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Abstract

The research object of the Doctoral thesis is the eastern part of the Greater Caucasus
orogen, in particular, Kakheti area.

The eastern part of the Caucasus orogen, Georgia Republic, is mainly underlain by
highly deformed Lower-Middle Jurassic shales, sandstones, and volcaniclastic rocks, intruded
by numerous intrusive bodies of various compositions. All units contain a variety of
mineralisation types and their surrounding zones of hydrothermal alteration.

The aim of the fulfilled work, after 30 years interval, was carrying out of the detailed
geological and metallogenic research and study of mineralization areas for evaluation their
industrial potential. Three main stages of magmatic activity are now clearly distinguished.
Oldest magmatism comprises Early Jurassic events, related to extensional tectonism, which
ranged from rhyolitic, through dacitic and andesitic, and to basaltic magma. Additional
extensional processes were characterized by intrusion of a gabbro and diorite dike system
into recently deposited late Early Jurassic-early Middle Jurassic formations. The final
magmatic event was associated with Middle Jurassic folding and uplift during which
multiphase diorite plutons were emplaced. Related intense hydrothermal activity was
responsible for important polymetallic mineralization, with more than 100 recognized
outcropping occurrences. A detailed study of all of these occurrences has indicated
anomalous concentrations of gold, thorium, yttrium, cobalt, cadmium, and (or) bismuth. In
addition, several new and potentially significant mineral occurrences were discovered,
including Gelia and Lechuri.

During the research were used field- and laboratory methods: microscopic study of thin
sections and polished sections, petrographic, geochemical and geophysical methods.

The structure of the doctoral thesis describes the complex character of the research subject.
The paper consists of the introduction, five chapters, discussion and the conclusion. The
paper has two appendices — tables of chemical analyses results and the references. In the
introduction the aims and objectives of the research topic are established. In the first chapter
is given brief geographic description of the study area and its geological research history. The

geologic description of the region, its geotectonic position and issues of geologic construction

iv



are given in the second chapter. In the third chapter is given description of the main rocks
that construct the region. In the fourth chapter magmatic rocks of the study area are
described. It includes a sub-chapter, where is given U-Pb dating results of zircons extracted
from magmatic rocks. The existed ore occurrences of the region and also newly detected
mineralized areas are described in the fifth chapter of the thesis work. In conclusion the

research results are presented.

Keywords: Eastern Greater Caucasus, Kakheti, magmatism, gold, thorium, ore occurrences.
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d09mbo30s6 Bomgeros, @A LsFoMHms 25dw0gMHgl sHoero A5Fobgdgdol dgdbs-
dogds o, FoLmIb gMMOE, F9IBILEIL 3390, MBS BMYPogHMTs FoMAS6TS
6mdgwoy 96593mbM303M0 oym  Hodlmedo,  096sd9MM3g  LEdSBOM
dmmbm3zbowgdosd  4sdmdobscg o LYFMM-IMI3M39dgo  0bMLEGHMOOL
A996mmaom®o 2963000560930l FMEDY, TgLodegdgEros LadIMMS 3MOEIMH0YIgd0
Q0553054mi30¢Ml.

B3gb0  3aobg@ol  LoboMyqdwm  fosmolgmwol  s030L900L  obGHMMOol s
9sL9BHo0d900L  om35cobfjobgdom, dmdsgoendo, Mo 0dds bs, 2odbgwrgds sboero
50dmBgbgdo s L35M9MOME, FoM0 MOMEIbMdsE. 90b0TBMOEIb  9dmMAobamy,
99000300 593000909005 LolaMAgdwm {oorobgmeols dgdbs-dogdol m3E0dserweo
993b0gmHmo dgomgdols dgMBg3s, MMIgeros ©sxdbgdwo 0dbgds 3mI3ergdume
39IMWMA06, 239JodoO ©S 29MB0D03ME TgMYdbY.



B30bl  Boge [oMdmygbowo FHMTs LHmeMgo o3 99m{39390L  gbdosbqdo,
396Mdme, Bz9bo 3300930l  gOH®M-9HM0  JOMOMIEO  F0DBIB0S  393395LOMbBOL  39bgmob
bgdBHmOdo  Fobosbo  TobgMmserobogool  33agzs o dobo  LYIMY39w™
3mG9b3oseol  dgo3eligds.  MHmamGmE  dmem  OMOL  gmdodo)m-0BMmEHM3MOHO
9mb5(399900 @5 L399 533060390900 3039690,  3Mmobomed  MmOHMYgbgddo
doLdBHodmO  Fob0sbo  BobgMo0BsEos, MIgBHL F90mbzg3580, 939300600
0bGHOMBom  dgdo@EHobImsb b 950 M9BgMH3MeMgddo  BmOHIomOMo
3000MMMYHIJBOL  3mbETogdMe  5JGH03mdsboeb (Goldfarb et a., 2005, 417-418; Kekelia
et al., 2008, 369-372; Okrostsvaridze, 2007, 45-69). s0Lob0dbs300, MM Tgbfogeroen
M9a0ombdo  LHmego  0bBHOHNDBomwo  3s3doGH0Bdo, goblibgsgzgdom 9B BMEOOLYD
(5dododg, 2010, 167-170), 365dGH03Mmo© dgMLHogegwos ©s 33w930L  9OmgMH o
59m3sbalyg 99 bBaMzgbol Tg3bgds Homdmoygbs. LHmGgo  od 0 3565U369¢0ds
5699d963H3s 39bLsBM3MS B3gbo  AvsfY39B0Wgds,  d9a39Lfogs  Mga0mbols
0b@GOMBomwo  3sdsGH0Bdos @5 39639LsBE3GMSs oo  HMero dsqbosbo
906965e0Bs300L 36399000, dg0b6s5-dogdoomo 36m3gbgdol  dgBo
™3G0dobsgool  dobboo.

50Lsb0dbs300, MMA 35653690  Hergddo  933w935Mms  FogH BgdB™mbogzme-
@OoRYHBoMOMHO  8MmEYoMgdol  LBodMewgdom  goblobzmmew  0dbs  Lsdsmms ol
G03900, Lo0sbs dmdogoe  smalfjargmerdo  2obbmME30gwgds  mddml s Lbgs
39¢ogdol Im3mggds (Kesler and Wilkinson, 2008, 2009). 53 a58mmgargdols dobggom,
9053580 30OMMYMIMEO MmOMg6Mwo  LodoMgdoEsb  mJemlb s  Lbgs
0563bengdo  GgBogdol  Im3mggds  99930MEIds s JY0BMEIdS  9G30mMYMTMEO
A030L  BodsMadOsh, Moasbs3 obobo 3MEIWEIdS  ©gEsdofioll JogMdol MBGOM
M35 3OO0DBMbEJdT0.

B30bL FogH  Po@oMgdmeds 3300939005 33063965, MMA  35335B0Mbols 3sbgmob
192d96GHOL dobosbo  FobgMmoeobszool oo bsfowo 0933690 LEdSMMS
930009MH3M  BHodl, Ls0IbsE, OMAMmOE Bgdmo ogm  sbodbmewo,  dbmgzmomdo
99¢5w900L 0O b5{owols 3m3mggds 4obbmGmE0gwgds dmdsgswdo. gl dm3gdIEMds
30 300093 IBROM 5dwogmhgdl Mgaombolsdo h3zgbo 3309308 0BGEHIMGLL, OMYME;
d93b0gMH o, olg 3mIgME0ME0 MZ5EBsBOOLO.



653G™do MBI 0w0sL Lobgwdfozm Mboggdlo@gd ol Lsdmbgdoldgdyzgwrm
3d93609693900L5 s Ls0bxObOM Bs3MEEHIEGDY, Jobo bgErdd3sbgMdol s dmgero
3Mm943030L oo FbBsMELFIMHom. 33930l TGO gdsdo OO MHMEPO 0053509
LogoOM3geMl HMLMO39w0ol 9gMHmabmeo bsdgEboghm gmbool ogH  ©sRbsbLGdY—
wo  3Omgd@ob  (HGNSF/ST09-1071-5-150)  goMpegddo  3sbgool  39335b0mbby
BoBHM90MEds B39y 9 SOMEMSEMMOMrds 15FMIMIdTS S  93MINZg  GS03560L
B530Mmbs®mo Mbo3gMLoEIGHOL 39N MYONE 35O EHIIIBEHB  19BsFIGMIMdSI.
153909 3N MRONOHO LB Tomgdo  Bs35BHIMgm  1:25000—056 dsLEHdT0, GMIols
QOMLYE 5090 0dbs 200-dg 39EHOMYMsxz0vmo bobyxo, 500-bg dg@o agmdodomeo
Lobxo s 12 Lobxo FogdMMo Jobgdol 0BMEHMIMNOHO IMIMOPIIOLMZ0L. Fgmdodor)©Ho
LObxJdO 5000 065 F9gOEHOwMzs60 TgmmEom s Fomo fmbs Fgoagbs 3—4 32,
boem 0HBMEGHM3MOHO0  IMIMHO0MJIOLMZ0L 50gdo bLobxqgdol dsbs Fgoagbws 6-7
33U, 939y s09gdwo  60dwmdo 80ddM)mo  0dbs GHM3MO3sHg GPS  259mygbgdoom.
3969008 Loo3s@emo  sbseobgdol Bofowro  Bo@BM©S  MdooLoL  Lobgwdfonm
26039OLOGHIGHOL  2IMEMAONO  OBMMIGHMM0530, bmrm  Jobgdol  obmEGH™M3MMo
QIMIM0MYds 25bbMOE09gws U-Pb oo Arl-Ar® dgomm@qdom, 3o03560L bozombsgrmmo
<6039600GHYBHOL  0BMEHM3IMO  dMOIGHMOM05d0.  gBowgdol  agmdodowmEo
9b5woBH03Mmo  LsdMdomgdo  BosGodms  39633900L  (3965009) AlsChemex
@odMM5GHMM0sdo ICP-OSL  ©sboaodmdg s AcmeLab—ol 3963993960 5635600
53005 do (0O ggomo) ICP-MS ©sboae®®g Lbgswslbgs dgommmgdom. s0bodbmen
65yoMg0Dg  BoBOMGOMds  JodoMds  sboeoBgdds 3o Lodmogds  FMA33,
0ommg  60dMddo  goby3zgloBez®s 39 gwgdgbBHol  3mbEgb@GH®e3os, 5353
39O mygbo)mHo  M35wLsBMHOLbom  Mguombol LMoo  sbswo  3gML3gdE 03900
Do63moBobs.



L. ®90mboll ggmaM55305 ©s 39MEMY0IMO 3360930l OLEMMOS
1.1 39303805

15330930 Ggaombo  3gdIMYMOL  39335L0Mmbol  LsdbGMgmo  BgHOL
50dmbogegom boffoerdo s moEsgl  seoBIbAOWTs  39bgmol 8m0sb  BHgMo@mMmosls
(65b.1.1). 030 BOHOOWMINO0EL  FGIMBIMYEME0s  393350Mmbol  dmogs®o  Jgools
Dgoasdgmazom, LsdbEOIMOEIb - 3. sWsBbOL Y3MHloom, L3I0 — .
owGHMl —, bmwm  50dmbogwgmosb — d. dsDod-Bsol bgmdgdom. s0bodbmero
G9HOGHMO00L LSOO FoMmmdo 3400 382 oyl @ 5@B0BOLEMIFOIMS®

909379036905 5bdgEBHol, 09as30l, Yz35MmEol s oam©gbols 3160(3035¢0E9GJOU.

Bob. 1. 1 sqrsBbol 39¢00 s 3obgmols 39335b0mbo,  bgo Lowbswosb.

6930mbol  5dOLMWMEHMOO B0 ggdo B30l ™Mb 3000 T-U 5M9TsBHYdS
(0. dMdogom - 3854 3, 3. bemMoxm- 3555 9 s bbgs) o Mgwoggno  Lszdsm
GO0 53909 gdom  boliosmgds. Mgaombol  Botygddo  30335B0MbolL B3
J9bg  9OBYOMOL Lo  PoOLLLZEIgEo: 3MmEMmMo  (2363.30), LogmMbg (27908) o
505bm  (29700).  39335B0MbOL  AMoz56M0  Jgol  [gogsdymaol  LadbGgmom
193396M0O0MbIEMMO  B0TIOMMGOI0D  BMOToMHGIMwos  T90©Ia0  J99oo
(508mb53WgmoEb Lz gmoL39b): 329090930,  3MOoaMGs,  bgMbgdowo,

4



3060250, BobmGowo, fmgs @y 3Jobgmo. MHgmogxnol ©sbsHgzdgdsl byl wfHymdl
06@9bLbomEo  49630m9Mgd Mo  Jobsdgms Jugwo, bmwm  Hgr0Mmbol 356
0950899360908 FoMTmoagbl 8. owsHsbo, GMIgoi  Jowyzgds  39335B0Mmbol
005350 Jool s Bogobgds 3JoL300L  BE3sdo. 8. sWsBbol  35335L0MbOEID
Bo9mA0botmg  Fotibgbs  doMomso  J9bs3ogdos:  dsbgzowo, LEMMo, owbgzo,
Wwm3m@s, o0bfmds, Bgwmo, ©MOWR0, dMOLY, 53560Lbgz0, TmGmbgzo, sx89bo,
39000, d50L¥gds60, 2mMAg60560, SB6FoEfyswo, oam©gbol-fysero s dsbod—hso.
50 90bsMgms bgmdgdo Bgdm (gerdo  Ls3dom 3ofitms, Lsss bdoMs 43b3wYds
BobBJgM900 5 29350 5P d0.  J39dm fgwdo bgmdgdo R9O0MZY00,
00gds S 0. °WsBbol ggwol BstmEbgbs 309y J36056  MBMTsDo®
2399mboE3z0L  3mbBMlgdL. M300Mb  sEsBBol  ggwo  [oMmTMoygbl  FoMomnm
dbfmegdme ©g3MHgLosl, 50390l ddeog®o  dgmmbgmewo  Boergdqdoom,
MOmdgwog  §oMmdmoagbl  mobsgodwgdol  ©sderol  3MMNIBHL s MHMIEOL
boOxbgosg bogmazogdo  bosoqos Bsdmyseodgdgwo. Lblimego 99 booopa By
0B Jobgmols  3bmdogro  3gbsbgdo, bogrol  d5wgdo 5 ¥mbLBHbgMo
3L OYOIRO.

dool  g9MHOMOYI0  JOMOMIPI®  ITVIOEI0S  BIODMBMMEM300  GHYom,
LoS3 33b3Yds JoRgwo, GEbows, dMbs, sGyol by, bmwm FgsMgd0m IO ™D
Mo0mbgddo — Fodwo, (353H30, mboro, dobo s bbgosslbgs bgbowo. Mgyombo
90sM0s  BMBOLEGHMSSE, MMIwol  Lor39mgbm  B3gdG®o  Homdmygboros
mgbols 6530350l BHIMOOGHMMO0L RsMYgddo. LsdfMbodm, 3 doByHBgdol
30 50bodbew A9IO0GHMO05Dg  49MEMPO0NOIO L5 domgdols Bo@o0gdol
L5 gds 56 FMAZ930-

o0 dmosbo  Dmbgdoliomzols @©535bslosmMgdgeros  bmdoghe  bm@om
300530, 3bgwo BsgbmEol A56M9dg, bmwm dsdmosbgmolsmgol — ddGoo
@5 3bgwo 3wods@o. ©dEMddo Lydwswm oMo Ggadgeo@ds — 10-25°C-oo,
bem 65¢rgdgdol bydowm feromemo MomEgbmds - 938 dd.

69300630  sLbEbEgdwo  3M6JBHgd0 oMM 23H3WYds 8. SWsBbOL
39¢0b  d0Qsdmgddo, dbmermE  ®sdgbodg Lbmggmo  43bggds dE.  sWsHboL
39653500900l J390mfigerdo, bmeom  dmosbo  Bofogo  Loghomo  ombobergdgeos.
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oLObWGdME 3MBJBHIOL 9OBBJPMB 535300609 LoogBMIMdOM HBgdo, bmerm
DmaogMm  dobsgms  bgmdgddo  dgool  gmbEol  aHgdo.  ImLobgogmds

dOMOMII® LGN [3M0RIMIGHo Lmgol dgm@bgmdom.

1.2 3902¢mm802960 336930 obBHMGHO0s

3933560mboll  mMmagbol  39bgmol  LYadgbEBHol  agmermyon®o  33w93s  39-19
L3960l dMEMEID  IOfYm @S 0x0  9395300MGBME0  0ym  LoboMAGOXOM
foomoligmols d9d36s5-dogdsliomsb.  doMgzgws  Gguombdo  agmemmyom®o  boggarg
LodMTomgdo  BodBHIMIL  B.  293M0mzds (1895) s L. BodMbmgohds (1896)
906569900l  0mMOLS @S SEYBbOL 9B gdTo @S  FgoAobgl MgEregolsy s
D400l FOBOOL  JgMEMA0OHO O3S,  OMIgGELs3 905535 dbmEmE
oLEAHMM0o 360336germds goshbos. 39bgmol  39335b0Mbol Fosbdqd339eMdIbBY 30
306390 9mbs(399900 25dmd39ybs 3. dogrgMols s 3. ©gbobmgols doge (1917),
beerm MRO®  9my3056900m 58 LML  @YGHIMGO  FG™MTs  dowdw3bs 9.
390996053 (1933).

39335b0mbols  LodbMgmo  BgMol  3sbgmob 19gadIBGHOL  FIMEMPOMOO
5290 gd0l  0bGHgblo®mo dglfogers d9-20 Lowzmbol 30-0560 Hergdosb sofym,
MM39gwo3 M0 0m35wobfiobgds  B3ogbdol, oMdsMomml s LobMMms30
5309 gd0L  Bodomgdol  dgdbs-dogdom  LsdMTomgdl 8.  9sBbol  JomEbgbs
99653500900l bgmdgddo. 53 39MomEdo Mga0mbdo 30MH39wo  ggMmEMA0)MH0—-L5d0gdm
L5IMTomgdo  BosGHIMS 5. dMbbo3sdz0ds  (1931). Fsb . oWsBboL  Lomoggqddo
139gOMBIL 3EPEM™M3560 Jgo FMBOGHMO [oMBmbsddbs dooBbos s “Lb3gMHmbsls
dsllogol” Lobgwom 5dmym, MMI3S OO MJ0gRoLs s FE0Mg FJMEOMYOOO
0bx3m®To300l 200 BMUES© 396 ©9Y0bs 5T FodMGm0 FoMdmbsgdbol  g9gbgbolo
Qo MOMO0JOHNMOS 8993390  Jobgdmsb s ol 3ogmbmN®  0bGHOMBogz50
39bLOBOZMS. 5B TBSZ05, MMT  IbEMYd0m SgMO3g SHBOL 0D0sMGdEBI6
Do0mboddbgdg 6. 35bmggoPo (1932) o . 39MEsbosbEo (1940),  GMIgrms
dobgzomog  L3gOHMDBIL Jgob sdagdo Jobgdo s 3obgool Lbgs sbsgrmaom®o
§o0mbogdbgdo ool  mobogodwgddo  segmbmMo  gMsboGmogdol

A99AH™b03Mmo  bemewgdol  Lsboo  sGOL  JgFMowo. d9dpmdo 33193900
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3EdBIbRods  39bBgmol  BHYMH0BHMEM0sDY ShoMmBms 3. M9gbaomEgbds (1932), G™Iob
dog® 09099353900 0465 39bgmoll  Jgol  sbsgro  LEHMIEGH0YMOIROMEIO QS
A99AH™b03MM0 5390 gdol Ldqds.

50bodbmmo 3330935609008 206y, 53 3gMom@do  MHgaombdo  5dBHome
39MMmQ096  B53MFomgdl  5BHIMYObI6 3. Lewsgobo (1932), o. dmzoB3m (1932), 3.
35939b3menio (1931), 0. doM3mbos (1932), o. LobE3mzLzo (1935), 3. seroggzo (1938) o
3. 3530 (1939), ™MIwgddsg  9sbobyomds  3obgmol  Lbgoolbgs  ¢dbgdoL
3IMWMA0MOHO 03900  0950090b9L.  s©0bodbmero  933e0935609d0l  IHM™Igddo
9m399Mos (3503990 9dbgdoLIMZ0L  LoobEIMGM @S VOMGdIMo  sbogmo,
093 950 JmMoL 500b0dbgds 36033bgem3z560 TgMLsdTMdDS, M3 dmbxdMH0Z30(399,
Goobs3  BoJBHOMMO© gl oym  Mgrombols  Jglobgd  ghmgdmo  3oMH3zgo
39 My0MHo dmbs39d900.

1944 §erosb Mga0mb3o sofiym  1:200000 8slidEGHoddo  ggmEmyov)OHo 5393039
@5 9dBHomeo  Lsdgsboghm  33¢0939%0. 59 3gMomdo  3obgmdo  dmdwdsgg
0331939090096 50Lsb0dbsg0s 3. 3MgLEHBOZM30L OMTs (1944, 15-16), GOMIgdog
030 139gOHMBol Jgool 9390 Jobgdl doegmBMH MmBoEHMO0YdsE Fobobowsgl,
093 990ddo 356 og0L0 FMLOBOYds F9335s @O B3GOHMBIL Jgol 3900
396900  96MH3MBM  J3085d3905@  doobbos,  GMIgdoz  I306g  Mom©abmdoom
00bogodwgdol 8995960 ggd0  s0bodbs (Kpectnuxos, 1947, 45-47). dob 50539
Do0mboddbgdl dos3zmomgbs 3. LEHMOMOL bgmdol “d3085J3000” @ ©@HMAZs, GMJ
50bodbmo  Jobgdo  Ogaombdo  96FGH03w0bgdol  gmdmee  bsfoeml  5290L o
DoM0mogbl  osl@o  sbsergdo LMool  d39s  sliEgdlL.  Bmagz0569d000 3.
3M96GHB03M3T5 . OMIOBLMbME gOHMOWO35 Fodmmdzs IMLsDMgds (KpecTHukos,
Po6uncon, 1955, 23), Gmdols  Jobggzomss 50bodbo  Fo0dmbogdbgdo
§o0Mo@ 9L  ZoegmBmNGH  4MsboGHMoEIdL s olobo WOoLlE  mobs-godwqddo
39360005 3H9d@™mbozmdo bemgools bsboom.

50539 3960H0Mm©0sb 0fygds LobBHYdo@EOo Bodxmdsmgdo 3Jsbgmols 39335B0MmbbY
30 9bd-30OHMEH0bMEo  Fobgdol  [obslffo®  dgdbs-dogdsbg o 39OGS
9090bsMMdS Go0Mmbol  4gMEWMA0MMO 9390 gdols o Fogdo@GoBdol



d9LPogams (godmbos, gsbobsdzowro, 1944; asdmbos s bbg., 1945; boGsdgowo, 1945,
1948).

50-0560 agdol  dmmlb s  60-0560L  @iLLHYoLTo  Hgaombdo  sa9ad30m
bo89domgdl  sHo®BMd©s 3. 935¢0330¢00 s ToLO KAMBO.  XIMIBOL  J0MZIWO
sbgo®odol dobgogzoo  (ABammuBmin u gp., 1958, 92-102), 139gOHMbol  Jgo
dOMOMIPI®  9PJOVIEN0s  5OZMDMWO s 3390305060 3005439000,  MHMIGEMIbS3
dm60g9gmdlL  33563-LgMO0E0EGHWMWOo  MObsRJwgdo, 3350E30GJO0 S JMBAWMTGOSG-
0699p0gd0. gm0z Jobgdo Tsm 25dmy39gl 3. LEHMMOL HYMOSTO S Y39Ws JOMIE
305319m369L6 9390 OHM-GHMoL  Ho®MbsdIbgdl, I3y  Imyz0569d00m
d9bgomwgds 993309l ©@s g oMTMboddbgdo 35 gMmBMMMI®  ISMIMOPIL
(ABamumBmim u fp., 1962, 80-85).

59 9mHoMd LoI3M Bs3oMHGOL  IBSWMSE  Fobobosgl 8. ssdos ™H30L
dmbma®oxg0sdo (1968), MMIgerdos 030 RBoJBHMIM035©  0D0sMIOL 3. 53500330 0L
@5 Ubgoms 30639 ImlLobOgdsly (ABammmBuau u gp., 1958, 50-55). oo s30L
d6m3sdo  goboboogh  Mgaombols mmb  doGoms  Loy®gbh  FMowl  (L3gMMBIL,
LEHMOOU, Logmolbggols Qo 3@ FM0q00), 5b9bL doon
WOoMMBEGHMIG0RMIR0MW  0©IBEHORB0IIG0NL O 59MH067dL  LobgdMHo  Sls3oL
96000 BEGHOIGYMIBROMWO JOMIMEOL  FoMAgddo, HMIgEoE, dJobo sHMom, J39d
"3l 99505 MObsB0oJwgdls. Imy3056930m, 50b0dbo Jsbgdol SLME0S30.,
D95oslm  MobIBOJgdmMsb ghmo, 3. mmBRodzomds (1996) LEGHMMOL {iygdol
Lobgwom godmym.

XXI L9390l oLsfiyolldoz 0. domMamdosbo  (2003) 53 Losgm  Jobydl
“503mDMe 4300593905007 29bobogegl, M3 3oblb3s390000 4. 5@0sLys6
(1968), 3500 35 gMBMMOOE SMIMOMIOL s 3. 3MJVGHBOIMZ0L s d. BHMIOBLMbOL
dbgoglo dooBbggl, MM 50bodbmwo  Fo®dmbsddbgdo 3OHMEHMMHBogoL Lsbom MOl
3936000  J39050OHM  mobogodwgddo.  mwdzs 98 dOMAsdo, GMAMOE HBgdmom
094 5060360, 356536900 953BHMOIB0  J3900OSLMO “oMH3MBY 30854390’
339 39WgMBMMO gM3boGHMmogds  doohbgzgb.

omwm fiemgddo mdhmblzs®odg s Lbggdol dogém (2011, 2012, 2013) GHosombol
3IMMA0YOO0 9390 gdol  Tglobgd  godmomdzs LMoo  sboero  Jgbgvyengds.
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3960dm, 93¢™MM9d0  MI39096, M3 dE0bsadoL  SEsBBOL, TobgzsEol, LEHMGMOU,
Logmobbgzol o Wm3m@ol bgmdgddo sefigMowo “mvbgddsmEgzwmgsbo s®3mbmeo
9308593900 MgoMo  §omBmogbl ddwsz® LwdlzmEr3sbme  335ME-3MOROMIOL
Q5 3E30MYMb0EG-3MOBOMGOL,  MMAWddd3  IMma305690000 993339 Jobgdmsb
9OMO©  23b0oEss  0bGHIBLOMOmO  3M9Jh0MYds, 35G93WsDBO S Fowrmbo@obsogos.
300009  BsdOMIoL  MIMoEm©  29MEMmao®  Boforbg 29093000 Mm©Ym,
503603653, ™I Bo33e9g30 MYR0Mbol OO 6500 ITsOMOs o350 BHYom
56 Mo Ogwogxnol  asdm  do3swos (bob. 1. 2). s35bmsb ghmo,  obsrgdo
LOGIMOL OO  9MMY39MM3bgd0L o 2obsFsMbYdME0 Gobols LodzoMol QoM
393690930y dobo  LEAMIGHOYMIBOMEO  b(93M9ds3. IO gd9dL  0f393L
3MgmM39  d50b HmMo BHad@™mbogzs s 0bGHIbLloMmo gy mwo dmgargbgdo. qu
43909x89M0 9OHMMOOMdSJO 30 bgwls «dErol Mo OHO 4gMmEMmA0vIOH0 0bRMm®Is:300L
9m3m390sL, 3 GgLodsdolo  s0lLsbgds  oL3369d0L LoBMLEJIo, Mol AsTm3
d9LPogo Mga0mbbg  sMLYOIMOL B30 WYMOIOMPSIMIMOEbIZ0  FIMW MRG0

obgrwgds.

Bob. 1. 2 30bgools 30335B0mbol bgo 3. 4garosls bgmdosb.



2. ©930b0l DMy 49MEMY0MMHO obIL0sMYOS

39335b0mbol bsmFs Bmsms LolGgds, MMAgedo 8gdsMYMBL bozzargzo Mgaombo,
Do0mo9bl RsbgMmBbMmME 3MmWoBoNH MmEOMAIBL, OHMIgEoE goFodNwos Fogz0
D306 3sb3ool b3zsdy 1200 30-bg dg@ 56doE By, NW-SE d0dsr00)engdoo (bob.
2.1). 00 5290M0s  LBsdo OO 29mGHJJBH™bozMMmo  ghmgwom:  39335b0ombols
> 9306y  39339bombol  dmdogrmMo  Bmbgdood @ Foo  39335L0MM0
9036m3mbE0bgbGHom. 5d mOM96mwo  LobEGIIoL  BMOIoMYdS  AIBISOOHMDS
LsABEOJN0IE  BOHOMgMOL3IG6 FMIMS30  9GdJMOL  Fool @S 93MOBOMWO
306306960l 3mwoD0sd. 833wg35Mms Boffoerol dobgz0m, 3meobos s Jobgdol
98LJM5305 0y ssbemgdom 10 e ferol (ob (Sengdr and Kidd, 1979, 362-365),
bogm bsfogo  dooBbg3l, GMmd gl 3GMEILO FoEowgdom 23056, 396dme 5-3.5 A ferols
fob osofiym (Philip et al. 1989, 3-8).

