936Ms© bozergdo

090G0wo dmbgos GHvB9)do. 306 GMGHJdo dobogs FomGm Lsdo 9O Eowro. dgobodbgds
306156-505329M0L 300339 gLoL Jobgdols Bv@g-3060056Mds s BYEH06MdOLZYE gowobMs.
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©003M5035 12. 306056-50539M0L Fo309M0 3033gglbol Jobgdol MI0b0sBMds s Toabgbosww®M®dS [37]

ROMLEOL BJEEI35BH0560 JsbgdoL Lo3esllog03530M OLREMLdsDY (Frost et al, 2008) [37]
130300 HgOGH0wwgdol  doMomso  boffoero  aobaogs  dsabgbome  ggendo, Jobgdols
3065060 Lobgmdgdo 08305m0 33b3090s. Bo0bEGHYMGLMS o, MMA M30b0sbo Lobgmdgdo oM™
bmg. ©oBol ImEsdmgddo, BMYO0O-dguBHool  Lssg@mdmdom abBsbHgy, bmx. OBIWY
33630905 (LETOOHYN-EsLOZ g bbgrEgdo).
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©053M595 13. 30M56-50536M0L To3w9MH0 3m33¢gdbol 3oMmmdLgbo@Egdols @s odMML 3¢rs0MmIEsBIdOL
90360MmBMb0 bscrobol G990l 06GIMH3MgE30s [42]

M. MOl s 3. BHmymbodol [12] 3es0m3wwsHgdol do3MHmbMbwwo sBserobgdols
8mb5(399900 30656-5053796M0 306glgb0GHIO0B O Ro0MMPIB OGBS MsbsdgM™m3y
Ab/An/Or 0530535%79, OHMIWol MsbsbTo, 300HMJlgbo@gdls s 4odMMI0 sxz0dLOMYdIMO
353003wsH0o 80939036905 sdMIMO- 30GM3boG0L XAMRBL (3oMmdlgbodo - do@mabodo,
3900 - E50MSPMMHOE0 S d0BHM3b0EGO).
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Mg,Si,0¢ (En) Fe,Si,06 (Fs)

©053M505 14. 30656-505360L Fo3v9MH0 3m33¢gduol 3oMmdlgbo@gdols @ sdM™ML 3o0MHMmdlgbgdol
90360 mBMbEMwo 56seoBol dggaol 06 M3MgEE0s [44]

M. MOIYOHOL s 3. GHMambodol [12] 306Mmdlgbgdol dozmMmbBmbomwo sBswobgdols
8mb5(399900 30656-5053796M0 306glgb0GHIB0B O RoOMMPIB OGBS MsbsdgM™mzy
Mg/Ca/Fe ©053(535%9. 6oL 99ao0 80090wos 898ga0 dmbs3gdgdo: 3ommdlgbo@dgdol
3000mgbgbgdol dmbm3wobmMo Lobglibgzsmdgdo - ©EO0M3LoE-533030L MoyoLss. o3 ggbgds
GH0ddM 3060mgdugbl ol FoMImygbowos gblGs@GoGHom. olgzg OHmamOE 306MHmdugbodqddo
390OML  8mbm3wobmMo  3oOHmdugbo  [oMdmygbowos  OM3LOW-5303H0m.  OHMIdYWO
306mgdugbo 30 9BLESGHOE0S. SBgmo b3V, L35MMEM, 230639690L, MM odMHMIdO ©d>
300mggbo@gdo Mo ool IM0353JO0 5M0b.
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8.1 3065615053790l T3¢0 3mI3egduol Jobgdols Fo®dmdmdols liggds

Accretionary prism .
yp Volcanic arc

Ocean trench
Continental

]/CI‘USt

Moho
discontinuity

Oceanic crust

Magma
chamber

Rising diapirs

Subduction zone

bd9ds 2. 30MH5M-5053M0L FogdMM0o 3033 gJLoL FoMIMBMdOL dgdsbobdol dmgero [48]

92900 O053M53JB06  2odMmIEObIMGMBL,  MMT  306056-505379M0L  Foa MO
3033gdLol Jobgdo d0939mb3z9ds 379 35699M0 M35¢gdol Fotrdmboddbgdl, sbwg dobo FoemdmBmds
53930009005 M3956mM0 s 3mbGH0BIbEGHWMMO  JoMdgdol LB I30E  DMbILMS.
§963m3mdob d93s60Bdol Imgwro Fomdmygbowos ligds 2-by.
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9. Lslsstggderm foswoligreo

9.1. bMoL Mdml 3mEgbgom®o bsdsom

306156-505329M0L  BoaBoBH M0 333egJuo  LoobBHgMglbms s1939 MJOML 2odsbgdoom. L.
393905 5 3. 393905 50b0TbE BHIOOGMMOL — J0MH5M-5053MMOL Mm@l dobosbo 3356dol
Lobgeoom  dmoblgbogdgh.  dsmo  dmboigdgdom  ,0mbEm-oMmMOEIOOL  3mbES]EHYdME
53933060909 MJOHMb dsM390d0 (bEs, sOHT0MS, 30M5M0 s 1b3.) 500b0dbgds mdMmls
399030690, MHMIgero 80939mb39bs 36MmdOML MmdMm-33503-030M9LR0O LodMghHzarm
Gogdl [27].

