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BMboMgdols 390m©ydoo.

B5d5ML BoMRWGOT0 godmoymas Jobrdol 999ga0 GH039d0: mddml d9d339wo
930MLMWRBOOMIO0 56RO S IFIBR930, MIOHM-3M0TgBHIWMMHO s 3t~
0d9EoM0. MmdHm-0306096)R0EOO JoEbgdo doMomo@ LsIMGH39w™ o3l
909399690056. 0lobo JobgdoL LogMmM MM Mmdol 95% F95009696.

0530 3. ©obLEX6EOMMO BMboMgdol Igmm©om Jowgdmwo 33¢9g30L
99900
50b0dbmeo 331935 IM0EegL dYMMS396M0-0bgeErobg30l LodosMgdol s Fsmo

900¢9-05M9 AJMOOGHMM0JO0L IGIXME TGufogeol. 33¢0g30L FoGyargddo dmbs
WOMM-EMQ0MH0  FobolosmgdEgdol AobLIBM3MS, Jobgemow Mo 0bgdugdols s
060033 ™M930L  0©gbEHOBOE0MYd,  LEHM®JGHMOMwo 6odbgdol dguhogws, 3o-
OMYIMO© 9933000 9M9900L 25dm3egbs s FgBHow Mo JobgMIEX0BI300L
BMbgdol 00gbEHOBOEG0MGds.

WOOMEMPO0NMHO ©H93900L F9gabobol godmygbgdmwo ogm FCC (False Color
Composite) s CRC (Composite Ratio Composite) 5¢0am60mdgdol msbsgs6Hmdols
333mbo@MMHo JoMds. QoMo 5dols, IMbo3900ms ©sdTs390s gIbbMGME0gWw©s
doMH0mMO©0 3d3mb9gb3HGOOL 5650 Bol (PCA) dgommmol 45dmyqbgdom. 3oOmmge-
9o 993300 HBMmbgdol 0w bEGH0R0E0MIds 4obbMmME0gw©s B3gdEMmwo 0b-
94900l MBIRIMEMIM030 65EOBOm. TEJOOM, 331g30LSL  9dMYgbgdm
0d65  3b6GHOME0Mgd500 B39JGHOwo  JeologozsEool  IJNMEYd0, OHMPMOO39S
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139dBHOMEo 3MPbol Lsbdmdo (SAM) s 139dEHOIo 0bxTMOTS300l O396MYRI6E0S
(SID), 51939 99BOMMo 96900l dob0d0BsE00L (CEM) ¢gdbmemaos.

900900 dmbsgdgdo 0bGHgaMoM©s BLEGMWMJGHMIOW JMJYWIOIMD, 30MM-
09031 JY33e0o 569900l MROM DYLEO0 4obLEBOZOOLmZ0L. PCA-U boggwmd-
3909 dogdmwo B3gdéMwo 0bgJugdo sdsEHYO0m FMTs3s MdOYJGDY -
1dbgdmeo godmlabwyargdol sbosero®Bol (OBIA) o 3s64sbm@o Lfsgarol dbstrqos-
F9600m 399BHMOMo 35654960l (SVM) scam®omdgdom, G535z d9Lodergdgaro 4oboss
3990 30bgMH5e0Bs300L A59M3w9bs 30MHMMIMHIMEs© 8933w Bmbyddo.

33w930L 39960300 Tgbemrmegds gobbmeMogers Google Earth Engine-ols 3gno-
ABMOAoL, QGIS-ob, 459mbsbmwgdol 30BmsoBsEool B3gEosEMMo 3MHMYMHTMEO
35393900bs s Python 3Gma@msdo®gdol gbols godmygbgdoo.