2000 40
_
42:‘5 52:E

Bob. 2. 1 353390mbol o dobo BmBoxbsgg Mgaombgdols Egd@mbozmmo  Bmbowrmds

A9M90bo sbserobol Logwdgganbg (Gamkrelidze, 1997).
A9690bgdo0: GC-35335B0mbol, BT- ds30 D039-395GHMIME
AG®obL3o335b0M0,  BS - 390099m—-19g3560L, 1A - 06Msb-s305bgmol, AT —
3b5GHMo0b.
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39335bombo Mmooy gbl  39335L00L  3MEPODOMmO  MOMYI6OL 30Ol
BOOwMm  9ghmgmEl, MmIgwog  6599000M39  39MGHJG™MB03MM0  IMI0MbgdOL
dobgzom  obobogds OMmamO3 30390 Mool Ggegobo,  H™Igwoa
99DMOowo0s 93M5HBoMo 3mb6EH0696E0L LsdbOgm 3ogbmsb (Gamkrelidze, 1997, 75-
78). 3oL gm®IoMgdsdo 9339000 2o030xbgds MO0 g@s30: IgBMbmmEMol [obs s
d9Bm-L9bmbmm©o. d9BmBmNOHol  fobs  Fodmbogdbgoo  Hga0mbsgrmMo
39390mMOB0DHIOM0s s FoMmIMEgbowos BowwoEJdom, 3MOLEHIWYOO BoJwgdoom,
3b90Lgd0m,  H8B0dMEOEGHJBOm, B0yTdEH0EGJO0M o domo 593390 3odMM0
Lbbgmwgdom, MH®Aqddog LFsMDdMOL FMHIBOEHMOI00. 29MMMYOMO  OEIMSGHIMST0
Jobgdol  domgwo gl 3mI3egdbo goboborgds HMaMOE  ,39335B0MboL  3BOLEIWYOHO
03bsd96F0“ (Gamkrelidze, Shengelia, 2005, 25-28; Okrostsvaridze, Tormey, 2013, 3).
3933500mbol 963005693530 FgHBM-L9gbMBMMMHO 9BHo30 3560 49dMboG o 9390
d9BMBMMOH0  BHObLaMgboom  0fygds s YoodEYds G0  sbsergdo s
39100 3960960—-sbscrgdo Logs®o, GMIgos  M9a0mbserme dg@sdmMxzoHIL  sS®
2396030, FogMsd  0bgMgds Lbzsolbls Jgygboemdol 0bEMmHmwo Lbgmegdom
(bopcyx, 1979, 125; covysrco, 2003, 23)

3933560mbols 3sbgmols bgadgbdo  8gdsMYMdL 893500  Jgol sMBMbgzEgmO
Bofocols LsdbMgm RIOODY, ©° . 9WIHBBOL Lome3990056, 20-35 30 Logsbols
Dmwol  bobom, 9500936905  90dmbogergmom 120 30 3s6doewBg sHgMds0X b0l
LOBO3MdYg (0. DBl bgmdy). b U9ad96G0 JOMOMOIWIE  9RGOME0S
39mbMGH0 FoOMbodd69d0m ©s dMoEs3L @osbwmgdom 3400 382 BSOMMBL (Bsb. 2.
2).  BOOOWMmImod 0o 0bsBO3IMGds  3933560MbolL  Fmoz35M0 Foz5M0  Jgols
D9owodymgom, bmwm  BsdbOHgmosb  Ggyombsery®o 6039300  90oxbgds
39335600l oo  B03MMBOEILL,  MHMIgwos Mgwogndo swsHBbol  gdMgloomss
Domdmepgbogro. 3oL 53083 gdl 8. SeSBOBOL LomMsgggdol s  dobo Jotibgbo
09653500900L:  Fobgoeol, LEMMOU, ©OoEbo30lL, Wm3mGSL, Bgwmoll s  bbgs
90bsmgms  Mds BoFHowo bgmdgdo. 9L 19ABBEBHO JOMOMIIE  H3JOM0S
06@9bbomEo  IbsMFGPMo s odlbgmgmwo 93005 09OmEo ®obs—
godwgdom, §308543900m, 33069 Mom©IbMdom 35GOMbEH™ME0 Jobgdom s IEOE—
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36@gBoEGH-05BsGHMMH0  356x396900m, OHMIgdoz  Mgwogndo  Jdbosbd LsgH O™
3933560MH0  30TsMmgdOUL, LsAbOYNO®  JoIMPMEroEr  35bgmOlL 9603 0bNH
LEAHOMIEHMOL.  BoErgdgdol 58  dEezm  BYMOosl  DBmPos©  LEGOHNMI335L0YMO
80356m9ds (NW-SE) 2558605 20-30" 5956980l 5B0d3H0m, bmwm @sbeols 3mmby 60-
80" 3o6gddo  gMygmdl.  yggms mbaggdgdol  obgzom 39S 0vGWEO
Bogngdgdol gb  LgMos  Bs3MYsod@s 35¢gmBMmm0 BmbsdgbGHol 0b@gblomemo
39300308 36MHm3gLdo  49bs30M5 B30l BO309LOL 30MMdJdT0.  Bsrgdo  LogsMol
dogo gl 3m33egdbo s 0OHIEdo 0339m90s  Lbgoolbgs Loddwsg®mols o
39029600™d0l dM035mOEbMgsbo 0bGHHMbomwo  bbgmwgdom, GmIwgdog 999393
35690056 9O 496030l 063 gbLowME LEGHGMILL, Jbb3Mg3L S Jo@SIESDL.

3933560mbol 393 9JG™bB03MM0 IM0Mmbgdol dobggom 39335B0Mmbol Jsbgmols
19adIBGHO Fosbs dmdi3gmEos Loghom  35335B0MO  JodsMMGOOl  YoBdIY-
Woam©gbols BH9d@™mbozme bmbsdo (I'amxpenmzase, 2000, 17). ogo bsboscm©gds G0
A9IOHMB03MEM0 5290 gdom, M3 oMobsBHYOS LBogMom  35335L0M0  F0oMNYOOL
LsdbOgOL 396 2900dmbMoo  Jgoermgzsbo  LEGHMMIGHMOOL  FMOToMGdSFo, G5
DMYoOQ, 396300Mm09dMos  dmgwo  3m33wgduol dmdMomdom  LadbMgomol
d0dsemgdoom  (Forte, 2010, 470-475). 99gogao@ Bo9myserodgdemos  bomFo—
JoOEMOHo  LAHOMIGHMOJd0, OMIGooE oz30L FBEOO3  IALLZMIMWOS O WS
93069 0erM39050. 51939 OPME0 G9dBH™b03MOO LEHOWIEHMOOM SHILOSMYIL Jobgmols
3933560mbL m. qomMamdosbo  (I'moprobuanu, 2003, 365). dobo sHBMom 53 UBgadgbEdo,
3960dm, 9. LEHMOOL bgmdsdo, IJHMBMME  Bswgd LBoxgs®do, MHmIgwog Jdbol
BGH03obNH  LAHOMIGHMOL, 3OMGHONDBoMWs©  FJGIMFOHOWOS 35 IMDBMMOO
d300543900.  50Lsb0Tbs305, MHMA  AbasgLo  AMLIBEOYGOS oo  Lsy3Mbob
9309356M9dLo3  9gd300  2odmmddmwo, mwdgs obobo g. . ,35wgmBME Jg0dsgdlzgdL”
35w 9MBMmO M3bo@qds d00hbg30b9b.

OMAMO3E 9200606 g9mxz0Ho3NMmo  33¢093900 830839690L (Philip et al., 1989,),
3933560mbols  3obgomols bgadgbBHOL  WBsWIgJo BsBIMO FobesAgdME0s M39569M0 b
3905953500 3Ho3olb mbge Joddbg (bsb. 2.3).  s0bodbmaro Ggyombol Low®dMwo
5290910gd0l dbaogl  LOIPL  A300535HMOI6 69050 s Ubggdo (Rebal et
al.,1993,1090-1097).
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45°18'0"E 45°36'0"E

spdmbasgmgm 3oggsbombols
LoJodmggammlb Lgadgb@olb
o 2JOELMR0YA0 (935

42°36'0"N

1. wo
4285

42°18'0"N

45°54'0"E

46°12'0"E

@gygbeo
E aammba‘ag{:n Ebi‘_”\'udﬂ?‘ﬂ
TR daoes gt godidagbo. Jaoadgado. Ao geegho, siyomeoddo.
B0 godg@ox ger-ndbgoaoyeme: go6]gade. Jgods Jggoe, g6 qe0 00, mobagiodegbo.
1 sa@ghy@o: mobaggodan gbo, JanTadgado. dabagn@u@o mwaggdo s Grgado.

- Bmsmlgmoe: mohsgodengdo, sgogatodgde, Jandadggde, gobaeodgdsggbn,
- Jenoblidsbygdo: mobagodeogdo, Jgodsggd0. gmbpummidgGio@gdo, dabag o aebagbgdo.
- Lobgiu@reno a6 yobygeon Jgofsdgdo

E-EK-.PZ_ B@sdmaigaano s dopdado Fodbombs]abgbo. - ©OEH0G G0, J3aO-LmEANH 0.
dow@mmg@adyeam dgageomn Jebgon. - Aot ermoadabo, osds h-indgodogo.
o Haabyadmgenabyds e 'dgbbeegdigs ——— Gimggggoo

Bob. 2.2, 500mbogargom 3533500Mb60L Lods®mggemlb bgadgb@ol gqmEmyow®o Gvy3s,
533069000 9. 35dgMgenrodol (2003) dobg3zoom.
95000b959mM300690900: 1- 0gdEMm, 2- 0O, 3- LoEbamg-bm®bo, 4- 5356Mm, 5-
J39Po@ow, 6- 9hMM0; 5MMbIL Bobosbo 39wo: 7-Lsd g™, 8- 0byEolv®O;
9- Bgwmo, 10- dmembggz0, 11- s6980; HA- 30006Mmmg03)ms 3933w0wo Hmbs.
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B396  30D056M9dm  39335B0MboL  Jobgmols  Bgadgb@ol  LoMdMwo  5ggdYEgdOl
50b0odbmen  1idgdsl, Goysbsg  dobo  FsdMMo  ogdGHo3mdOL dogro  B3gdBo,
39 HBYE 300w gd0m J399mom  30LsdMYIm, 5T 39OLOOL  ToKGMHIOJEO
56mAgbBHL FomBmoyqbl.

sw 25335bombols  NE
dgotn 3o335bombo FBWE}T 53560 joeo

020 40 60 80 1003  °0a0boos

" Rfpognrsapbool oo
Lt Semomgnbm®-Bnrambymena Baenadybo [ S0l o3nsbefio @b
-m:mamﬁnﬁﬂmﬁnﬁﬂﬁﬂ @3Bsrmndn 2eEugao e’"&”h dodo

B :m500babinto Jafdo
@E%Wﬂﬁﬁﬂhﬁw@ﬁ@ﬁ =] s

Bob. 2.3 35335L00L MOMYIHOL LOPOIMEIO 259330000 FMOWO J5bgmOL F9HOEOs6DY
5Q33H0MdMo Bowo3ol s bbggdol (1989) dobggzom.
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3. ibsgrgdo Jobgdo

39335bombols  39bgool  bgadgbEol ©sbogdo  Jobgdo  doBomso©
Pomdmygbowos  J3909-8v15 0o Mobogodwgdol, sb30EOO BoJwrgdol s
93005J3900L  ddes3zMo  LyMHoom, GMIgerdog FmsdMggdol bLsbom  s0bodbgds 3069
LOddH3OOL 3 396MYgbYOH—-sbsegdo  [o®BMbsddbgdo  (Bob. 3. 1).  @sbswrgdo
96900l b LMoo 53908 96GH030bNH  LEHOWJGHMOSL, @o0wg36gds  NW-SE
303500 gd0m O 35IMoos LsdbMgmolizgh.  yzgws ygmermaowy®mo bodbols
dobggzom, Jobgdol dmgero gl LgMos ©s0wgds  3oEMS  DBL3OMOO Fogogbol
3060md9030, 35w gMBMMOH0 7Mbb EGHOL 0bGIbLoMEO 25308306 S ©sdoMZ0L
0909250. 50Lsb0Tbs305, OMI  BMbITIPGHOL  M39©Ibodg 306y HBOYTI6EO
90330905 393395b0Mbol LsIbOHYIPO RBIMOL WMHTs BsFMHow 3560mbgdd0.

dogwo  ®ogo  933w9350ms dmbs(3999d00m, 53 Lgbool  Mdgzgargl  Jobgdl
Dom0moygbl  Lobgdwmermero, 9. §. MbgddoMawmgsbo  sOIMBMo 30853900
(ABamumBmnu u 1p., 1958, 50-55; Agamusa, 1968, 127-150). 50b0dbmero Jobgdols y3gmsbyg
QOEO  35dMBO350,  ObEMgdom 4,5 30  LoddogzMoL, sobodbgds  3obgmols
3b6E03wobol 0gMdme bsfodo, HMIGELLE JoMRS© 53083 qdL JE. LEHMMOL VMTS
3obombo. 833wg3s0mms  dmboggdgoom, gl Jobgdo oMM HoMmdmagboos
L5FOMm S B30 TME3EM3560 J3005d3900L ILEIBOM, MMIgEdos S©00bodbgds
MHOMWOMN-s30GHYM0  J90039b0MdoL 3350305060  SedOGHMB0MGIOL 4565396900 o
9500 306M3LEHMEWOmMYdO.

DMPoI 30, 3. LEAHMMOL FHowdo Js6gd0 gobogol 0bEHIBLONO 35393 SBU,
3006OMmyMHIN Lo 0xg03o30sL @5 bMwr0obsEosl, Mol 390m3
96003690m356fows 39 Mmo 9z 30M3gwoo  dmbgds  (bsb. 3.1). olLobo
doM0mo©o® HoMdmygboos 33503-UgM0E0G-JmM0@H05b0 @S 33503-JWMOHOE)-
930MG-5¢d03H05b0  [o®BMmbogdbgdom, ®mdwgdoz 0bGgblomMo  Albgmgzol bmy
2056%9 3990MJdM0s bER30IMHO B0bIMIGdOMm, 30MOGH0M s 30MHME0bO.

LEAMEOOL 459MBOZOL FoMS, B MY0MMHO FoMdmbogdbgdo 39335b0mbols 3sbgomols
192996330 03w Yds, 93MIM3Y, BL3IOMDBIL JgbBg ©> OPHY30L, WM3MEILS

doffodols bgmdgddo. gl Ho®mdMbsddbgdo Bombols s Mm@l 6 Fgo3o3L, MOL ASTIM3
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LOO3MS B0 15305 0BbBHIBLOMMO FgMMOO (330 900L godm LOOZMS, SAMYM3Y,
oo 4969bolog. Bmaogmmo 933¢935M0 Fom DY 35¢IMBME  AMBOGHMOIdS©
dookbg3L (0bbogzsdzowo, 1931, 30; Baccoesny, 1932, 65; KpectrHukos, Pobuncon, 1955,
23), bogm  bBmgo 30 — 56O 5O3MBMY  J3005d3905  gobobognogls
(ABamumBmiu u zap., 1958, 55; Amamua, 1968, 130 ). J3005d3900Ls s ®obsgodagdols
dmGmoggmds 9. ommgxbodzowds  (Tomyummsmim, 1996, 75)  ULEMMOL 099d0L
Lobgafimgdom sdmygm s  LobgdMOMEIsE  EISMIMmOS.  50bodbmwo  Jsbgdols
dgbobgd  498md3994bgdme dmerm  IOHMIsdo  obobo  Bgs 3segMmbMMO-GHMosl
9300593905 @oboboergds (I'moprobuanu, 2003, 365-367).  sOLYOMBL Jobgd0l
3969%obob sboewo 063 gM3M9GHO3E0s, OMIGoE ©exYdbgdmos  3mA3wgdlme
3IMWMA0O, 39GHOMYMOBoME, 39BMMmJodomm  ©s  3gmdodon® 36M03HgM0m3gdbY,
O0IYBI3 ©IOIWIM© J93gy J39079300 dg3hgHLIBO.

Bob. 3. 1 ©odlbgmg9Eo s 30EMHMMYOIMWE I933w0e0 J563d0, 3. LEGHMMOL bgmds.

39335B0mbols  3sbgmol bgadgb@do  BsboLlEHMMI®  IMIMOWIOME  Y39WwsDY
d39e  @sboemgd  Jobgol  Ho®mBmoygbl 43056069 W-50M3E0BLdSHMEO

00b5x30Jwgdol s  s130EMHO GoJwrgdol §gygds 9. §. fozwom®ol {yqgds (bsb. 3. 2).
dobo J39ws bsfiowro 3569 8083gds 9. bLGHMMob bgmdsdo. {ygdol boggdosb 70-
16



80 9 (o Losg wdgool bssgBmImdowrm abs gosol d. LEHMOMOL boby)
5309 gd0L  sLBHSdo Bbds 30— s LBsFMSEMTsM330Mm3560  39MOMBsEEno
93005430l 8995369930, Dmaxg® 3060930l 0bBYd0m. 53 39MDdMbsEME Fo6dmMbogdbgddo
3. 9350830l Bodmgzgbo g3l 23056L0b7AMEMEN-50MY30bLdbMMO sdMboEGO
5399965, §ygds 39650 0936905 LEHMOMOL boEWOL BOOWMgMOom, Momddol 130-by,
0MOE35L 5056mb Fysmmgdsdg. 9bswmyommo Jobgdo  sR0JLoMmGIMOos SAMINZY
139OHMBIL 9By,  OHYZ0LS S WM3MAEHIL bgmdsdo, Loss olyg bGH03wobol
BOom®  ROMJo  dmoem©  93MIJgdl  BEAMMOL  {ggdsl. bmMoxml  smBTo,
BobmgyEo® Bbo@sbolob 93 obBedo 3. mmghodzowbs (1971, 1996) s 3. gMHvyodol
(1972) 3ogm dgammzoco 0dbs, s19g39, 23056L06gTMOME-50MY3OBLBSHYYMHO Gorbos.

Bob. 3. 2 LobgIMEIM-50MY3OBLBLYOO Mobsgodwgdo ©s S130MGMO Bogwrgdo -
fo3wom®ob (gqds, 9. dobgoemols bgmds.

S130MHO  Bogwrgdols 09905 96003690356 Gl SLOHMEGOL  5MSToMEHM
LEHMOOL bgmdsdo, 9689  39335L0mbol  LsdbGMgmo BIMEOL  Bodargdol Lgmool
1mOI0M9Y35d0. §iygds 9MHMY35MH™M35605 gy Mgaombdo s FoMdmygbowros ddo

Bogolggho,  momddol  ds30, SB30EODBOMPIMWO O  IROJWIOEO
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3900EGHMMOmMYd0m, MHMIgddog JOMIMNWwo ©osbsgMolEgMHo swg3MoEol BmEgdo
5006036905, FM0oErol BMY0ghHm  MdBBY 930G Wo  ToLos  FoGEOMdL S

9000905 BMEgd0sbo 9Eg3MM3goEIOHO Bodwgdo. 39odMo bsfowo Jum®od)-
L9YIOOGOGHYIEO JIOEW OO0 0BIMGdS O J9M339ME dB0b35MYdsl 0dgbL, sergz®oEEo
30 - @05 byMobygmo GBYdS. 396900 2580 YOME0s 306MH0GH0m, MHMIGEO3
DomImepgboos o633 q00L, 3mb630M9309d0L, @obbgdols s Dmax e BmEgdol
Loboo.

3¢0bldsbmmo  Boergdgdo LOHMO  MIBOMIBMBOM  FooOlL Y3y BsMboom
QIM3M0MYOME BHMIMLME0 s530L sbsEgd 333 gdldo, HMIgeoE MgaoMmbdo MmMo —
eOxobs (Huxpanze, 1976, 639) s 35630L (Tomuumsuam, 1996, 113) §ygdgdom s6ol
HomImepgbogro. @Oxol ggds 3obgmol Ggyombdo Mfy39¢ o 4500936905
393596 03e0bol LsdbMgm gOH™sdo Bywmo-Gmdmbgzol dw959obstgmdo. dolo J39ws
bsfowo  gwodmom@os, Bgs - Jg0dsdzosbo. RwodmoMOo  sbGs 1-5 1d
LOddH3OOL SEg3OOGMIWO O 3900EWIOHO TMHJgdol IMEMOYIMOOM SOOL  5390O.
9mM0gMds MOGIME0s. MMM Hgbo, slEOL J3gs bsfowdo dgwodwmemo dGM9gadol
LOAdWH3Mg  LFIODMOL  5¢I3MOGHMEL. BWodMoEMMO  ELBEOL  Bgws  bsfogrdo
35GM@dL  5¢93M0FGHW0o  sboErs S @ILES, MMAEOlL Loddwsgzmg 450-500 9-U
39500996, 450050L B9 - §30859d3096 oLEST0. 308593930 o9 (30O S Lsdwyoem
056033 M35605, MIMOZMIBOI® (I  SbIMOLLYOIMEO, DMAXIO  J9MdMBsEGoO,
X m-bs3MolyzgMo,  OHMIgwos 2odmBoGE HBEI30MHHY Yog30LRIML 0mgdL.
3903393L LOEYMHOEHOL, BMYXIO 35w E0GHOL 3Mb3MN3090L. J30dsd30L FMYIOOL ASTYMR0s
Dmwosbo  seg3mMm3godgdo, MH®IgEms Lobdg 2-5 LI-U 083055  °FoMOJOU.
930085939000 969990l Loddgsgeg s6ob 0.5-5.0 dg@®o s dg@o.

3963006 fggds  M9a0mbdo  sBIBO-Bgmoly s  TMOMb30-d5B0TBSOL

2990mb3egd0m M0l FoMdmygboo. §ygdol Jags bsfocro  MHYYROL Fygdol
3b5EMaomE0s - RE0IMOEYIM0; DS - 390d)-5eg3OM390@We0, J30d5J30L
9OmgMYwo  969900m. J300543900 ooz P3Oo- s  Lodwmoemm o033 M35600,
3900MbsG o, LoIMoEWWo 3:6360930900m. §ygdol o3 Boflodo HOEHIMEMdS 56
530J4LB0MEYOS.  EMOIXOL  [ggoobogsob oblbgeggdom  §ygdsdo RLLToGHMMO  ToBons

5Q9300GMmMIb 99969000 093609  IIMMBROEGIM0s.  AMXOL  ygdol
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xLBOEGHMOO- s 35630L0L ygdol se9g3MM39eoEWMO ILEGHYd0 d©. BgEmols s d.
dmMOHmbgz0l I9MH00sbgdHYg 096EmbMdOm gowools ghmdsbgmdo.

939005-0150990mv0  Boergdgdols 4sdmliogargdo  3obgmol  39335B0mbols LadbGmgom
B9OODBHY 05¢96-939005050MLOO0m (5¢035EHOL ygds) Imagdmgds. gb ygdsE Mebbdmdom

52039 gdl BHMoMLE b5¢gdgdl s Bobom SMHOL IMIMOWGIMWO. FoMdmEygbowos
5bsM0OLbYdgo  BLOTOEG)-5¢93MM-3gWOGHMMO  BoJwgdols S 3MHROWOEGHJOOL
dn60ggmdom, M®MIgdog HBLSTOGE-5¢93M0GHE0  dsbors  godm3zgmowo  IMmggdol
Loboom o6 a3bgzgds. §ygds 3905 bsfoedo wgdm ALb3zoEIWsLEHWMO0S (seg3e™m-
BLLFOGHWEO), Dgdmm FoEImdL 39er0@HIOHO Tobogrs S BgEs Bafoel 53908 GdowO,
535bsLosMgdgo  Amdfzsbm  BgMOL,  sBowo@BIdo  —  39E0E-3900MbsGHIEo
3063609309000, 30M0GHOL  3OOLEIWIPOMS s DMAxIH  396GHGT0  Bombom. d
Boergdgddo — ULmgger  95gMosboll  doodmgddo  godmgegboos  dsbsEGHWEmO
37 3560%do (sdododg, 2010, 167).
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4. 95305¢0bBdo

39335b0mbols 39bgomol  BgadgbEol sbsewrgdo Logs®o, Mmymes HBgdmom  ogm
5060360, Bsdmygswods Joddol 0bGHablow®mo 3530d30Ls s d0EMZ0L 30HMdYdTO,
oL 9dm3 dobo  BMOIoMdOL 3OMi3gldo 8603369wMm3bs oodBHOWMIOMIO 0y
959300 3OM39L9d0. 5 500b0dbYds  OMIMEOE  9RMHBOMEO, oLy 303500LIMHO S
5d0LbOo  HomdMbsddbgdo, ®mIgrms Jodom®mo  Fgaabomds  BIOMM 350053090l
23960300L.  06FHOYBoMEo  Foado@Gobdo O  OHMEL MHTSIMBL,  SYMIMZY, 339
Bo0myo0dgdmwo  ©sbsewgdo  LogsMol  ao0Mogdbsdo, o3 odmobs@gds  dol
06@9bbome Lo oo 3530500, L9gOHOE0GHOEYB0T0,  JLMEOOEHODSE0sT0 Qo
LY BOYO 9506056 JobgMogobsgosdo.  Mgaombdo  0dgbs  derog®os
A99AH™bo3Mmo LGHMILMYo  Im3wabgdo s FgMEOEO F933wgdo, MHMI bmy
d9000b3935d0 29O gdNYos  sbsrgdo s BogdMMo  Jobgdol gemBsbgmolasb

3990%3bs, ®5Hgs3 ©WIGHIWMMI©E 065 50bodbmeo 8g-3 mszdo.

4. 1. 98379P0x6m0 0sgds@dHobdo

3933560mbol 35bgmol Bgadgb@do g8 HBoMo JoadMMO 53030, HMYMEMF M-
WMAO0MOHO 5330603905 330P39690L, 0fygds 3305b6L0693MOHM — SEEMI3EOBLBSLME
@OMJo s dobo 3OMIBHJo0 BoJLoMIds 9. . LGHMOOL {ggdol dgbsdg sLGsdo,
Omdgwog  §om3m©ygbowos  HOMWOM-EI30GHIMH0 89000 mdol 335030560
5¢30GHMB0MGO0L 25633969300 @S B0 30OHMIWIBEMEOMJO0m. i LGS 03390090
53M9m39 39999 990295600 MdOL 039005 (Q0S35H0) @S F306Mg 0bGHOMDozgd0m
(0036Mg006MM). MHMAMOE B, 0by FogdM® Jsbgdl Asbgomo vd3l 0bEgblow®mo
39935B0 5 30OMMYMTME0  oMogdbgdo. 3609369wmzs6(oms i39Gy Mo
5J3m, GMAMOE 30MH39woo  dbgds, obg Mgyombmmo  dg@edm®Oxzobdol bodbgdo.
5055050 gl 3m33¢gdbo oMTMPYgboos 3350 E-5d0G-LgM0E0E0b0 s  33963-
JMO0F-5¢d0EH0560 Bodwwgdom, GMmIwgdoag 0b@gbLlome AbgMgzol s 39G93WsDL

396030L.  5ELYB0Tbs30s, GMTI  AubzMg3zol  BmbIdOL 20633990  BMbs33900900
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390000MOMEos  begzom®o  dobgMowgdoo:  3oMoGom,  3oMOmGobom @
Joarzmdomo@om (sdodody, 2010, 166-168).

LAMOOL  2odMmbogEEol  FoMEs  bsemyomMo  boergdgdo  Jsbgmol  Ggyombdo
3b™doos, 539039, B3IOMBIL JgDY, WOEHY30L, WMIMEHOLY s dsfodols bgmdgddo.
506036 Fomdmbsgdbgddo gombs o6 a3b3zads s  sdoGHMT, MHMAMOE  Ibswrgdo
LOGIMOL 2obboErgzol  OML  0gm 5©0bodbmeo, 833193505 GOl Fom0 SBs3ZOLS
3969%oboL dglobgd, 9gMHMosbo sHOO 96O sOLYDdMBL. Dm0 sl Bgs 35 gMBMMEO
3M5bo@Mogds  800Bbggl (Bacoesmy, 1932, 65-67), Dm0 — B9 3segmbmm-
A0 430859390950 (I'moprobmanu, 2003, 365); 1IMH3cglmds 30 — SOMIOMEIME
J300543905@ 9096093l (ABammuBmian u Ap., 1958, 92-102; Apamma, 1968, 132;
Tomuumsuau, 1996, 75-83).

