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Boaros 87960l {iygdoms s LrM3LamJolols s 3sbJodm®ob @gd-
A™b0379M0 BoORO0GHJd0M. J500 2obo3ogL FMs3OHMEIOMBMEOHO
930mb1wo 99@°0mOR0BT0 s 230563MMEHIOMBMIOHO OORB-
AMO9bo (Aramanar, 1998). dg60L §ygds 9EHo0mOHR0BYdIMWOS
LGHO3OMEOEGMOO  Bogogbolb  bmdogho  (jbg30L  3oM™d9dT0
(T=450-510°C, P=1.8-2.5 33560). LyMH3LoGJobol Egd@mbozmeo
R0ORBOES d0MEGH0GHMM0 bBdRBI309L0L sdso 6930l 30MHMdYd-
dos gomsgdboero (T=350-390°C, P=0.8-1.3 30560). 356Jodmcmol
A99EH™b03ME FoOHBoEL 9630w 5938 LEGHIZOMEOEMMHO
505 E9d39M5GHOMWO  d0MmEH0G-0113m30GHM0  3bgolgdols
3395309Lb0L FgBSIMOHR0BIo (T=400-440°C, P=2-2.9 33560). 33006-
36MBHIOMDBMMOH0 Bgs LEHOWIGHWOMO LEOMMWO (IOl
3033egduo) Homdmagboos 39MHOES30L, 24930L5 S OWS-
ol G9JBH™bo3mo BoMOR0EJd0m, 5039060l Fygdom s Jobs-
bols o 963539560L MmBomEoGMMo  30m33egdlgdoom. 09MHEO-
A930Ls s 2m30L BH9BIMbo3MMo BoMBOEIO0 FoMogdboros
69300b6mwo  9g@s8m@mx30HBIol domGHoEMMo LwdRsogLol 3o-
Mmd90do (T=350-390°C, P=1.2-1.6 30560), berewm ©sG0L GH9d-
A™b03M0 oOBoEOL 39BsdOHB0HBI0 FoowE)I3gMsEIOH I
Jm6H0@-19M0E0GM, d0MEGOGHMMLS ©5 MbIGHI™ LdGS-
309L9dL FggLodsdgds (T=360-440°C, P=1.8-2.5 33560). 50396560l
09900l Jobgdo Bomoe3Hgddgho@eweo (930Dmbol domow@gd-
39053MOmwo  bsfowo)  9640d9@sdmmR0BIoL  3OM©IEHos
(Shengelia et.al., 2006). 35L5bols mBomwo@MHo 3MI3wgdlol Jobg-
00 M9200b6Mwo 99EsdMORO0BIOL  BEO3OMWOGHMMO Bo309LOL
30600090305 goModdbowro (T=450-540°C, P=1.8-2.1 30560). 5635-
3560L  333egdbol  Mgaombo  g@edmexnoBdo  Tgglsdsdgds
903569 Bodwgdol Bo30gLOL MbsEwo LIdRSF0GLBOLS s Lo~
36OMoGMM0 353090l 3060HMdJAL (T=390-540°C, P=3.2-4 3056)0).

5060950, 3009 39335L0Mbol FoGyargddo 293039 GdIYWO
396906900l 5e3M58gwo MYa0mbmeo 393s0mmR0HBIoL 3o-
MMd900 36033690 m3zbs 49bLb3s39dgos.
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bsAbEYor 35335L00LS S 0MBOL g30mgMAMEO
Au-Cu bol@gdgdo

5. 035 FMH9e0dq!, 8. m0M5830a0?

103567 5356083000l bsbgermdob odogroliol bsbyardfogm

2960396600
200b9 5¢97b560E9 093503900l bsbgermdol Gobgtrsoereytro

b69c0¢m929000b 35335000L 0bbBHOAIBO

21-9 Loy3mbgdo B3z9b0 Ho®mdmygbgdo 3MBIMEms MIoegdol
MJOM-30¢0039BHo6  25950bgd5Bg doMxglz00bs© FgoiEzsws.
099 5069 0L0bo ZobobowgdM©s HMAMM 3 M I0WYIJPO 29-
MEMR0O0 360m37L900L 990930 (3mbG3Ww 3569960, 30bEH06E)-
BoMo, GHguwgogHdmwo s bg.), ©®gl sLgmo 2535bgdgdo
90Rbgmos 3w 356G-3emEMbrGmo 3mB3wgdugdol gobgzomos-
6900l 9M0sb0 033500560 3OHMEgLoL 3OHM©MJGHIds©. 99-
9390, 0565 MoMymBowr 0dbs 00ggdo dmboliol, sens-
390U, 39050930, 3953560l s bbg. doEbosb Ms0Mmbgddo dzotg
3933560mbol BHodol 3mwbhgEsbm@mo LsdsMYdOL A93MEIEGdOL
dqLobgd.

ML doBRbgME0s, GMI 30EOHMMYMHI Mo LobEYIgdo Ho®dm-
0436905 2530390500 1¥d3IE35601M0 3909008 09MHTMYMHOY6-
OO 39wgddo 9HhmOYwo figewgdol 3mbzgdgon®o bogagdob
39bIMH930L 9909Q9©. 393039350 0bGHOHBOMo 3960900l 3o-
©9M3H98396M0GHMemds  8MmEIE0Mgdsd  oa35M[dMbs, ™I
300MOMmgMHIMYwo LoLEGJIgGOOL OMLYds TgbodergdgEr0s Joddvy)-
60 39600 Bsdmyse0dgd0sb sbgmwo smsbo ol 9939y,
MmEd 953960 oLl JoMHOMOEO IMEMEMdS 9339 29TMIMOL-
A990E00. 53 M35¢LOBOOLOM, RodMOYMRs 30MMMIMHTMEO
05056(oMm3mIgbgeo Lsdo LobGgds: 5) Au-Cu 3mOBoMMWO, d)
93009030 oo Lmwaoszool Au (Ag)-Cu s @) g30-
09MHINwo  Edswo  Lyrgosgool  Au  (Ag)-Cu-3merody-
ASmeo (L. 1).
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©3d3mo bymazneainol bobBgds damamo bymanEsannb bobBgds
Low sulfidation system 2 High sulfidation system

960
Jacﬁc‘:no 3Modamab $d>
‘ Crater lake

300%hans 39an
_ Geiser field

Zj‘«Tﬁmj@nh 5.\3.{
Vapor plun}

-
o oo
F0IEmab 63500 ]

__Wapor

\
I
83Gamfgemn fyemgdn :
Meteoric water

L. 1. 3996d9ms B3oegdol Fosbfomdmdgbgerro LobEgdgdol
dmgwo (Thomsen, 2015).

3MOROOWE 25050bgdoL 06 bzl Fowow@gddgmodwervy-
o0 33903-9656M20¢ M0 © 3350 3-3MbsGHMWo 30OMYMHIY-
o 9933w900; 930009MH M0 Foo0 BYEE0300L dobgdo
396og90os BMOM3Z6 IgmMo© 33503039030, bmwm gdo-
09O 850 BR300l LoLEGHIIGOOLMZ0L EsTobsLOS-
09090005 3OHM30¢03H)00. 3MOHRBOONO S J30MIMTMWOo doo-
o bRl Bobgdo Fodm3MOLEIYds 05939 FEro-
©900B, bmwmm 930009HINWO  EOSWO  BYEXGR0E300L do-
BgMoobsz0s bgoB®memo blbsMgdosb Fo®dmoddbgds. Gm-
33 §gbo, s0bodbmwo Lbsdo LobEGgds Jdbol sIMY300gdgE
BodoEMgoL, Fopa®sd 23b3w9ds 53 LolGgdgdol JgMfydol Fgo-
b393900, H~MIGd03 9BboWEos Lmbsxowol (0M560), od-
0oLy 5 HomgobmeyEol LsdsMYdOL Fodoe0YdDY. Lods-
©M900 390035 IMH0 BMBsMdom bollosmgds.
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35339L0mb0ob 15356900L 1igadgbEoL deovmEmbmMo dsgdsdobdo:
30636900l U-Pb 35615393900l 39mgMmbmenmaos, 39¢Mmgodos
05 §o®ImMIMdOL 39m©0b53039M0 30MMdIdO

9- 3959gMHgeodyg?, 5. gBGMLE35M0IY?, 0.-3. W03, . MHMGIJo?,
- 0m0Bg63m2, Is.ayeemsdy?