0 H9080 LHEGHIOGIOO FoBAMLIBYIGdGOOL 2odmyqbgds 3609369 m3bo
390D bbgosolibzs 3gmwmyom®o d0ds009)gdgdoLs s 3EsGHBMEMIGOOL 2ob-
3000560930l doBboo (Abramovitz, 2017), (Gupta, 2012) gs6Ls3mmMgdom 9539JE0s60s
om0 259myqbgds  oMmMEMYoMMo ©93900L Fgoaqbsls s 30MHMMYMHIMWS©
993300 dbgdol godmgzmgbsdo (Sabins Jr, 1996) Pour s bbggdol (Pour, 2011)
dobg30m, 30OHMMIMIMoE d9;33¢0o HDmbgdo bBdoGmsw 89039396 IgEowrme do-
69650305l O BolosmMYd0sh Fomswo 93mbmdozMMmo 3m@gbioswom, dglsdsdo-
Lo, LETMTS3M 3309390Ld S YEOWM Tgbfogesl 8999d0s BoMO Yotrsddbs Bo-
05 MJOSQ.

33w930L Botyergddo 2odmyqbgdgeros ASTER (Advanced Spaceborne Thermal
Emission and Reflection Radiometer) 96535¢0U39J@®™wo Los@gaodmmo dmbs3gdgdo
09MH353560-06900bg30L  LHdsEMGIOLs s 808YdIMY BHIMOEMMH0gd0L  Tgbolifog-
o, Mol doBIBL FoMmMoygbs 30OHMMYMHIMNWs© FgE3wowo DBmbydol
50dmbPgbs s 9GS MM0 JobgMo0DI300L 2oblsbrg®ms. ASTER-ol dmbsgdgdols
1393013030L5 S 33306 GHIMOOGHMMO0L MO30L9dMYOIO0EID 25dMIEObsGY, TgoMBs
OLE6-309H0 HBMbEOMGIOL LHIMMPITMOOLME SVOIMJOEo FgomEgdo [ (Sabins
Jr, 1996), (Abramovitz, 2017)]. 33930LmM30L 258MmYygbgd Mo dgNMEMEMA0S IMO-
39305 BIOMS 3MI3MDBoGNO obsgsmdsls (FCC, CRC), doMomso 3maddm-
696@gd0L sb5¢coBL (PC), L3gdBHemwo 0bwgdugdols s 0bOIsGHMMmIdOL Qsdmyg-
6905, d9bLmMEo gbgMaool dobodobsiool Igmmel (Gupta, 2012), b3gdEOeo
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9mb5(399900L 30b6EHOME0MGds© 3eolog3s305L (Pour, 2011), L3gdEHMmeo 3mmbols
LoBMAL (SAM) (Lu, 2004) s b39dBHOMwo 0bxzm®mszool oz39MA9630sL (SID) (Singh,
1989). 800gdmwo 99wgaq00 ©s35¢HJdom 0b@JM0Ms Md0YJBHBY oRwdbydmw
3990Usbmegdol 565e0Bmsb (Wadge, 1998) o 35679660 Lbffoganols sergym®omdmsb
(SVM) (Lillesand, 2014). do@gdoo dmbs3gdgdo ©odwgdsgos CEM, SAM s SID
3EaMm®omIJdol  25dmyqbgdom, Mods3 Tglodwrgdgwo 2obos  30MHMMYMHIMWS©
3933000 dbg00L 3esloROEOMYdS Foo JodoGmo s FobgeomyoMo dobo-
LosmMYdEgdol Jobgzom. 1533193 BIOOBHMM05YY 259M3w0bEs 30EOHMMYMHIMEO
33w0gdol  Lsdo  JOMOMIEO  B030:  3MPOOEO0DOE0S,  BOOEBODBIEOS
3900b0oBs300 (bmE.1).