9m093bm  9MBoMo 3w 3sb©mHo 3OMMIGHJd0  500boTbgds 3eoblidebw®o
Sb530L  ffogaom®mol iygdol Botywgddo, doMomss© (ygool bgs bsfowdo. olbobo
DoM0mpgbowos  Lmd@Ew@g 05BsEGHMMO (o®dmbsddbgdom, GMmIwgdog Fodzwgds
90006569900l J3565005c00l, BEBMMO, 3585¢0l, dMMIolbgzol, wWsam©gbolbgzols s
dsfjodols bgmdgddo.  LEGHMMOL bgmdsdo 53 FoadMMo  9dBH03MmdoL  3OMEMJGgOol
09939390  abGOL  Loddwogmg 500 3 SFoMBYOL.  0go  HoMImpgboos
©5350699R0gd0m, 35¢0ds o3M0 456339bgd0m (bob.4. 1),  dsbomGo Lowo s
©5037M0  Lbgyergdoms s GYBOWs3oom.  gb GIJLHNOYo @ 3IbIGIO0
Lobglbgomdgdo 0dwg3s, OMAMOE 0bDMWoMmgdmE  bbgmamgdl, obg - 9emdsbgomdo

N s & o

Bob. 4.1. 3¢0bLdHLYHO LdEMEBY BsDoEBHMMO do0Ts (53900, 3. LEHMMOL bgmds.
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39059535¢0  [o®dMboddbgdl. slisbodbsz0s, M 53 3 3699MH0 5dGH03MdOL  d30ds
53900 bdoMs 89399963 90Mwos  9300MmAGHOL  XayMBoL  dobgMoswgdom, Moz dom
30H995M5 LBOL0sIM3bm  garxkg®lL bdgbl s Fglobodbog dmLsdoM3gmgdge JobL
Dom0mogbl (bob. 4.2). obobo goblsgmm®Mmgdom FosMMME MO 2530 EI 0o d.
J39P5@osl s 8. 0EHML bgmdgddo s 36033690356 LodMmgfizgerm Focroggdls Jabol
(5dododg 2010, 169), GMmIgms ©3MT33905 360d36900M356 93mbMTo3MO Labygdgerls
9 3Hobl Mga0mbL, 39BLS3MYO0m 30 356300l bgmdols FmBsbegmdsls.

Bob. 4.2. 3¢obldsbMMO 930ME0HBOMYIMEO BoW0Ts 63930 gododzegds, .
J39P55e5l bgmds.

OHMAMO3 Bgdmo 0ym 50b0dbeo, J39wo-0vs0Evo boergdgdol godmlbogwrgdo
3obgool 30335L0mbol LsdbMHgm BIMEODBY 3300655 gb-350MLMMO” (5eToBolb §ygds)
905360©gds. 53  Boergdqddo, bmgggew  95gdMosbols  80sdmgddo,  as9m3wgbowos
05D GHMM0 3w 3560BTol 3OHMIEBHgd0. OmymeE  BsbL, 3w 3960Bdol gl 930,
3¢0bLdSbMGMD  FgoMmgdom  Jogowgdom  LLEGos.  393sbmygbM-sbsgrgdo
5LGHOL LOAdEsgMg 19-22 T 56 5FoM0JOL 5 F0TsOMNYdSBY IS Mgdom 3.7-4 39-Dy
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39000936905, 99p9b0mdom  Joblosbmo 3 3sboBAOL  sbsErmyomEos.
Domdmpqbowos 12 8 s 7 3 LOAAEEEZMOL do0ds BHYJuGHMOL dJmby 2 WsgzMGO
396839605 s 2 s 3.5 8 L0AdSzMOL GHIRM-3MM0  IOGODMbEGHom. JodomMo
3obgool 39335L0Mmbol 3w 3sboGJd0  3sLBMOL H0309E BHMEJOGNO BsDow IO
(@b6. 4.1).

gbMoo 4.1, 35335L0mbols  39bgmol  LgydgbEol  g30563@0bLdLMG - sEMYGHMOLMEO
9890090 3530530GJO0L  JodomEmo sb5¢obgdo (5gJodody, 2010).

[}

S 20 Ti Oz Al 203 FeO F6203 M gO MnO | CaO NBQO K 20 P205 H 20_ H 20+

4738 054 | 1258 | 615 |3.70 [887 014 | 726 |40 025]0.03 |0.04 | 852

5040|044 1428 | 675 | 329 |680 | 016 [1136|3.82 |[025]0.03 |0.04 | 254

47421050 [ 1582 | 653 |360 |693 [014 996 |415 025|003 |0.10 |4.20

48.38 | 0.87 | 16.63 | 6.66 | 264 |753 | 010 |7.88 |4.30 0.02 |0.26 |3.82

45151082 | 1657 | 6.04 |505 1004|015 | 563 |500 |050)0.05 |057 |4.47

48621090 | 1704 | 710 |169 |7.09 |010 /619 |48 030 [ 0.15 | 006 |512

47721060 | 16,65 |594 | 257 |713 [007 1036|400 | 025|032 | 213 | 252

4495|1036 | 1480 | 666 |7.60 |10.12]|0.28 |4.28 |3.30 - 1003 | 107 |6.70

©OND OAWNIE 2

44811094 |16.72 | 7.82 |0.77 |595 |0.07 | 10.00 | 475 047 | 7.93

10. 144.0510.36 | 1326 | 768 | 190 |840 /010 |11.00|4.75 |130]0.03 | 040 |6.00

11. | 4895|025 | 1445 | 1029|265 | 725 | 014 | 902 |4.00 [030|007 |045 | 280

12. | 4682 | 0.38 | 1405 | 840 |360 |808 |012 |718 |430 [040|006 |152 |563

13. 14640 017 | 1258 |844 |335 |671 | 014 | 1266|485 [035]0.03 | 040 |3.60

14. 147161024 | 1366 | 936 |384 |7.34 | 002 | 1052|445 |025]|0.03 | 030 | 265

15.151.091 067 | 1644 | 727 |201 |6-3 |012 |6.78 |4.22 017 | 1.26 | 4.05

16. | 51.97 | 1.01 | 1357 | 592 292 689 014 681 460 [050 036 |114 |34

17. 14720 | 050 | 1486 | 752 436 |814 |0J12 |812 |412 [025|014 | 092 |445

18.145.15]0.82 | 1657 | 509 |6.05 |10.04|015 | 563 [500 |050|0.02 | 057 | 447

19.15011 120 [ 1454 /612 |331 |523 /020 [10.03|420 |050]0.31 |053 |433

20.148.38 /087 | 16.63 | 666 |164 |753 |010 |7.88 |4.30 - 1012 |0.76 | 3.82

6033900l slobgEgds s 5gdoL sEYowo: 1, 2, 3 - ogzMMo 06M)Jh0gd0 3. edsBMMOL
bgmd0sb; 4, 5 - 35¢00ds Ws3900L (3999630 9. WsBsBMMOL bgmd0IL; 6, 7 - doewods 53900l
3960 9. WsdsBmEOl bgmdosh; 8, 9 - Bd5E0bs 3900l FodmBoGMo JgMdol d.
93905050l bgmdosb; 10 - doenods ogol 396@®0 0. J3s65owsl bgmdogsb; 11, 12 -
3603GHM3M0LEIMOO 535 3. J39BsIWSL bgmdosb; 13, 14 - 3mEMm3MOLEIMOmO Ws3s J.
3955l bgmdosb; 15 - Bdoerods  @og30L  39bGH®o  9.dMMmIolbgz0lbyMd0b;16 -
3m3OHOLEHIWMOHO 635 . WsRMmEgbolbgbgz0sb; 17 - 30M03EHMIMOLEIWMOO Ws3s .
oM 9bolbgbg30056; 18 - 250mBoGM0 ogzmo dMgdhos . LEAHMOOL bgmdosb; 19 -
360033 ™3M0LEIWMO0 Ws3d 8. LAHMOMOL bgmdOEsL; 20 3ME™IHOLEIWMOHO Ws3s 3. BLGHMGMO
b9md0sb.
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506000, 0¥) 8935%599000 gBYBoMG Fs3d5BH0BIBY  9MLYdIM  Imbs3gdnodl,
95306 35335L0mbols Jobgoobl L9ad9bBHdo  obo ogBozmdoL  Lsdo  39MHOMmEO
d90dgds  25dm3zgmo: 1. 23056L0698MOME0—-50EMG3E0BLBHWEMO (HOMEO0-OEOE-
bgboGM®mo), OMIgwos  ©IB0JLoMGOMEos LEHMMOL ygosdo  (LoddEregm9qdo
boogMo) 2. 3300630bldobG-500Mg@Mmodlmo  (LdGMGBg  05BswGHVMMO),
OMIgwoE wm3soHgdMwos Hozwomcdol §ggosdo (Loddgrsgeg — 70-500 3); s 3.
3300655 gb-350mlGHo  (D5BIEGHWMEMO),  GMIgoi  sedsGol  iggool  Bofoemls
HomImo9bL (Lodderogg — 10-200 9).
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4. 2. 0byOHboremo dsgsdsdobdo

06930300,  3933560MmboL  39bgmol  Bgadgb@ol  J3gsoOe 9By bBon®
39903960l qo9Bbos  mogobo  Bmdyzsbo aBgdo,  OGMIGdoE o,  JOMHOMIWI,
DoM0magbowos 303500960,  L¥B3MWISBMMO W30 03930l S LogdOL
LbobGgdom. olbobo sblbgzsg90ME  29MmObsF03ME s MYMHIM©OBF03ME 30MHMdYOTO
Bo9MYse0d®s O J0oGmo© FoMdm©agboos g3mdy, Bodwoerm @ 05939 doMM3WO
3969000.  06EHOWMBoMEo  FoaTdoB0oGHgool o3  LoLEBHYIL  3og35BoMmbol  39bgmob
19209630 MobsdgEOmM3g gOMBomo  ©mbol  360dzbgermgsbo bsfowo 39300,
9oa5d  dobo OMMEo 49gmE0bsdozMo  3mBoiool, 0b@GHgblomMo  Bgd@mbozmMo
dbbgM9g30L o  39AO3WoBoL  2odm  RMMMEGOM0s  Fo0  0QI6EH0B03ZSE0S.
933093500 Bofogro o  obogd  HoMImboddbgdoe  doohbggl.  AsM©s
50b0dbeols, 8. BLEGHMMOL bgmdsdo B3zgbl Foge ODBMEBHM3MMO IMIMOMIdIOL  FHBom
LGOI ME0S 35 9MHBMMOHO sbvzoL 959235303 9d0, GHdwgdo3
3OMGHOWBOMWI© 900l FgdmFGowo  Igbmbmme,  390dmE  J39©s 0O
00boxgodwgddo s J300s4390d0, o3  30I3 NBOM SOOIl 39335B0Mmbob
06@®M oo dogds@o@gdol L3gdGOL.

4. 2. 1. 9999 0bAEHBoremo 853850 bdo. 3533560mbols  3obgmols  Lgadgb@do 5wdg
0b6GHONBoMwo sd5¢0Ddo M306M5FGHIBO® FoMTMOY)bo0s ©0sdsD-3MOBOMOGEHYICO
dom3900m, MMIgdo3  doMmomos©  Jdbol 0.3 -20 3 Loddwsgzmol  Lbgmegdl,

OmIwado3 339990 939009 obsenrgd  Loge®l. 9580d3wqdsdo  oLobo

39000936905  s0gMo Jg@cmd0Esb  SbgMe Fg@G9d59Y s, OMAMmO3 §glo, dsmo
900smmgds  90mbgzglzs  999339w0  Jobgdol  B0TsmmMGAL.  OsdSBYOOL  dsMI039d0

00mJadol 56056506 3:mbGHsdBHMO 933 gdL 96 0fj393L 899339 Jobgdmsb, Tbmerme
ddo3M0 903900l 3mbBEOJBHI0d0 500b0Tbgds MObsGoJEgdol LLGO  otJor)egds
5 B IO 930MEH0D305. gU 30 JOMMOMIOL EOBIHBMHO 503900l >©bodbyro
LobGgdol 30609 Lo®mIY)ODY BsAMYSEP0dYISLS S FoadMMo FbIMOL  TgIMGOO”
Q905 3H9a39M5@GHIOSL. 3933560Mmbol  39bgool  1gadgbBHTo  OdIBYIOL 0 39d0
3M5mbs0MO© SM0L  gobsfogdmwo s obobo Q90339 MRBJOI AMMZYDS.
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3960dm, L3 YNO0IL 5MTMLOZ3EgOL39b domo 3mbEabEGHMoE0s 900bodbgds dc.
SedBbol  Bomognqddo, 8obotnqgdol  dobgzserol,  LEHMOOL, oEbgzol, 0bfmdol,
39050l, WsamEgbolbgzol s dsBodRsol bgmdgddo.

99003960mdom gl Jobgd0 oMM [oMmBmMmEygbowos MMHI0EHOBOMYdIMOo
3MOBOOMMO  0505DJO0m,  ©5EHYoM0560 Qo 533030560  ©05d5BgdOm,
GHMIwgdo3 96»sbgmdo  LOMWOSE  MIBPIMNIBMBOM 239005QOU. 94390
3INWMAO0MNOO0 @S 39GHOMAMR0wo IMbs39d9d000  obobo  FoMdmoaabl  gMHmo

$9IOMboZYO-mHIIo 5J$0gmdoL 3OMEIIOL @ 300000M>@
539380609305 9MH006 836 Bwydg BsadME 39MLMS.

Bob. 4. 3. J39005099OM0 MObIBR0JYOOL 45833900 OsBSBOL  doMr30, . sesBbOl
3o6m3bgbs 39O, bmxyger bsmGo

39335bombols Jobgomols L9396 do Q0505HM0 5039000 ™60
393OMaM5x30Mo  GHodo  990dwgds  asdmggmo: 1) 3mORoOMEo  ©0sdsHgdo,
639 do 3mMxR0Mg00 [oMmdmygbowos 8dg 3wsg0m3esBol 3gbm3MOLEIWgdom

(NeNe45-50) oo ®m3gems Bmdgdo 5 d0-U godpawqddo dgMygmdl. 8500 doMmOmMso
26



Lo P300wdom33wmzsbo,  mBo@GMmos s  fomdmygbowos  3oHmglgboom,
Jm®oGom, 969Hobol BgdlolgdMo 3M0LEHIWIO0 S GHOGHIBM—ToabgBo@om. d
G030l 035Hgddo  3oMmdugbo 39600l OO GH0DOEOSL,  I0gH0S
JmOH0@0Bs30s, 500603690, 5gMgM39, 39E0GH0BI300L 3OHMEILO S F9339MEIOS.
OMamO3 Hobo, sbgmo GHod0L ©osdsHYdo dwszm doM3qdL Jdbol, s ©s33Mo3L
9mdf396m  9909M0Mds 5 30D  J9Md  99BBg3s s 0m3EsBob
3MmOR0OM0 258mbogmagdo; 2) dgmMg G030l 0s35Hgddo G90dwgds 493596000056Mm
03600 330M3560, JMMY35MM3560 FoLOL EOVBsDBMMO Lbgmwgdo, GMIgdoE SO
6oL dEe36 ©s03MM Lbbgmegdls s dsmo LoddesgzMg 56 Lo gds 1 3-b. obobo
bsbosmgds  9bgBoBH Mo  LEHO®MIGHMOom s HoMImygbowos  dMF3M3560
3Eo0Mm3WIHIO0m O JONOHYOIMWO doboo. 3E50Mm3WsHO 39600l
L9YOOEOEGODOEOL s 39EEOGODOEOSL. 90 G030l OdsDBYOOL doMr39d0,  MBgBIL
990bg93580,  IIWozM0  OsdIHMOO bbgegdol  53mxoBYOL  FoMdmoygbl o
399300LFHIIOMos  MBOHM  JoMBb  30MMdddo, 300069 306390  BHodol
Q0505H900.

300069 53 Jobgdol  sbo3Bg 300K ggdm, ULsFoOmE  Rogmzowgm  IMmIgE
39b30bowmm  Hobs 933c0935609d0L  BsdMMAd0  393350MbOL  OsBHYOOL  FgLobgod,
Moobo3 93  Jobgdol  4gmeEmaomE 3335l 39335L05d0 ®OmMJAol  yzgwsby
bobaMdewogo  obGHMMos  2o5Bbos.  OmymeE  3bMdOE0s, ©0sdIBMMO  LatEygwo
dnwosb  d0Y3zgds  39335b0oMmbol  LEdbGJ  BIMEL S 0y 9939MO©  33JNL
J39©o09HM  mobogodwgdl. 53  Jobgdol  3oMH3gmo ggmemaom®mo  dglfogers
39Bsbm®Eogws 3. 0. ©q30b6Lmb—crgliobyds (1898), sGObmEol MwgwEgbow by
LoM30603BM 4300580l goyzs65bmMsb  39300MGOOm. b YGHIWMMOE  SVFIMS
Fombol 3sbogz0l, 339¢oLIMOL S 3MEsBOBOLMIZ0L  OBIBMOO [o®rBmbsddbgdo.
3900093 ©50mbols 0s35Hgd0 Fgobfioges ©. 3. 89096306305 (1914), HMIGETo3 OO
93394 GH™OM030 FoLoeols 3MTs3900L G9IRIP SOBMEHOL MG EHIHOWOL OSOSBYOO
MmO BEOISEOME  XIIBOIQ  ©3YM: 3MsBobols  (bo@®momdoo dos®0o) s sLoL
(3ow3ondom  8OEIM0). 53 MO0 JodomMo  2oblbzsgzgdmro Q0505H9d0L
3OLgdMds . 3905630635  gMM0sBO odOMMo Fsdol ORYIMIBE0sE00m  SbLbS.

27



390amddo  0sdsDYdoL slgmo ggbgE Mo Labglbgsmdgdo godmymaowo odbs Lbgs
QO0505H6 MObgdBYG.

306390 dmbs3gd9gdo 3obgmol 3s335b0mbols ©0505HMM0  [o®IMb5Jabgdols
Sbo3BY . 5. 396060sbEL 93360l (1940). 0ao dooBbygl, MHMA gl 303500LvEMO
Dom0mboddbgdo J3905 09O SLs3OLLS, 0T3S S0 IL3IZ65T0 00 dMEOMIY SV
M mbgdmmo. @. BoM0dgd obsbMYss Mo sMLYIMO FMbs399900  359335b0MbOL
QQ0505H900L dqlobgd (3apuaze, 1961, 78-100), 949935, O™ 35bgmols 0sdsHgo0, 0l
OMaMO3 dwosbs  393395bombol  LodbMHgmo  BIMEOL  EOsBIHYO0,  dsomLol
3OB0OOGHWMwo  ffygdol Lobdmmbmwos ©s  Fomdmoygbl 58 ggdol gxzmBomMo
95935303930l dmdYzsb sObAL.

Q0505HM0 J5bgdol sszol Lsgombo  YGIWMOOE ©953Ts3s . dm{gbodyd
(1947). 36  BMobsd@mls o  Fombgdol ©0sdsHMMo  dsboggdol  gmeEMmA0ve—
39GOMyMm5x30wo  dgbfagerol  99gyo© ©oo0bs,  MHmI gL dsbloggdo
0bGHONBOMWHsS bW Mwo By oslvy@o  ;mobsgodwgdol 9o
3OH0DBMBEHIOLS @O B50MBOL 3MOROMOGHWE  fiygdsll  FmMoL. 5T Q9MEMYOMEOO
9399w mdol  d9gpo© 030 80305 9133658, MHMI  3535b0Mbols  LsdbGHgmo
R3IOOOL EO0BIDBMMHO LoMEBHYgEol sb530  Fggladsdgds doomBwEML o, dqLodergdgwros,

D9 @osledLsg 0.

3bO00 4. 2. 35339560MbOL 35bgmMOlL 1gTIBHEHOL OsdsBYOOL JodoMo SBsEroBgdO

SiO2 | TiO2 | AlOs | Fe2O | FeO | MnO | CaO | Mg | Na20 | K20 | P20s | byéd. | H20 | xs0o

3 O o653
14729 | 1.11 | 1803 | 1.83 | 774 | 0.13 | 1193 | 7.03 | 2.18 | 0.14 | 0.22 2.22 0.24 | 100.09
24885 | 136 | 1652 | 1.71 | 932 | 0.18 | 10.62 | 7.21 | 250 | 0.14 | 0.23 1.38 0.02 | 100.04
315009 | 152 | 1553 | 243 | 952 | 0.18 | 722 |6.29 | 234 | 0.15 | 0.22 4.15 0.32 | 99.96
414973142 | 16.13 | 2.12 | 812 | 0.13 | 11.63 | 6.86 | 2.61 - 0.21 0.76 0.40 | 100.12
514742 | 083 | 2062 | 232 | 621 | 0.16 | 9.84 | 6.64 | 2.12 | 0.14 | 0.15 3.14 0.66 | 100.25

1, 2 - 533030560 ©05d5D0 . 5¢sBbOL LEm939900sb; 3 - F03OME05d5B0 . Bgrrmob
b9m30sb ; 4 - 4506MHM ©0505HO 3. sSEIBBOL bgMdOB, b. boom®ol LadbGOgmoo; 5 -
90360005050 9. Mm3MESL bgmdosb.

3obgomols 393395b0MmbBY OSBSBMMO 03930l 2obEsAgdol  Bgdmm SEfgHowo

dbaoglbo  29MmEMYOMMO  LYMHSMO 9O 0330603905, Fs3Gsd obobo 335G 3390
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@osLYO MObsBoJwgdl. gl 30 0dol Loxwdzgel 235d¢g3L, MHMI  E9390BbAM™ .
dmfiobodol (1947, 52-60) o . Do®odol (1961, 47-50) 3cmboBEMgdgdl s 303501099 M
50 2odMHM—0sd5HMMO 503900l  LoLEBHGIOL  BsoMBMGO  SBsZ0. Mg Fggbgds
©O0505DMMO 503900l gogwgbsls d9dieg Jobgdbg s s oobdMI(399 3mBHb30sU,
39bgmol  35335L0Mmbbg OB 9O FoJuLoMmEYds Tom Fogh  25dMf39o FGMMOO
39330900 @5 F9BOMHO  FobgMOE0B(305. Tgbodsdolo@, 98 BoadME  59dBH03MA
B39b 96 gobgzobowsgm, MmameE dsbosbo JobgGmsobsgool Bod@memL 35335B0mbols
3obgmol Lgadgb@do.

4. 2. 2. bsdmserem s 059939 06O boriero  8sgdsobdo. 3533550mbols  39bgmols
192996330, goblibgzsgzgdom gmdg 0bGHOMBoMwo Fogdo@GHoBdols, LsdMsEm s 85539
06@®M Do 35305@0BIBY Imbs399930 3M9JGH0IMWOE 6 SMBYOMBL. F33Wg35MI0S
0o bsfoero 300Rbagl, ™A 53 G030l o3G0 5JGH03Mds 5 do0sh LLBos s
d9L535F0bOE AL 96 9d3gMEs  YMMmOEYds.  B39bL Boge BoBHIMOMEDs 3300)39d0d
5Bg9bs, OMI Ggaombdo  LsdMsEm s 35939 0bGHOMBoMo FodoGHoBdo  Lo3dom©
RBOOOMESS  FoMdmygboro @5 003358605, ®M3 ol  0b@gblowmEo  gmMso
39330900 (3933903909, SE00GH0D(309,  LIMOEOEH0DIE0Y) LPmOgo 90 Fogdn®
593H03MmdLmbss 3930060 gdYO.

6930mb3o  y439wsbg dgzgwo 95539 8523MM0 5JGH03MO0L  FogOWOMOE© Fgodgds
9m30Yy356mm  B3gMmBol  Jgol 993900 3o835BH0GJO0,  OMIJWOE  ©IEHIWYMSP
s03hgMgm 393 9380, Losg 90bodbmo  Jobgdo ©535b3B0sMYm,  BMYMO3
339030560 5eB30GHMBOMGIOL S 339ME-3MOR0MIOOL bYd3WwIbMmo  Lowgdo  ©s
503900, MHMIgd03 99FMH00s J390050slM MobsxBodwgddo ©s J3005d39080 s
3506 9P goboaol 0bEHIBLOM Abb3zMg35L s 35393 sBL (bsb. 4. 4).

3905 B3gOHMBIL  Jgol Moombols, 85939 dgAgbomdol  Lwdzmer396mEo
Q50390000 @5 LOEPGOOMSS 93900 BEBHMOMOL  35Bombols 3608369 mgzs60 Baoffoero.
3933560mbol 5dMbogEgm 29369059 om0 BoMm©Ybmds I30MHYds, Mwdzs obobo
90030905 9. "sbm@Eol", Logmobbgzol s ™M@l bgmdgddo. gHmgMEo 85539
39933900  bbgmegdo 5006036g0s  1g3mMols, 3985¢0l, samEgbol bgzol s 8.
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5¢05Bbol otzbgbs F9bs35009d0L Lbgs bgmdgddo (Baccoesuwy, 1932; Bapmaubeanm, 1937;
bs®s830o0, 1948).

Bob. 4. 4. §390MBMWOo MObIR0JwOOL 45033930 3350(3-3OBOMOL JsMM30, 3. Bobgzseol
bgmdo.

LEH®OOL  bgmdol 35939 0b6GHOMHBoMWo Fsd9BH0EIOOL JWOLOIM® ToYIOMNS
33065  9m30y3z56mo 10 8 LoIdWszmOL  J39®S 0O IbsEgo 3MB3egdLob
39933900  Bbgmwo, MHmIgeog  90d3crgds  BEGMMoL byM3gb@obol  LsdbGmgmom
oobrmgdom 1.2 30-do. 00 s30L0 F9A960wMdom LEWME sbsermaosl 53w9bl
139gOHMBOL  FoboZ0L 983390 BbYMEGOMID S JOM0MHEIE  FgAgds  339ME0L o
3@og0Mm3wsHBoligsb,  bmwm 930609 Gom©gbmdom  s00bodbgds  dozmmzwobo o
LgOOE0GHO.  LYobGHYMGuMs, GBI 58 0bBHOMDo3z0L ™mE03g 3MmbGHIIGHMOO  bsfowo
MRO® §300wdsM3300m3560, 30009  (396GHGIWMMHo  bBsfoo s, 53539 MMV,
39M0xgMm0mw  dbgddo 500b0dbgds Mobogodwqdols BsbsMmgdo, Moz o3 Lbgmwol
593565 95933900 bolosmBg d93Y39wgdl. sLsbodbsgos, GMI Lbgmeo Mdsb—mdsb
39boiol LY BOYO 95006056  Jobgemoobsogosl, 3960dm©  306HmE0b—
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306003H0Bo30sl  (Bob. 4. 2). 58 Godolb  0bBHHbomwo Lbbgmwgdo,  GMmIwgddos
5006036905 00bsx30dwqdol BsbsemNgdo 8. LAHMEOOL 396ombTo dserosh dg3cos (4. 3).

3600 4. 3. 9. Fobz5¢ol s LEAHMMOL bgmdol 335030560 SEVBOGHMBOMIOOL s 33903
3MmOR0M900L JodoEmo sbseoBgdo

Ne SiO, | TiO, | Al,Os Fe,O; | FeO MgO | MnO | CaO | Na,O K20 P,Os | H,O | A/ICNK

1-09 77.5 0.25 10.10 2.20 0.80 1.24 0.10 1.80 5.47 0.28 0.12 0.04 0.80
16-09 725 028 1224 0.60 1.85 1.68 1.19 2.17 4.78 025 0.15 0.06 0.87
30-09 | 74.3 027 10.50 - 321 1.50 0.11 1.10 338 2.19 0.08 028 0.99
39-09 782 0.18 10.54 0.76 175 1.56 0.12 1.08 1.80 3.15 0.13 022 1.18
60-09 76.0 0.25 11.13 0.40 2.18 1.72 0.10 1.79 535 0.30 0.12 0.04 0.89
84-09 | 758 | 022 920 - 337 152 | 008 | 200 212 264 | 008 | 020 119
86-09 79.1 0.18 10.88 023 - 0.56 0.01 0.35 246 420 0.07 - 120

603 39d0: 1-09, 16-09, 30-09 s 39-09 — 8. dobzo¢ols bmdosb, beagrm 60-09, 84-09 s 86-09 -
9. LEHMOOL bgMdOsb.

95539 99003960 ™md0l 3533530300 Y30GHMgLo©  Lyd3w3sbmE, 3035006
Lbbgwmegdl DoM0mo9696 @5 doMOmOIE  93q0E0s  339M(30L96,
3900GH0H0MYdOME0 SAd0GOL  MH0Q0L  3EsQ0M3IWsDBoLAYD,  Bmaxgd  I3069
50m9bMdom  3oomdol dobzMol  F35EHoLYD, MMAWgdois 893999630 MEos 50
3d0bgM5¢gd0L 35393 B0MGOME0 ToLoLYSD @S MMIGETos, sOEF M ol 0d305Mo,
39996935 dML3Mm3030,  LBIMOEOGEH0, JWMOOGHO S JoMdIMBsE0. dogels 53 dsbodo
=36003690m  Gom©gbmdom 93bgzgds  dobosbo Fobgdocrgdo s 9g3gbmMgdo.

abaogbo Jobgdo  39335b0mboL LodbOHgm  BgOPDBY, 39MHdm©  FobsMYgdol sdogzlol,
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5350bsM0L s dBodmoL  Lomsz9gddo,  sOhgMowo  5g3l o. 3. dBMOULM3L (1979) s
399YgmMB0E0 59436, OMYMOF J39O0OHMWO 3350 E0560 SWBOEBHMBOMYOOL BMOTS30S.
B396 3x830dOMdM, GMI 3sbgomol  3o335b0Mmbol  sMbodbo  BoadsGoBgdo  bs
90353990036m 53539 2969GMM0 3030l o Sb530L FoadME [o®mBMboJdbgdl.