Lol 5¢mg9bsbo®g xsbgerodol bsbyarmbol ggmermgool oblBodido
2 0erosl bobgendpogem «960396bodgdolb ©gosdofolb dodbpszemgen
d936096985005 06LBOAIHO
36965 -B9630L 96523609¢m0 «96039GLoB A0, BosIo, (Bo03560
4350900533000 35PY39HO98980L BoryGm, bsbhs-0mbojs,
39€0RmHb0s, 500

39335L00b0ol 6™ F5-09303E9000 LsMEHYIWO 5¢319MH-3005¢0s-
OO MOMYY6o LodEywolb boffoeros. 8sb goboos Moo
3ME0O(303WIM0 256300560935 43006 3580MH0METIE 39Mr0MO-
do s 90 BbgHMBMOOL 2obdsgermdsdo (Gamkrelidze et
al., 1986; Gamkrelidze, Shengelia, 2005). B396 gob30boegom sbsgwo
9mbs39dg00 LA-ICP-MS U-Pb a9md®mbmemmyools s 3g@®mmdo-
dool dgbsbgd 58 MmOMP9bol FogdMMo 59EH03MdOL s d0MOMSE
93939g: 1 - mOEM3039wDBY, 2 - 33006356:0mbMenbg s 3 - Go-
0O MDBY (55096 ME-ds0mlMEOBY). 30M39e 9Be3by (~488-475
9.), MOHEM30300 30MEGH0EH0560 MOMMABIoLgdo Bsdmysw0d-
5 399MbMMHo  MmOMygBgBoLoL  3OHME3gLOL 256353 mdsTo
136-UvdEMI30M®  3060mdgddo; dgmeg 9G3by  (~320-310
9b.) B9s3503MbM0 MHBMPOMO0E-3MsboE Mo 3erEHMm-
6900  BsBMYse0d@s  35G0LIMo  mOHMybybolol  3HmEglido,
31939 B365-1Yd 30O 306HMdYdTO.

3596 ME-d50mbMEm0 39MH0MmEOoL dmbgmliogbo@d®o 3w m-
BmE0 54@H03mds 259Mm3w0bos 50693009000 IBsMFgdol dg-
9390, 3933°5b0mbols dzocg ™3gobmGo smBol sbmezol 990-
@92 35IMBMYO-GHM0BIE EoHBOL LMoL s J39EO0OYIE
353 B30dwgddo s 393800 9dW0O 0gm JEsdofol Jgcdol o-
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300356056. 58 3 EGHMBgdOL 51530 MobsMIb F3oMmEYds RGO~
©Mgm0Esh LsdbGgmol JodsMmviemgdom (~177-164 dwb). gu
9m39099MdS, OO SEIBSMNMO0M, §00MGAL 453030 3O~
39LOL 53539 30T>MMIENGO00 J53M(39YdSDY.

50 3B ™bgdol 3gBMmdodool dobgzom, 35¢gEMmbmMo
mOHOMAB350L900 F5TMYS0dS o 53035¢, LObS 3OO 3gm-
065303796 3060HMd90d0. 330563560130 3eME™bgdo, sg39
§o6M300469ds Lob-5309309 39mE0b6530376 306>MdgdTdo, bem-
W 150990900 30Bmbgdo - 3mbEe3Mgzomwdo. 39GH6m-
A0390L5 5 BMMI0MYdOL 29Mm0653039M0 306HMBYOOL Sbgmo
396b35399930L  F0MbgL39®, Yzgws  3eGHMbmemo  dbsto
30937036905 3060-G@g 9533196 LYHOLL. 39335B0MbBOL FMS35(0
Joob (3MBIMwms ®35¢0l) 3EHobgdol BmMIoMmgds bog-
05 1¥Y3©9-1dMJ306 3060HMdJOT0, 35335B0Mbol LsdbMgmo
39OHOM™d0L 30609 395609600 smBoL 9dBHoWE 3009BY, beaenm
dmb3mbogbo@ Mo 3eEmbgdo, MHmAwgdog 9903Mbgb doergm-
B®-GHO0LIE 0Bl YM0sdo S J39s0OHIe F53 Fod-
9080 Bs3MYs0ds 53 97Hol 3sLoG 309BY, 3MbEH0b96-
GO0 BgOHOMI0LS s doMOL 306:MmdJ0do, HMIgwlsg mbgwo
10M 3956960 Jgedo gooBbs.
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535615-00505¢0gm0L LoMEYgmol 3erryEmbgdol
Jugbmeomgdol 30M3mbgdol U-Pb agmdmmbrmgmmyos:
330399 gdgd0 0Mereolfobs JMOLEGHEMOO
8196005996 0L glBHOMJo0l Bglsbgd

5. OHml3396M0dg!, 9. 99YMgmodyg?, 0.-3. Bgbao?, b.-em. Bsbyo?,
B. (303506000, 3. dm0BIH3M, b egmemsdy!

Toarosl bsbgardpoge #bozgmlodgdob sdopob Fgdbps,
2 JLOPOZ2 £IDOZIOBOAISOL @IP JOOPELIL
996609598505 0bbHOAXIHO
2oobey 5¢m99bsb g sesbgerodol bsbgermbol ggmermgool obldodoido
3(9503560b b3300265¢79650 960396L0BIA0; 3920936090:985005

@©J35(5H5GIbH0; (950390, (9303560
48095690 30¢m B0l 96039(5L0BGIHOb 506056 Lsbscomors
©J35(5H5G9bH0; 3563793960, 3565005

3309639031 0sb gmEgbsdy, 5F9M-M0swgmOl bomFo-
39303900000 LOOEYIWO 93580MESS AdTIMbsdmeo, 350 30-Bg
3930 Log™Mdom, ®d0EroLoL sOIMBEgEgmMOED sLv3EgmOm,
3530 B0359©9. 080 06&IM3MYGH0MGIIO 0gm OHMYMO 3 BLIOMAL-
w3965 Mogxg®o, MHmIgwoi Bsdmyswods 3009 39335b0mbols
39BmbmMGo 396dMms Mool bOHowmgmom (Gamkrelidze,
1974, 1986).

3F9M5-00005¢gmoL  LoMBHYerols FogdmMo Jobgdo MIg@Eglo
0o 96005 30MOMOEI® GHMOJ0GHIO0ms s IMbEm-bogbo-
&9Jo0m. 3WNEBHMENOOo bYMwgdo LsMGHYIWol BsOMMdOL Tbem-
Mm@ ~7%-b 035390L o dgEHowws 0d3gds ol slivgEgom
Boffoendo.

boggang LB domgdoll EOML IM3M39dY0 Fologns SILE Y-
69dL, M@ 995 9m396mMo JMbEM-bogbod Mo @ mbgdo dgo-
393L 2656039005 5 B3BHEEJOOL 2958653 Jugbmoml, sago-
39 290MMME MHgLEOGHIOL.

Bo@o®gdmmwo 33930l 990093900 domomgdl Mmd dotem-
3LEGMM0 Jobgdol BmMI0MYds 0fYm e gmigbm®do (~50
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dwb. o). Bsbow®ds 0bGHOMBoMmIdOl 3OHMEglgdds (~46—44
9b. fgwo) godmofjzos LoswrmEo Jgddol sbodosgos o
3Mb3sdobszos s dmbim-Logbodm@Mmo dbsMgdol GmMI0MmYdS
~43-42 9eb. {erol §ob. gmagbm®o dmbam-bogbo@m®o 3ermEm-
690 99039396  35¢gMmBMMEO gM3boGgdoL (312+7 9¢b.§. o
47425 9¢b.§.) 5 BHMEgo@MMHo 35D EHIO0L Bsbsermngdls. w3s-
Bsb3bgarms  30M3MBYdOL SBs30 TGMHYgMOL  BgM3OHMEYHMBMYY-
0b (747433 dewb. fgero, 632+29 dwb. gro) 350303
(51549 db. fgero).

dgbhogaromo 30603mbgdol U-Pb agmd®mbmermyools 99w099-
00 B39690L, M 5FM5-00MH05WgIMOL HOGEMY)DME0 59b0 gob-
3000505 0v)OHE5IEIL? 3OOLEIWO 13MbITIOEHDY, 3305639-
300 9m39b659g 396MH0Mm©T0, DMl 396s 45F0d30L ggm-
06530396 ©9:0030. sOL60TDS305, GMI gl ©L3IZ0s LErmEn
056b3906M5005 53 Lo®GYwol BMOI0MIOOL 5O FIMmMOZ5-
B90mw ImEgemsb (Gamkrelidze, 1974, 1986).