Z

P
>
N7

433000 436000 439000
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4598000
4598000

4596000
4596000
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4592000
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4592000 4594000

4590000

4588000
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Legend
- SOFOCOGO0 30QANMYHHI0 BYE3Ed

B sowo0eo s0pemmymaco Bgeaers
- 30206090 30BNGINIIO BHa3Ed

b©.1 Bo3zeg3 9M95¢ndo 459Mm3w9boo 30EMHMMYMHIMWO (330 gddOL
39306ILIO0b O30
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332930l 990035 30Qgdwo 30MMMININWIE FYE3Lowo bmbgdol O3,
MOmdgwo3 ©onmdbgdmwos SAM s SID 8mbsi9d9dol B3gdEHOo  sbs09g33¢eol

9539693 gdDbyg, Aosbsgobs SVM (Support Vector Machine) dgomom. s0bodbey-

@0 5Bse0Bol F9ga9©, 30OMMIMTMEs© T933w0? HBmbYdTo sdmzeobs doq-
60560 30bgMH5e0BsE0olL sbMmBsgrom®mo 899339 mdgdo (L. 2).
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0 1 2 4 6 8
Bgyemryho Bobyserabgool sBmdaeorio
BB0b 50mAlsbggeo Grzs

@ 2)6m535600 @ BOOOINO @ Rsosbo @ b50360
@ ?Bgcrobgzo @ figbomo DB @  DgIm b3Sy

6. 2 ASTER-SVM 565¢00Bob bogzdzgandyg godmgergbogo dsbgmero
30696505300l 5bMmTserom®o Bmbgdo (DN = 128)

09O 9350M0-06900bg30L  LodoMdOLy @S F0dIOIMY BHINOBHMO0sDY SOLY-
000 Jobgodm3z0bgdgdol M3sE0BI300LS O FMMT0MGISTo A5od(Y39EH0 B-
o 99obOs 3H9dBH™mbozmmo 3MHmEgLlgdols s 30MMmmyMIMwo Ggi0dol geo-
@OMMds Bg0mddggdsd dglsdsdol ggmobsdoldm® o 09MHIMBSOI F0OMIYD-

056 9O50. 535U 5ILEHMOGOL 1533193 BIOOBHMO05DY A9dM3wgbow Bgd@Embozm®
LEAHOMIGHMOIOLS O 30EOMMYMTMWSE T33O Jobgdls MOl Fomoo JMEgEs-

13



300l 35B396999w0. 50bodbmEo 3MEMgEs30s, MHMIGE0E IO 39dEMOI do-
9500 gdsl  98mb3zg3s, FoMOmMGIL  25350bgdOLIMZ0L  bgwbogMge R0BoIMM-

Jo3oNM 256Mm9dmDbY, MMIgGEo3 96306MMBYGOMW0s OHMYMOG BHINOEGHMMOOL COMMEM-
309960, 0bg LAHOMJGHMOMEO M530L90MYOgd0om (Lwy®. 3).

- im0 Boigobs @ Ieermy e BETeeo
F6gdob gmegeragool xBndudgero fage —_— R

—ow

6. 3 39dAH™B03WE LRGBS O 30EOHMMIMHTSE F933W0w DMbYOL
dm6H0b sOBYOIEo BOgMEMOMO30 35300M0L sbsrobo

0530 4. 899§0575M0-dbgeobgz0l dobosbo 3356doL 39EHMHMEMAO0MEMO
39mgodo®mo Jgufogus.