M930mbdo Lsdmoerm s 05939 95335BH0DBAOL 9JEH0IOMOOL Lo MLEHMIEFOMO
d90d9ds dm3094356mm 3. LAHMMOL LBs305MmE WMTsE hoFMowro (200-300 d) 3560mbols
FO0owo, O®mImol  AsLH3M0353 93319350900 MOoMJIoL INE0sbsE  @IBswgd JobgdL
50f96M9b, 0535700l ghHmgEo 399339000 d563900L BoJLOMYIO0M. MJSLIMSQ
3obombol 3obP3M0g  Foadmeo 999339000  LbgMengdol  dmgwo  b3gddHmos
Po@dmpqbowo, ©shygdmmo gmdg  d9agbomdol  Jobgdom, ©sdmozMgdwo —
05539000. 5 800656y LAHMMO OB M3l  Ys®  EIOMIMEGOIL, MMIYEO3
95O  HoMImoygbl ddesgzMo oMo 89a960wMdol  Lwdgren3obme
0bGHOMBogL, MHMIgoa 06FHBLoME AbbgMgzoL s 39393 sBLL  qobosol. 9939
9m39o3L 938 UbgMerol  Lodbmgomo  3mbGodBHoL  BMdgbEol  bLyyGsmo,  OHMIgEo3
M90gxndo  39MR9ed 258003egd o (Bsb. 4. 5). dsldo  MBmorm©  1ds39w0—
35eml  Bsog@BMmImdowm abol qolfgmog  50obodbgds  Ms8gbody  MmzsEmMo
RBIDMO0 BBIOMO, OHMIgms MGsomligdo  30-40 LI-L Gobyergddo dgHygmdL (bob.
4.6), Mg 0500 5935600 3530996 bobosmby d9EY39wgdb.

LAY MbIOME, doE0b OO Mo gRolL s FsLoOO BHYol BogsGol dsdm,
3999990900y bbgmeol  MHgow@mo  dsbd@edolb s BmEIGOoL  ©o9bs. oMo
50b0dbEols, LEHMMOL 3sbombdo  Lsdrsm  Fgagbomdol  ddEeg®mo JoadMMo
bbgmeo  9od3wwgds dob 396G ®  Boffoerdo, o Loog  Lodsbdobm  g%o
bgO396GHOBL  5390090L.  BYM36EH0b0 53 FoadmEo 496965300l  bbgmedos gogzs600
Qo 3INWMA0MEO OB JMOGHMOSTo  SOfgM0W0s,  OHmymeE  Mbgddsd33em3zsbo
d300543900. 50 9mbo3zgmBg 8obsdg  ®Ts  356ombl Jdbol. Bz9b  F9zdgwrom
393393990065 ©sbermgdom 500 d9EH®0sbo 39MEH0350 MO 4gMEMA0OO  FHOWO,
900b5M0l Bgmdosb MMM J9sdEy. FO0wdo Boos Bsbl dogdmMo 358960l
3O0LGHIWWMOHO  RMOJ30M0s  ©HYJOMO OMOOEJOI0M, MMIWGOOMS(3 )FNYSXOME
bgmdol  d3gs  Bofogros 03900, (890gado  olbobo  goiEol 3390 3E0b
396053H™MB0MJOT0) ©5 ©TMHZMIOMO  3Z9ME-3E0R0M3WsH0sbo  Bganbo@gdom,
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OMIwadoi Jgool megzbg G0dzwads s GMIwomss  FOowo Mgz gds.  qu
952360 0RIMIH30M90w0 bgmEol doe0sb Boob@gglicm 458083wqdss, MMIgEwos

Bob. 4. 5. 339603-QO0MOOGHWo  LYd3MM3bMEmo  bbgmmols  LsdbOgmo 458083wqds d.
LEHMOOL JoMrx3960 35MBODBDY.

Bob. 4. 6. B9WHBYOHO 9B MdOL  BbIMMO LEMMOL 33503-OMMOEWE bgmerdo.
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B3960 sBM0m, ©8MM300909I0 39BHOMEMYOEO 33¢0g30L MdOYJBHO MbEs  AoboIU,
GHMamO3 303500690 odOmHo 358900l 3OOLGHIWMOHO BEOI30MIO0L  Jesliogmo
9525W0m0, oL godmz o BBy IgBHL 06 Fg3hgM9dom.

LMo 8902960 MdOL 0bEHOWBOMWO FogdoEBH0GJO0 FOMOMOIWIP 5PJOVIC0S
3E0Q0M3WIBOM, 335M3E0M, OJsGYgo®om, dML3M303H0m, LYMHOEOEGHOm, JwmmoGom,
9s00bosbo dobgMoergdom, Lgzgbom s FoM3Mbom. bdoGs dwsgyomzwsbo 0.3-0.6 30
399mbogmxnqgdol  Loboom  a3b3wgds, o3 Jobl  3mOHBoOWE  LEHMYJGHMESL  Sdeg3L.
Dmaxge 59 Jobgddo 500b0dbgds 25335039090 MObsRoJwgdol MlBHoEgdo, (bsb. 4.
7), bowm Bmaxge dsmo dbbgzmgzol Dmbgdol golizmog 900bodbgds 0bEHgblomemo
3060G0D305 S 306MHMGH0BoBsE0s (bob. 4. 8).

39bgmols  39335b0mbol 335030560 OMMOEJOOL Sbszol Tglobgd  ggmerMmaowy®
WOo@IOIGHMMSd0  ModEmsz0  dgbgIengds  9MLYdIMBL.  B3g9bl dogH Tm3m3z90Eo
39MMmA0OH0  dmbs(399900L  Jobggzom, gu  393d5BH0EJO0  MBOM SbowsBO@Y,
3000609 290MHMMO  ©S03900L  LOLEGTS (QOSBSBMOO LotEYJWo), MoEIRsBsE domdo
500b0dbgds 03  ©03900L  BobommMgd0, 39MIM®, 2933933900 OSOSBYOOL
M9LGH0G900, ogMd bb3s 29gmemyomo sGdgb@gdo domo MRdM 306360930
Sb30L  ILOYJBIE IO SOLGDIMBL. Fom0 SLOIOL FobLLlBWIMOE  FgbodergdgEr0s
300bx9germ@©  0dol Jobg30m, 0¥) EIBWMIdom Mo LoWMI)gdDg ImbEs 85939
05235303900l 3M0LEHIWO0DOE0S, 5L 99y M3 Tom 35339MIB OBIBNMO Jsbgdo,
9oa58 M0z dgdmbggzsdo  doMBbo LoMIMwo 306MHMdYd0  a3Jmbos, gu 30 96
339993l 5b53MIM030 0bBHYMZoeoL QodMMZEOL  BoFoEgdSL 9B Losgms  Fsmo
3900 3FM0L by LoBE3GO.

306395 53 Job6gd0ol sBs30 goblaBzs . o. 35MEIB0sBETs (1932), HmymO3
dgbodgmeo, mwdzs 9999y 990335¢s  dgbgIengds s obobo  FMS0WEMESE
QI9MIMOWS. . BM0dgl  mogol IOMIsdo (1961), GmIgedos obbowrwmwos dgHBm-
39060BMmMOdo  LodoMmnggermdo 3ogds@GoBdol 49630m06M900L 9Bo3900 T9MGOOMNO
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Bob. 4. 7. 2533503901000 00b5530dangdol  MHgbBHOEHIO0 33903056 COMOOEHIOT0 4gE0sl bg3z0L
390b0bgdbg (LEHMMOL Jo0rx39bs T9b535000).

Bob. 4. 8. sdb3MIME0, 2533503900 S 30MHOEHODOMYIOMWO 335030560 OMOOEGEHYOO .
LEAHMOOL bgmdoEb.
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365¢00Bol  Loxg,mdzgwbHg dool  ©sL33659Y, GMT 39bgmol 35335b0MbOL LTS
103553056M30L  doMMZME0 Jobgdo BsFmysods B M™To. B39b 30DosGMdM

3 BoModolb  gbgmegdsl s 3w99390m, MM 339ME-O0MMOEGMEds dSMPZYds
LoLEYFSd FMOT0MYOS 260G J9BgMOL 393395L0MbOL g3MEY300L dBo)H OMTO.

gbMoo 4. 4. 335030560 OMM0EJO0L JodoMo Fgagbomds . LEHMMOL

b9Md0©sb
NeNe Si02 TIOZ A|203 Fe203 MgO MnO CaO0 Kzo Nazo P205 Cr203
ST-1 | 58.03 | 0.63 | 18.59 | 7.76 - 0.11 3.9 2.27 | 3.47 | 0.29 120
ST-2 | 61.45 | 0.73 | 17.29 | 7.79 - 0.11 | 2.83 | 1.48 2.6 0.23 154
ST-3 | 60.17 | 0.6 | 17.31 | 7.63 - 0.12 | 3.27 | 1.79 | 3.25 | 0.25 142
1000 :
—&— B6-08
v SICP
" —8— STJC -
S 10}
=
=)
=
2
&) - -
- "
Q 1w+

1 1 i I 1 i I 1 1 1 1 1 " 1

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu

Bob. 4. 9. 0830000 80(59gdgbEHIOOL  A9BsFoEgdOL B350IM OsYMTS 35335L0MbBOL
39bgmol Bgadgb@ol 335M3-3mOR0Mgdd0 (86-09) s 335M3056 omGmoEgddo (SICP
s STJC).

39339560mbols  39bgmols  BgadgbBHol  339M3E-3MHB0MmGdT0 S 33563096
©oMMH03GHJ0do 08305000 80(ogwgdgb@gdol  gobsfiogdols 13s0IM EOsEEsds (bob.
4. 9) a30b39690L, AT 335030560 OMOOGHJd0  bMmbOOOEJOMD  FgosMmgdom

15305Mm©  2990EMYOM0S 58 gurgdgbBHgdom, I3y  Foo IGMEIIL 9g3mM30wydol
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90603m30  BogMom 965 5943L sdMbo@Mwo, Gog 005Bg  99BHY39wgdl, Mmd o0
396900l 3536 MH9BgMH39M30  3MOLAHIWMMO  BMOJ30MIOOL  IOMEILYdO OO
3963056090 mws.  GMmamOE Hgbo, sbgmo IOWMgdo  sbollosmgdl  300MHOEYIEO
396965300L 35336 MgHgM3sMgdl (Clarke, 1992, 95-100). gobLbgeggd0om 3356030560
©OMOMOGHJO0oLs,  93M™30mdol dobodMmdo 5835650 3°0mbs@ o 339563~
3mOx30609ddo  (bsb. 4. 9),  Gog o 0b6BHIPLOMG  3OOLEAIWNO  BEOOJF0MYOSDY
993Y39wq0L.  535LMb  9HMo®, gu Jobgdo BMbOMOEHGOML FgsMgdom  653egdss
39900 M 900 0030500 dofo9wgdgb@gdom, o3 ™3956mMo  Jgedols
3¢00200M560@ OOl ©odobslosmgdger 60dsbl  Foedmoygbl (Okrostsvaridze, 2007,
111).

1000
—8— 8605
v SICP
®— STIC
Q 100 -
-
=
[}
=
® 1w}
% e s
=
o
- 1

EI1II'||II-I'IIIIIII|'II'|III

CsRbBaTh U KNbTaLaCePbPrSr P NdZr HEmEU TIGATEDY Y HeEMmyblu

Bob. 4. 10. 03305000 9gdgbBHYd0L  A9bsFowgdol B3s0IH OOYMSTs 39335L0MbBOL Jobgmols
193996¢)0L 3356 3-3OB0MGdTo (86-09) s 339503056 OMGOEHJdTo (SICP s
STJC).
39335b0mbols  3obgomols  19YadabGHol 3350 E-3MmOR0MGdT0 S 33963096
©OMOMOGHJOdo 0330500 JargdgbBHdol  gobsfowgdol L3s0IM OsRMmSTs 230639690l
(Bsb. 4. 10), H@B 53 Jobgddo 36M0doG0E BsbEH0sLMIb Fgsmgdom db0d3bgwmgbs
39HOOowos  (momddol  100-200 %96 ) 39H0wdol, MMB0EOMAOL, 356MH0MIoL S
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0M6H0Mdol 99933900 ™d900, 35806 Gm@Es  dbmwme  10-20 x96H 9GOl gobOHOo
39w09dol, 60md0MTob s GIbEHIWOol 3mb3gbE®s309d0.

OmamOg  AFM  ©0ob3m0dobs3ormmo  ©osa®sdosb  (bsb. 4. 11)  gbgsgom,
39335b60mbol 39bgmol 1YATIBEGHOL  WOSBIBYOOL  BogMOHro gOGOoWgdo  035390L
AMgOGHWO0 05BICEHIO0L 39, 335030560  OMOOEJOIOL — 96EIHBOEJOOL, bmerm
339M3-3mOR0MJOOL — I303HJOOL 39eU.

50605,  393395b0oMmbol  3obgmol  Lgd@mE@To, B3zgbo dmbsi3999d0lL  dobggz00m,
06@GO®N Mo FogdmMo  5dBHogzmdol  bsdo gBedo Mbs odmzymm: 306390 —
908@0bsMIgMd©s  9©MJoMOME  39M0m©do s  dobo  9dEBH03mdOL  3MMYJBH9d0
doMomo©s©  HoMImagbowos  303500LM0  339O(3-3MOBOMIOOM s 33O 305BO
5ed0GMB0MJd0L Lo S WS03900L LoLEJdom; FgmEg — B008EObsIMYMBdPS

| | | | | | M

2|0 40 60 8|0

Bob. 4. 11. 35335L0MboL 35bgmol bgadgbEOL WOsdsBYdo (1-5 HoMEGHowgdo),
339030560 MoGm0Ggd0 (11- 13 {oMGHowgdo) ©s 339503-3mMOHz0M900 (6-10
D9OGomgdo) AFM ©0ogMs95%g (A=Na: 0=K20; F=FeO+0.9Fe:03; M=MgO).
399d0: TA - Bmegd 6o s6gHoEgdo, TB - dsbosw@gdo, A -
369H0E 900, D - 053039d0, R - H0om@omgdo. IMHI0om ogmaoeos
AMgoGO0 s 300GMEg BgMogdo (Irvine, Baragar, 1971).
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33056 55egb-ds0ml®Tdo s (oMM bowos  odMHM—0sdIBMMO 03O0
bobGgdom;  dgbodg — B080bstYMdS 0500)Mdo (6 M@dM  93056) o
Pom0mygbowos  Bodmowm s 35939 303500LvM0 0bGHOWH03900m s JoMmM3YWO
LbobEgdom. B39bL Fog Bo@o®madmeo 33e93900L dobgzom, 35335B0Mmbol  39bgmob
19299630l BMEB0EMOO Fob0sbO F0bgMIEOBI30s 29BYBMMI® ©S3930MGOME0s
LS s 5939 3OO0  5dBH03MOOL  GBHISMB. OHMYME [ 3bgsgm, b3bL Fog
299gmMRoEo 98B MMHo s 0b6GHOMBoMwo FoadMMo 9JE03M09d0, MHMIo MomJdol
900bg935 9M™Tsbgml s 303500LvMO LoEgdOLY s doMM39d0L  LolLEgds  bs
39630bowmm OHMYMEOE gBWYBoMOO oadmMo Fomdmbsgddbgdol dmdyzsbo sGbgdo.

0¢)  9939%9M90m  dmbozgdgol  39335L0Mbol  3sbgmols  LbgadgbBHol owermen
05935¢0Ddbg 85906 FoBTo LYAO JOMOMSPO 5dBHO3MdS FJOAEGdS FSTMOYMUL: 30MZGEO
— 05939 052060, MOMIGoEg ©935300090Mw0  04m 3905 oslvMTo ™ 39569960
Jo®dob  ©sdoM30L 30639 9BHO3MIb, @O BMIOL  OMBLE sAOowo  3Jmbs
36@9Po@GHWO-35BswEHMM0  Fogdol BMOI0MmYOIL s ol 3OOLEITMO BOSJ30609d.
LHmOHgo 59 BOOJE30M90wo 3599M0L BOMBEIMMOO 85539 Fo8dMM0 bofforo dgoFero
Lob9gIMEOIME-3¢0bLdbMG-x30dwgddo s 303500LO s  IGBMNHBMO  MHYYdDY
Bo3MYo0d@Y  339M(3-3MOR0MIOOL, 335030560 SEBOEMB0MIBOL O BRI DBOEJOOL
5039000, Logdol s  496xgbgdol  ddesgzMo Lol@gds; dgmMg — gwdg dsadmemo
5JBHogmds,  MMmIgoi 393006093 Mwo  0gm  @BIMFGOoL  Ifygdol  3oM3z9w
935306, 3090bsMgMdEs  ds0mbyMHdo s MHMIWOL OMBSE  PIOOM—0s35HWYMHTS
503035 LoLEGIST 45339005  WOSLMO—-55egbm0  Boergdgdo s 9BMBMOH Embyby
9m2335  05BOIBH MM 2360396900;  TgLsdg  FoadMMO  5JBHOZMOS 83530060
MIMO@M© oM obsMmFGOLD o 599390596, GO0dwoll  OMbY3
BodMYoe0od@s  Bodwoem s 35939 0bEMWBo-dsm3mwo LobGgds, MmIgEdss
39339909 93905 W0sLvIH—55¢96-d50mbm0 [o®dmboddbgdo.
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4. 3. 3063mbgdols U-Pb 39000000 smsMomgdols 8993900

B39bL G096 35335L0Mbol  39bgmol byadgbGHdo  Lbgoolbgs J969d0LL sMgdmEo
0d6s 12 603990 306036700l 98mbscBg350 s dsmo U-Pb obm@GHm3m®o dgmmoom
QIMIMOMYdoL  JoBbom.  MommgMEo  s0gdwo Bodmdolb  fmbs Fgoagbos 5-7
30@maM5dl, MMIWgdoz  o3bo3bowo  0dbs 3Ho03560L 9gH™mzbmer Mboggdlodgddo
LooboEOBME.  (30603MmbdOL  godmMbBg3zs  2obbmMiEogws  Bobgmol  dgEbogMgdsms
535009300l 29Memyo®  LodLobm®do. LsdhmbsOM, 30M3mbgdo  A5TMmoMmBs
dbmEm© LEHMOOL  bgmdol s®3MHBMwo J3085d30L Lsdo 60ddosb, bmerm FsOMM-
Q050599006 @5 33903060 OMMOEHIO0EID om0 odm®mBgzs 396 ImbgMbos.
39bL53MPMGd0® 4350639MgLgdS B3GOMDBIL FoLog0oL J3085d3900L s Lmgsbol-Hywols
9036500mb Lbgols sms®0rgds, Lsosbsg oabogbow odbs Lsd-Lsdo bodwmdo,
0059, Lod(mbsMm, Jomdo F0M3MbYd0 96 50IMBBS. AobLOIMMMGOME 0bEIOULL
ofi393L ol 256gdmgds, MMI 1B3gHMBOL Jobogol sOI3MbME J3085d390d0 96 >5©IMBBS
3060306900, Moz 139305 JquHogersl LoFoMHMAdL. S©bOdBMEEOL  godm, FBMEME
LAHMOOL bgmdol sM3MBo J3085d3990L Lsdo 60FMoEH STMMGBMEO 306 3MbgdO
09465 QOO0 MGOE0 Go03560L  gMmzbmwo  MbogzgMLoGgBHOL  ygmeEMmao®
@30MEMSEHMG0530.

QMO0 YdMe 0dbs 60d. 11GEO-03, 60d. 11GEO-05 s 608.12GEO-100. 603+9do
11GEO-03 {o60m509bl d3085d35L, Mmdgewog  os09d0vo  0dbs  dobsdg LEGmMob
do6x396s  390b0BDBY, 9dbML bool hMowmgmom 700 dgEH®do. 50 bodMJosb
3°0m06Bs 24 3060360 s o> OMMOPYdST ZogmbBbmmo Mosbgzgdoo  sB39bs,
beaenm Bodmerm 99990 goblobzme 0dbs 313 + 8 dowombo (go. 53 60dMdosb
d390mm, 60 393®do, dobseol obgdol  FodsOrmMwgdom, Abyszbo  Jobosb
50907 0dbs 60dwdo 11GEO-05 s 6039dosb qo0mombs 14 306H3mbo (3b6. 4.5),
MMIJWDS  INIMOMOSD 31939 39w gMBMOO MoEbgzgdo 9B3965 s LEdME MM
3909250 4560L5B3Ms 312 + 3 dogrombo fgaro.

3930 035¢LR0bMGIOLMZOL MROM  IGHIWMMI© 935D Mdm 603.12GEO-100
QOM3M0MYOoL d9gaqol (bob. 4.12 - a, b, c). bodxmdo s09dMEos LEHMMOL bgmdols
395GH®owE bsfoerdo s gl Jobgdo F0d3erqds I.LEHMOMOL 3960Mmbol  (396E®S MO
Bsfools dorx39bs 30GB0BDBY, ggw0sL LyM3sbEHobowsb BOHowmgmom 150 dg@®do.
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3OO 4.5. 306036900l IMIM0YdOL F99agd0 ( 6od. #12 GE 100, 35bgmo, 3533560Mbo)

Spot. U-0Th-0Pb ratios Age (Ma)
Inferred
U((pm)| Th/U ZZ;P ol 10 Z:;Pb/ 10 Zzspb/ 10 2;82pb/ 10 Zzzsp ol 10 Z;Pb/ 10 Zzspb/ 10 2;82pb/ 10 | Age (Ma) 1o
U Pb U Th U Pb U Th
GE100-01| 430.8862| 0.6488 | 0.05015| 0.00125| 0.05489| 0.00064| 0.37956| 0.01006| 0.01591| 0.00042 315 408 26 327 7 319 315
GE100-02| 623.4064| 0.2820 | 0.05164| 0.00128| 0.05272| 0.00061| 0.37541| 0.00983| 0.01578| 0.00042 325 317] 26 324 7 316 325
GE100-03| 967.9292) 0.6363 | 0,06159| 0.00159| 0.05644| 0.00067| 0.47921| 0.01304| 0.01881] 0.00054] 385 10| 470 26| 398 9| 377/ 11 385 10]
12GE100{ 437.4897| 0.0708 | 0,06587| 0.00163| 0.05606| 0.00065| 0.50916| 0.01339| 0.02359| 0.00069] 411 10| 455 25 418| 9 471 14 a1 10|
GE100-05| 396.6697| 0.3331 | 0.05047| 0.00126| 0.05299| 0.00062| 0.36877| 0.00988| 0.01581| 0.00044] 317 8| 328 26 319] 7 317, 9 317 8
12GE100{ 464.1677| 0.3192| 0,06886| 0.00171| 0.06231| 0.00072| 0.59156| 0.01549| 0.02129| 0.00059| 429 10 685 24 472 10 426 12 429 10|
12GE100{ 932.2658| 0.1859| 0,08449| 0.00205| 0.0639| 0.0015| 0.74432| 0.03018| 0.0259| 0.0006 523 12|  738| 49 565| 18 517| 12 523| 12
5E100-08| 109.244| 0.7755| 0.04051| 0.00103| 0.05783| 0.00083| 0.32296| 0.0103| 0.01306| 0.00039] 256 6 523| 31 284 8 262 8 256 6
12GE100{ 941.3866| 0.3423| 0.11701| 0.00292| 0.06374| 0.00073| 1.02833| 0.02688| 0.03587| 0.00103| 713| 17| 733| 24| 718 13 712 20 713| 17
12GE100{ 579.2867| 0.3803 | (,0507| 0.00126| 0.05546| 0.00064| 0.38763| 0.01029| 0.0161| 0.00047| 319 8| 431 25 333 8 323 9 319 8
GE100-11| 269.9013| 0.1866 | 0.06129| 0.00154|  0.054| 0.00065| 0.45632| 0.0125| 0.01596| 0.00049] 383 of 371 26 382 9 320 10 383 ol
GE100-12| 1366.833| 0.2272 | 0.05094| 0.00127| 0.0534| 0.00062| 0.37506| 0.00988| 0.01596| 0.00048] 320 8| 346| 26 323 7 320 10 320 8
12GE100{ 534.7702| 0.3939 | 0.04843| 0.00121| 0.05295| 0.00061| 0.35356| 0.00927| 0.01504| 0.00039] 305 71 327] 26 307 7 302 8 305 7
GE100-14| 238.4495| 0.5515 | 0.04227| 0.00106| 0.05278| 0.00064| 0.30758| 0.00855| 0.01302| 0.00035| 267 7| 319 27 272| 7 261 7 267 7
12GE100{ 366.5331| 0.5280| 0.10349| 0.00258| 0.06217| 0.00071| 0.88698| 0.02291| 0.0312| 0.00082 635 15| 680 24 645| 12 621| 16 635 15
12GE100{ 466.0401| 0.3388| 0.05177| 0.00129| 0.05415| 0.00062| 0.38652| 0.01016| 0.0164| 0.00045| 325 8| 3771 26 332 7 329 9 325 8
5E100-17| 672.4357) 01977 0.05246| 0.00131| 0.05356| 0.00061| 0.38737| 0.01007| 0.01613| 0.00045| 330 353 25| 332 323 330
SE100-18| 889.7562( 0.2758 | 0.05046| 0.00126| 0.05265| 0.0006| 0.36628| 0.00946| 0.01593| 0.00044 317 314 26 317 319 317
5E100-19| 447.5979) 0.2626 | 012836 0.0032| 0.06708| 0.00076| 1.18714| 0.03049| 0.04516| 0.00126]  779| 18| 840 23| 795 14 893| 24 779 18
5E100-20| 22.16748) 0.5366 | .14085| 0.00367| 0.07067| 0.00101| 1.37218| 0.04424| 0.044| 000135 849 21| 948 29| 877| 19 870 26 849 21
SE100-21| 277.9549 0.8485| 0.04196| 0.00105| 0.05257| 0.00063| 0.30405| 0.0084| 0.01333| 0.00039] 265 6| 310 27 270 268 8 265 6
SE100-22| 213.5904 0.6090 | 0.04797| 0.0012| 0.05721| 0.00069| 0.37834| 0.01054| 0.01595| 0.00048 302 7 500 27 326 320 10 302 7
GE100-23| 639.0724| 05117 | 0.05102| 0.00128| 0.05237| 0.0006| 0.36836| 0.00968| 0.01613| 0.00048] 321 8| 302 27 318 323 10 321 8
12GE100{ 3559.604| 0.3597 | 0.04464| 0.00116| 0.05663| 0.00236| 0.34853| 0.02092| 0.01388| 0.00033| 282 70 477 92 304| 16 279 7 282 7
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317.145.9Ma
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Bsb. 4.12. a - U-Pb 0BmEHM360 ©0mom00gdol 20Pb/238U : 207Pb/25U  0odm30gd¢)engdol
QO0536505; b - Mom©bMdM030 565¢00b0; ¢ - U-Pb 0BmEHM3MM0 ©omstr00gdols
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data-point error symbols are 2¢

Mean+317.1+5.9 [1.9%] conf.

Wtd by data-pt errs only, 0 of 11 re;j.
MSWD=1.3, probability=0.24

(error bars are 26)
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506000, Lsdogg BodMdol 3060H3mbgdol U-Pb 3900m©om @osms®omgdsd shg9bs,
LAHMOOL  bgmdol 9OZMBMwo  J3005d3900L FysOmlL  FoMmoygbs aMbo@gdo,
OMIgms 49696305 dmbs  Bgs 3owgmdmm©do, 390dme 313 - 317 dowombo
Parol  0bBHgMzoedo. 53  dmbozgdgool dobgzom 5935655, MM LobgydmGHye
39600m@do  Mmsgombdo  06MgEbgdm®s  Bgs 39w gmbBmOHo  3mbsdgbdGo o
GOBL3MOGOMYIMO  Bobords sbeErMmbzgy 0wgdgdms, 306506  (306H30mbgdo 5G
063 9bLomEo bsgyMMGOO S FT539d9o.

B39bL Boge dmyzsbogro Bmbszgdgdol dobgzom Tgodergds I3dzsm, MH™I
LAHMOOL  bgmdol  sO3IMBMo  J3085d3980  Bsdmygowods  Bgs  39wgMmbMM©O
36M0LEHOWMOHO BY6TI6EHOL MHIBOEHMOIIOL A5IMY3H30L F9YRs®. 9VLb0TBSZ00,
Omd gl 0QYS SOI3 0YMm IMWMAO0MSE  B396M5©I00, bmerm 396 sbodbero
0095 ©9353BEHMOI 30M3Mmbgdol U-Pb 99000m©@00m ©omatowgdols 3boom.