B539L0L [gowlvzsgol BLZgMMEo bogrgdgdols 33e93s

3. 339560053, 6. 85B0E5dg'3, b. 39ws830e0'3, 9. 053d5d0dY?,
&- 500530513, . 3mgwmdozmgots

Lol 5qng9bsb 69 x569em0dol bsbyarmBol ggmenmgool obldodido
25(5)03 bogs039¢l 530sG23em0 296039(boBIHOb 9302¢rm30960
bmgemol 9-96569080bs s 8-96980L ©s330L ¢rs8m®sBHmmH0s
3330 bsdgbogmm 3907930000 R06G3s ,8505“

bgwmzbmé  Fyowliodgzgddo  dysmo  Bo@obols  gm®domgds
396306HMd9d0s 0g G98535¢00 dE0bs0Igadol Joge dgdm@sbowro
994o60 Bo@obom, Goi 0f393L dsbdo Fyawolb LolaGygdem dmEvy-
@MmdoL 9930MgdsL. Ba3glbol Fgowlbsogogzol gLIgMo bodsbo
0o6M8Moa9gbL Brbo B9MOL H3MoWdsM33eM356 30890 sdg-
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o0l 00656939000, oMM Fgygds 0,05 99 s wWBM™
03600dsM33c0M3560  FMOJ30930LYRSD.  Bogngdgdls  sboliosmgdls
35050 35M¥MBOGH™MEIMS O FOMIWO GUYB05MdS. MG MO
6030009693900l (33mLol) 8993390 ™ds Lsdswm dg@os 4%-
D9, 39399 50w g0do 10 %-U 509T53Hds. sBMEGHOL, BMLGM-
MolLs S 350wy dol LygMomm 999339 mds 605 gd0LsM30L

535b5L050Ydg Lodmserm F99 (339 Mdl MobeMm3I0s.
womnmbgdols 89933390 mds BBZIOME boergdqddo 4ob3omMdY-

005 333I3O0L s HBOL  QgMEMPOMMO 5390 gdOm, sMBHIO
3sLoeol IMBO0DBYdOL S FEOBIMOL ogM FHMIBL3MOE0MGdOL
300md700m, 939 3mBHI630MM0  BMOHM3MYbMwo oGH30M-
03900l 56OLYIMOOm. 3309308 F9IJO0L Jobgz0m figoels-
3930L BL3IOWM boergdqddo BmaogMmMo WomMmbols Lodwmoem
3993390005 BMbMG 30m6396G®o305LMsb dggsMgdom d3069-
o Fopowos (Turekian & Wedepohl, 1961). ecrommbgdoom o-
00631930l bamolbol Jgx3sgdol 0bgdlgdol dobgwgom BB,
M 290039991300 0bgdbo Igeo<0, ©sd0BINGOIdOL Bod-
GO0 CF sbeoms 9Hmmab, 25006Mq00L 53od@dmMo EF ¢sbaomg-
©90s 2-U, 3000919896990 ©GHZ0MHM30L X sdMMo 0bwgduo
PILI<1. 5§9056 890dwgds s35133b600m, G0d dgLfageowo gb3g-
0 65¢9d9do 496939336905 ¢3b0d369wm @ Lydmsm -
006dM930L  353HgRME0SL.  MEMRYIBMWOo  ©EsTs00bIMMYdgdOL
3309306 090939  ©oygboeos, Mmd  653mMmdoL  xsdMmO
Bobdomfysedogdo (TPH), dJarmGm®asbmmo  39L¢Ho3gowgdol
Hexachlorobenzene. a-HCH. y-HCH Lindane. DDT. DDD. DDE s
300dmO060909wo d0xgborgdo PCBs) s6 godloMgds.
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3933560mb0ob 3sbgools s cMBgmol bgadgGgdol
3JMMAO0MOO b10sMYDS s B0 F3qbsTMZE0bgdYdOL
3960L399GHoMEmMdoL gi3sl590s

3- 9Jododg!, 5. mgOME35M0dY, ©. dermsdlood

L mBogrobol bsbyerdfogm «160396boB990b b s
bs8276980b890939¢22 Gg36090I85005 BOFLIAIHO
200l bsbgerdfonm #6039660B39¢90b ©gosdofols 89dbfszangc
99660998505 0bbHOAXIAO
3bsgs G392l (99760329050 96039GL0BAIA0, bs80-3902¢mmg0e9650
F3ILAIO°

LodoM39W ML BoGryengddo 35335L0Mmbol N300 Jgolb m30-
MO0 50MbOggmo Baffowo FoMdmygbowos 3sbgomols s
0390l bgadgb@Hgdom. 3 Ugadnbdgddo GH9dd™mbolmMds o
0539685 5gFH03M050 45dmI305 39 356MYgbG-sbsgngdo 3m0-
3gduol 0639bLoMMo 30OHMMIMIMo FJ33¢gd0 ©s d9bs30-
Mmds 100-Bg dg@0 95056958m30bgdol m®mIomgds (AxkuMu3e
u 1p., 1986).

IG5 0465 Fglfogerowo 11 360d369wm3560 Fosbys-
9m30bgds, MMIgEds3 OGO MMAMOE  dsbolwEmo
99@owgdolL 5939 MJOHML, MOOMToL, 0GMOMIOL, 3MdSEEOU,
390030v30L5 s doLAMEOL SOBYOMDS. 5oL 9GP, 396 do-
96 80339990 0465 M0 5H0, 3ge0sls S ghMMOL, Bob-
390m30bgdes.

BoBoMgdamo d9@¢owmygbmMo 33930l dobggom dqbfog-
o Mga0mbdo  Fosbysdmzmobgdgdo  ssbermgdom  dbgogl
05206-300OMMYINw  300™MdJddo  BsIMYse0d©bIb, Mdise
396Lb35398Mw 39839M0GHMOME ©9:089030. sSOMIBOL, wmEMm-
39560, Bgwomobs s bbgs dbgogbo Fo@sbasdmgerobgdgdo dzocg
9s13@09d0m  Bobosmgds, Lbgs LodMmghzgerm d60d369wmdol
39906 BYdSMYGOMID F9MGOOm. M3, LAHMOOLS (Jobgmo)
©5 09099eml (000999m0) 3590bgdgAL Aoshbosm 3603693560
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35L93Hodgd0 s, Fgbodsdolo, 39ML3YJBH03s. o  0M3wo3
3963000009005 335M3-YMO0EOG-JLMOOEG-30M0GHMO O
530¢3)-930ME-JmO0G)-3000FGH o Idwszmo  JYE3eoE0
BMbgd0, M3 ©oboLOsMYOYI0s 3MOROOWO BodIOMIIOLS-
30L. gBMGOlL  Joobyodmgzuobgds, MHMIgwoi smdmBgbowo
0dbs Bgz9bo 33930l MM, 0dLobMEAdL  ABLSIMMNMGOMEO
06@9m9LL, 30650056 Fobo WM3IsEOBIE00L 3gmGgdEHmbozmeo
3D0E0s, 30699 MMHo SLM305:3900 s FYBIWMS 3MbEgbGHMS-
30900 360336900m356 ABogs3Lgdsl 93agbls BHgMHBs0XBOL (36M-
00  goobRsol  30M0G-3M0dgBHINO  LodEMLmD
(Mustafaev et al., 2006).

B396L 3096 30639 ©IBRO0JLOMES MYA0MbIo MMMl Jobg-
o0Bo300L 5MLYOIMBS. 50Bsb0dbs30, MHMA MYOMEEMl MHs0Mbo,
bos3 IOl 56MmTs09gd0 EAO0bEs TsloE 3ME0dYESE O
bgmegddo, ©939300M900s dogd LOWOROEOMGOME Bm-
B9g0msb, o3 B3z9b0 330930l 3603369 m3z560 Fgga0s. ILLL-
Ml 503603653m, HMI MMIgmobs s 39bgmol LgadgbEgddo
00853500 YBOM  EIGIWYO0  FJHIMYBYOO  33Eg3gdoL
Bo@oMgdos LoFoMm, Moysb o dg0dergds ogmlb obgmo 3608369-
@m3560  Lobo®ygdm  BsBsMbgdol  LodsMYdO,  OMYMOOFES
39BMOYE 5HYMBI0K BB S OMgLESBT0.
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83089 gommbgdols obsfogmgds LgdoMonggamls
B593¢MBMmdogm 3Bgdol golfizmog 8gdatg boswsygddo
(315530 0r-5¢8ML53¢gmoL 3mbs33900DY)

Q©. 4MB9M3g!, ©. 3535M0dgL, 3. 30Mo3Mliosbo!,
6. bmbosdyg?, . sMBosAz0mo!