B3obo  33eng30L  Loggmdzgerl  (oMdmoagbl 212 6033y  ho@oMgdero
365¢00Bol 890093900, GMIgdoE Jowgdmwos ISP AES dgomeol asdmygbgdom. gl
9mb5(399900 0degzs FgLodgdEMdsL, LBOoWMAOLYMWOE 39359650 BMm  Jsbgdol
JodomMo Jgdsgbarmds s oo FobgMoMo GMmIBLEBMEMTs300l 89dsbBdgdo |
(Zhao, 2008) (Meinert L. e., 2005)]. 330930l 0690069390 doamds 5900005693l
30036 39mdodowE IgOMPIOL, OHMYMMOESS Jegdgb@gdol 3mbi39bEH®m30900L
Q053653900 5 J0obgmocmomGmo GM9bgdol F9nsligds, MsbsdgM™mag 4gmLESEHOL-
G036, o dmeolb PCA (doGomoo 3m33mbgb@Egdol sbsewrobo), K-Means o
DBSCAN 565000193056 g0ms. 58 9900m@memyoom dqledwrgdgeros dobgdaoeno-
Dogool LogMEomo s LoYMomo 2650 gdol JoMOMIEO  356MbDMT0gM9dgdOL
50965, oo JobgMowrobgdmwo Bmbrdol 0 bE0xR03s30s @S Fomo 353d0MH0L
399356905 3H9dB™B03ME s FxELMIsGHIO 3OHM39LYdIMD.
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331093530 gobLO3MPMYIMWO YMMHOMI0S JIMDdS 39MOEGH0ZOMEOO Fo3MbEHM™M-
9090 LoLEBHYIJOOL GBogBMMGOL, OMIGdoE FbLLDBPYZMs396 FobYMHIEOBS300L
36Mm39LdoL  BogME0m  JobsfoEgdsll  LoM®MAYbg  BHgd3gesdMols s  {iBg30L
3300w g-8900L  306>Mmd9ddo (Lowell, 1970). 2560535350 Bmbgdo, GMI9do3
A99AHMb03ME  59BH03mILS s  FgGHOLMIsEGH e  3MME9LYdL MO0l 0bEgblowm®mo
3939060b 956396909-0005, Ho00moa9696 330930l L3356dm gargdgb@l.

4.1 9a939639d0l aqgmdodomcmo 3mbEGHMMero. Jobgdol ggmdodommo sbserobo
9600836903560 0bLEGHOWANBEGH0s Bsmo g9bgHoliols, ogdMHo ORIMHIbE0SE00L, 30-
OMYOHINWO (33000 90900L5 S MJR0MbIMMO FgdBH™b03NMO 2569dmb TqLoggs-
bgdero (Rollinson, 1993), momMguo osgMsds 4353¢93L LG sgdsl gobgls%b-
360 JodoMo GHMgbwgdo, o3 MHBOHMb3gwymal dobgMowmaor®o 89dsqb-
MO0l BMMIoMmIOOLS O (330 GIGOOL Y39 FogJOSL. OOYMHTGOOL 3mFd0boMY-
0o 9bsobBo  Jdbol  LOVMEgMBoEr  LEOIPL, OMIgoi  sbobogl  Jsbgddo
9080656y 365350 x3gMM356 3OHM(39LgdL, sfiygdwo FsydMMo oBIMbEosE00m
©5  IMO3-M9g0Io  30OMMINTINWO (330 ggd0m. BOGHIMIOMEO 33093900
93580m© 9639-60096 LYdOMJ30MO0 oMMl  JodoE  BobolinsmgdEgdl, G5
d0mmomadl  29Mm-0bsdozmMo  Mgg0dolb 3609369 ™3z6 93w gbsBg  Jobgdol
39630056090580. BB 9199963 JO0m 2530 EMIds 035603690l Jobg®moe Mo
M9LOLYOOL sOLYGdMBOL 3MmEHB(305WBY.

4.2 608189%0L 29mJodoMmO S 39BHOMELMAO0OHO 0bEIM3MGEO30S. Bodo6gdv)-
o 33193900L 96seoBo 3boymal, MHMI LB YI30MOo A9Mgdm EmIobo®mydl,
09935 Dmaogdom d9dmbggzsdo MORB o OIB Hmbgdols as3cgbs Js6900lL g9b9bols
965350 39MM36905L 353l bobl. gl dmbszgdgdo 3603369 m3zs60 Laggmdzgeros Lmd-
99430900 s 36EGH0MOO 3OHMEILYdOL 3gMmdodonmo s GHJJB™bozmMo 0bEgM3-
6935300bmM30L.6083900L 565¢0BO (3boYMRL, HMI bIdYJ30MO J96MgImM MI0-
Botgdl, 0Mdzs Bmyogho dgdmbgzgzsdo MORB ©s OIB Hmbgdols gogwgbs Jobgdols
3969D0L M35 RgMM367dsL MLgsdl bobl. gl Imbs39d9d0 360d3bgermgzs60 Logyma-
3905 1BEYJ30M0 s 8sbGH0MOMO 3MMEILYdOL dgmdodorMo s Ggddmbozm®o
06&9m3M93>300Lm30U.