50Ls603b5305, GMI Jogdmwo J9gagd0 ML  3sbgmol 39335b0Mmbosb Jsbgdol
0DMAHM3NOHO IMIMOGIOL 300390 Jgdmbggzs s 9o ol MOOZMO VOO
3909900 3603369emds 4598609, LogsMIM©OmM®, gl F9YP)00 dFSRG OLZMLOSL
399m0393L, M5yobsg 98 Jobgdol ggbgbolol Tglobgd msdcsgo  sblbgzsgqdmEo
dbsBOGOGO0 5OLYGdMBL. 0dol 4odm, O™  B3960 33¢g30L oMM F0BIBL Mgyombols
399500690900 330935 FoMTMoPIBL 53 LEZ0MLBY 5 FGAHL S T93hgMHIOO.
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5. 350bosbo dobgMogroBszool 3Mm3glgdo ©s
350056958z 0bgdgdo

0mwm 500  ferol 256353 mdsdo  AbmBErom  33HoODBg  F0dobsergmdL
LSIMYP39M S 330080 @OMMBIOIOL  BILYIOL  BHMGEHIWOO DO, M3
396300Mm09dMmos  dbmgoml  dmbobergmdol 333960  MEmd6obsgoom s
0b6MLEGHM0s0Dsgo0m.  50b0dbME0I6 25dmIobstg  3bsos, MMI  LoFoMHms
39909MHEIL 9B FgBHOW MmO LBodIEMYOOL  dgdbs-d0gds s sTdLMIb  gPMS©
399RBIBEIL 339 390M3Egbo  25d50bgdIMS 3MmEI6E0O MsbsTYEMMZg LodsBOH™
dmmnbmgboms @5 LsdmM-0mB3tMm3909o 0bMLEGHMOoOL &99bmemaomémo
d9L5dGOEXMBIGOOL o35 olfobgdoo.

50 go8mf3935ms MbBg B39b FoBbos s30LIbYT vWIMLIZW g  39335B0MbOL
3obgomol bgadgb@do 3bmdowo Fosbysdmgzwobgdgdol dglfogewrs s  Tgbodenm sbero
d0bgMo0BgdMo  sMgogdols 299mgwabes. 39335b0mbols 8 LYadgbEHdo
050056350m3006909d0Lsdo  33¢930L 06FHIMILL 5dE0gMGAL ol A9MgIMIdSE, BT,
dols ImBoxbogg sBgMBs0x b0 (35335B0MboL LodbOHgmo BgMO) oo Bowm3Mbol
60-056  {emgddo, 153300930  ©930Mmbol  5bsEIMPOME  JgMWMPONE  306HMdJdTO
50dmBgboer 0d6s  3600d369wmzsbo  3mebBgsbGmo 130 g6d-3MmE0dg@sw GO
LOOSMYO0: 393930L,  BoobBRsol s 3oBgbols (Hospysos, Araes, 2010, 348-357).
3905 53obd, MomMddol 53539 §ergddo, 3933580Mmbol BOHO ™ RIMODY, IMYLE6T0
(6Mbgol B9IMSE0s)  goblbowr 0dbs 360d3zbgwmgsbo  L3owrgbd-3meodgE oK o
LodSEM 30Bo-ghg (Borym u ap., 1999, 94-98). 5©LSB0TDS305, OMI  Foliyero
Lo 39960l 70-80-056 (ergddo, 3obgoob 393350MmbBY RO F9BHIWGOBY BoEoM©s
3oldBHodM0 29MMR0)OH0 dgdbs-dogdomo LsdMdomgdo (Axumuzaze u gp., 1980; Kyuasa
u 7p., 1983), ®m3gerbsg oo 3653@0309o 990093900 56 dm3gmeos.

50dMbogEgo  39335B0Mmbol LodsMmgzgwml Bgydgb@do dg@owmygbwm®o 33wg30L
0omddob 30 farosbo  3ombol 99dgy, B3gb Lodmowrgds dmazgszs  Mgaombdo

B9339@90M9d0bos sboewo  IgBHoemygby®o  LsdMPomgdo, Msdsig 9603369 mzs60
Loobarggdo Foedmsbobs.
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5.1. 850060560 dobgMogoBsgool 3Mmagligdo

O0amOE BO39wg 93300390900, 3gmdodowG-0bMBHM3NMo  sbogwrobo o
9943960896 oMo Imbozgdgdo 330639690, 30wobon®  mMH9690do, olgomo
OMamOLs3 FoMmdMoygbl 39335B0mbo,  slidEHedemo 950b0sbo  JobgGoeobsgools
360Hm3qLgdo, MdgBHal 9900bgz935d0, ©H39300M9dMY0s  BopdMH OB YMHZMM9dT0
3OO 300OMMINTGOOL  0dBH03m0dgdmab (Goldfarb et al., 2005; Kekelia et al.,
2008;  Okrostsvaridze, Bluashvili, 2009; Okamoto et al.,, 2010; Ridley, 2013).
300OMmMYMHINOo 5950690900 HomIMoygb96 3o05bgdoms  ghM-9Mm  OE
396936 3oL, GMIgEoE BMOHIMEIOS 30OHMMYOHIMWo 3OHM3gLYdOL Imddggdols
0909290 ©s MOmIgeoa Jdbol 93mbmdozmems doebHgw 360d3bgermgzsb  Cu, Au, Ag,
Zn, Pb, Sn, Mo, Co, Cd s U bodomqdb.

3bmdoos  ©gsdofiob Jgmddo 3oMmmgMdgdo  BMOIoMEYds  FogdNOo
5d3H03md0lL 8909290 o Hommoygbl M, dowswo (6930l s 3HY3gMEWEmOL
9Jmbg P9yeom 30 Jodo® LolBHgdsl. dogdsdo dos@swo GHg39GMsdweol s (B30l
30639030 fywol blbomds Fowoeros, beagm 53 356539EM9d0L ©sg30L F9gas©
Dgarol blbomdol 3m9n03096EGH0 @sds 0fjggl s 030 2960936905 LoOIoGIGO
900656056 (bsb. 5.1). 500w E9d396M5G OO Yoo 30 dg@omgdol 3o6py 453bbgenls
0oM0moagbl.  Slgmos  30EEMHMMYMTGdOL RMOI0MJOOL  2535M3H03909o  1dgdo.
30OHMMIMHIGOOL  BmEOI0MIOOL 396500,  sMLYdmEo dowogo  bggzol Q5
A993905GHMOMo  Ggg0dol  s8m,  obobo 0fygdgb IMIMEMdL  sdsero B30l
5695¢0900L396 S 59539 WML SHEIbL JodomMo gargdgb@gdols s o BYOOL JoGSEFOSL
©9©530fol JgMdob bgs 5969001396,  B9dBH™Mbo3MBO M:3939d0L @S Bo3MOgdOL
3oLP3M03. Jgddol Bgs306MHoL36 dMIMIMdOL gBsBY dsmmdo dodobstgmdl (B30l
dgobogMo,  bmeom AH9939M5GHMO0L 05b6omsbmdom 999306905,  Mo3
0903065803900  356Mmb930©b  299MmB0bscg  gobs3omMd9OL REWMOEId0L
@MOool  ©sfiggdoll s 35m0MbgdOL  49dMgd3ol  ®o30L0 FMIMOMIOL  FBoBY.
O3 IM35Moibmgzsbo  9dudg®odgb@gdo 230639690 (Okamoto at al., 2010, 3703),
Loerozs@® dbotgddo Dgerol  blbsmds  IzoMmgds  bgzol  dgdzocmgdoL
3965 g®ms (bob. 5. 1), boawm 35330l 30M0LGHsWoBsEos 3o 0fjggzl  opdme
90bs®do {geol Gomgbmdol oML (bob.5. 2). @0og©8s 5.2-sb BsbL, ™A  dxmdo
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250

Ldndigtodo o
FHEome

(B93> (Mpa)

1 | |
400 500 600 700
$839M@ e (*C)

Bab. 5. 1. {69306 s 3H9339MHoGHMOL ©IM3I0EIOIgds fiywrol bLod3zm039Lmb
(36/3%) 30OHMMNYIO MO 25850673900l BMOToMYdoL 3OHMEgldo. (Okamoto
at al.,, 2010).

09450 ©Ox8IOOWO 569  FoMdmoagbl dqlodwm B HBMMH dbs®L. {ywol bod3zzmogy
033905 3o0owo {6930l 306>Md9d80,  FgsMYd0m Q05 E9d396 GO
LoMbOLIYIIM0ID - B EHYIZIOBHIOIO MOMNJOLDs3500L396. ,, A“ FgBOGHowol
39030 §94o0 5MMEIYdS s R3S MOMIwdo vy (iBgzs F9030MHEYds, bmerm  “B”
D9OGHowol  39e80  §Yoeo 56 5O, Foasd  sMHOL MBOM LGB MO [bg30L
3993069008 0O @5 bgds bsgwrgds 9330030 - gl sGOL LM3IOIMH0GH03MNWO
RBEMoEOL 3gwo.  dMJdo BIOOL s6g HoMmBmoyqbl FsM0w0sbo Lombol s bozwgdo
39600560 MmOHMNJwol Mobss®lgdmdol Logs®omm ggaml, Lowsz NaCl o dbgoglo
9560930 5MmOL Qoblbowo fysedo.

RIOOL  DBOHEOL  35MOEIMMS©O  0BOOYdS fgaol  blbsmdol  3mgx03096@G0
Lo o3s@O dbsedo, HMAEol doglodmal Homdmoygbl 10 Hmb. %, brmwm dobodmadl 1
$™6.%. 806085 mE0o 3565990l 9999 905 LEMEPOELOL BsBS. MOOZ] BoJEHMOO
30 960MI0Md5d0 35653060MBGOL  30MHMYIMHIGOOL BMOT0MYdIL, GMIgerdog gowo
§o0Mo9bl  doMoms© oMM 3m3MbgbBHL, Mmdi3s  dsldo 3603369 mgzs60
30b6396¢Mogo0mss  gobllbowo  CO2, HCI, CHs HxS s SOz sbgomo  garvjowy®o
LobBYdgdol  FoBIBHOdGd0  goblibgogzgdmwos,  mMdzs  ©OEO oMo 396900

47



063303 390G035WNMQ0 @O WIHBHIMOIWMMS®  DBMaxgO obobo  M3dgbody
30mdgBAmHBg 3039 Yds. OMAMOE 53 Jobgdol 33930l IMs35eHerosbo 3ModdEols
56396900, 30OMMMIME LBoLEBHIYOdo  AsFobYdME  MBdBIOL  FbMmErMm©  do0sb
93069 L9gadgb@gdo M39305. Mo Jobgdl oMoy gb9b 3oMHM9MHIMws© FgE3erowo
§o68mbogdbgdo Bmass? 9B Mo 5®OL  30EMHMMIMIMwo LoliEgdgdol dmddgqdols

doMH0mM>©0 3MM©Y)IEH0?
12 740
130 &
‘E‘ 8 ™ REOQOOL asdmymms ;
2 fi6g0b apgdols padm =)
Kar) ! (I @mogno) %
<9 120 5
o8
=41 JOob@smobagool
BeooEob aingmgs i e A & )
 @sbahyobo
- aGob@arobagoobsl -
(I @yeowo)

600 800 1000
$903905¢y®s (°C)

Bob. 5. 2. {6935L5 @5 $H9339MoEMsBg ©oM30gdo  fyarol bLBsMdOL M30LGdGOZ0
0563969090l ©0saMsds  Bodwowm s 39939 99960 MdOL dopdsdo (Okamoto
at al.,, 2010).

9505 G9939M5GHMOHM0  30OM™MYMHIJO0L  ImdGomds  Jobgddo  ofjgg3l doo
9dobgMome,  Jodome s LAHOMIGHOMW  (33WO0WYGdIOL O BMYXIH dobosbo
90bgMogdol  4odmgd3sl. glss  BHodowEo 99EHolmdo@mbBo, GMIgwog dswbgdols
390®a0sdo  goboboggds  OHMamOE3  30MOMMYOHIMwo d9;33c00L  3GMm3qLo.
300OHMMYMHIMNs©  dg33wo  Jsbgddo  obgMowms sbmE0s3E0gdoL  3MBEMMEL
3965300m390L  i6930L s 3$9d3gMOGHMEOL 3033065305, BEOEIdOL TJRgbOMdS
(H+, CO?% CI, B, F, Na*, Kr, HXS o Ubbgs), dsmo 3mbzgb@eogos, 8993930 Jobgdols
99003960 mds, J969gd0l s B MogdoL FoLOL dosblo. 30EMMmMIMIMwo Tg33Wwgdo
3OBOOMOo  LodoE™gdol  @sdoboloomgdgwo  3m33mbgbGos s sd  GHodol
LoOOEMYddo  bmy  Fgdmbgzgzsdo  dsbosbo  Lbgmegdol  Fowds  30MIYEHMHYdbY
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39000936905. 56LGIMBIL 5T Jobgdol  FMOZso  JSLOGOISE0S. K. Mowro (2013)
30OMmMYMHIN 993300 4569000 6 BHo3L (Bo309LL) 2odmygmals, gbgbos: 1. @, 2.
B53©00-3500309900560, 3. Foo@GWOL, 4. JormOo@-LgMHoiEod0sbo, 5. sGYowoEWEmO
@5 6. 36M30oEOO.

L. &G Bo3gogbol 99930 gdge Jobgmoegdl Fomdmaoagbl: 339030, ™MM03g 96 ghmo
K-83s¢0 @s 00m@oGo. gl 85309b0  ©5dsboliosmgdgwos 253500690930l Mo
©™bggdolm3zob. 59 g3o30g9Lbol  49M9gdmTo  30OHMMYOHIMEO (33O GOIOO
808@0bsMgMdL Jomowo 3Hqd3gcmedwol 300Mmdgddo (450-600° C) s 30MmM0gHIsdo
K+/H* 356589G®0 0505005,

2. Bo@Moma-35eEomdosbo 25309LOL doM0MSO dobgMowgdos:
50 E0/ME03M3w5D0, 5BH0bMwomo s 3ogbgBodo. MMM (glo, 53 BsE3ogldo 56
5oL 3060030 s MIYGHIL F9dmbggz580 080 MTobMs. 53 Bozoglol 30EOMMYMHINO
3300900 Lodwom  450°C 39a39MsGMoL 3060HMdddo J0dE0bsGgMdU;

3. 30EoGMM0 30OHMMIMTMNOo F9g33wgdo b b3l 3MMBOME 25350bgdJRUL.
doMHOMIPIP 0y0 30M3MPIYds  30OMMIOTINwo  LoLEBHIIOL 2363000560930l dMEM
9G93H9 @ boMs© By 9IS GBI O JLMOOG-bgOoEgoGwo 89330l Bmbydl,
396LO3MMMgdom bgs s 39M0xgM0ME Bsfiowgddo. 3oOHMMIMIMEo T933wd0L
doGomoo  dobgGoegdos:  339M30,  LgMoEgodHo s 30MoGo. 98 gos309Ldo
d9LsdgdgEos  Bsdmygoodgl sxMgmzg K-33s3)0, 80m@G0G0, 3903030, 35tmeobo,
OMGHowo,  9B30MoGo,  GHM3sHBo s GHMMIsEobo. BowoEOO 49330900
908@0bsMgMdL  Lodwgoem 39ga3gMsdmMsby  (200-450° C) s FoMdmoygbl Lodrserm
5 05939 BW0gdol 30EOHMMYOHIMEo dmddggdol 3GM©wdEL, MmIwwol EOM™MbY3
K-335¢)0 9496050436905 LoMogo@s: 3KAISizOs+2H* — KAISisO10(OH)2+6Si02+2K.

4. Joom®o@-ighogodMmeo  30OHmmgmdmwo dgs3egdo  bmEoeggh  bmaogdomo
L50SEMYOOL  F5EB0B BMBIOL s vAMINZg  FgLedErgdgeros  dsldo BsTMYSEP0dIL
399500690900.  300OMMIOTME© Y330 5T Jobgdl A59Bb0s Tobsliosmgdgeo
903969 9983900WMds. JermOHOEGH™MIB s LYMHOEFOGHMIB 9O Dmaxgd 93 Gsgogldo
Bbgds 39953H0G0, 3060030 @5 ®oby  (L99dBH0GJO0).  gu Bo309LO  BMOIOMOYdS

100300l dgoglo 99gbomdols s 3gddgee@wewo M90d0b B0 YdoLYsb,
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00 goblbgoggdom, M3 53 Fgdmbzgzsdo TgIMJPOD  IBIW0S  BEMOEIOOL
103553056Md0.
5. 5000300  30156MEY0s  30EOMMYMHTJOoL  Bmddggdol Fs®Bb  3oM™d9dTo,
ROWOGHJool Bgdmom b o 3gMHogg O  bsfowrdo. dol  doGoms JobgMogdl
HomImoa bl 0obgdo  (0mbGHIMMOEm™mbo@o, Jomeobo®o);  dgbodErgdgeros
3963005609l doMmEBH0E0, 0@, JwmOOGO, s5wbodo, BMERB0Id0, 3ZIMEO O
36 BoGo. 3O300@WOH0  30OMMIMIMNo  933wgdo  Homdmoygbl
Q505 3H9839M5E OO0 (100-300° C) T9gBHobmBoGmbol  3MmMmEwYdBHL, OHMIgedos
obol JobgMowgdo  Yoerodgds dobzMol d3s3Hdol godm@EnB30L s 355303900l
Lo 0x035300L 89YYS®.
6. 30M30oGNM0  30OMMYMIMEo 8933w 900 0b3HIBLOMEMmSPLS Fob3omsMgdMo
3OB0O0 BodsEMIOoL 060303 s FglodegdgE0s 3535bgd0Eb 2530 3geEIL
059096039 3omdgEHMol dobdobg. 93 Tg33egdol  Jobgomo  SLME0S30900
AbaogLos dg@sdmmOxz0Bdol 33569 Bodwgdol Boz0gLbol s ol doMoms@ Jobg®magdls
DoM0mo96L 9300MmBH0, JmOOGO s J9WE0G0. 98 Bo309Ldo 30M0EH0 Momddol
g4m39m3ol sOHol Homdmygbowo, bomwm  Jgbodegdgeos  gobgzomemgl 3060l
19620, LYMOEOE0 s 5353H0G0.  3MM300GNMO F9;33egd0 ZoMaMgds H20 s CO:2
dmgdggdol 99ao; Bmy dgdmbggzsdos dmbsfoergmdl S 35939 d9EoLmds@Eweo
36MHmEgLYdoL go6gdg, bmerm  g@swgdol godm@@gs dodobstgmol  250-400 °C
399396530l 306OHMdHdTO0.

30OMmM9MINYwo  F9g33wgd0L 53 Mo LoLEGgIsdo  TbMmEME JsHBY©
0030005 bqds 35950bgdmwo »dbgdol hsdMYser0dgds, dodob MMmES oAgbowos,
6Mm3d 953360 IbsM9d0b 2odmygmnowo i3wogdo 360d3bgumgzsbo Momgbmdoom
390393L d9Boegdl 08 F9dmbgzgzsdoi 30, MMEs 3935 bollosmgds 58 dgEowgdoL
mOo0bserMo 399339¢emdoo (Manning, Henderson, 1984, 288). 53539 53&™M9d0L
299mm3egdol Jobg30m, 30MHMMYMHIGOTo JgBoegdol 3mb3gbE®MsE0s 0lgmos, MHMI
3995006900Lm30l 0©JOMM0  306OMdGO0L  F9dmbggzsdo LodMOMm  BMIoL
0b@GHOMBogLs3 Fgmderos dmy3i39L LBadMghzgerm 3609369 mdoL A5dobYds.  MEsgms,
(OIuYs! 3od500bgd0l ROI0MGOL  2obLEBOZEMLL 3003egdbeo  godGHmMgdol
9OMMIWOMOS,  MHMYMOOESS:  dIMOJMOL  9MLYdIMDS, MYMHIMEObsdozMmo  Mgz0do,
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300OMmM)MIgddo  dg@owgdol  30mb639bEGHMsE0s s MOz Bbgs. Fog™sd, yzgws
39dBHMOOL  9OHOMOWOMdOL EOMLYGE 30, YM39wm30L 96 30005MEYds  FobImdEgdo
36MHmEqlgdo. 98 d90mbggzsdo  dbgeros 96 ©HgMIBbAM 9. GogablL: ,OHmymeE BIBL
dbmm© 0030500 Qo 09boge  9gdmbggzedo  bgds d9LodgdgEo
350056563 3Jabgero godEmEmqdol 9gMfigds s 3535bgdol Bm®mIoM9ds".

OMPMO3 36535wOO0EbM360  BoJBHMIMoz0  dmbsizgdo 3306396900
3006OMmNOHMIo 3995006909006 oo bsfocro LogmEMIMO3s S OMH™Io
030MOMES 9353000900 39336 396G (Bob. 5. 3).  mTgEHgl 99dmbggzsdo
0556dmI39gd0  3sadMM0 396GHMPd0 9GOl LodMem s 39939  F9p9bomdols
503900 @5 93™3900, ®MIwgdog FoMdmoaqbl  ghMm©oMgdmwo, bobyMdwogzso
9mddgo 399 356mE0 535653HJool dmdY3s6 gHgdl. obobo Jg®Jdo gdmFMHowo 5606
053m©9b0dg L JgBHMDY 96 3JoMIgEBHODY S, HMAMOE fgbo, Homdmoygbl oo
3BH™Mbol  53mB0BYdL.  BsadMGmHo 3MMEILYOLOL SLgmO F9B30M5M9dOL Fgdmbggzsdo
g4oeod@gds  MmMo 3Hodol 30OHMmMIMHIMNWo BeroOo LBobEGds: 3060390, M3
95300 39MH0sb, dobo  ©H3MI3MYLOOL o6 360LEGHIWODsEool  Qodm
39900530L)Bw oo fjgoro Jdbol BrroEN® Lolihgdst (01396O0 BLrI0ELO)
Q5 dgmeg - O™MEs 3MMbEOL Fywgdo dogdol dgdmFHol godm 2560306 AoobmMgdsL
Q5 30M3MEo30sL, 9bgbab 899339 Jobgddo Lbgoalibgs 9wgdbEgdol AsbLBIL s
9o 0dEJds BLI0E® LoLHYIsE (BgHINOOGHYILO BLI0EJOO).

3905 5JOMEogdoLs, 30MOHMMYMHIGDT0 QoblboEros FgEowgdols dosMowgdo o,
do» JmMoL, Jewm®ogdol domowgdo (NaCl, KCI, FeClz s Ubgs), 93609039,
bLYEBIBHIOOL  FoMorgdo  (NaxSOs s  Ubgs). 30OHMmM9MHIgddo do®ogdols
3M6396GHMS3E05L  d0MO0MIEI©  ZoblobgEL3L 560mbgdol Gomgbmds  dsdsdo,
dogoewomo  ClH20.  qosdmGs@memomwo 9Judgmodgb@gdo  s@olEwemgdl, 6Mma
Jm®0Mo  30OMMIOTJO0 9B gdol  1om39mgbm godblibgwgdos, oo FmMob
mddmbo. 3. BMB3oL s bbggdol 9dudgModgb@gdol dobggzom  JurmGower 700° C
39939653 col  dJmby 30OMmmgMdsdo  Au 339 aobLbow  FMIsMgMdsd0
0994ma39ds (Frank at al., 1999, 233-235). 5d@9gbs@ 8500 9d0L Fo®oo 3mbi39bGH®moi300l
9Jmbg 30OHMmMgMTgd0 o806 dgBHowgdols  oblbol,  BHMIBL3MOEHOMIOOL s
bbgo@olbgs 356MH0gMm90%Hg 459megd3ol Lown3gmgbm  Bodwyoegdsl  FoMdmogbab. o

51



/ glﬂa bﬁm@:}h O

A

130 3 35bmmo

dsbogms

a371bsdnbol Jobydo

dobgMaograbagools
M3B5OOHEEO ©I0IZD

=~ 400°C
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L e 77\ NN RUUIPB0TOBRWIRXO\ AN AN N VAT

Bob. 5. 3. oo 3WNBHMbOL  Mez3Bg  b30mMPOMo  FoaFNM-30OMMIMTMWO
3mOROOWWO  BodsEML  BMOI0MYOOL 36MHm39LYdoL 3Mb6393@Pmemo  iggdo,
9050300900 9630680l s bLbggdol (2010) dobggzom.

3GHmboll 9gdm3cms ofj3g3b 8983930 Jobgdol  goobmEgdsls ©5  300OHMMYOH3IGO0L
BOMIMN5305L. 5996 499mBobscy 30000M©Yds  FgdA™mI0 IMEMRON©O 3OMEJLYdO0, oo
oAl 3mOROOMWO  25d50bgdol  BMOOGMYDdS. 4530  olMgodo 563969096 05060
30MOMmMgMH3IGO0L  IMdMsmdOL  qbgdl, bmem  bsgMolygdo - JgeJdo  BmOIoMmgdMwo
300MHM0gMH3Igd0L.
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bsmgbo®  30¢Y30m, 300OHMMYIOIGO0  godsbgdol BMOIoMIOOL  MOHOEgL
36MHm3qLdo 39960909l Fodmowyqbgb.

OMamO3  36Mmd0wo0s,  9MLYIMOL  30OMMIOTMEO  25d5bJdGOOL  FMOZOWO
3w0l0g30353305.  dberglo  3eslogozsiool dobggom (Ridley, 2013) 93 godsbgdgddo
bod GHodlb  2obsbbgoggdgh, 39Mdmq: (1) 30EOHMmYMIME  gs950bgdsl, OHmIgwos
bLO3OEMIMOZ5® S, TJLOdSFOBO®, HJ3gMOGHMOWMWO Gggodom,  SBWML  sGOOL
05000b63ma390 o3 3900bmob S BMOToMOEIds Tol  0MHR3w03. 5T G030l
300MHMMYMHIM0 5950069008 3slog e Boaowoml  FoMImoqbl d3mOHBoMmKo
399500690900,  OMIWJOMIBE ©9353806090ME0s AMBREOMTdo dm3m390emo Mo
00mgdols 95%, Cu -65%-%g 9930, Au 960836900Mm3560 H5Mm@IbMds @I, 3M9039, Ag ©
Re, 6mamOE 0ndgmnwo 36m©MId@goo. (2) 300mmmgmhadmmo s850bgds, Gmdgwos
53mOHI0MEY0, 31939, ©930mbmo  F9dBH™mbozmo s  Foadmo  odEHogmdols
3960m@do, o650 052399600  5JBH03md0L 39606 IMIMOHgdom. Slgmo  Godob
950060560 FobgEmooBsgool 350G Foadoml  FoMTMmoagbl  mMmygbeo
3995006905,  MHMIgE03 RMOIOO©IGOS  9JBHOMMO©  93M306  mOMyqbm
LobG9890d0. 59 3H03do Fobosbo BobgMmoe0Bsz0s J0dE0bsMYMBdL Tomswo (Bg30L (1.5-
5 30) o $9d3gcodmeol (300-450 °C) 306mdgddo, 4-15 38 LoM®IYDHY. go8s00bgdOL
399353 J96gdL Ho63mo9bl  Bg@edmMRB0GHJO0, F0aTsGH0GH)00 @S F93doBH0Ggd0. 57
39950069008 G030l  doMO0MOEO  3OMEJG0s Au,  bmerm msbdgz 3OMEMIEO©
90339996 Sb s As.  GmymeE §gbo, 30OHMMYHTIMEo O™y bmwo godsbidgdo
bolbosmgds oty  FLIBHdGO0m, Toasd  500b0Tdbgds,  93MgM3g,  FSLTE OGO
3995006909003.  3535¢0molm30L 930005 M30Y356Mmm  3wsllogMMo  Lsdsm, 3
@OMoLbm30L dbmBwomdo MmdOH™ML 439oHg oo FoMoygdol ddmbg,  FMOMBEHIML
LSOSM HBdY390T0.