Loby 5¢m99bsb 69 0335e7FH9er0dol bsbgemembol dobytserey®o
b69c0¢m929000l 35335000L 0bbBHOATIBO

00039 @om™bgd0m b0ssagdol sd0EAMEMYdOL Fglfogerol
30Bbom, LgsMMZgEPMl ILZEPGO O 5©TMLIZEID BYR0MBIdOL
0505393806909e00  bo53GHMIMd0EM 3Bl gobfizmog RodoMms
139305¢0DYOMO gMdodoEO 33093900. 330935 J0Bbs oL~
b53005 6050l BOBIMEOOOL 5MJogdOL godmzegbsl.

Lodom3z9ml bgsabbgs Mgaombdo, bossogqdol dglfogersd
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Thin-and Thick-skinned Nappes of the Southern Slope of the
Greater Caucasus: Evidence of Syn-collisional and Present-day
Alpinotype Subduction

I. Gamkrelidze!, K. Koiava!, F. Maisadze!, G. Chichua

!Alexandre Janelidze Institute of Geology of Ivane lavakhishvili
Tbilisi State University

The Greater Caucasus (Greater Caucasus fold-and-thrust belt) in
the modern structure is doubly verging orogenic system, with the
development of south-verging, often isoclinal folding, thrusts and
nappes on its southern slope and relatively weak folding and north-
directed thrusts on its northern slope (Gamkrelidze, Koiava et al,,
2018).

The existence of nappes of the Southern slope of the Greater
Caucasus is clearly confirmed by paleogeographic reconstructions of
the late Eocene time, indicating the complete overlapping by the
nappes of flysch zone of the autochthonous Gagra-Java zone, as well
as a significant part of eastern subsidence of the also autochthonous
Georgian block (P. Gambkrelidzee, 1970; F. Maisadze,1970; I.
Gambkrelidze,1970; P. Gambkrelidzee, I. Gambkrelidze, 1977), by
drilling and structural data, in particular, by the existence of some
subhorizontal overthrust plates and many tectonic windows and
semi-windows in them (Chichua, 1971; P. Gambkrelidzee, I.
Gambkrelidze, 1977) and finally - according to the interpretation of
seismic reflection profiles.

The revealed nappes in the geological past were independent
structural-facies zones. The western segment of the development of
nappes is characterized by primary transverse structural-facies
zoning, which is generally undisturbed due to the formation of
nappes, while in the eastern segment, the Kakhetian one, there is a
complete overlapping, even “crawling” and rolling of the northern
structural-facies zones over the more southern ones (P. Gamkrelidze,
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I. Gamkrelidze, 1977). In the western segment, from north to south,
are distinguished: the Utsera-Pavleuri nappe characterized by a
continuous section of the calciclastic and siliciclastic distal flysch
from the Cenomanian to the Campanian inclusive, the Sadzeguri-
Shakhvetila and Zhinvali-Pkhoveli nappes, composed of calciclastic
and siliciclasic proximal flysch from the Aptian or Albian to the
Middle Eocene, which, in contrast to the Utsera-Pavleuri nappe, are
characterized by frequent breaks in sedimentation and the trans-
gressive location of the Aptian, Cenomanian, Maastrichtian and
Paleocene deposits (P. Gamkrelidzee, I. Gamkrelidze, 1977). The
southernmost thrust sheet (Ksani-Arkala parautochthone) is a deta-
ched part of the autochthonous Gagra-Java zone. The Utsera-
Pavleuri nappe in the eastern segment has significant amplitude,
overlapping the root zones of the Alisisgori-Chinchvelta and
Sadzeguri-Shakhvetila nappess. The Alisisgori-Chinchvelta nappe is
now completely detached from its roots and overlaps different
nappes. It is characterized by numerous tectonic windows and semi-
windows, in which Paleocene (included Danian) and Eocene
deposits of the Sadzeguri-Shakhvetila nappe are exposed (Chichua,
1971). In the eastern segment, the Zhinvali-Pkhoveli nappe
completely overlaps the Ksani-Arkala parautochthone, which is also
covered by other nappes and only shines through them in tectonic
windows and semi-windows. The formation of all tectonic nappes of
the southern slope of the Greater Caucasus began as probably early
as the late Eocene (Maisadze, 1994). But main phase of the nappe
formation was the pre-Late Pliocene Rodanian orogeny. The leading
mechanism for the formation of the nappes is the intense lateral
compression of the Greater Caucasus fold-and-thrust belt, mainly
due to the advance to the north and underthrusting under it of the
relatively rigid autochthonous Gagra-Java zone and the rigid
Georgian block, (P. Gamkrelidzee, I. Gamkrelidze, 1977; I
Gamkrelidze,1991)) i.e. takes place a alpinotype (or continental)
subduction, which caused the formation of many gently sloping
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sliding surfaces inclined to the north, along which already folded
flysch deposits moved. The enumerated nappes, forming in
collisional time, in their near-surface part are developed in the
sedimentary cover of the Earth's crust and do not include the rocks
of pre-Jurassic crystalline basement, thus representing thin-skinned
nappes. But according to seismic data, the basal detachment
(décollement) of the nappes cuts the crystalline basement, even the
entire Earth’s crust and represents, consequently, thick-skinned
deformation. The total horizontal amplitude of displacement of the
flysch nappes in their eastern (Kakhetian) segment can be estimated
as 80-90 km. A twofold value of the horizontal shortening of the
Greater Caucasus was also obtained from the results of the unfolding
of folds based on the analysis of restored sections (Yakovlev, 2005;
Kopp 2007). If we add to this the folding and displacement along the
northward backthrusts on the northern slope of the Greater
Caucasus, then the total transverse shortening of the Earth's crust
within the Caucasus in its eastern part will be at least 170 -190
km.

The underthrust mechanism of formation of the nappes (alpino-
type subduction) is universal for the entire Alpine-Himalayan colli-
sion belt. In particular, it is shown in the Carpathians, the Alps,
Himalayas and in some other orogenic belts (I. Gamkrelidze, 1991).
This mechanism is also confirmed by analogue modeling (sandbox
expetiments) of formation of several domains of the Taiwan belt,
Alps and Variscan Montagne noire carried out by Malavieille et al.
(2008).
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Pre-Alpine Regional Metamorphism of the Lesser Caucasus

D. Shengelia!, T. Tsutsunava!, V. Aghamalyan?, G. Chichinadze!,
G. Beridze!, . Javakhishvilit

!Alexandre Janelidze Institute of Geology of Ivane Javakhishvili
Tbhilisi State University, Tbilisi, Georgia
2Isnitute of Geological Sciences of the National Academy of
Republic of Armenia

In the Lesser Caucasus, pre-Alpine metamorphites are spread
within the Black Sea - Central Transcaucasian, Beiburt-Sevanian and
Iran-Afghanian terranes.

On the Black Sea - Central Transcaucasian terrane the pre-Alpine
regional metamorphism is spread in the autochthonous and alloch-
thonous complexes of the Khrami crystalline massif. The first is rep-
resented by Proterozoic gneiss-migmatites, Middle Paleozoic
metabasites and Late Paleozoic volcanogenic-sedimentary
formations. Precambrian (Grenville) Regional metamorphism of
biotite-sillimanite-K-feldspar facies (T<720°C, P<2.6-2.7 kbar) is
revealed in the gneiss-migmatite complex. After the intrusion of
basic rocks, during the Sudetic orogeny metamorphism
corresponding to a low-pressure staurolite facies (T=430-510°C,
P=0.6-1.7 kbar) took place. The rocks of the volcanogenic-
sedimentary complex, which are widespread in the massif, were also
metamorphosed during the Variscan orogeny under the low-
temperature green schist facies conditions (T<350°C, P<0.5 kbar).
The allochthonous complex is represented by small outcrops of
Precambrian serpentinites and Middle Paleozoic metasandstones
metamorphosed under the conditions of the lowest temperature
subfacies of the green schist facies of the regional metamorphism.

In the Beiburt-Sevanian terrane, regional metamorphism related
to the Variscal orogeny is manifested in the Loki, Akhum and Asrik-
chai massifs and the ophiolitic olistostrome of the Amasia-Sevan-
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Akera belt. Conditions of regional metamorphism (T=330-4300C,
P=3-3.3 kbar) of the Safarlo-Lokjandari tectonic plate of the Loki
massif and part of metamorphites of the Akhum and Asrikchai mas-
sifs correspond to chlorite-sericite, biotite and garnet subfacies. Regi-
onal metamorphism of the part of metamorphites of the Akhum and
Asrikchai massifs and of the Moshevani tectonic plate of the Loki
massif corresponds to the staurolite-biotite-andalusite subfacies of
staurolite facies and to biotite-muscovite gneisses and hornfelse
facies conditions (T=470-510°C, P=1-2.3 kbar). Fragments of the
ophiolite complex, regionally metamorphosed in Precambrian time
under the conditions of the greenschist facies chlorite-sericite
subfacies (T=290-330°C, P<0.4 kbar), are also exposed on the Loki
massif. Pre-Alpine regional metamorphism of olistostrome inclusions
is established only in the Amasia, Dzoraget and Sevan ridge blocks.
Metamorphism correspond to high-temperature conditions of
biotite-muscovite gneisses and hornfelse subfacies and to biotite-
sillimanite-K- feldspar facies (T=590-680°C, P=5.5-6 kbar)
(Agamalyan, 1998); Regional metamorphism of the Dzoraget block
(T=420-470°C, P=3.7-4 kbar) belongs to the high-temperature green-
schist and staurolite facies conditions (Agamalyan, 1998; Tsutsunava
et al., 2005).