4.3 903609 gdgb@Egdol sbseroBo. d030mgwgdgbEgdols bea®mdserobsigool Ldso-
IO O0SYM58900, MMIwgdois 9B3wdbgds 3M0doEoo dsb@Hool, Jmbo®modgdol,
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E-MORB, N-MORB @3 OIB bm®3s¢r0bs3ost, 30935%m096 g@ow® obgm®mdsgosl
6031390l 3969Bolols s FogdMMo 3MHMELYOOL Tglobgd. dsmo Low®dolgmeo
365¢00B0o [omdmBgbL JodorMo 3Mm3gLgdol s GH9dB™bozMEo 4969dmgdol IMs3s-
0x9MM3b9dsL, Mg s0Lobgds Jobgdols 985096 Mmds80.6088900L Sbsgrobo dovy-
00mJgdL Jobgdol 29bgboll M35 a39MHM36005Bg. LdMI30IO 336w Mol
3bbO3L 3G0ToGOIo FobEGHO0L s JMbMOEJOOL bME-05¢0BH30900, BMIWgdO3
563969096 LILE 9¢c09396@& 900l 3980006905 s HREE 9egdgb@gool 3o0st0dgdsl. E-
MORB @5 N-MORB b6m635¢00530900 5b5b5396 395699600 J909d0l dsdmémo 36rm-
39L9BL, Loog JgMdmeo 3mB3MbgbEdOL Bgas3wgbs BobodsmEmos. OIB bea®dsero-
D305 J0vmomMgOL EMTs FsbGH0MMO 3MM39Ugo0L 493w gbsby, MHMIgwoE sdobs-
L0™YIJ0S M399569M0 3MBIMOL dsBoFHJdoLlmZOb.

LILE s HREE gan9d96@3900lL 05658350M@0M™ds, Godsbols s bomdomdol mggo-
BOAD 9™, 459Mmbo@ogl 353dM0 O0RIMIBE05300Ls S B9dBH™Mbo3MmO Yotg-
9l 365350 x39MM36905L. 60890l gobsfogds bobl Mlgsdl Mmam®E Lvmdd-
3O6M0 3Om39LgdoL, S1939 FBEGHOMOO 3edgdol go3wgbsl, o3 360d3bgEmgs6o
0b6x3m®3s3055 J96gd0L 2969Bol golivggds® s G9gdBH™b03MmO 2ocgdml olabalins-
MYOWS.

4. 4 300OMMYMIME0 T9(33gd0L 565¢0D0. 30OMMYMHTINWO (330090900
Q053653900 J56900L JodowmEmo s dobgMowmaom®o 89950396 mdol Lo®AoLg-
@0 565¢r0BoL BoFOEgdss, o3 FoIFNY39B OMEL SLOEGdL Fomo [omBmMIMdOLS
©5 30Q0MOMMIOIMNWO  FOMEILYOOL 3900 oagdsdo [ (Best, 2003) (Winter, 2001)
(Rollinson, 1993)] ®000Mmgm@o ©0saMsds 0dwgzs 0bxm®mds3osl Jododo @emogb-
Q©900Ls s 806xMIMA0MOHO  BHEMBLFMOT30900L Tglobgd, GMIGdoE ©o330-
0690105 13306 s FogdM® 4969dMLmb. 30OMMMIMEo MM 39LgdOL
A03900U, 06@96L0gMdOLs S BHEMBLRMOT30900L 293905 FgladEgdgel bol sGo
dbmEm© J96900L 94969BoboL 9GO Fga3oLgdsls, 9M9d9 MJR0MbITIMMO JgmeEm-
3090 30MMOYIOL OHMEIOL Qo5BEMYOLSE. BoBdgdol dobsfioergdol &gbwgbogdo s
JodonMo GHmMm9bwgdo bsommow FoMdmsBabl Lyddowmco gocgdml bdggoxkolsl s
9ol 2939bsl Jobgdol BMOT0MGdsDY s 49630056 9d5%bY.