300MHMMYMHIM0  25050bgd9d0L  8g-2 GHodol  Loob@Hgtgbem  [o®mdmboddbl
§oM8Mo96L ®3060L 796906-B30egbd-mg@mml Lsdsm (IOCG), MmIgedo JoMOMsEO
300OMmMIMHINYwo H3060L H5bg0sbo FobgMmowo Fo®dmagbowos (9hmo b ™m®o3zg)
39053)0GH0m @5  8sabgBHo@GHom, bmEom ®3060L  Lrergzogdo  Fomdmoagbowros
3060GH0m s 30MMmGH0bom. ©3060L 5630560 FobgMogdo 4sdsbgdol 10%-bg gL

395009bL. 00 4505006909330 339030 30699, bmwm  335ME0L  dsMP3gdO - 0d30500.
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39950069000 59 BHo3do 360d3zbgwmzsb0 3mb396GGs300mss Au, LREEs, Ag, As, Mo, Co, Ni,
(N U @ DBoyxgh bgds doomo 8m3m3905, Omamez  0obsddmomd@o.
3006OMmMYMHINo 35350bgdoL 53 FHodob (IOCG) 4s8mymas oo bow39bol deermls
dmbgos, ol 9999y, M3  LETLOIM  93LEHMW0sdo  SEdMBgbowo 04bs AMmBEOM
3wsbob mod3o3 ©qdol (Olympic Dam) bsdom, Gmdgwos d9o3o3L Fe, Au, REEs, Ag,
As, Mo, Co, Ni > U 86083690356 MglmMligdl (Reynolds, 2001, 7-8).
(3) 3oMHmmg®mdmeo 9sdsbgdgdo, MMIWIdo3  BMOIoMOEYds BYodIbEIFOMO
5MH90d0, Boa®od obobo  dsboerol Fystmmo s 3Hgddgmo@E OO 6910800
©5393806093bo 50056  dodEgdsty  FogdMm 396090096, 53 BHodol LsdsMgdo
05659900Mm3g dbmxzwomdo Pb, Zn, Co ©s U, bmeen bsfowmmdmog Ag s Cu
doMoms  MH7HgMH390L 0960mo9bL. Lodoml dmEgdwmwo Godo godobgdols
LobgbgA MBS S BMOIoMEYdS sbswgJo  Jobgdom, 96  9309969@MM0s o
RmOHIoMEYos  bYodgEszool  Fgdpamd. 93 GHo3oL 2o850bg0gdOL BMMToMmGdOLSL
306OM™MIMHTJO0OL  GHEMBL3MOEGH0Mds  bmGmE0gw©gds 59096039  30WMIgEHMOL
956doBg, oL  QsdmE  Bsbosbo  BobgMOOBEo0l  3GMEgLYd0  0TEOBIMGMAL
390569000 050 3H99gMOEGHIOHo Mgg0d0L 3060HMmdYddo, doMomsws 100-200 °C
3M50LOL Gotyegddo.
B39b6L Boge 29Bbowo  30MMMYMHIMWo  25d50bgdol  GH03dgdo, s mdds Mbo,
LEOMWOHE 39O SbEbOZL 98 2535BIdOL FoMY9dTo F0AObIGY ygz9es 3GMIMEILL. 58539
@OML,  obobo gHMTsbgMOLYSD T3o3MOE O ML 0BMEWOMmYPIMEo S DMaX I
3OBOOMO, 930mYMTM0, bIOBMWO s b3 BHo3oL  30OHMMYMHTINO Q5T5E—
6gdgd0  geomo 3yEmbols 5Mgoedo  S60oL ©M3>0HgdMwo, GRYNORYS!
53MmOI0MYGIMWos Bb3oslb3s BEGHOMIBHWMOMW S 29 MROH 3mBoEosdo  (Bob. 5.
4).

506095, B39 doEr0sb dm3wrg dodmzobowgm 30OMMIMHTMEo 45350bgdgd0
@5 3500 (03900, 0dzs  ©IEsdofiol  Jodddo  Bodobstg 3MMm3glgdol  Ygzgws
993b0gH Mo 30sloxgo3sEos  Josbarmgdom SbobogL GJONO 29 MYOO
9m3w9690L s JgdegdgeroEss bbgs 9900939008 800gds, Goasbs3E, Mmam®s BobL,
©gsdofioll Jgeddo 808obstryg 3MMEgLYd0 Q93000 MHMWos 30Oy B39
Do0dmaz009600. 50539 ©MML  ymggro 30630 9@ Mo 2005006905, bmd
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060003005 mMo  omdmbsddbos @ MmommgMl  Ly3MmsMo, Fbmwmo dobmzol
535b5L0sMYdG0, BMOHT0MYOOL Do 593V gogwrowro.

HMaMO3 39335800Mb0L 3WOBOMMHO MOMAEOL 35590l bgadgbEHTdo Bo@o6rgdwds
33w039005  330h396s,  Fobosbo  JobgMowobsgool  3Mmi3gbgdo  39bgB e
539300609005 MHgaombol  353dMm o  30OMMIOTMNEO  9dEH0Z3MOILMSD. o
39630m56MH©s  oligmo FsadMmo 3MME9LYdO, MMAgEms  Absglo Bgdmo S©3HIMYo.
MmO 3 B539Wg 533060390900 3308396908 M9A0MmbIo 30EMHMMYMHIME0 T9(33¢gd0
9500b0sbo  0bgMsoBs300l 3OMEILYd0  FMOo3e3L MMAMOE J399, 0y s 0OV
§o68mbogdbgdl, bmmwm wRMm sHoErgsBMEs Jobgdl gl 3OMELYdO S gbgds.  gU
30 090l Loy Ad3z0sbo sGOYMAGBEH0s, MHMI 35335B0MmboL 3obgmol bgadgbEHdo dsbosbo
90b9M50Bs300L 36MHm39L9d0 39695 053930069390 tale 0y 10}
365bm©omMo@me 353976 5JGH03MdLMID s dol gdyma 3gMomdo MHgaombdo gl
36MMm39Lgd0 SO BoJLOMEYDS.

39335bombols  35bgomols 19gad9bBHTo  M30MOGHIBI®  BMOIOMYONIC0S
30OMmMIMOIMNwo  bwromeo  doM©3)m-RsbofobHzmmmmo  Fomdmbsgdbgdo,
OMIwado3 BmyxIO 9o©olL obo® obgddo. Fobosb dobgMmowoBszosl  ob
~UBHOGOL Jobgdol J0MOMMYMHTINOo 4oModdbs o 2533503909, GMIWOl  OMLYE
dOMOMOIPIP  Yo0dEYOS  JMOMOEG-IOOGOGIXO 5  SWBOGH-930EME-JLMOOEG)-
39600MbsG Mo bmE0s309%0, M™WMdzs  S©00bodbgds MBGM  Govmo  Jgdgmeo,
bgobogdo  SbmE0s309d03.  Ly33wg3 Mga0mbdo Slgmo JgE3egdo  Y39wsby
QOOOMO QO 063 9bLowEoss Domdmpqboo  d. ULEH™MoL  3560mbdo.
090050900 3069 353039 g0s do5Bbos  Fgigero Jobgdl sbgzg 9. LEHMMOL
bgmdsdo, 3960mbol  LEdbOgMOm, FMIZIMO  MM3930L  BMbol  golHizemog, Lmgge
WPMOMb.  BMYsI© 30, 30OHMMIOTINWI©  F9g33wowo Jsbgdo d9@bogzergdo
06®9bbogmdom  500bodbgds  yzgwrs  B5obYsTMZ06gdsBY.  30EOMMYHTMS©
993300 Jobgdol  bs3Moergdol 23056 LolLEgdsdo  30OMMYMIGO0Ib
36M0LGHOIWYds  339M(3-3WOR0M35D0sbO, 339M3-306003)-3060HMmEH0bMwo,  33563-
Jo3m30M0GH Mo @S dMEml  33903-35WE0G-3ME03YBIMNOH0  SLME0S(30900
(Bsb. 5.5), OMIwgdog  mobsdgodOmzgg  9hHmHBom mbgby Jd60s6
BoBoobHIgdL, 0MEMdGOL,  doME3s390L o6 Dobome  Fobosd  Lbgoengdl,
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Bob. 5.4. 300MOMMIMHIMEO Bsd5EMIdoL  BbZsolbzs BH039dol ghmo 3@ mbol  s6gsedo

ROIoMYO0L 300639300 1dgds, IMPORoE0MYdIMEo 6. Loeo@mgl (2010) dobgwgzom.
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5 ®MIwgdog 30OMMIOIME0 3933000l ALRO3LO BMAXIO 9OHMTBJNL  g9ds
@5 Jabob 358506900 Moy LobEgdsb.

Bob. 5. 5. 2533903900 O 359506930 3obldsbwmo  mobs-godswro. d.
LEAH™OHOL bgMd0Eb.

A - 2533503909000 Q5 3535MDMb3HJOI0 0bo-804s¢00; B - 335030l do®30, C -

3900MbsGo do®(353990, D - 3356(3-3000@—-3060MmEH0bMwo  ds®©30.
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5. 2. 85Q56953m3w0bgdgdo

3933560mbols 3sbgmols bgadgbGHol obsergdo Logs®ol, o0bd®mbommo Lbgmemgdol
©Mm3SoHBs3ool,  Ig33oo  HBmbgdol s 85obysdmgzweobgdgdols  sbscrobo
330h39690L, ®MI 3 Mgaombdo  ®935d9OMZg JOMBoMo ©mby  5350bgdmEo
5695¢gd0L Fbmm d306M9, bBgs Bofoegdl  5d0dzwgdl, baerm moglo bsfowo
30 3bsgdo LsgsMolb d39gdss  dmgdagmero.  dovbgszs®  SoLs, 39335b0mbols 53
19d96@To 59558500 BYI30MHBY oR0JLOMGdIMwos  100-Bg BgEo Foobysdm3zE0byds
(Bsb. 5.6), O™IGdo3 MbsIIOOM3g  9OHMBo MBYHg 6oL Bsbsfobfzwrgdl,
0MdJOL, doMP35390L 96 Folowy® Fobosb LbgregdL.
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Bob. 5. 6. 50IMLsg3go 39335B0MbBOL LoJo®MNzgmU bgadgb@ol doMomso
950056259m30698900L bdgdoG o M3s.
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6930mbdo  36mdoo 5sbysdm3zw0bgdgd0©sb B396lL dogH Tgufsgamomo  odbs
09099, 0O, LyEbaMg bMEMbO, 5356M, J3565OMY, OB, WwmEmsbo, Bgwmo,
dmOHMmbg30 s 9M9d0. 9O 50b0dbMoLs, B39bL doge 8033w 9o 0dbs ®5d9Ybody
05056350m30690s 3. LEAHMOOL 30EMOHMMYMHTMWsE Y3300 DMbol Gotyrgddo
(39os, d9babs @S MMM0MIosbo), MmIwgdoz B396 LEHMMOL Fosbosbo ggwols
LobgfiMmEgdom 2o359MHM0s6gm s bmgge IPRNOMI6, BMIgelsg B39 wghmMol
950056259m306985 39fimogom.
LBGHMOOL dobosbo  3gwo. LEHMOOL Fobosbo 39wo  FomIMoygbl LEGHMMOL
30QOMMIMINI©  F933e0o BMBoL BGYEgddo sOLGIN FoIBASTMZE0bYdSMS
9OMMIWOMOSL. gl Dmbs 2963056930y 39335b0Mbol LsdbMHgm BIOODYY,  d.
LAHMOHOL 3560mbJo s LETBOJNOIE BOLOEMIPOM Q500936935 oMol dogero
3960mbol LogMdgby, . LGHMODY SOLYIME MMOEZL bosdEY. 53 DmbIL 339mL
9030539000-M35¢0mL 1odsbJobm 2B, MO AsdmE Tgbodegdgdeo 4obs  dobo 9gsMgdom
390 9gbFogs. M3, 3960Mmb3o sMLYdIMWo Mo HYEogxRoL s JdEs3M0 GHYob
LogMOL 3000, LEOHMPRLMZs60 39NWMA0MYO0  0bxgmGIs300l  IM3Mm3gds
39969093905 s JGuodsdolo®, AIOMMEGOVIE0s BOYIEO JMEMAO0MO LYOSMDOL
5000

LEAHMOOL 30EEOMMIOHTMIE 93300 DMbs 236305MGOM0s LobgdwyErHe-
3@obldobme  moboxgodwgddo ©s J3005d390do0 s 3,7 3omdg@®mosbo LogaMdol
3960mboll  goliizdog 306MH3g9woo  Jobgdol  FbmmE 5 3000HMgOHIMES©
39933090  dmbs33900 2905Mbgboo, MHMIgms  LogMomm LoaMdg 1.6 39-U
99500996L.  LETBEOJ 39MH0RYMH0sDY  30OMMIMTMWo Fg33wgdo  MbEIMBMdOM
ofiygds (bsb. 5. 7), bmmm 39bGHMommo bsHowolzgh dwogmgds. msbsdgdmgg
9o ©mbybg dggzwowo  Jobgdo  doMomss  HoMmdmpqbowos  33563-
LYIOOGOGHIO bME0s30gd0m (5. 8), boerm MBOM EITMOROEGINWIE S©00boTdbyds
5¢303-JMOHO0GM-93000MGHMM0 (5. 9) @O 3390(3-50dOG-JMMOEG-353E0GVIM0
SbME0530900, ®MIgdoE TS A960EOL 0bGHIBLOMG 30M0EHODBIEOL, MSE 0Tob
95639690905, O3 300OMMYMHId0  M306000 O JMHOMPOM 0yMm FoXIMIOMOo. U
96900 M909x380 5030 FooMBG3s, MroIQB3 A95RB0S godmmBgmeo dmfomswwm,
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9mdf396m, dmygzomomm s dmbsiMobyMm F9nqgMowmdgdo. doglsBbos, Mdmd  obobo
Dom0moa 96l 03096 306OMmyOHIN 3oo@oL 96y goolzgdl o
36MHM30w0@JOL, MHMIGoo3 OMamO3 (gbo,  30mMEYds B30 3MOBOOWIO
299500690900L 0My3erog (Ridley, 2013).

Bob. 5.7. 9. LEHMOOL 3oboMbol LETBOYMO 30Y: 30EOHMMYOTMEO T3S
3@0obldsbme mobs-godwgddo.

3M33wodbmeo  4gmeEmaomcmo  dmbs39dgdol,  39Mdm, 300OMmNyMHIMEo
393330 900L SLME0sE30gd0m, 250003 q0v)e0 0b@emBomwo  Lbgmgdols
39GOMEMA000 s 850bgdol o300 0356605, MM LEBHMMOL 30EOMMYOHTMES©
993300 Jobgdol 4399 ©M35¢0HGOIME0s,  JOMHOMSQIW, OMMOGHMEO
39003960¢md0l ddEs3M0 I EH0gBIBYOO 3er@mbo (5. 10), GmIgerog 0sbsdgodmgy
9JOHMBo Mbgbg bMmEME 53mBoDYdoL Lobom Fodzwgds.  SPLIBOTbSZ305, GMT
300OHMMYMHIMo  Fg33gdo 0dEgbs  dwogkos, MHmd 0o bldoMs  m3o0m
3 E™boL 53mx0H9d0E 30MMEYdS.
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5. 8. 30006OHMMgMHIMO 335M3-BIOOGOGHYIEN0 SbME0s30gd0, . LEHMMOL
306HMm»9MHINwo 99330000 Bmbol 396@Mswm®o bsforo.

5.9. 8. LGHMOOL 3560MbOL 30EOMMYMTMEO 5WBOE-JEMMOEF-930MEGHMO
SbME05(30900, 096@YbsL Fob6YEFMZ0bYdOL LsdbOHgmO.
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§ 1500 0
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2 1000 8
500 9

Jommy®Gdmemso dhageomo Jabgdo (33:603-bgMogodot+ JomGo@ot+domodo;
aed0@ot3356zotgdomdotdmnmo@otdomhodo)

Bocrme0 dmer@dogsHmo durmdmba (@om®odo, 3300E0sbo om®odo,
QOMMHOE) -301OR0M0JB0, 3356(3-30OR0MYO0, JEg0myMabod-3mmaomgbo)

050mBYYMHO ZoBBMM-E05d5HYO0, EOIBIB-3MmOBOMIdO

3erobbdabayto sbdowao godergdo @s mobagodargdo Jgodagzgdobs
5 5ErgammEr0mgdol 8w953Mggd0m

/B

G9ddmbognéo Guzgzgdo \ d5abasdmgenobndgdo

Bsb. 5.10. 3. LEHMOOL  30EOMMYHIMEOE  FY33eowo  DBMbol  3Mmbi3I3EGHPW MO
(bggds@y o) FHowo (A-B). (A=N 42°12'968", E 45°29'079"; B = N 42°13'953", E 45°29"
079" ).g.mp.-  BBoggwo-momls  gbs; 8.3 - 80bsdy  LEHMGOL  JsBombo.
050056003 0b939d0: 1. 0969bs, 2. 29w0s, 3. MMOOIosbo.

030539000-35¢0ML bogEMIMdOEIM FHob golizdoz, LEHMOOL 30MHMMYMHIMES©
393300 bmbs, B3zgbl dogeH  doger  Loa®dgby 0465 @sLobxme  mgdoHml
399339 MdsDBY (39965¢00BgdMo 0dbs 200-Bg IgBo Lobyxo ICP-MS sbsgsmdyg 3B
9900m©Yd0L 25dmygbgdom), FogMs8 OO LobsMBdOgEM 990 396 dogowgom (bsb.
5.11). 53 3M0o@ool M3001909L0 BsdbHgmo bsfoo $sd@MdM0350 56 T9o3938 MJOMU,
0993d 0960965L JobgMe0BgdMe Bmbsdo Au 9339w mds  mbs355 IMTsBgdyero.
3Oowob 396G m® s BOHowm bsffoerdo 30, 30OMMYMHINWI© Fg33wo
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bdgds@HGo 3>

dobidBodo 1: 25 000

- Ls-p1  oobigogemgbo
- LH-s gomodobofipdogwe aobsgogumgdo

| R e e

- LH-s Bppgumogo 430843000 b
afegarofgbo
- @mdg oBgfraboge

m oostsBols csngs

i 1. ad33063000

ogoREBsaos 4
Jofdebadobogos
LyemazooBogos 1. dofodo 2. dofondobo
3. gormgrsofodo

D OIjemBoynfio ofiggas

Lnmaooobofigdame Gaddnboyofo Bnbs
erdfictls BobgfsrmoBizoom

3m05L I0Hr@B-JamamBonodmmo -
AeOmgemobgds cgfieals Ladfgfa. 97933 mmmbom

oot bsvo

Bob. 5.11. LGMOOL 3560Mbol 30EMHMMIOHIMs© 933w oo Jobgdol bdgds@®o
LEAHOMIGIOMCO-COPOMEMYOOO FHOEO, MJOML 5T50EgdmEo 999339 mdOL
bmbgdom.
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3969080, 2459m0339ms LogMHMM 35335L0)M0 JodoMMYdOL 4 BMbs, GMmIwgddos mJOMml
3m639bGHMsgos  0.01 - 0.94 2/&H-L  Bobgddo TgMygmdl. sLY6OTBsZ05, MM 5J
bmbgdol 396G ®  Bsffowdo  Mm3soBYdMwos  OMOOGHWO 3B ™bols
33mz30H0 s 39630056905 Qge0sls AdE3M0 MH393d.

306039  HBmbsdo, MMIgwos 30OHMMYOIMWs©  TY33wowo  Jobgdol w930 MM9L
BO©@OWMgmdos 49630960900 s  GMIwol  Loddgregtg 80 dg@®L Fgo oL,
0Ol 3m6396GMs3g0s  0.01 - 0.66 3/B-U gotyargddo dghygmodl (sbe. 5.1). gmeg
Dmbsdo, HMIgwoa 30039000 BMmbol LEAbOIMNO® FoJLOMEYdS s OHMIYELSE YYRO™
6o3egd0 BoddogMg goshbos (50 ), TgBowol 3mbagb@EHMogos dgeygmdls 0.01 - 0.94
AL BoMgddo (3b6. 5.2). dgbsdgdo, Gmol bLoddwrsgeg 60 IgEHMOL BoMAWGOT0s
- dOmb 9993390mds 0.01 - 0.68 3/H-U FsOAWwaddo  033wgds (3bHG. 5.3), bogom
dgmmbgdo, GMmIgeros Y39 sy 93069 LoddEregmolss (50 3) mgMml d9d33germds 0.01 -
0.87 3/&»-b 3960 q0do 033 9ds.

OHMamO3 3b9053m, LEHMOOL 30OHMMYMHTMWSE 933w 569030, MHMIEOO3
DomImeagboros 33903-bgMOGOGHIEO SbME0s30gd0m, boeom wRO®
©59mMB0EgdI© 500b603b9gds  5WdOE-JWMMHOEHW-930MEGHIM0 O 339M(3-9CO0E)-
JMO0E)-350M0MbsGMo  SbME0s30gd0, 390339 BMbgddo BoJloMIds MJOML
5050gdMwo 3mb396GHM30900, o3 005Dy  9BY39wgdl, Gmd dsomo  dmdggdo
30QOHMmM9MIGd0 d903e3s Au. g 30 0dol 8gs®o sMAdbEH0s, MM 30EOMMIMIMEO
39330l LobGgdol  MHMIgEr0dg 00gMHIMPObSTOIZMMI© s LEAHOIGHMOMESE
bowloy®ger 5695¢0do, dgbodegdgaros Bsdmyswodgdmwoygm mdmmlb 360d3bgarmgsbo
QOAMMZ905. 5J39 930b60dbsgm, ™I LEMOol 3960mbols  AsBIEHsdEO
30MHMmgMHIMo 39933300l dobgmsmaommo s  JodomGo 365¢r0B0Ib
209m30bsty 009358605,  MH™I dol  J398  @m3soHdMwo 3@ mbowsb
3990030LREWGOMo  30OMMIMTJO0, BoghHME, SFOPWMYIOE0 0gm Jobosbo

999963 q000m.
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gb®ogo 5. 1. bLEHMOOL 3560mbols MmgMMmld)d339¢0 300390 DMboli BmyogHmo

Lobxob JodomGo sbsewobo
99000 FAA ICP ICP ICP ICP ICP ICP 3bsE0G03mMo
303 14B 14B 14B 14B 14B 14B WOOMMSGHMEO0S
899339 ™ds PPM |PPM |PPM |PPM |[PPM |PPM | PPM
3bserobHob Jggws 0.01 2 3 1 0.5 2 1
D®3560
Moyomo# | Lobyol# Au Ag As Co Cu Pb Zn
1 2 3 4 5 6 7 8 9 10
1 3-10 0.17 <2 3800 8 15.7 8 8 5309,
3963013900
2 4-10 0.01 <2 280 2 9.3 9.3 238 5389,
3963013900
3 6-10 0.11 <2 1460 4 5.4 5.4 111 5389,
3963013900
4 8-10 0.05 <2 2070 76 6.8 6.8 96 5389,
39630139600
5 12-10 0.12 <2 1430 29 25.5 255 222 0309,
39630139600
6 6-08 0.68 0.75 9s00bgarols
WdMMSGHMO0S

gb®oo 5. 2. LEGHMOOL 3560Mmbol MJOMIBYE39wo Fgmeg Bmbol Bmyoghmo Lobyx ol

408060 5bsrobo
d9goomEo FAA ICP ICP ICP ICP ICP ICP 3bowo@03m®mo
303 14B 14B 14B 14B 14B 14B WOHdMMSGHMEO0S
830339 md> PPM |[PPM |PPM |PPM |PPM |PPM | PPM
3bseoBob J3go 0.01 2 3 1 0.5 2 1
D0356:0
M0gomo# | Lobyob# Au Ag As Co Cu Pb Zn
1 2 3 4 5 6 7 8 9 10
1 222-10 0.03 <2 20 26 67.6 124 1110 5389,
39630139600
2 226-10 0.02 6 50 9 878 9010 | >10000 5389,
39630139600
3 228-10 0.08 4 292 7 229 4260 3380 5309,
39630139600
4 229-10 0.03 5 224 9 387 5850 6960 5309,
39630139600
5 8-08 0.94 0.4 9s00bgarols
@03MOSGHMEO0O
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3b®oo 5. 3. LEHMOOL 3560Mmbols MmdMMd)I339wo dgbsdg bBmbol Bmyogdmo Lobyxol

Jodo6o sbsewbo
3d900MEO FAA ICP ICP ICP ICP ICP ICP 3bowo@03m®mo
303 14B 14B 14B 14B 14B 14B WOdMMSGHMEO0S
899339 ™dS PPM |PPM |PPM |PPM |PPM |PPM |PPM
3boseoBob J3gs 0.01 2 3 1 0.5 2 1
b3s60
6ogooo# | Lobyxol# Au Ag As Co Cu Pb Zn
1 2 3 4 5 6 7 8 9 10
1 62-10 0.02 <2 65 18 186 14 47 0309,
396303900
2 13-08 0.54 0.62 dobgmyemols
@B3MMIGMMO0S
3 14-08 0.68 0.66 850bgmeols
@3MMIGMM0S

LEA®OOL 3560MmbT0, oS F9BbOWWO MMM 5o gdmEo BmbYdOLY, 396l doge
©5x30JLOMES,  S3MIMZY, LSO  FoEIRSTIMZE0bgds, 39MIM®, 096@9gbs, gwos s
06030560 (009935 IOFIN69dMEgd0 35Om, HMT 53 30EMHMMYMHTMEI® T33O
Dmbsdo dsmo  MHoabgzo  As30gdom  TgBHoo,  ToaMed MO  MHJ0IBROL  QoTM
39999909005 3500 3033¢939).

LEAHMOHOL bgMOOL PMOO0F0s60 FoIbysdMm3zobgds (Okrostsvaridze et al., 2012,
2013), @0m35¢00Hg0mE0s d500bosbo 39eol BOHowmm bosfoedo s mmMomdol sbmds-
WO Fo0oo 8993390 Md00 M3 0HgdIMos ddEsgz®m, LsgHmM  39335L0MO
9085600900l ®3930L Dmbsdo (65b.5.12). 58 Dmbsdo 3sGBMbEBHO0BYOMEO 335MEF-3Ws-
30M3w5D0sb0 dsM®3900 339Nl 3¢r0blBIbMM MObsRodwgdl s dsmo Loddwrs3zMggdo
30-40 1O BoMRYEgdTo FgMYgMBL. d>MIW39dd0 MMGOYTol J9I(339w™Mds F95ygbL - 3882
&/, 90Ol - 4806 /¢ IB0JLOMPY, bearem 0@MOMAOL - 6307 2/F). 490 sdobs
50539 3960380 ©I50JLOMPS 39MELEOL FoEsEro 3MBEIbEHME0s (2759/@). (sbscroBgdo
Bodots AcmeLab-8o ICP-MS sbosao®mdg 1F15 dgomm@om 59mygbgdom. do®memzol
Jodowmo 99960 Mmd0sb godmdobsty, dslido cmmmMomdo HoMmdmpygbowo mbs
0ymb 8obgMowo Jugbm@odom [(Y,Th)POs]. 58 GHo3d0b, 3356(3-3s30m3wsb0sb dste-
390096 053930069390, PMOHO0)F0560 F5obYsdMZ0bgdgd0 9355850 bmGBEomls
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Bob. 5. 12. 0»mGH030L 560mBoerw® Jowowo 99933900 339ME-3og0Mm3sbosbo
doG30.