In the Iran-Afghanian terrane, metamorphites are spread in the
Miskhan (Tsakhkunyats) massif. There two structural stages are dis-
tinguished. The Middle Proterozoic lower structural stage (Arzakan
complex) is represented by the Bzhni suite and the Surpsarkis and
Vankidzor tectonic plates. They underwent Middle Proterozoic regi-
onal metamorphism and Late Proterozoic diaphthoresis (Agamalyan,
1998). The Bzhni suite is metamorphosed under the staurolite facies
and moderate pressure conditions (T=450-510°C, P=1.8-2.5 kbar);
Surpsarkis tectonic plate is metamorphosed under the biotite subfa-
cies and low pressure conditions (T=350-390°C, P=0.8-1.3 kbar), and
the Vankidzor tectonic plate underwent staurolite and low-tempera-
ture biotite-muscovite gneisses facies (T=400-440°C, P=2-2.9 kbar)
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metamorphism. The Late Proterozoic upper structural stage (Dalar
complex) is represented by Berditak, Ghuk and Dalar tectonic plates,
Aghveran series and Kasakh and Ankavan ophiolitic complexes. Ber-
ditak and Ghuk tectonic plates were metamorphosed under the
conditions of biotite subfacies (T=350-390°C, P=1.2-1.6 kbar), and
Dalar tectonic plate metamorphism corresponds to high-temperature
chlorite-sericite, biotite and garnet subfacies (T=360-440°C, P= 1.8-
2.5 kbar). The rocks of the Aghveran suite are the product of high-
temperature (high-temperature part of the epizone) anchimetamor-
phism (Shengelia et.al. 2006). The rocks of the Kasakh ophiolite
complex were metamorphosed under the conditions of staurolite
facies (T=450-540°C, P=1.8-2.1 kbar). Regional metamorphism of the
Ankavan complex corresponds to the green schist facies garnet
subfacies and staurolitic facies conditions (T=390-540°C, P=3.2-4
kbar).

Thus, the conditions of pre-Alpine regional metamorphism,
which are manifested in the terranes of the Lesser Caucasus, signi-
ficantly differ from each other.

Epithermal Au-Cu Systems of the Southern Caucasus and Iran
A. Tvalchrelidze!, M. Otarashvili?

!Ivane Javakhishvili Tbilisi State University, Thilisi, Georgia
?Alexandre Tvalchrelidze Caucasus Institute of Mineral Resources
of Ivane Javkhishvili Tbilisi State University, Tbilisi, Georgia

Our ideas on island arcs’ gold-polymetallic mineralization have
dramatically changed in 21 century. If formerly they were conside-
red as products of independent geological processes (post-volcanic,
post-intrusive, telethermal, etc.), today they are suggested to repre-
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sent mineralizations of an integrated long-term development process
of volcanic-plutonic complexes. As a result, ideas on development of
base metal massive sulfide deposits of the Lesser Caucasus type in
Bolnisi, Alaverdi, Kedabek, Kaphan, etc. mining districts were enti-
rely rejected.

It is believed today that hydrothermal systems originate in ther-
mogradient fields of cooling subvolcanic hearths due to heating of
meteoric waters’ convectional flows. Paleotemperature modelling of
cooling intrusive hearths proved that origination of hydrothermal
systems was possible hundred thousand years after creation of the
magmatic hearth when the main volume of the magmatic mass has
already been crystallized. From this point of view three systems are
distinguished: (a) Au-Cu porphyry, (b) epithermal high sulfidation
Au (Ag)-Cu, (c) epithermal low sulfidation Au (Ag)-Cu-polymetallic
(Fig. 1).
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Fig. 1. Model for ore-forming systems of island arcs (Thomsen, 2015).
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Porphyry mineralization is hosted by high temperature quartz-
enargite and quartz-garnet hydrothermally altered rocks; epithermal
high sulfidation ores are distributed among vuggy silica, whereas
epithermal low sulfidation systems are characterized by
development of propylites. Porphyry and epithermal high
sulfidation ores are formed from acid fluids whereas epithermal low
sulfidation mineralization is deposited from neutral solutions. As a
rule, these three systems create independent deposits; however,
there are examples of their combination as in the case of Sonajil
(Iran), Gharta and Tsiteli Sopeli deposits. The deposits are
characterized by vertical zoning.

Plutonic Magmatism of of the Greater Caucasus Svaneti
Segment: Zircon U-Pb Geochronology, Petrochemistry and
Geodynamic Settings of Formation

I. Gamkrelidze!, A. Okrostsvaridze?, Y. -H. Lee3, D. Tormey?,
G. Boichenko?, S. Gogoladze?

A. Janelidze Institute of Geology of I. Javakhishvili Tbilisi State University,
Tbilisi, Georgia
2[nstitute of Earth Sciences, Ilia State University, Thilisi, Georgia
*National Chung-Cheng University, Chiayi, Taiwan
4Catalyst Environmental Solutions, Santa Monica, California, USA

The Greater Caucasian fold-and-thrust belt is part of the Alpine-
Himalayan collisional orogenic belt. It experienced complex poly-
cyclic development during the Late Precambrian and throughout the
Phanerozoic (Gamkrelidze et al., 1986; Gamkrelidze, Shengelia,
2005). This article discusses new U-Pb LA-ICP-MS U-Pb geochrono-
logy and petrochemistry data on zircons from the plutons of the
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Svaneti segment (Georgia) of this orogen. U-Pb geochronological
data indicate three main stages of deep magmatic activity: 1-
Ordovician, 2- Upper Carboniferous, and 3- Middle Jurassic
(Aalenian-Bajocian) At the first stage, Ordovician biotite
orthogneisses (~488-475 Ma) were formed during the Caledonian
orogeny in supra-subduction conditions. At the second stage, during
the Late Variscan orogeny the Upper Carboniferous granodiorite—
granite massifs (~320-310 Ma) were formed during the Late Variscan
orogeny also in supra-subduction conditions while Middle Jurassic
plutons were formed in post-accretional ones. At the end of the Late
Triassic, during the Early Cimmerian (Indosinian) orogeny, the
oceanic basin of the Southern slope of the Greater Caucasus closed.
Then, at the beginning of the Jurassic, the process of stretching of
the Earth's crust began, during which in the Middle Jurassic (in the
Aalenian-Bajocian) stage predominantly the monzosyenitic pluton
formation took place. The age of these plutons gradually decreases
from north to south (~177, ~168, ~164 Ma). This apparently
indicates the spread of the process of crustal extensional from north
to south. The formation of the plutons of the Main Range zone of
the Greater Caucasus (island arc) took place in supra-subduction
conditions of the active margin of the back-arc small oceanic basin
of its Southern slope, while the monzodiorites, monzosyenite and
monzinite plutons, located in the Paleozoic-Triassic Dizi series and
Lower Jurassic black shales, were formed on the passive margin of
this basin, in the conditions of continental slope and foot, which has
a thin sub-oceanic Earth’s crust.
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Zircons U-Pb Geochronology of the Xenoliths of the
Adjara-Traileti Belt Plutons: Evidence for Destruction
of the Pre-Jurassic Crystalline Basement

A. Okrostsvaridzel, I. Gamkrelidze?, Yu-Han Chang?,
Sun-Lin Chung?, F. Rabaorol*, G. Boichenko!, S. Gogoladze!

!Institute of Earth Sciences, Ilia State University, Tbilisi, Georgia
2A. Janelidze Institute of Geology of I. Javakhishvili
Tbilisi State University
3Department of Geosciences, National Taiwan University, Taipei, Taiwan
“Mineral Deposit Research Unit, the University of British Columbia,
Vancouver, Canada

From the Late Cretaceous to the Eocene, the Adjara—Trialeti fold-
thrust belt with a length of more than 350 km is clearly expressed
from the east of Tbilisi to the west to the Black Sea. It was interpre-
ted as a back-arc rift that formed in the north of the Mesozoic island
arc of the Lesser Caucasus (Gamkrelidze, 1986). Timing of the
Adjara-Trialeti volcano-sedimentary sequence was initially
constrained by paleontology (Laliev, Zirakadze 1971) and
subsequently, by laser ablation ICP-MS U-Pb geochronology of the
plutonic rocks zircons (Okrostsvaridze et al. 2018).