4. 5 980b9650Mma06-29mJ0doMOmo Bsd3MDbs OsYM53gd0. 30EOMMIMTMEO
36390900L  33¢0930L5L g JoBoE OOYMSTYODY TMbs(3999d0L  0bEHIM3MYEHGOS
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0o60mo96L 9Mm-9000 9539JBHIO 0bLEHOIIEEL, GMAgEoiE Lo gdsls 335d¢93L
©IGOWMMS© d930LHogwmm Js6gdol Jodom®mo s FobgMmowmaomEo ™oz30lgdv-
690900, 99358356 oD dmddgo G9dd™bolzmMo, 353d99Mm0 s 30EOMMYMTMEO
36 39L9d0L o3wgbs. HoMmBMEgbowro OSYMHTGd0 BIBL M13sAL JodoGo 3H9gbgb-
30900l 365350 x39MHM36905L, OHMIGdoE BB3sILBIS 3H9dEMbolz M do6gdmdo, 3o-
9O bobiEgdgddo s JobgMmo Mmoo A5MEogdbols 3MmEgLgdol O™
3006935, Fom0 06GJMO3MYBHI300 55039653908 565 Tbmerm© Jsbgdol Jodor®o
39099500 Md0l ©0bsd03sl, 90989 d0bgMsmEmo LEGHMMIEHIOOOL Bodmyswodgdol
306mdq0LSE. OsMTIODY 65B3969305 1YdYJ30M0 oMl dsboliosmgdengdo,
Lo 30OHMMYOTMO bLBsMGIO G0N (3003 0Mgd96. BHMIBLYdO SLEb39b
399w 35696mH0 Mool 30MHMMYIOINWo s GgdB™bozmcmo 3OHMEgLgdol 2o3egbsls,
053 BbMm®E309WwgdL JobgmsMo LRI GHMOMIdOL O039OLOBO3ISE0L s Josbgdol
J0806 GHGMIBLRMEOs305L.

4.6 60093900l 39GHOMWMFONEHO ©5 290J0doIMH0  BobolosmgdMgdOL  ob-
LoBEO3MS.  3EMEHMbMOHO  Jobgdol TAS  3wslogozszool  dobgwgzom  b6odwmdgdol
<39@9b0 Bofloero 353dmgMHoE0s OMMOEHIO0LS s BOBM-EOMMOEHJOOL sGMgsedo,
653 d0M00mgdL Foadol O0RYMHYI6E05305DY O WTbOILOSMYdYos LoTMSEM©
05539 0953399600  300LEIWODs300L  3OM(39LYdOLMZ0L.  S©bodbmwo  F9bwgbios
56396900, ™I 60d9dqd0, oMM, LMY Towswro Na, O+K, O-bs o
Lodmom SiO; -U 3mbEgbdMo300m, Mog 8056036590l dsmo FoMdmTmdoL 3gmeobsdo-
3996 256099mDg, Fog9womo®, BYdOMJ30O BMbgdBy. SLgm oMgdmdo Ggd@mbo-
3960 130gool dgxobgds s 8533760 5gBH03mds bgwlboytgw 306mdqdL  Jabol
aAbaogLo G030l Jobgdob Hoedmddbolmgob.

509356050, 5083900l gobsfforgds Jgliadrms SbsHs3IL BIdYJ30M0 Ao6g-
b 139E0BROZL, o3 FMEEolbIMBL oadwEmo LobGHYdgdool 3MmB3EgJlOMdSLS s
oo g9bgBoLoL BH9B™bo3MO 3060HMdGOME F0O™M 35380ML. OMMOEJIOLS O
L0SBM-EOMOOEJOOL 393039 gds 9Bl MPOMGd0m 60369 Mzsb0s, MoYSE gb
356900 bdocs bsLosmMEYds 8O0  F0bYMHIEMPOMMO @S  FYBOTMYgbIHO
3m3H9b305¢0m. SBgmO  2o6M90Mmgd900 Fg0dgds F0MOMYGPEIL 03 MLMELYIEO
39L5ddEMBYOOL FoMIMIMdOL 306MHMdGODY, MMIwgdoi 360d369wm3bsw 8O-
M90L 33¢0930L F9g290L. OIYMSTIODY b0dIgd0oL QobsHoErgds F0y35608690L, A
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obobo sbsboggb FsgdMGmo 3OHMEaLYdOL B0dEOBIMGMBSL, LosEg BOIJ30MEo 3MOL-