96535 Mga0mbTos  3bmdowo, mdEs 30M39ws© s0hgMowo odbs 5dd-do (Staatz ,
1974). 356005 590bs, 330569800 LEHMEOOLS S JoLO 5MOEGEMMO bgmdols dobgzool,
300OMmMIMHINW© J933wowo @5 30bgMO0-HBgdmwo  BmMbgd0oL, MGowdol
90696503006 ©Ybol doBbom, dosbocoBg-dwo odbs 3093 20 Lobyxo (13
9 LEA™MOOL bgMdOB, 7- FobZ50Ol bygmdos). 9d9sb 14 bodwddo osxoduioMs Th
95050 3063396@G5300, MMIgwog 033wgdms 33.3 - 203 /¢ 0bFGHIM35¢To. 2o
5doby, g3ges 08 60dmddo, GMIgwdog IBROJLOMES MOMOOMAOL 3:mb396G®S(30900,
500b0dbs  53MgmM3g  doLIMMOL Jooero Fgd339wemdgdo - 197-900 /@  Bobyergddo
(EbOowo 5. 4). 50Lsb0dbs305 saMgm3g, GMI 2 b0od«ddo (6-08 s 7-08), GMmIgdos
Dom0mogbl BowoEBHODBOMGPIME  MobsGoJwgdl,  oBoJLoMES  bmIboL
3bmBomEo Fo0owo 99339 mds, 3gMdm@ 17166.2 s 16628.0 2/@. 99 Lobxgddo
5350930 50939 0GHM0Tol 99339 mds (7456 /3 s 6987 3/@), O3 Loglgdom
9o mEbgwos, MoYsbss, HMYMEE 36Md0w0s, sbmsbo s 0@®oMdo JodowGs
@5 290JodoMo Abyogl gergdgb@GHgdl FoMdmoygbl s dsmo  AuRs3L  AgMEMYOME
3060Md9030 BMOHI0MYdS LOWWO0SE Jo6MEDMT0YMH0s. MBOM AgBoiE,  JU BIJBHO MTFO™
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8933wo Jobgddo
3@??35@ 609 | 7-09 |8-00w | 8-09B 909 | 10-09 1019' 12-09
AUGMT) | 002 | 003 | <0.01 | <0.01 0.04 003 | 002 | o001
Mo (PPM) | 064 | 065 | 067 0.13 0.54 094 | 07 | 039
Cu(PPM) | 3278 | 27.43 | 2614 | 141462 | 667 | 19131 | 00 | 64.91
Pb(PPM) | 4314 | 3091 | 581 | 33.32 611 | 1842 | 2% | 2216
Zn(PPM) | 106 | 58 6 05 7.3 68 | 78 | 59
Ag (PPB) | 49 78 | 61 275.5 17.8 72 | 136 | 124
Ni (PPM) | 003 | 002 | 019 | 1395 0.02 011 | 056 | 022
Co(PPM) | 1319 | 473 | 04 1.41 0.61 211 | 202 | 665
Mn (PPM) | 055 | 051 | 013 | 16.48 0.82 009 | 103 | 015
Fe (%) 4 2 2 3 32 7 6 11
As(PPM) | 013 | 019 | 028 | 20.16 1.23 032 | o084 | 1009
U(PPM) | 0027 | 0012 | 0017 | 0003 | 0071 | 0044 | 2 | 0055
Au(PPB) | 35 6.7 | 43 21 42 55 | 63 | 24
ThPPM) | 7.6 1.7 | 509 | 3842 39 41.4 2%3' 99
Sr(PPM) | 3600 | 3770 | 13 483 787 179 | 108 | 84
CAd(PPM) | 213 | 61 | 42 64 40 307 | 82 | 377
Sb(PPM) | 7.1 35 | 3.2 118.3 19.3 135 | 79 | 206
Bi (PPM) | 57 61 | 197 4806 881 234 | 319 | 39
V(PPM) | 57 099 | 1.39 |18.90<0.1| 576 2.68 3 3.91
Ca(%) | 9322 | 312 2 6.4 657 | 723 | 872
P (%) 13 07 | 06 0.1 0.6 07 | 06 | 06
La (PPM) | 17166.2 | 16628 | 5.9 8.8 32049 | 209 | 125 | 81
Sc(PPM) | 04 05 | 04 14 2 06 | 06 | 12
TI(PPM) | 1.23 | 013 | 0.04 0.04 0.03 011 | 006 | 016
S (%) 567 | 085 | 028 461 1.88 218 | 065 | 27
Hg (PPB) | 59 | 20<01 | 5<0.1 | 119 6 32 22 8
Se (PPM) | 02 8.8 0.7 09 | 06 | 06
Te (PPM) | 0.02 12 0.11 008 | 053 | 003
Ga(PPM) | 08 08 | 14 13 5.4 1 12 | 13
Cr(PPM) | 18 17 | 18 26 178 128 | 15 | 92
Mg (%) | 009 | 007 | 032 0.18 1.27 029 | 024 | 055
Ba(PPM) | 174 | 233 | 15.9 9 37.8 243 | 319 | 296
Ti(s) | 0001 | 0.002 O'Ofk 0.002<1 | 0.011<1 | 0.002<1 0.042
B (PPM) 1 2 1
Al (%) 0.3 033 | 059 0.33 2.29 056 | 044 | 072
Na (%) | 0004 | 0.006 | 0.008 | 0003 | 0023 | 0007 | % | 0006
K (%) 0'1i<0' 0'2(1)<0 011 | 0.02<0.1 | 0.17 017 | 01 | o017
W (PPM) 0.1 0.2 02 | 63 | 02

36000 5.4. ©»0MH0wdol, d3obIMEGobs s bbgs 9ergdgb@gdol 8993390 ™ds 30OMMIMIMs©
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gbMoo 5.4 (259Mdge9ds)

gwgdgbo | 13-09 | 14-00Y | 14-09W | 15:09 | 16-09 | 18-09 38-09 41-09
Au(GM/T) | <0.01 | <0.01 <0.01 <0.01 | <0.01 |<0.01 <0.01 <0.01
Mo (PPM) | 0.59 | 0.95 0.23 0.7 111 | 061 0.21 0.25
Cu(PPM) |20.8 |51.49 9.33 3834 | 68.1 | 226.65 | 24.89 19.22
Pb (PPM) | 16.55 | 11.77 6.09 8.2 6.58 | 5.24 6.37 4.69
Zn(PPM) |48 |75 9.6 7.1 1.7 55 3.5 8.9
Ag (PPB) |45 |14 55 296 |36.7 |19.2 15.3 12.4
Ni (PPM) | 0.45 |0.11 0.01 0.08 |0.04 |0.06 0.06 0.02
Co (PPM) |224 |152 1.93 1.06 | 065 |06 1.65 2.43
Mn (PPM) | 0.38 | 0.77 0.03 019 |056 |1.73 0.07 0.1
Fe (%) 6 30 17 37 38 21 12 24
As (PPM) | 0.23 | 045 0.19 123 | 1.75 |2.06 1.2 0.29
U (PPM) 0.033 | 0.083 0.032 0.048 | 0.071 | 0.082 0.017 0.036
Au(PPB) |15 |15 1.8 8.1 6.2 43 2.4 2.9
Th (PPM) | 127.4 | 54.1 24.4 672 |39.2 |41l 46.5 333
Sr(PPM) | 86 62 6 37 61 87 23 9

Cd (PPM) |82 | 127 7 269 | 236 |226 9.4 15.7
Sb(PPM) |11.4 |10.3 3.6 12.8 | 196 |481 5.9 6.7

Bi (PPM) 174 | 530 334 805 | 468 532 900 511
V (PPM) 1.78 | 4.14 1.06 337 | 517 | 756 2.01 1.94
Ca (%) 67.4 |16.6 1.9 426 | 186 |19.3 1.8 3.2

P (%) 06 |05 1.1 05 0.1 0.3 0.3 0.7
La(PPM) |5 1.9 1 0.7 4.7 45 0.9 15
Sc(PPM) |06 | 1.9 1.8<0.02 | 1.9 2.1 1.3 1.4<0.02 | 2.3<0.02
TI (PPM) 0.06 | 0.05 0.08 |037 |0.04

S (%) 157 |0.62 027 |224 |312<5 |0.03

Hg (PPB) | 37 6 9<0.1 6 24 6<0.1 9<0.1
Se(PPM) |15 |06 0.1 1.6 1.7

Te (PPM) | 052 |o0.11 0.03 |033 |0.38

Ga(PPM) |08 |41 3.5 3.4 4.4 3.3 4.2 5
Cr(PPM)) | 1.6 | 13.3 17.9 362 |219 |65 7.4 22.8
Mg (%) 027 |11 0.49 048 |1.19 |1.15 0.78 0.87
Ba (PPM) | 158 |43.7 51 376 | 347 |24.2 17.1 60.5
Ti (%) 0.108 | 0.020<1 | 0.040<1 | 0.04 |0.073 | 0.009<1 | 0.017<1 | 0.057<1
B (PPM) 2 2

Al (%) 0.39 | 1.75 0.63 1.9 2.87 | 163 1.1 1.24
Na (%) 0.005 | 0.017 0.032 0.047 | 0.102 | 0.007 0.016 0.049
K (%) 0.13 | 0.13<0.1 | 0.04 0.2 0.42 | 0.14<0.1 | 0.04 0.04
W (PPM) |06 |03 0.2 0.3 0.3 0.1 0.1 0.2
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LSBEML bol BoEIMGOME 5b5EP0BYOL. OgMd, gl MbEgdgdo 085%g Foa30m0MIAL,
(OIuYs! 30OMmyMHdgdo, Omdwgdos  dmbsfogmds  mm®omdosbo  Bmbol
906965030500  250©0EMJIMYWO 0gm 0330500 JengdgbEgdoom: »MEOO0dom,
00LINBHOm, 0FMOMIom» S  038305m0 FofogegdgbEom - Wsbmsbom. 3x30dOMdM, 53
9939539000 3E0IM0 30EOHMMIMHIGOOL BMOHI0MGdS Jmbs 3533YOO0 95dEH0MOMBOL
0 9B93DY, OMES 30OMMIMHTJO0 25dEOMOES 35MOMbBsGHJd0m. 03358605, MH™I
90b9gM50Bs300L gl 3OM3gLbo, MMIgwos  LBEHMOOL  30OMMYOMWIE FHE3LOEO
Dmbols BOHowmgmdo boffoerdo gob3z0msM©s, msgz0Lbo 60dzb9gemdol godm dgdamd
9GO TgLFogansl LoFoMmmadl (3bMogro 5. 4).

3Jwosls  85q0bps8mze0bgds.  g9gwosl  5sbYsdm3w0bgds  B0dzwgds  LGH™MMOL
950060560 390l (396G®oH  bsfoedo, 4gwosl s3I  bggdo,  Lsdsbdsbm
3b0sb  3ogbmdg@Momwse 200 d-om DBgdmm.  0go  FoMIMoqbl oz
39JBH™b03M6m Dmbsdo BMmOIoMGdM  L3owgbd-30MHMEGH0bo 25350bgdol doM®3L,
MmAol 99933930 J96900 335M3-LYMHOEOE-3000GH060 S 33503-LIMOEOE-JWMOHOE)-
3060030560  9BHoLMIsBHo@gdos. 300069 MMM 39Sl dom30
390003 @gdmEgl, 999353  Jobgddo  Bbgogds dsbosbo  Fobg®mscngdols
965350 M03EbM3560  M3oMEMO  35BHoM  dMYE™MIYO0,  OMIMGOO3  JOMOMIWIP
§omBmygbowos 3060l F9byom s dJoMmEGobom (bsb. 5.13).
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3b®0o 5.6. Jodo©o 565¢00Bol d9ga900 (LogmolbgzolL, sSHGMBSL, BsdFgErmls s 06y oliGmOl FsEsbysdM3z0bgdgdo)

gm0 3B | 1EX| 1EX 1EX | 1EX | 1EX| 1EX | 1EX | 1EX | 1EX | 1EX| 1EX| 1EX| 1EX | 1EX| 1EX | 1EX| 1EX [1EX]| 1EX | 1EX| 1EX| 1EX | 1EX| 1EX | 1EX| 1EX | 1EX | 1EX| 1EX |1EX| 1EX| 1EX | 1EX| 1EX |1EX|1EX| 1EX | 1EX | 1EX| 1EX| 1EX | 1EX [1EX] 1EX| 1EX

9wgdgbdo Au |Mo| Cu Pb | Zn [ Ag| Ni | Co | Mn| Fe |As| U |Au| Th | Sr|Cd|Sb| Bi [ V| Ca| La|Cr| Mg|Ba| Ti Al | Na K |W|[ Zr |Ce|lSn| Y | Nb| Ta |Be|Sc| Li S | Rb | Hf | In Re |Se| Te | TI
9. | PPB [PPM| PPM | PPM| PPM|PPM|PPM | PPM [ PPM| % |PPM|PPM|PPM|PPM|PPM|PPM|PPM|PPM[PPM| % [PPM[PPM| % |PPM| % % % % |PPM| PPM|PPM PPM|PPM|PPM|PPM|PPMPPM PPM| % |PPM|PPM|PPM| PPM [PPV PPM| PPM
MDL 2 |01 0.1 0.1 1 ]101]01] 02 1]0011(01|01|01] 1]01)01]01] 1]0.01j01] 1 ]0.01f 1 0 0 0 |001{01{011(01{01|01/01]1]1}(01]01]01]0.1]0.05/0.005(1]0.5] 0.5

b0dm3ob G030

ds30 1sdFgem

P50_10Rock Pull 20 | 1.5] 7513.5| 8.7 | 266 | 1.3 | 12.8|117.3| 823 | 11.82| 40| 0.1 |<0.1| 1.4 ] 40 | 0.9 | 0.620.4( 42 |0.43| 3.6 | 277 0.92| 19 |0.092|3.38/0.188|0.07( 09| 65| 8 | 3.2 36|21 01 |<1]| 4| 89| 43| 3.0|<0.1] 3.61|<0.005 14| 7.7 | <0.5

PS53_10Rock Pul| 406 | 0.2 | 6531.4 | 21.7| 168 | 0.9 | 21.9|975.5| 28 |[52.11| <1 |<0.1|<0.1{<0.1] <1 | 0.9 | 0.4|28.0( 4 |0.01| 0.3 | 11 |0.01| 2 |0.002|0.07|0.004|<0.01{ 0.1] 0.2 | <1]| 0.8 0.2 | 0.1 |<0.1| <1]|<1| 0.6 |>10.0] 0.7 |<0.1] 0.91 |<0.005| 71| 11.5| <0.5

P54 _10Rock Pull 25 | 0.4 |>10000.00 9.0 | 629 | 2.7 | 23.5|827.4| 95 |47.52| 5 |<0.1|<0.1| 0.2 | 27 | 2.8 |0.6|24.1| 13 |0.20| 1.2 | 45| 0.10| 5 |0.016]/0.45/0.002|{0.01(0.3] 14| 2 | 42| 09| 0.4]<0.1|<1]|<1| 1.6 |>10.0] 0.8 |<0.1| 3.64 |<0.005| 10| 6.5 | <0.5

ds®30 0bgeoli®o

P43_10Rock Pull 2410 1.2 | 1570.8 | 19.3| 148 | 0.4 | 39.0| 43.1 |1712| 12.56| 18 | 0.5 |<0.1| 6.0 | 87 | 0.7 | 0.7 | 34.0(182]| 0.69|12.1| 113| 3.15|309|0.525|9.01|1.177| 1.14| 0.7 ]| 9.8 | 30| 3.7 |13.2(14.3] 1.0 | 2 | 15(69.9] 0.3 |17.6| 0.4 | 0.15 |<0.005| 2 |17.2| <0.5

P46_10Rock Pul| 13 | 1.5[>10000.0/ 41.6 9249 9.1 | 72.9| 52.4 | 1649 21.52| <1 | 0.6 |<0.1| 5.3 | 32 |28.7| 4.8|53.0(146|0.38|17.6] 99 | 3.92130]0.330|7.05/0.554| 0.35( 5.8|14.6| 37|19.1|112.1( 9.1 0.7 | 1 | 12|65.2] 8.0 |10.3| 0.6 | 2.94 |<0.005| 90 | 22.2| <0.5
dg. Logmolibggo

P41 _10Rock Pull 3 | 0.6] 5342.7 | 71.0( 159 | 2.5 | 34.4| 29.2 | 2447|13.30| 3 | 0.3 |<0.1| 43| 50| 0.2 | 0.6 1.3 (129]|0.35|12.0| 85 | 4.15|167|0.348|8.98/0.836|0.61|(0.4| 88 | 26| 57| 9.4 9.4] 0.7 | <1]|12(74.8] 0.6 |14.6| 0.4 | 1.22|<0.005| 11| 0.8 | <0.5

360565
P41 _10Rock Pull 3 | 0.6] 5342.7 | 71.0( 159 | 2.5 | 34.4| 29.2 | 2447|13.30| 3 | 0.3 |<0.1| 43| 50| 0.2 | 0.6 1.3 (129]|0.35|12.0| 85 | 4.15|167|0.348|8.98|0.836|0.61|(0.4| 88 | 26| 57| 9.4 9.4] 0.7 | <1]|12(74.8] 0.6 |14.6| 0.4 | 1.22 |<0.005| 11| 0.8 | <0.5
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©3656M™0 1. JodovMo s6s5cobob Fgwgygdo

Method G6| G612 1F15 1F15 1F15 1F15| 1F15| 1F15| 1F15 | 1F15| 1F15| 1F15( 1F15 (1F15 1F15( 1F15( 1F15| 1F15 1F15 5 1F15 1F15| 1F15 1F15| 1F15 1F15 1F15|1F15( 1F15 1F15| 1F15|1F15( 1F15 | 1F15( 1F15| 1F15|1F15( 1F15 | 1F15

Analyte Au Au Mo cu Pb Zn Ag Ni| Co Mn Fe As U |Au Th Sr cd Sb Bi v Ca P| La Cr Mg Ba Ti B Al Na K| W[ Sc Tl S Hg| Se Te| Ga
Unit MDL gm/mt |gm/mt| ppm ppm 0.01| ppm 0.01 ppm ppb| ppm | ppm | ppm %| ppm| ppm(ppb ppm| ppm| ppm| ppm ppm 0.02| ppm % %| ppm ppm % ppm %| ppm % % %| ppm | ppm | ppm %| ppb| ppm| ppm | ppm

0.01| 0.17| 0.01 0.1 2| 0.1 01 1| o.01 0.1 o0.1{0.2 0.1 0.5 0.01| 0.02 .| 001 0.001| 0.5 0.5 0.01 0.5 0.001 1| o0.01 0.001| 0.01] 0.1 0.1 0.02| 0.02 5| 0.1 0.02| 0.1

1 78-09 | 3. bE®eo |Rock Pulp| 0.04 0.57 15.05 28.29 11.2 1371 | 108 | 2.6 82 [ 2523832 02 157 | 1.8 | 2.0 0.37 | 16.07 0.43 <2 | 0.03 0.002 2.8 151.2 | 0.01 19.5 | <0.001 1| 018 0.003 0.15 | 03| 0.2 | 080 | 211 29 | 03 | <002 | 05
2 83-09 Rock Pulp| 0.02 0.89 20.04 2891 13.8 678 157 | 45 218 [ 1.65 | 49.5 | 0.9 3.2 74 | 6.4 1.01 6.96 0.75 3 | 0.07 0.014 5.6 164.1 | 0.02 | 48.7 0.001 3| 034 0.005 0.27 | 04| 04 | 027 | 1.01 17 | 0.4 | <0.02 | 0.9
3 89-09 Rock Pulp| <0.01 1.80 18.14 10.28 17.6 625 8.9 1.4 101 | 1.06 | 85 0.2 0.4 16| 50 1.67 2.96 1.34 3 | 0.04 0.003 8.6 125.6 | 0.02 60.8 0.001 2 | 031 0.006 025 | 0.7 | 0.4 | 0.11 | 0.10 7 0.2 | <0.02 | 0.9
4 92-09 Rock Pulp| <0.01 1.01 227.1 21.00 20.1 248 | 68.4 | 30.1 | 1599 | 876 | 2.7 0.4 <0.2 2.0 [128.2| 0.26 2.03 0.53 4 | 7.76 0.013 1.7 11.0 | 0.22 14.7 0.017 2 | 025 0.005 0.07 | 1.1 | 0.6 | 0.04 | 4.77 6 1.0 | <0.02 | 0.9
5 | 100-09 Rock Pulp[ 0.24 1.85 | >10000 [ >10000 |>10000| 78707 | 54.2 | 60.9 | 498 | 7.58 33 0.1 ( 1348 | 0.8 | 37.3 | 155.3 | 12.63 | 154.9 10 | 1.65 0.017 11 396.2 | 0.15 | 21.7 0.001 2 | 0.40 | 0.006 0.06 [ 09| 1.0 | 0.04 | 6.87 | 5334 |>100| 3.55 | 2.2
6 | 101-09 Rock Pulp| 0.03 0.82 31.83 37.87 42 707 19.8 | 7.6 | 499 | 3.73 | 1399 | 0.4 265 | 3.2 | 146 | 0.29 3.47 0.83 3 | 0.89 0.043 5.6 1125 033 | 26,5 | <0.001 | 3 | 0.51 | 0.021 0.23 | 04 | 3.0 | 0.06 | 2.15 15 (1.2 | 003 | 1.7
7 | 102-09 Rock Pulp 0.82 2.65 | 57.01 106 1413 | 1345 | 719 | 129 | 169 | 7.94 | 1201 | <0.1 | 79.4 | 1.7 | 4.8 0.87 | 9.73 0.89 5| 017 0.014 24 |4033| 0.06 | 24.7 | <0.001 | 2 | 0.25 | 0.012 0.16 [ 09| 1.0 | 0.05 | 7.29 57 | 21| 0.06 | 0.8
8 | 103-09 Rock Pulp|  0.02 0.43 | 78.03 71.92 112.2 396 | 1782 95.2 | 3597 | 8.15 [ 2166 | <0.1 | 13.7 | 0.1 | 152.3| 0.74 | 33.45 0.35 18 | 11.81 | 0.003 24 | 4478 442 | 38.1 0.003 | <1 | 0.25 | 0.003 0.03 [ 0.3 | 88 [<0.02| 2.20 27 | 07 |<0.02| 11
9 | 104-09 Rock Pulp| <0.01 1.02 15.29 20.52 37 463 | 57.1| 129 | 854 | 427 | 121 0.3 145 | 21| 204 0.1 10.53 0.71 50 | 0.60 0.055 5.0 109.2 ( 1.35 | 483 0.002 2 | 161 | 0.012 0.18 [ 0.4 | 59 | 0.05 | 0.82 26 | 0.8 0.04 | 54
10 | 105-09 Rock Pulp| 0.01 1.08 105.1 35.28 59.2 350 |531.7| 65 269 | 3.24 | 1883 | 0.7 0.7 6.5 | 9.9 036 | 4.39 0.6 35 [ 0.52 0.114 20.2 61.0 | 0.90 | 26.0 0.006 4 | 145 | 0.008 0.22 (0.2 3.3 | 0.06 | 0.12 7 0.7 | 0.03 | 3.8
11 | 201-09 Rock Pulp| <0.01 0.93 24.66 56.77 44.8 446 3.9 22 | 479 | 395 | 201 | 2.2 3.1 51| 84 0.1 1.43 0.58 16 | 0.10 0.111 21.7 8.8 0.35 | 41.2 0.043 | <1 | 1.21 | 0.042 0.14 (<0.1| 3.7 | 0.07 | 0.17 | <5 1.2 | 061 | 69
12 | 204-09 Rock Pulp|  0.02 6.84 | 219.4 7.76 25.8 204 7 306 | 334 | 991 | 63 0.3 137 | 1.7 | 3.8 0.08 1.02 0.47 40 | 0.09 0.048 5.4 2.6 0.77 | 16.3 0.011 | <1 | 2.39 | 0.018 0.07 [ 0.2 | 3.0 0.02 | 399 | <5 |17.0| 0.74 | 6.4
13 | 205-09 Rock Pulp| <0.01 2.1 54.21 11.08 38.6 39 118 12.2 | 830 | 335 4.1 0.6 4.8 4.2 | 585 | 0.07 2.4 0.21 70 | 0.93 0.065 7.5 309 | 1.31 | 2369 0.138 1| 289 0.213 0.84 [ 03| 85| 0.24 | 0.56 6 04 013 | 82
14 | 206-09 Rock Pulp 0.01 0.48 | 56.67 33.69 40.2 68 6.5 | 153 | 690 | 3.67 | 9.7 0.2 7.3 1.7 | 751 | 0.18 | 4.08 0.36 66 [ 1.35 0.077 7.4 6.8 0.58 | 79.6 0.096 2 | 252 0317 0.27 { 03| 6.7 | 0.09 | 1.52 28 | 0.8 0.21 | 6.0
15 | 208-09 Rock Pulp| <0.01 4.98 610.4 27.67 44.6 685 58 | 243 | 371 | 678 | 5.4 0.4 3.6 35 4 0.16 1.77 0.54 62 | 0.07 0.027 8.8 2.6 094 | 17.4 0.030 | <1 | 2.12 | 0.016 0.05 (09| 29| 006 | 147 | <5 | 71| 035 | 9.2
16 | 209-09 Rock Pulp| <0.01 4.25 179.8 10.48 25.4 290 4 158 | 197 | 5.28 | 13.8 | 0.3 7.4 41| 33 0.06 1.33 0.42 34 [ 0.04 0.033 4.4 1.7 0.44 | 141 0.015 | <1 | 1.46 | 0.021 0.04 (06| 22| 005 | 153 | <5 | 73| 048 | 5.4
17 | 210-09 Rock Pulp| 0.03 1.53 | 75.43 12.1 25.3 86 5 113 | 519 | 2.77 | 126 | 05 28.2 | 48| 232 | 0.18 2.9 0.59 61 | 0.46 0.036 7.9 6.7 0.88 | 74.8 0.094 | <1 | 1.70 | 0.130 034 [ 01] 63| 018 | 1.24 15 | 14| 0.74 | 55
18 | 212-09 Rock Pulp| <0.01 0.38 150.3 20.67 57 71 9.1 | 239 | 736 | 486 | 5.2 0.2 6.3 1.4 | 519 | 0.07 3.97 0.11 145( 0.82 0.084 6.4 143 | 1.51 | 94.2 0.118 3 |39 | 0173 0.67 | 0.2 | 13.6( 0.37 | 0.98 12 | 0.6 | 0.52 | 8.9
19 | 217-09 Rock Pulp|  0.02 1.64 | 93.76 10.2 20.5 86 39 7 364 | 289 7.1 0.5 163 | 4.4 | 188 | 0.08 2.23 0.42 58 | 0.23 0.036 8.6 6.8 0.85 | 56.1 0.069 | <1 | 1.79 | 0.089 0.37 [<0.1| 6.5 | 0.18 | 0.76 6 14| 055 | 53
20 | 220-09 Rock Pulp| 0.01 0.56 | 44.69 7.64 324 42 56 | 171 | 740 | 386 | 6.8 0.3 103 | 3.2 | 66.8 | 0.06 | 231 0.74 81| 091 0.066 12.0 9.5 1.31 | 111.7 | 0.128 1] 279 | 0.272 036 | 01 7.2 | 012 | 1.28 13 | 05| 037 | 88
21 1-09 | b3gHmbs | Rock Pulp|  >10 20.54 | 0.77 | 45.86 13.36 31.3 2140 | 126 | 84 | 810 | 2.55 | 23.7 1.1 | 13945 | 4.8 | 27.5 0.2 | 43.59 0.13 40 | 0.40 0.033 9.1 17.6 | 0.89 63.3 0.055 2 | 162 0.102 0.13 [ 03| 2.8 | 0.05 | 0.79 78 [ 05| 085 | 49
22 2-09 Rock Pulp| 2.84 1.73 | 96.45 73.25 13.9 1294 | 38.4 | 15.9 52 | 3.77 | 615 | <0.1 | 1896 | 0.2 | 149 | 0.15 2.38 1.34 5 | <0.01 | 0.001 <0.5 35 | <0.01 [ 16.0 | <0.001 1| 018 0.002 | <0.01 |<0.1| 0.1 | 0.34 | 4.19 | 1272|126 2.85 | 0.3
23 3-09 Rock Pulp|  >10 8.23 | 1.48 149 58.16 18.6 2942 | 32.8 | 13.2 58 3.7 | 59.5 | <0.1 | 10700 | 0.2 | 16.2 | 0.24 35 2.58 4 | 0.04 0.001 <0.5 3.2 | <0.01 | 219 | <0.001 1| 017 0.001 | <0.01 | 0.7 | 0.1 | 050 | 4.09 | 1408 | 11.0( 2.71 | 0.4
24 | 4-09W Rock Pulp| 3.36 0.94 41.2 45.45 6.2 1101 | 26.5 | 11.9 27 | 3.22 | 547 | <0.1 | 3280 | 0.3 [ 10.3 | 0.02 1.37 1.4 4 | <0.01 | <0.001 <0.5 2.8 | <0.01 [ 289 | <0.001 1 | 0.18 | <0.001 | <0.01 [<0.1| 0.2 | 0.34 | 3.64 | 483 | 47| 180 | 0.4
25 | 4-09C Rock Pulp[ >10 10.29 | 2.05 117 86.05 17 2524 | 427 | 136 | 109 | 3.39 | 495 | 0.1 | 12110 | 0.5 | 49.4 | 0.12 6.27 1.32 4 | 0.03 0.003 <0.5 20.1 0.02 30.1 0.001 1| 017 0.002 001 [ 02| 0.2 | 0.28 | 3.29 | 1244 | 11.0| 2.06 | 05
26 6-09 Rock Pulp| 3.12 1.42 162.9 38.97 9.9 1321 | 296 | 153 | 41 | 3.23| 633 [ <0.1 | 3257 | 0.3 | 10.1| 0.11 1.89 1.62 4 | <0.01 | <0.001 <0.5 3.2 | <0.01 [ 342 | <0.001 | <1 | 0.18 | <0.001 | <0.01 | 0.4 | 0.2 | 037 | 3.59 | 639 | 71 | 197 | 04
27 7-09 Rock Pulp| 3.67 1.57 21.57 40.78 47.5 1254 | 7.9 | 11.1 | 1692 | 4.06 | 100.9 | 0.7 | 4838 | 5.7 | 449 | 0.14 | 91.63 1.01 47 | 0.50 0.039 13.1 5.5 1.04 74.7 0.077 2 | 162 0.102 027 | 05| 59 | 012 | 251 | 167 | 1.4 | 2.48 | 5.7
28 8-09 Rock Pulp|  3.02 1.52 230.2 124.8 85 460 6.4 | 223 | 1018 | 506 | 55 [ <0.1 | 2210 | 0.7 | 86.4 | 0.26 | 0.34 0.33 126 1.72 0.065 3.1 5.0 1.71 62.8 0.076 2 | 437 0.275 0.04 |<0.1| 69 | <0.02 | 1.72 93 23| 026 | 9.2
29 9-09 Rock Pulp 5.5 0.88 11.77 26.08 40.7 826 5.5 29 | 1402 | 212 | 67.7 | 0.6 | 2848 | 49 | 31 0.06 | 110.2 0.12 6 | 028 0.041 14.1 3.9 0.45 | 80.7 0.044 1| 112 0.064 014 | 04 | 1.3 | 007 | 047 | 136 | 0.3 | 0.28 | 3.6
30 [ 10-09 Rock Pulp[  8.29 0.3 9.55 11.82 143 1274 | 288 | 8.1 143 [ 246 | 49 0.2 | 9406 | 3.8 3.4 | <0.01 0.2 0.54 14 | 0.07 0.023 2.2 244 | 058 | 49.0 0.037 3 1.08 0.006 0.29 [<0.1| 1.1 | 0.07 | 1.59 33 | 03| 011 25
31 | 11-09 Rock Pulp[ 0.55 0.99 21.8 17.91 64.9 276 | 175| 7.6 | 935 | 294 | 285 11 1037 | 6.4 17 0.11 | 48.95 0.25 34| 0.27 0.057 5.1 29.8 1.34 55.8 0.091 1| 194 0.056 029 | 03| 25| 0.21 | 124 | 156 [ 0.5 | 0.18 | 5.5
32 | 12-09 Rock Pulp[  >10 12.27 | 0.96 123.3 56.82 57.7 2746 | 226 | 159 | 597 [ 3.86 | 4.7 0.2 | 18194 | 3.3 | 43.2 | 0.09 | 0.29 0.64 65 [ 0.84 0.042 3.7 19.2 151 | 873 0.093 3| 284 0.139 0.16 [<0.1| 4.2 | 0.04 | 151 60 12| 014 | 65
33 [ 13-09 Rock Pulp| 3.64 0.88 29.18 20 57.9 497 128 | 19 881 | 469 | 623 [ 0.5 | 2448 | 3.7 | 50.6 | 0.16 | 52.74 131 77 | 0.61 0.068 6.7 18.3 141 | 469 0.119 2 | 217 0.162 043 | 06 | 7.2 | 015 | 366 | 101 [ 1.9 | 291 | 6.6