Field evidence indicates that these Middle Eocene monzo-syenite
plutons contain numerous xenoliths of granites and basalts, as well
gabbroid restites.

The results indicate that the magmatism in the basin began in the
Early Eocene (~50 Ma) associated with the formation of pyroclastic
rocks. The mafic intrusions (~46-44 Ma) led to the assimilation and
contamination of sialic crust and formation of monzo-syenite melts
emplaced at ~43—-42 Ma. The Eocene monzo-syenite plutons contain
xenoliths of Paleozoic granites (312+7 to 474+5 Ma) and tholeiitic
basalts that contain inherited zircon grains ranging in age from Neo-
Proterozoic (747+33 Ma, 632+29 Ma) to Cambrian (515+9 Ma).
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Obtained zircons U-Pb geochronology results demonstrate that
the riftogenic basin of the Adjara—Trialeti belt developed on the pre-
Jurassic crystalline basement, from Late Cretaceous to Eocene in a
back-arc extensional geodynamic regime. It should be noted that
these data are in full agreement with the previously proposed model
of the formation of this belt (Gamkrelidze, 1974, 1986).

Study of Bottom Sediments of Zahesi Reservoir

V. Gvakharia'?, N. Machitadze!3, N. Gelashvilil?3,
G. Gambashidze?, T. Adamial3, S. Kolomikovil?3

!Alexandre Janelidze Institute of Geology of Ivane Javakhishvili Thilisi State
University, Tbilisi, Georgia
2Laboratory of Ecological Agriculture and Nature Protection of Agrarian
University of Georgia, Thilisi, Georgia
3Scientific Research Firm "Gamma" LTD, Thilisi, Georgia

The formation of bottom sediments in artificial reservoirs occurs
due to solid runoff transported by the rivers flowing into them,
which leads to a decrease in the useful volume of water in it. The
bottom sediments of the Zahesi reservoir are gray fine-grained sands
with admixture of silt, mainly consisting of 0.05 mm and finer-
grained fractions. The sediments are characterized by high carbo-
nation and high alkalinity. The content of organic matter (humus) is
on average more than 4%, in some places it exceeds 10%. The total
content of nitrogen, phosphorus and potassium is close to the
average content typical for soils.

Metal content in bottom sediments is determined by the geo-
logical structure of the Mtkvari basin, the conditions of material
mobilization and transportation by the river in the basin, as well as
the presence of potential anthropogenic loads. According to the
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research data, the average content of some metals in the bottom
sediments of the reservoir is slightly higher than background con-
centration (Turekian & Wedepohl, 1961). According to the indices
for the assessment of the degree of metal contamination, it can be
seen that the Geo-accumulation Index Igeo<0, the Contamination
Factor CFis close to one, the Enrichment Factor £F'is close to 2, the
total Poly-element Loading Index PLK1. From this, it can be con-
cluded that the studied bottom sediments belong to the category of
slight and medium pollution. As a result of the study of organic
contaminants, it was established that total oil hydrocarbons (TPH),
organochlorine pesticides Hexachlorobenzene. a-HCH. y-HCH Lin-
dane. DDT. DDD. DDE and polychlorinated biphenyls PCBs) are not
recorded.

Geology of the Greater Caucasus Kakheti and Tusheti Segments
and Evaluation of their Ore Occurrences Prospects

K. Akimidze!, A. Okrostsvaridze?, D. Bluashvili3

! Faculty of Exact and Natural Sciences, Thilisi State University, Georgia
2[nstitute of Earth Sciences, Ilia State University, Thilisi, Georgia

3Faculty of Geology, Georgian Technical University, Tbilisi, Georgia

The Greater Caucasus Phanerozoic orogenic belt is the nor-
thernmost part of the Caucasus, which is accreted to the south
margin of the Eurasian continent. Kakheti and Tusheti segments
form the extreme eastern part of this belt within Georgia. Tectonic
and magmatic activity caused intensive hydrothermal mineralization
of the volcanogenic-sedimentary rocks of these segments and led to
the formation of more than 100 historically recognized ore occur-
rences (Akimidze et al., 1986).
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A detailed study of 11 more significant of these occurrences has
indicated anomalous concentrations of base metals as well as gold,
thorium, yttrium, cobalt, cadmium, and bismuth. In addition, several
new and potentially significant mineral occurrences were
discovered, including two designated here as Gelia and Lechuri.

According to our metallogenic research it can be seen that nume-
rous mineral occurrences in the Kakheti and Tusheti segments
formed from similar magmatic-hydrothermal fluids, but under
different temperature regimes. There is no doubt that Artana,
Loduani, Chelti, and other similar mineral occurrences are small-
scale when compared to many developed world-class metal deposits.
However, the Stori and Tebulo districts have potential to develop
large-scale resources, as supported by the extensive development of
quartz-sericite-chlorite-pyrite and albite-epidote-chlorite-pyrite
alteration zones that typically are characteristic of porphyry
deposits. The Lechuri mineral occurrence, which was discovered
during this research, is of great interest. The mineralization shows
important similarities to the Filizchay pyrite-polymetallic deposit in
Azerbaijan based on geology, mineralogy and geochemistry
(Mustafaev et al., 2006).

The presence of gold mineralization in the region has been noted
for the first time by the authors. It should be highlighted that the
Tebulo district, where gold anomalies were determined in massive
polymetallic bodies, is associated with strongly silicified zones that is
an important result of our research. In conclusion, we note that it is
necessary to undertake more detailed metallogenic research in the
Tusheti and Kakheti segments in the future, because important
mineral deposits, such as those in neighboring Azerbaijan and
Daghestan, may be present here.

66



Distribution of Heavy Metals in Soils Located Along the
Highways of Georgia (Along theWest-East Section)

D. Kuparadze!, D. Pataridze!, V. Kirakosyan',
N. Khundadze!, G. Darchiashvili'

!Alexandre Tvalchrelidze Caucasian Institute of Mineral Resources of Ivane
Javakhishvili Tbilisi State University, Tbilisi, Georgia

In order to study pollution with heavy metals, specialized
geochemical studies were carried out on the territories located along
the highways connecting the western and eastern regions of Georgia.
The purpose of research was to identify the areas of soil pollution.

The study and analysis of soils in different regions of Georgia
revealed interesting results that require further study, generalization
and interpretation in terms of identifying pollution sources.

An example is the copper content in soils, which varies from west
to east. If on the Black Sea coast its content exceeds the maximum
permissible concentrations (MAC) in some cases by 10-17 times,
then with the advance to the east, already in the Imereti region and
further, it is within the normal range.

Lead in the soil is present everywhere within acceptable limits,
and only in one region - in central Georgia, it exceeds the norm by
two-three times.

The content of zinc in the soils of various regions of Georgia is
generally within the normal range, however, in the territory east of
Thilisi it exceeds the MAC by several times.

Content of copper, lead and zinc in soils along highways in the
regions of Georgia is given in fig. 1.