o030, BYJBH™b0IMNM0 253w96900 s FbsMOL JodomMo F9dsgberMmds M-
009OM-353006030s (b9)6.4) .

TAS Plutonic (Cox et al. 1979 adapted by Wilson 1989) TAS Plutonic (Middlemost 1994) [53 60@0’)5305’0
" " Tawite / Urtite / Ralite

® 3Bgeobgzo

N\
Uttrabasic Basic Intermediate Acid . .

g3
3%
2

Na20+K20 (ped) [Locked]

ic Basa, e
ic

=z

75 % @5 4 45 % 525 65 675 0 625 $i02 (pet Rocked)
Si02 (pet) [Locked]

R1-R2 Plutonic Chemical Variation Diagram
Plutonic Rock Classification (Enrique and Esteve, 2019)

FEEEEREE

kkkkk

LO. 4 3eBHMbMOO [o®mdmdmdol Jsbgdol agmdodom®mo oRgMYbE0sEo0Ls ©
300ll0g30 35300l 53Bob3ge0 OsaMsdqd0: a. TAS LobEgdsdo Boddgdol 4sbsfowgdol
Ud9ds; b. HMB9 ©s LowroEomdol 993339 modol dobg3zom Fodmygmaowo 3eslio-
3303530)O0 3909d0; ¢. 3¢ MEHMbMOHO 3nd3wgdlgdol 3g@Mmdodommo 0abEH0n03s-
300l O0oa5ds; d. R1-R2 35659936900l  g59mygbgdoom 539000 3560530900

dmEgwo

0530 5. LAOEGOLE03O0 5B 0BO s 5660 Loz gdol SEYMOHOMIGdom
30bbmOE0gIdYEo 33w)zd
300OHMMYHIMNE0 HBmbgdol 33eg3s MMM s IMOZ5¢RIOHMIZD  3MMEILL

0o60m5o096L, Losi LogmEoMO 393)JOMYI6MWMdS S Fg@swgdol AsBLL3390Eo
3obsfogds 8600369 m3s6 498mfigg3o MPRYds (Pirajno, 2009). 3gmb@s@ob@ozmeo
965¢0D0, HMIgeoE dmbszgdms LEGHMWIGHMGOMIdOLS S 0bGHIM3MYESEF00LMZOL yo-
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9m0yYgbgds s 30OMmMMIMwo LolEgdgdol dgbfogerolbmgzol ddwsgzm o0bLEHEMv-
9963L HotmrBmoygbl.
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Summary
Structural-Geological Position and Formation Patterns of the Bektakari—BneliKhevi
Ore Knot

Ensuring Georgia's supply of non-ferrous metals, particularly strategic gold reserves,
represents one of the nation's most important tasks. In this context, particular interest is
focused on the Bolnisi district, where the Bektakari-BneliKhevi ore knot constitutes a
significant portion of the country's gold resources.

Based on interpretations of the origin of deposits in the Bolnisi ore district, various
authors have proposed alternative genetic models. According to the studies of V. Gu-
gushvili (2014), the Madneuli deposit is classified as a porphyry-type deposit. R. Migi-
neishvili, on the other hand, attributes the Madneuli deposit to a transitional volcano-
genic-sedimentary—epithermal type and distinguishes six stages of its formation, which
represents an important contribution to the differentiated interpretation of its genesis.