34 14-09 Rock Pulp| 3.47 1.15 580.1 33.1 65.6 407 24 (107 | 317 | 758 | <0.1 | <0.1 | 2113 | 0.6 | 104.2| 0.18 0.2 0.77 52| 0.72 0.129 2.5 1.4 0.82 46.9 0.011 3.10 0.091 0.21 |(<0.1| 5.6 | 0.07 2.51 96 |24.7| 0.50 7.1
35 15-09 Rock Pulp|  4.07 0.81 29.9 25 60 918 8.5 33 690 | 298 | 424 2 4508 | 6.9 | 10.9 | 0.09 | 48.13 0.43 24| 0.11 0.067 9.7 17.4 0.68 52.6 0.069 1.39 0.022 026 | 0.1 ( 24 | 0.18 0.93 50 13| 225 5.6
36 16-09 Rock Pulp 1.12 2.82 119.1 1254 466.3 499 1.6 4.3 565 | 4.77 | 233 0.9 | 85.7 ( 0.8 | 74.8 | 5.27 0.29 <0.02 33| 218 0.055 12.9 2.8 0.06 | 806.4 0.001 0.99 0.006 0.05 [<0.1| 5.3 0.08 0.07 55 23| 0.03 4.4
37 17-09 Rock Pulp| 6.26 2.94 1213 1249 470.2 1406 1.9 4.4 567 | 4.68 | 23.1 0.9 8126 | 0.8 | 77.5 | 5.38 0.29 <0.02 33| 216 0.054 13.2 2.7 0.06 | 834.2 0.001 0.97 0.006 0.05 [<0.1| 5.3 0.08 0.07 53 2.8 | 0.03 4.4
38 18-09 Rock Pulp >10 10.83 3 129.6 1241 481.6 1471 2 4.5 590 | 477 | 246 0.9 8362 | 0.7 | 756 | 5.38 0.28 <0.02 34 | 2.27 0.052 121 2.7 0.06 | 796.0 0.001 0.97 0.005 0.05 |[<0.1| 5.0 | 0.08 0.07 72 2.8 | 0.02 4.4
39 19-09 fbbob boomog| Rock Pulp 1.06 2.78 118.5 1201 458.7 585 1.6 4.2 546 | 4.71 | 223 0.9 1663 | 0.7 [ 71.1 | 5.14 0.26 <0.02 33 | 2.09 0.052 12.6 2.6 0.06 | 755.7 0.001 0.96 0.007 0.05 | <0.1 5 0.07 0.07 69 25| 0.03 4.3
40 | 20-09 Rock Pulp| 3.86 2.86 122 1203 467.3 832 1.9 4.4 580 | 478 | 23.1 0.9 3510 | 0.7 | 70.7 | 5.25 0.29 <0.02 34 2.2 0.052 114 2.6 0.06 | 767.5 [ <0.001 0.93 0.004 0.05 [<0.1| 5.1 0.08 0.06 50 28 | 0.04 | 44
41 21-09 Rock Pulp| 5.15 2.8 122.2 1193 454.6 811 2 4.5 565 4.7 23 0.9 3312 | 0.7 | 735 | 5.44 0.27 <0.02 33| 225 0.049 11.8 2.5 0.06 | 801.8 0.001 0.97 0.008 0.05 [<0.1| 5.1 0.08 0.07 49 26| 0.04 | 43
42 22-09 Rock Pulp|  3.59 2.79 116.1 1232 444.4 973 2.1 4.1 534 | 466 | 229 0.9 4846 | 0.8 | 71.1 5.1 0.28 <0.02 33| 2.03 0.051 12.6 2.8 0.06 | 760.9 0.001 0.95 0.006 0.05 [<0.1| 5.1 0.08 0.06 46 26| 0.04 | 43
43 23-09 Rock Pulp| 9.34 2.77 140.7 1212 469.4 1475 1.5 4.5 549 | 4.74 | 247 0.9 6071 | 0.7 | 77.7 5.5 0.3 0.03 34 2.2 0.057 12.6 2.7 0.06 | 812.3 [ <0.001 0.98 0.006 0.05 [<0.1| 5.1 0.09 0.07 135 | 2.7 | 0.03 4.5
44 | 24-09 Rock Pulp 1.97 2.87 118.6 1166 446.7 699 1.7 4.5 558 | 4.74 | 233 0.9 2261 | 0.7 | 73.2 | 535 0.28 <0.02 34 214 0.054 12 2.5 0.06 | 755.7 [ <0.001 0.93 0.006 0.05 [<0.1| 5.1 0.08 0.06 70 2.7 | 0.03 4.4
45 25-09 Rock Pulp| 0.91 2.83 121.9 1237 461.5 499 1.5 4.5 576 | 478 | 24.1 0.9 [ 867.7 | 0.8 | 76.9 | 5.55 0.28 <0.02 35 2.22 0.055 12 2.5 0.06 819 0.001 0.99 0.005 0.05 [<0.1| 5.1 0.08 0.07 57 2.7 | 0.05 4.4
46 | 26-09 Rock Pulp| 4.98 1.39 85.27 1065 156.1 1076 11 2.1 170 2.9 10.7 0.7 4094 | 4.2 | 26.7 1.26 1.58 0.14 18 | 0.36 0.025 10.9 43 0.13 | 189.2 0.017 0.64 0.01 019 | 02 | 24 0.1 0.13 58 1.3 | 0.02 3.1




365600 2. JodovMH0 sbs¢coHol Fgwgagdo

ANALYTE Au Ag As Ba Bi Ccd Co Cu La Li Ni Pb S Sc Sr Vv Y Zn Zr Au
METHOD FAA303 ICP14B FAA303
DETECTION 0.01 2 3 5 5 1 1 0.5 0.5 1 1 2 0.01 0.5 0.5 2 0.5 1 0.5 0.01
UNITS PPM

6-09 <0.01 <2 54 52 <5 <1 8 33.4 6 11 29 20 0.6 1.2 13 9 3.8 37 0.6 <0.01
9-09 3363000 <0.01 <2 4 248 <5 <1 4 24.4 3 4 11 19 0.04 1.9 31.1 23 6.1 33 0.8 <0.01
11-09 <0.01 <2 3 34 <5 <1 3 12.2 4.5 3 8 14 0.01 1.5 10.6 20 4.2 35 0.6 <0.01
9-STORY 5.65 <2 8 39 <5 2 18 62.7 4.2 28 38 8 1.92 2 19.8 34 3.6 41 0.5 5.65
12-K <0.01 <2 20 25 <5 3 48 253 4 16 22 6 4 1.2 21.2 22 5.1 43 0.5 <0.01
21-09 0.01 <2 28 55 <5 5 17 281 2.8 23 71 25 2.19 3.6 46.5 40 6.7 430 0.9 0.01
27-09 <0.01 <2 5 29 <5 <1 2 9.2 3.9 1 8 18 0.03 0.6 6.9 3 5.5 8 0.7 <0.01
32-09 <0.01 <2 10 151 <5 3 38 206 7.2 19 54 25 1.26 10.4 35.4 186 16.9 128 0.7 <0.01
33-09 <0.01 <2 9 37 <5 <1 3 149 25.9 5 16 9 0.16 1.7 79.5 7 31.3 115 <0.5 <0.01
38-09 bsmo <0.01 <2 4 21 <5 <1 5 26.6 2.8 7 9 5 0.03 1.3 16.4 13 5.4 45 0.5 <0.01
44-09 <0.01 <2 4 31 <5 <1 2 11.2 4.6 2 7 7 0.02 0.6 6.3 4 4.9 12 <0.5 <0.01
53-09 dobgoo <0.01 <2 <3 33 <5 1 7 18.2 17.5 5 14 5 0.01 2.5 202 35 4.4 14 5.7 <0.01
71-09 <0.01 <2 15 24 <5 <1 2 7.8 6.2 2 6 5 0.19 <0.5 8.2 <2 2 8 <0.5 <0.01
77-09 <0.01 <2 17 28 <5 2 11 97.9 4.1 8 34 14 1.54 0.8 12 5 13.6 122 0.7 <0.01
78-09 bm6o 0.02 <2 408 31 <5 1 3 29.7 4.1 1 13 29 2.29 <0.5 4.8 4 1.8 19 0.6 0.02
91-09 <0.01 <2 20 35 <5 1 3 64.6 7.7 <1 13 31 0.87 <0.5 3.5 3 3 149 0.5 <0.01
92-09 <0.01 <2 5 15 <5 4 31 260 1.1 3 67 20 >5 0.6 139 4 6.9 21 0.7 <0.01
114-09 <0.01 <2 <3 49 <5 <1 3 9.3 2 3 6 6 0.02 2 6 20 4.6 24 0.6 <0.01
2-10 <0.01 <2 13 36 <5 <1 2 15.7 4 3 9 8 0.28 <0.5 5.7 2 5.1 10 <0.5 <0.01
3-10 0.17 <2 3800 14 6 4 8 9.3 0.8 <1 24 238 >5 <0.5 3.3 <2 <0.5 6 0.5 0.17
4-10 0.01 <2 280 40 <5 <1 2 5.4 11.4 2 14 111 0.99 <0.5 4.6 4 1.4 10 0.5 0.01
6-10 0.11 <2 1460 13 <5 3 4 6.8 1.5 <1 33 96 >5 <0.5 1.9 <2 <0.5 8 0.5 0.11
8-10 0.05 <2 2070 29 7 5 76 270 5.2 3 102 22 >5 1.2 5 6 2.8 20 1 0.05
10-10 bomGo <0.01 <2 322 122 <5 2 30 77.8 2.1 3 39 8 3.48 1.3 6.1 9 2.1 111 0.8 <0.01
11-10 L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R.
12-10 0.12 <2 1430 13 6 5 29 25.5 <0.5 <1 109 222 >5 <0.5 2.4 <2 0.5 21 0.6 0.12
17-10 <0.01 <2 146 38 <5 2 15 99.7 <0.5 2 35 6 3.54 <0.5 3 <2 1.3 20 <0.5 <0.01
18-10 0.01 <2 30 <5 12 12 144 274 <0.5 <1 210 132 >5 <0.5 1.1 15 <0.5 13 0.6 0.01
19-10 <0.01 <2 161 18 <5 2 20 91.2 1.6 1 26 9 2.69 <0.5 2.5 <2 2 10 <0.5 <0.01
23-10 <0.01 <2 14 32 <5 <1 11 53.6 2.5 5 18 9 1.13 <0.5 7.2 4 3.9 11 <0.5 <0.01




24-10 <0.01 <2 85 81 <5 <1 7 40.7 5.1 2 20 50 0.55 1.4 6.8 9 9.1 28 0.6 <0.01
38-10 0.04 <2 47 34 <5 2 15 88.7 11.5 21 25 203 1.2 1.7 21.9 32 4 164 0.8 0.04
39-10 <0.01 <2 15 23 <5 1 14 33.7 12.2 33 19 41 0.5 0.7 15.8 12 6.2 51 0.7 <0.01
40-10 <0.01 <2 7 9 <5 1 6 15.8 1.5 56 25 21 0.24 2.4 48.5 22 4 73 <0.5 <0.01
42-10 <0.01 <2 4 43 <5 <1 7 26.6 5.4 22 7 5 0.38 1.2 11.5 19 5 31 0.7 <0.01
43-10 <0.01 <2 111 41 <5 2 15 26.5 8.7 21 15 11 3.04 1 10.3 16 6.1 76 1 <0.01
44-10 <0.01 <2 11 26 <5 <1 9 58.1 26.5 9 10 7 0.5 0.6 6.8 7 6.9 26 0.6 <0.01
45-10 <0.01 <2 9 54 <5 3 35 292 4.7 12 47 10 4.04 1.8 38.2 20 24.2 44 0.6 <0.01
46-10 <0.01 <2 3 13 <5 2 24 159 2.8 3 29 5 3.28 1.4 107 4 157 15 <0.5 <0.01
51-10 <0.01 <2 11 92 <5 <1 3 11.4 5 9 16 14 0.29 1.8 14.3 11 14.9 53 0.9 <0.01
52-10 <0.01 <2 4 23 <5 <1 5 23 3.5 5 13 24 0.54 0.7 5.8 4 8.8 43 <0.5 <0.01
53-10 <0.01 <2 19 28 <5 <1 6 13.5 4.7 11 12 12 0.18 0.7 8.4 5 10.6 26 <0.5 <0.01
58-10 <0.01 <2 183 99 <5 2 29 62.5 2.7 20 44 21 2.81 2.7 32.5 31 10 309 0.9 <0.01
59-10 <0.01 <2 71 21 <5 <1 9 16.9 3.1 3 21 15 1.28 1.2 7.2 5 18.7 40 0.9 <0.01
61-10 <0.01 <2 85 41 <5 2 27 46.4 1.7 12 22 13 3.59 1.9 11.8 17 6.2 123 0.8 <0.01
62-10 0.02 <2 65 22 <5 1 18 186 5.9 <1 43 14 3.57 0.6 2.9 4 3.3 47 <0.5 0.02
64-10 <0.01 <2 50 46 <5 2 14 46.7 13.9 15 18 12 2.38 1.2 7.5 18 7.4 114 0.9 <0.01
65-10 <0.01 <2 62 87 <5 2 15 51.2 14.9 14 18 13 2.45 1.6 9.7 21 8.3 85 1.2 <0.01
76-10 <0.01 <2 325 12 <5 1 46 33.9 15.5 14 66 18 0.79 3.5 16.6 32 4.6 69 <0.5 <0.01
79-10 <0.01 <2 161 72 <5 1 78 71.6 7.4 14 47 7 0.29 3.1 11 39 4.2 56 0.8 <0.01
80-10 <0.01 <2 41 29 <5 3 26 23.5 4.4 24 34 5 0.73 21.8 31.6 253 13.1 81 2.4 <0.01
81-10 <0.01 <2 65 64 <5 <1 3 30.5 12.5 3 9 4 0.32 3.1 32.5 30 4.6 6 0.7 <0.01
82-10 L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R.
83-10 0.03 <2 132 61 <5 2 68 518 4 1 67 6 >5 1.5 7.1 13 2.1 4 0.7 0.03
84-10 bm6o <0.01 <2 13 26 <5 <1 7 44.9 7.6 3 11 10 0.59 1.3 6.1 14 4 15 <0.5 <0.01
86-10 <0.01 <2 98 26 <5 <1 8 50.9 6.4 1 13 21 1.07 0.6 6 6 2.3 30 <0.5 <0.01
87-10 0.03 <2 1930 14 13 9 255 595 2.7 2 460 88 >5 0.6 4 6 2 293 0.7 0.03
88-10 <0.01 <2 4 25 <5 2 6 10.9 2.3 27 20 3 0.01 3 9.2 45 3.9 38 1 <0.01
90-10 0.01 <2 3510 27 12 8 198 353 2.9 2 297 36 >5 <0.5 7.6 6 1.7 18 0.8 0.01
91-10 0.02 <2 6380 13 19 13 294 1660 1.2 2 396 33 >5 0.6 4.3 8 1.6 32 0.7 0.02
92-10 <0.01 <2 64 58 <5 1 41 64.1 9.9 7 29 5 1.1 1.9 11.6 27 3.7 39 <0.5 <0.01
95-10 4.56 <2 1490 25 7 6 93 629 6.8 4 230 13 >5 1.6 9.3 35 3.4 81 0.8 4.56
96-10 0.02 <2 1380 32 7 4 108 426 4.8 15 185 13 >5 0.8 8.3 10 2.8 35 0.6 0.02
97-10 <0.01 <2 10 26 <5 2 22 43.1 8.5 15 34 6 1.28 7.2 26.6 138 6.3 49 0.8 <0.01
99-10 <0.01 <2 1840 63 <5 3 149 196 7.2 7 106 12 >5 1.6 8.2 23 3.2 39 0.6 <0.01




101-10 6.05 <2 136 38 <5 2 38 125 8.3 16 42 11 2.92 34 47.9 81 46 37 1.8 6.05
102-10 1.41 5 4130 23 7 4 189 352 41 10 184 16 >5 18 10.3 32 2.2 28 0.7 1.41
103-10 <0.01 <2 30 8 <5 3 32 27.4 2.3 26 4 4 1.91 18.8 28.2 243 9.3 77 15 <0.01
105-10 8.03 <2 4 52 <5 2 23 101 114 17 27 9 2.06 3.9 79.4 111 44 33 16 8.03
106-10 <0.01 <2 356 20 <5 4 45 216 5.4 24 49 10 4.07 2.8 4756 82 8.3 122 11 <0.01
146-10 <0.01 <2 158 26 <5 2 12 64.9 3.4 17 a0 39 2.09 1.4 84.6 9 11.1 49 058 <0.01
176-10 <0.01 <2 53 55 <5 <1 14 44.6 19.2 7 14 5 0.24 36 25.1 59 49 35 0.7 <0.01
181-10 <0.01 <2 10 9 <5 2 23 65.7 22 14 40 5 0.55 43 417 139 12.4 43 2.4 <0.01
182-10 <0.01 <2 6 70 <5 2 27 200 114 12 23 18 0.17 3.2 533 87 4.2 64 <0.5 <0.01
191-10 <0.01 <2 88 23 <5 1 10 87.3 2.9 4 13 52 1.05 058 7.4 8 44 71 <0.5 <0.01
196-10 <0.01 <2 14 45 <5 1 8 21.2 3.8 7 17 21 0.75 2.2 57.2 15 8 52 0.7 <0.01
214-10 <0.01 <2 38 73 <5 3 37 39.1 46 17 76 7 >5 5.3 35.4 75 26 40 0.7 <0.01
22210 0.03 <2 20 19 <5 5 26 67.6 2.7 22 46 124 3.11 3.2 10.5 35 2 1110 05 0.03
226-10 0.02 6 50 14 7 24 9 678 113 3 31 9010 >5 0.6 3.7 6 11 >10000 <0.5 0.02
227-10 LN.R. LN.R. LN.R. LNR. LN.R NR. LNR. LNR. LN.R. LN.R. LN.R. LNR. LN.R. LN.R. LN.R. LNR. LN.R. LN.R. LN.R. LNR.
22810 0.08 4 292 8 9 9 7 299 18 7 24 4260 4.62 0.7 25 9 <0.5 3380 <0.5 0.08
bsbgam
229-10 bggo 0.03 5 224 21 9 13 12 387 8.6 12 29 5850 4.82 17 3.2 13 0.9 6960 0.5 0.03
230-10 <0.01 5 16 5 6 2 3 147 3 <1 19 8120 1.53 <0.5 38 4 <0.5 408 <0.5 <0.01
23110 0.05 >10 152 5 17 26 21 1470 13 10 20 >10000 >5 11 4.2 11 <0.5 >10000 0.5 0.05
23210 0.02 >10 40 <5 28 2 <1 380 0.7 <1 8 1890 0.13 <0.5 15 3 <0.5 482 <0.5 0.02
234-10 <0.01 <2 6 57 <5 4 26 147 12.9 4 4 6 0.48 17.4 34.9 23 66.4 79 38 <0.01
235-10 <0.01 <2 3 10 <5 2 4 67.8 12.7 5 4 6 0.03 45 8.5 5 437 48 2.9 <0.01
238-10 @O3OG 0.02 3 36 <5 18 16 432 1250 <0.5 16 1680 48 >5 6.8 4.9 27 8.7 26 <0.5 0.02
239-10 LN.R. LN.R. LN.R. LN.R LN.R. NR. LNR. LNR. LN.R. LN.R. LN.R. LNR. LN.R. LN.R. LN.R. LNR. LN.R. LN.R. LNR. LNR.
240-10 <0.01 <2 17 8 6 6 29 213 <0.5 33 36 3 0.16 7.9 5.1 92 2 72 0.6 <0.01
241-10 N <0.01 3 10 11 6 6 28 5530 18 78 33 8 0.77 7.4 4.2 107 5.5 144 16 <0.01
242-10 <0.01 <« 28 <5 <5 2 50 740 <0.5 53 458 6 0.13 20.6 38.2 135 11.1 63 1.9 <0.01
243-10 <0.01 <2 22 15 29 6 40 1660 6.8 67 39 11 0.34 8.6 9.1 129 9.7 141 15 <0.01
244-10 2bperobgoos 3.09 2 12 19 19 14 34 >10000 8.1 67 56 25 2.97 76 7.8 123 9.7 3020 2 3.09
245-10 0.01 7 15 <5 75 12 26 >10000 22 84 23 44 4.92 10.2 6 194 43 814 1.4 0.01
246-10 0.02 8 15 16 49 35 49 >10000 46 61 69 44 >5 7.9 55 129 6 8540 17 0.02
247-10 <0.01 <2 17 23 5 5 27 3360 53 50 61 7 0.38 52 8.5 104 9.4 465 13 <0.01
250-10 0.02 <2 54 6 18 6 118 7480 <0.5 8 12 8 456 2.8 7.7 4 16 252 1 0.02
251-10 <0.01 3 7 14 18 8 294 >10000 <0.5 3 10 21 >5 11 2.2 12 18 380 058 <0.01
25210 0.32 4 18 <5 50 2 1040 >10000 <0.5 <1 5 21 >5 <0.5 0.5 < <0.5 440 15 0.32
253-10 bad3geee 1.34 2 19 <5 39 2 901 6070 <0.5 <1 11 20 >5 <05 1 <« <0.5 173 18 1.34
254-10 0.03 4 33 <5 37 21 762 >10000 <0.5 1 10 21 >5 0.8 2.7 7 <0.5 610 15 0.03




255-10 <0.01 2 57 <5 14 8 118 >10000 <0.5 18 14 9 3.49 48 3.2 69 2.7 312 1 <0.01
256-10 0.02 4 32 <5 37 13 377 >10000 <0.5 3 8 17 >5 1 1.8 10 <0.5 493 0.9 0.02
257-10 0.79 <2 89 <5 38 7 144 >10000 <0.5 15 7 9 3.46 2.2 1.8 34 <0.5 369 0.6 0.79

262-10 0.04 9 397 11 13 15 86 252 16 16 90 >10000 >5 17 18 16 19 4080 0.8 0.04
263-10 0.03 3 162 26 6 6 38 86.4 18 16 39 7280 >5 14 2.8 14 25 1810 05 0.03
265-10 <0.01 >10 31 34 18 12 <1 471 45 <1 <1 >10000 031 2.1 3.4 31 1 787 1.1 <0.01
266-10 g0 0.01 >10 37 121 16 10 <1 453 7 <1 1 >10000 11 4.4 9.1 4 16 593 13 0.01
267-10 0.05 6 378 16 10 53 129 786 3.1 8 47 5010 >5 13 3.2 13 4.1 >10000 1 0.05
268-10 <0.01 3 <3 29 <5 58 16 465 8.5 19 20 6070 2.68 2.8 4.2 17 19.6 >10000 <0.5 <0.01
269-10 0.02 4 163 35 <5 17 71 414 55 22 50 5950 >5 2.3 4.9 22 5.5 8320 1 0.02
270-10 0.01 >10 35 22 9 83 28 644 2.8 19 21 >10000 >5 18 3.4 16 7.5 >10000 <0.5 0.01
280-10 <0.01 <2 19 56 <5 <1 11 28 9.5 3 7 40 1.86 058 73 8 33 22 0.7 <0.01
281-10 LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R.
282-10 bm6o 0.99 <2 5 17 <5 3 31 140 2.3 35 105 83 3.16 7.6 28.1 126 7.9 194 0.8 0.9

283-10 3.34 <2 4 72 <5 2 22 173 19.5 8 17 52 215 1.4 12.9 20 4.2 40 <0.5 3.34

290-10 0.37 <2 7940 18 19 16 245 573 <0.5 6 343 20 >5 15 4.6 24 11 33 0.8 037

291-10 0.18 <2 133 102 <5 <1 13 37.3 14 6 15 7 0.95 35 29 32 2.2 56 0.8 0.18

91-11K 35630b0 <0.01 4 4 34 <s 6 9 6300 4.2 24 14 7 13 2.4 7.3 36 4.7 1460 0.6 <0.01
92-11K LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R.
100-11K 0.01 <2 6 9 <5 3 10 991 11 12 15 35 3.93 16 5.1 16 2.3 99 <0.5 0.01

101-11K woegbo 0.13 >10 131 <5 18 107 51 1210 <0.5 4 5 >10000 >5 12 26 19 <0.5 >10000 <05 0.13

104-11K <0.01 <2 7 33 <5 2 1 44.7 3.5 19 8 23 0.19 12 4.2 19 3.6 115 0.5 <0.01
105-11K <0.01 <2 7 24 <5 2 3 104 2.5 23 10 21 0.45 13 3.7 20 3.8 150 <0.5 <0.01
110-11K 0.03 <2 66 24 <5 2 12 62.4 11.4 20 38 68 2.82 18 9 26 5.1 81 0.7 0.03
114-11K LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R.
115-11K Boeoo 0.03 <2 46 96 <5 1 10 43.5 14 10 33 76 2.58 3.6 17.3 38 5 65 13 0.03
116-11K 0.01 >10 11 8 8 4 23 >10000 0.9 12 10 40 4.16 18 131 19 3.2 320 <0.5 0.01

117-11K <0.01 7 9 38 6 4 27 >10000 4.4 14 24 30 3.17 31 13.1 31 10.2 453 1 <0.01
120-11K <0.01 <2 15 32 6 4 27 1750 4 29 37 27 2.9 4 117 48 7.1 102 0.7 <0.01
128-11K 0.03 7 29 16 20 14 105 >10000 3.1 13 81 52 >5 18 2.9 22 37 3040 0.8 0.03
129-11K BoGobggo LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R.
132-11K <0.01 <2 34 42 <5 3 31 69.7 5.6 12 53 12 2.9 2 2.7 26 3.5 40 <0.5 <0.01
135-11K LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R. LN.R.
147-11K <0.01 <2 4 6 <5 <1 3 14.9 5.2 15 8 3 0.04 41 245 31 12.2 28 <0.5 <0.01




[QONOGN

148-11K <0.01 <2 79 <5 <5 1 5 29.1 1 19 30 8 0.24 2.5 105 21 6.6 36 <0.5 <0.01
149-11K 0.04 <2 260 42 <5 1 19 74.5 4.1 14 71 8 0.79 1.6 3 14 1.4 24 <0.5 0.04
165-11K <0.01 >10 8 <5 29 18 16 3890 3 11 15 5950 1.01 <0.5 4.5 6 1.2 8590 <0.5 <0.01
170-11K 0.03 <2 212 23 <5 2 8 43.1 1.4 1 17 35 2.8 1.6 3.5 4 1 115 <0.5 0.03
174-11K 1.34 <2 32 32 <5 3 6 57.1 3 8 61 89 1.88 2.1 11.5 8 3.9 582 <0.5 1.34
176-11K <0.01 <2 15 9 <5 <1 2 24.1 <0.5 <1 9 71 0.26 <0.5 1.3 2 <0.5 60 <0.5 <0.01
179-11K oxyRg00 0.02 <2 108 22 <5 1 7 54.6 6 1 15 26 2.13 1.1 6.4 9 7.8 17 0.9 0.02
182-11K <0.01 2 16 32 <5 3 5 273 8.8 9 22 5290 1.42 1.2 1.8 14 1.1 1180 0.5 <0.01
183-11K <0.01 <2 11 46 <5 1 4 40.9 3.9 8 27 107 0.32 1.4 2.7 17 0.8 37 0.6 <0.01
184-11K L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R. L.N.R.
185-11K <0.01 <2 15 56 <5 1 6 12.4 14.7 17 26 87 0.3 1.8 3.8 19 2.7 34 0.5 <0.01
190-11K <0.01 <2 15 42 <5 <1 4 14.7 9.4 11 26 104 0.47 1.2 3.8 13 3 27 0.5 <0.01
200-11K <0.01 <2 38 103 <5 2 16 27.2 5.6 81 71 28 0.08 4.8 33.3 64 6.1 88 <0.5 <0.01
201-11K bm6o 0.09 <2 129 21 <5 2 18 76.2 7.8 9 29 410 2.73 1.7 2.7 15 1.6 328 <0.5 0.09
204-11K <0.01 <2 17 9 10 9 40 1350 1.9 18 24 46 >5 7.1 1.9 66 1.3 140 0.8 <0.01
189-11K 0vd9mo <0.01 <2 38 42 <5 1 6 24.7 15.9 10 29 258 0.75 1.2 2.5 13 1.6 38 0.6 <0.01
55-10 LEBHMOo <0.01 <2 66 21 <5 1 18 127 2.9 5 20 20 2.55 11 7 9 4.1 62 <0.5 <0.01
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