The identified features require a thorough additional study of
individual anomalous areas of the content of these metals in soils
along the highways of Georgia.
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Fig. 1. Copper, Lead and Zinc Contents in Soils along Highways
in the Regions of Georgia

Microfauna of the Lower Miocene Deposits of Western Georgia
(Foraminifera, Ostracods)

L. Popkhadze!, S. Stambolishvili'

!Alexandre Janelidze Institute of Geology of Ivane Javakhishvili
Tbilisi State University, Tbilisi, Georgia

Miocene sediments begin with the Aquitanian regiostage. The
Lower Miocene together with the Oligocene is considered as part of
the Maikop series. Aquitanian deposits are widespread in Abkhazia
(Samurzakano and Gudauta subzones), in Samegrelo (Odishi
subzone) and in Racha-Lechkhumi on the northern limb of the
Dekhviri anticline. Microfauna have not been determined in the
mentioned deposits. In the thin- and thick-layered sandstones of
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Sakaraulo sediments in Abkhazia, macro- and microfauna
characteristic of a fully saline basin have been found. Here, two
microfaunistic zones are distinguished by foraminifera (O. Janelidze,
1970): lower - Uvigerinella californica, upper - Neobulimina
abchasiensis. The microfauna of Sakaraulo age revealed in the
stratigraphic sections of Samegrelo and Racha-Lechkhumi is
identical. Characteristic and endemic species are important.
Foraminifera: Spiroplectommina caucasica, Globulina kuzinae,
Porosononion polymorphina, P. scabrum, P. barmishiensis,
Elphidium onerosum, E. kvezanensis, Discorbis gigae, Entosolenia
maciae, E. georgiana. Ostracods: Cythereis sakaraulensis, Cytheretta
karobkovi, Loxoconcha ovata. Sediments of the enclosed Kotsakhuri
basin belong to the upper part of the Maikop series, which extends
in the form of a continuous strip in the territory of Western Georgia.
It is represented by: 1) the coastal sediments with mollusc fauna
characteristic of fresh brackish seas and 2) deep sea sediments, where
organic fossils are not observed. In Abkhazia, fragments of
microfauna are recorded in dark gray highly carbonate thin-layered
sandy clays and clayey sandstones of the Lower Tarkhanian age.
Microfauna-dated lower Tarkhanian sediments are spread in the
Odishi subzone and Racha-Lechkhumi on the northern limb of the
Dekhviri anticline. The foraminifera of the Lower Tarkhanian
sediments are: Textularia tarchanensis, Quinqueloculina boueana
Q bouena levis, Q. Selene, Sigmoilina mediterranensis, S. tenuis,
Discorbis tarchanensis, Nonion granosus, Globigerina tarchanensis,
Ammonia beccarii and Ostracods are: Loxokoncha carinata, L.

carinata alata, Trachyleberis dentata, T.caucasica, Cytheridea mu-
lleri.
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Biostratigraphy of Eocene and Oligocene Boundary Sediments
in the Rioni-Mtkvari Structural-facies Zone

T. Gavtadze!, L. Popkhadze!, S. Stambolishvili!
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Tbhilisi State University, Tbilisi, Georgia

Planktonic foraminifera (PF) and nannoplankton (NP) studies
revealed that the lithostratigraphic units of the Georgian block
(Egrisi, Argveti and Khadumi suites) and their analogues on the
other side of the Greater Caucasus (Kuma, Belaya Glina and Pshikh
suites) contain complexes very similar to the mentioned groups. A
zone of Globigerina turcmenica of PF and subzone Discoaster
saipanensis of Reticulofenestra umbilica zone of NP has been
established in the Kuma suite of the North Caucasus. The Egrisi suite
is dated by the same biostratigraphic units. In the structural-facies
zone of Rioni-Mtkvari (as well as in the North Caucasus), the brown
marls of the Egrisi (and Kuma) suite conformably continue the
greenish-gray marls of the Argveti (and Belaya glina) suite. In its
lower part, on both sides of the Greater Caucasus Range, the
Globigerapsis tropicalis zone of PF with large globigerines is
established. And the upper part includes the Globorotalia centralis
zone. In the Argveti suite (as well as Belaya glina) all three Upper
FEocene NP =zones are established: Chiasmolithus oamaruensis,
Isthmolithus recurvus and and Sphenolithus pseudoradians. On both
sides of the Greater Caucasus, the Oligocene is represented by the
Maikop series. In its lower part, the Khadumi suite is distinguished,
which belongs to the Clausicoccus subdistichus zone according to
NP, and Globigerina tapuriensis zone by PF. The absolute similarity
of the micro- and nannofossils (and not only them) found in the
Eocene-Oligocene sediments of the Rioni-Mtkvari structural-facies
zone and the central part of the North Caucasus indicates that at that
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time both slopes of the Greater Caucasus represented a single whole
basin with the same environmental conditions.

Structural-Kinematic Interpretation of Low-Amplitude Fault

Dislocations Spread within the Lisi Anticline
L. Basheleishvili!

!Alexandre Janelidze Institute of Geology of Ivane Javakhishvili
Tbhilisi State University, Thilisi, Georgia

The tectonic appearance of the city of Thbilisi is mainly formed by
the north-vergent Dighomi and Saburtalo synclines of three
latitudinal directions and separating them the Lisi anticline. These
folds to the east submerge under young Mio-Pliocene deposits in the
Mtkvari river valley. Based on the field observations of recent years,
we have noted many low-amplitude normal fault and strike-slip type
meridional faults in the limbs of the Lissi anticline and the Saburtalo
syncline, the intensity of which increases from west to east in the
direction of the periclinal end of the fold, where the angle of
bedding of the layers remarkably decreases and becomes almost
horizontal in the bulge, while the intensity of fissures also increases.
Such a structural picture, in our opinion, is due to the subsidence of
the Ajara-Trialeti folded zone in an easterly direction. This is also
influenced by the presence of the meridional fault developed in the
Mtkvari river valley (I. Gamkrelidze et al. 2008).

It is possible that such a structural-kinematic paragenesis of fault
deformations is the cause of the slope instability that developed
recently during the construction of the road in the Vashlijvari
settlement in the city of Tbilisi.

71



Trace Fossils in the Paleocene-Lower Eocene Deposits
of the Borjomi Canyon

Z. Lebanidze!, A. Uchman?, T. Beridze3, N. Kobakhidze3,
K. Lobzhanidze?, S. Khutsishvili3, R. Chagelishvili4, D. Makadze,
K. Koiaval, N. Khundadzes

!Department of Geology, Faculty of Exact and Natural Sciences of Iv.
Javakhishvili Thilisi State University, Tbilisi, Georgia
?Jagiellonian University, Faculty of Geography and Geology, Institute of
Geological Sciences, Krakow, Poland
3Alexandre Janelidze Institute of Geology of Iv. Javakhishvili Thilisi State
University, Tbilisi, Georgia
“Department of Geology and Paleontology, Georgian National Museum,
Tbhilisi, Georgia
>Alexandre Tvalchrelidze Caucasian Institute of Mineral Resources of
Tbhilisi State University, Thilisi, Georgia

The results of recently conducted integrated ichnological-sedi-
mentological studies of the Paleocene-Lower Eocene deposits in the
central part of the Achara-Trialeti Fold-and-Thrust Belt and in parti-
cular within the Borjomi canyon are presented. Three sections con-
taining trace fossils have been investigated i.e. the Papa, Ardagani 1
(Paleocene) and Ardagani 3 (Lower Eocene) sections. The analyses of
trace fossil assemblages and sedimentological features helped to
interpret depositional environments of these sections. The trace
fossils assemblage of the Papa section is similar to the distal muddy
and silty turbidites of distal fine-grained turbidite systems and is a
part of the deep-sea outer fan depositional environment. The
Ardagani 1 section trace fossil assemblage is the closest to the
Nereites ichnosubfacies of the Nereites ichnofacies, which is typical
of the distal parts of deep-sea turbiditic depositional systems. The
lower part of Ardagani 3 section is characterized by low
ichnodiversity and domination of post-depositional trace fossils,
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which could be indicative of the channel off-axis (intrachannel or
the channel-lobe transition). The dominance of graphoglypids in the
upper part of the section indicates the Paleodictyon subichnofacies
of the Nereites ichnofacies, which is most common in deep-sea fan
environments (channel lobe, channel margin, depositional lobe or
fan fringe). It has been assumed that during the Paleocene—Early
Eocene, deposits of the Borjomi canyon represented a deep-sea
turbiditic depositional environment within the Achara-Trialeti rift
basin.

New Data on the Mineralogical Composition of Alpine-type
Quartz Veins in Khevsureti

G. Beridze!, M. Meskhi?, K. Gabarashvili!,
1. Javakhishvili!, N. Inanashvili3

’Alexandre Janelidze Institute of Geology of Ivane Javakhishvili
Tbilisi State University, Tbilisi, Georgia
? Levan Samkharauli National Forensics Bureaus, Tbilisi, Georgia
3Georgean Technical University, Tbilisi, Georgia

Alpine-type quartz veins are spread in Khevsureti, in the Arghuni
river valley, on the Greater Caucasus Northern slope. It belongs to
the Kazbegi-Lagodekhi structural zone of the Greater Caucasus fold
system (Gamkrelidze I., 2003), which is composed of medium and
thick-layered clay shales, schists, and alternating sandstones and
siltstones of Liassic age. The latter contains a great amount of
Alpine-type quartz veins.

Quartz veins have been studied by a number of researchers,
whose data show quartz, calcite, chlorite, epidote and albite in them.
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We studied two outcrops of Alpine-type quartz veins in the
Arghuni river basin. Veins intersect the host rocks at a 90° angle;
their thickness is 0.2-0.5 m, and at the swelling point it even reaches
1.5m.