An international group of authors (Gialli, 2013; Moritz et al., 2016) considers the
Madneuli deposit as a complex VMS—porphyry—epithermal system, indicating the coexis-
tence of multiple geodynamic processes. In the case of the Sakdrisi and Bertakari deposits,
modern literature classifies them as low-sulfidation epithermal types (Lavoie J., 2015;
Moritz et al., 2016).

Detailed geological mapping and drilling investigations of the Bertakari and Bneli
Khevi deposits have revealed the significant role of hydrothermal, in situ epigenetic
breccias in ore formation, as well as the leading role of subvolcanic and post-volcanic
fracture structures in controlling hydrothermal mineralization (Lavoie, 2015; N. Gela-
shvili, April 22-23, 2015; Adamia et al., 2016, 2017; Gialli, 2013).

From an exploration perspective, the primary indicator of precious and base metal

mineralization in the Bolnisi district is its genetic, temporal, and spatial association with
rhyodacitic (felsitic) magmatism. Practically all economically significant deposits are lin-
ked to felsic magmatic suites—such as the Mashavera suite (e.g., Madneuli and Sakdrisi)
and the Gasandami suite (e.g., Bertakari)—and the related hydrothermal processes.
Similar trends are also observed in prospective areas, including Davit Gareji (Kazreti),
Darbazi, Mushevani, Kvemo Bolnisi, and Khatisopeli (Mashavera suite), as well as Berta-
kari and Bneli Khevi (Gasandami suite). This further confirms the crucial role of mag-
matic—tectonic activity in the genesis of regional mineralization (Adamia et al., 2016,
2017)

The comprehensive studies we carried out revealed significant and interesting re-
sults. As a result of processing ASTER multispectral data and subsequent geological inter-
pretation, the following geological features were identified in the vicinity of the
Bektakari-Bneli Khevi area: lithological structures, mineral indices and indicators,
hydrothermally altered zones, anomalous sites of metallic mineralization, contact zones,
and tectonically deformed segments.

Anomalous areas identified through remote sensing methods represent a significant
economic interest. These findings not only enhance our understanding of the region's
geological characteristics but also provide a solid foundation for planning and conducting
subsequent exploration and assessment activities.
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Special attention should be given to further investigating anomalies to more
accurately determine their geological significance and evaluate the area's mineral resource
potential.

The study of hydrothermal systems conducted using geochemical and geostatistical
methods revealed significant complexity in mineralization processes. Research findings
indicate that vertical (depth-related) controlling mechanisms, spatial distribution of trace
elements, mineral transformations, and selective differentiation of chemical elements play
a decisive role in the formation of hydrothermal systems.

The integrated analysis of the obtained data is not limited solely to theoretical
significance. It serves as a practical tool that ensures more efficient planning and mana-
gement of mineral resources. Results from the study of hydrothermal systems demon-
strated that an in-depth understanding of these systems is essential for the rational and
optimal utilization of mineral resources.

The integrated application of geochemical and geostatistical methods provides a solid
foundation for predicting mineralization and identifying anomalous zones, which, in turn,
are directly linked to strategic directions of economic development. The study demons-
trated that mineralization processes are characterized by high complexity, driven by the
complex interplay of tectonic, magmatogenic, and hydrothermal activities.

This integrated approach to studying hydrothermal systems represents an innovative
tool that significantly enhances the accuracy of mineral resource forecasting and facili-
tates the optimal realization of their economic potential.

The data obtained by us confirm the coexistence of pyrite, chalcopyrite, and
tennantite-tetrahedrite, indicating that during the polymetallic stage in the Bektakari—
BneliKhevi ore knot, the hydrothermal fluid was in an intermediate-sulfidation state. The
mineralogical associations, including sphalerite, galena, tennantite-tetrahedrite, chal-
copyrite, and the relatively low content of FeS, further confirm the conditions of
intermediate sulfidation.

The described style of mineralization and hydrothermal alterations is characteristic
of epithermal deposits and serves as their diagnostic feature. In our case, the
mineralization temperature ranges between 230-240°C, aligning with the temperature
interval typical of intermediate-sulfidation epithermal systems.
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