50 3500b0sbo 335600l Fsyargddo mgOHml FoGocmgdgwro 335030l doM39d0 sbodbwmeos
d30Mg 06@®MH03900L gbm- s 93BM3MbEJBHI0T0. beg. oBoL doEsdmgddo skgmo GHodob
3995006905 500b08bgds 9.5. WMbEOL 06EOHB0Z3mMB, MMIgoz IdsMIMdL d. 9GOl
bgmdol  JoMxggbs dbotgl, Lmg. @oBol FsMIsM0oEMml  35600gMoLash 500-600 dgEmom
dmmMmgdom. mdoOHmlb do@sM9dgwo 0bGmHBomwo bbgmwgdo 58083 gdgmos HYaOEO-
dgbEGO0L Loog@MAmdom aBol gobfizMog, 3390 E06-dsmMzmwo Bmbs 3o gbosb - 100 9
bg0mm. 0bGHOMHBo30 33gHL EOBoOL LgHool ©I3mbMH ML, GMIgo Fgagds 335M3-
30mGH0G0560 s 3350 3-00ME0EG)-96IEBOEH0560 Bodwgdologsb.

3995006930L 353500 BMbs (N1) 2560398905 0bEGHOMH0Z30L 2580831 gdwo bsforols
LodbMgomdo. bowywo  Loddwsgcg 12 FgBH®mos. Dmbsdo  godmogmas  GAoLBIO-mgmEo
LodoemPoM(33¢M35060  335M30L 6 FgBHMosbo 0bEIM35t0, OHMIGoE  POdBIOMWOS @
3939005 MROM Jb30eoM (3303560 335ME0m, HMIgedo 8906086905 3o 3gmboligdMo
03600 dot353900.

396306 BO©OMgmologgh dmbm3zzsME0sbo Bmbs 033wgds dEr0gh 25335M3E70ME0
339030560  8Mb3Mm©OM®mOEGHJo0m. ;3300 dmbEmom®mo@gdol Loddwsgtmg 4-6 T9EHEos.
39335M3990L Bmbsdo 9906086905 LyMoEOGO S LB IdOL Rsbsfobfzwgdo.

L. 393905 s 8. 393905l [22] dobgz00m Jsz356 BMbsdo mdMml d90339wmds 9,8 o/3)-
8095, d0oLdNEBHOL - 0,9 %, GHgwmeob 0,16 % - dg.
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33903d5MM39w0o Bmbs N2 456eogqdmeos 80535600 Bmbosb 50 dg@Hom Bbgdmm. dobo
boddeogtg 10 Fg@®os. 93 doME3do ™mJOmL 999339 mds U. 3939w00ls s 3. 3939wosls
dobg300 - 3 ¢/@. Dmbs N3 2563005609005 06EHOHB0Z30L 500MbEgzwgo 3MmbEedGHmsb ©s
dobo bLoddeszMg 5 IgBHMOos. MmgMmlb T93039cmds - 1.5 ¢/@).

B9306BY, dMsz35M0 bmbs 140 FgBHEom 33OEIEI0s. dobo Moz bosfowo L.
3939058 o 3. 3939000l SHBOOM - M9BFIOOHM3Z9 I IZ0MBOM IGO0, #sF0IZEGO™
Bofoando Dmbol dodlodocrymo boyemo Bmbs - 14 dg@EEmos. Bmbsdo, Bgsdom by godmoymas 6
39G®0560 8500b0sbo 06 IMH35¢0. O™l Lsdmsem 899339 mds — 7,48-8,89 2/@). L. 3939005l
@95 9. 393905L 8mbs39990000 WMHbEOL F0EMYdT0 MJOHML Mom©IbmMds 30 BHmbsdwygs.

9.2. 301¢03gBov®o 595¢0690

306156-505379M0L  Boadm0  3m33egJbol  FoMygddo  Bo3ToMO  J93M(3ILIOIE0S
30dgBoM0 259506905, 890dwgds 0mgasl, ™A Bsbsfobfzergdols Loboom, m0mddol yzgws
0b@ONbomw  Lbgmwdo 89obodbgds  dobgmwo  BobgMowgdo - 3oModo, 3oMmEobo,
952693030,  3905¢0@0.  0oaMsd  yzgwsbg  360d3zbgwmgzsbos: 1) 3oMsGol  LsdbeMgor-
50039 do, 3. goHobol bgmdsdo slgdMo gsdmbds; 2) GHMIMWEIMOL FobErMmdEs.
Mm6039 99000b3z935d0 250506905 5353806093905 OBOL BYMOsLmsb @y HoMmdmoygboeros
906965 0Bgdwo Bmbgdom, GMIgEms Loddwosgemg - 0.5 — 0.6 JgB®os. 306390 Bmbs
39360390 90Mos 350 dgBH®ol  dobdow By, Mol 09Iy IWLIRIMIIM0S  OYLIZ0YIOO
Boangdqdom. dgmMg bmbs go3ME39wgdmos 150 dg@cmom. yz9wsbHg dwog s8s50bgdmos
6Jomwgdo s 339OE0L  doM®3gdo. Bmbrddo gobgzomsmadmwo dsbgmaro  dobgMoergdos:
LB IM0E0, Fogbo@0, 3000G0, IME0dEIboGo.
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9.3 l3sMbgd0 ds969BH0G-30MME060560 93950069000

©oBol bYM0sdo 500bodbgds FsbgB0E-30OMEH0b0sb0 9850bgdOL LZsMbMEo Bmbgdo,
OMIWIdO3  ©939300093Mos  3JoMSMOL,  Lmg. ool  Josdmadol s 5053)MOL
06@®1D0390m5b. gl HomBMbsgdbgdo godmoygmazs 30605608 0bEGHOWBoZ0L LodbMHgm, LsdbeMgor-
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