Crystallographic, mineralogical and petrographic research data
established that in the mentioned veins, except quartz, there occur
calcite, albite, epidote, chlorite, rutile, brookite and native lead. The
last three minerals have been established for the first time.

Quartz occurs in the form of skeletal and framework druses and
individual well-developed crystals. In some cases, there are no signs
of druse attachment to the walls. Apparently, they grew freely in
solution without attachment. It contains inclusions of rutile,
brookite, chlorite, epidote and native lead. Rhombohedral crystals of
calcite contain inclusions of rutile. Sometimes quartz crystals are
grown on one side of a thin vein, and calcite crystals on the other
side. The dimension of thin plate-like crystals of albite are within
0.2-0.6 cm. Rutile occurs as needle-and hair-like crystals, often in
the form of sheaf bundles. It occurs both as single crystals and as
inclusions in quartz and calcite. Brookite is mainly represented by
free, plate-like 0.2-0.5 cm crystals; lead, chlorite and epidote occur as
inclusions only in quartz.

Thus, the crystallization of the minerals of the mentioned quartz
veins generally occurred concurrently. At the same time, the pre-
sence of inclusions in quartz and calcite indicates that their emer-
gence took place somehow prior to the crystallization of quartz and
calcite.
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Development of a Mode of Thermal Modification of Clayey
Rocks in Georgia in Order to Obtain Metakaolin

E. Shapakidze!, I. Kamushadze!, I. Gejadze!,
L. Gabunia!, T. Petriashvili!

!Alexandre Tvalchrelidze Caucasian Institute of Mineral Resources of Ivane
Javakhishvili Tbilisi State University, Tbilisi, Georgia

The cement industry is considered one of the most energy-inten-
sive industries in the world, which contributes to severe environ-
mental pollution and is one of the significant problems of our time.
One way to solve this problem is to use pozzolanic additives.

One of the effective pozzolanic additives for cement is
metakaolin (Al203-2Si02), which is obtained by thermal modification
of kaolin clays at 500-800°C degrees (Dr. K. Srinivasu et al., 2014).

There are no deposits of kaolin clays in Georgia therefore, it is
important to obtain metakaolin from ordinary polymineral clays,
such as fusible clays, mudstones and shale, the reserves of which are
numerous.

The following clay rocks were used for research: clay shales from
the bank of the river Duruji, mudstone from Teleti and three types
of fusible clays from Metekhi, Miriani and Gardabani.

Heat treatment of clay rocks was carried out in a muffle furnace
at a temperature 550, 600, 700 and 800°C with an exposure of one
hour at maximum temperature.

As a result of thermal modification, starting from 550° Cthere is a
partial decomposition of the crystal lattice of clay rocks and the
transformation of minerals into an X-ray amorphous form, resulting
in the formation of metakaolin. As the temperature rises to 800°C,
the crystal lattice of clay is completely destroyed and the amount of
the active phase — metakaolin grows, so the pozzolanic properties of
calcinated clay rocks are also improved.
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Physical and mechanical testing of cements was carried out
according to the requirements of the European standard (EN 196-1).
The highest results in terms of mechanical strength were shown by
cements: with the addition of 6% to 35% Gardabani clay (firing
temperature 600-700°C), with the addition of 20% mudstone (firing
temperature 700°C), with the addition of 20% shale (firing tempera-
ture 800°C) (E. Shapakidzeet al., 2019).

The conducted studies revealed promising local clay rocks, with
the help of temperature modification of which, it is possible to
significantly reduce the proportion of clinker in the composition of
Portland cement without reducing its mechanical strength.

Tufas from the Gudamakari Ridge

M. Kavsadze!, K. Gabarashvili!, G. Vashakidze', M. Togonidze',
T. Beridze!, G. Beridze', K. Lobzhanidze'

!Alexandre Janelidze Institute of Geology of Ivane Javakhishvili
Tbilisi State University, Tbilisi, Georgia

In modern volcanology, sedimentology and speleology, signifi-
cant attention is paid to the study of tufa, not only as construction
raw materials, but also as a special deposit type of chemogenic gene-
sis, a marker of karst processes and a factor determining the state of
extinguished, dormant and of active volcanic centers (Kavsadze,
2016; Kavsadze et al., 2017, 2022).

According to data obtained by the group of authors over the
years, certain gaps in the petrological study of tufa are highlighted,
in particular, the absence of data on the genesis and classification of
local tufa formations and incorrect use of some terms.

We have described tufas observed along the Gudamakari ridge,
which includes tufa deposits and crusts as well as huge exposures of
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shirimi (travertine) where well-preserved fossils imprints are found
(fig. 1) and present an attempt to classify the tufa observed along the
Gudamakari ridge on the basis of obtained results.

Fig. 1. Travertine (Gudamakari, Makarta village).

Kisatibi Diatomite Deposit
N. Chomakhidze!, N. Poporadze!
!Georgian Technical University, Tbilisi, Georgia

The Kisatibi diatomite deposit of world importance is disting-
uished by unique technological properties. It consists of Miocene-
Pliocene volcanic rocks (Goderdzi suite). In the upper part of the
suite 5 diatomite seams are present.

Diatomite-bearing rock represents a medium-acid, gray, layered
lithocrystalloclastic porous tuff. Under microscope the rock is clastic;
both different minerals’ (mainly plagioclase and hornblende) and, as
a rule, effusive porphyry and diabase coarse clasts are encountered.
Sometimes clasts are entirely replaced by secondary minerals. Often
these minerals are presented by iron hydroxides and clayey mass.

Macroscopically diatomite, which has a marine sedimentary
origin, represents a loose, weakly cemented, cyatholiths of vegetable

77



origin. Four varieties of banded white, light gray and gray fine-
grained diatomite are encountered. Under microscope the matrix is
homogeneous, entirely composed of foggy almost entirely isotropic
opal, which seldom contains fine-grained crystalline mass (x-cristo-
balite, Ca-montmorillonite, Ca-Na feldspar).

Diatomite was mined both by open-pit and underground casts.
The mineral was mainly supplied to cement industry as a hydraulic
supplement. A small amount of the mined diatomite was provided to
the chemical industry.

Such inefficient application of diatomite is suggested to be
inappropriate.

Kisatibi diatomite may be processed to High Techvaluable pro-
ducts, such as filter powder for purification of sugar solutions, fruit
juices; fillings for fabrication of solid supports in chromatography. It
may be successfully applied in medicine for purification of glycerin
and insulin, as well as a sorbent for production of rubber, paints and
other products. This production will be mainly targeted to export.

Our field works and complex laboratory analysis and comparison
of primary an actual environment in Kisatibi in addition to remote
drone-based photos and models have clearly shown environmental
problems (old open pits, crumbled underground workings, drainage
waters, etc.). Their mitigation is feasible only in case of the deposit
processing by modern technologies and realization of obtained
production.
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About the Hematite Horizon of the Southwestern
Periphery of the Dzirula Massif

M. Tkemaladze!

!Alexandre Tvalchrelidze Caucasus Institute of Mineral Resources of Ivane
Javkhishvili Thilisi State University, Thilisi, Georgia

1. Hematite quartzite sandstones extend along the southwestern
periphery of Dzirula Massif, along the marbleized strips, in descen-
ding section below them. We will consider its age, genetic and quan-
titative characteristics within the villages - Shrosha (between old
and new quarries) and Tsiflavake, where it is spread continuously. In
such a form it is not found anywhere else.

2. In the mentioned area, iron is recorded at the upper level of
Sinemurian terrigenous mica-quartzite sandstones (Martotubani sui-
te). Its content reaches a maximum in the transitional terrigenous-
carbonate Kvirila suite (Lower Pliensbachian) and is in small quan-
tities in the carbonate sediments of the Shrosha suite (Upper Pliens-
bachian-Toacian).

3. Between the two reported quarries (1.5 km.) it extends as seve-
ral layers with a total thickness of 1.5-3 m, with homogeneous mine-
ral (quartz, hematite, plagioclase, muscovite, etc.) and variable quan-
titative chemical composition. Hematite content is increasing from
the East (from 20-30 % to 50-57 %) to the West, reaching a maxi-
mum within the Shrosha old quarry and on the exploration area of
the surrounding refractory clays.

4. In about two dozen wells cut on marble and refractory clays
(1953-54), a hematite horizon with a thickness of 4.2 to 9.7 m was
recorded. Iron oxide content is in the range of 62.6 - 66.36% (most
wells were not tested).

5. As we have mainly hematite in the sandstone, this clearly indi-
cates the presence of an oxygen-rich and mobile coastline.
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6. Iron mobilization probably took place in certain climatic con-
ditions, through chemical decy. It is known that at this time the
central part of the Dzirula Massif was an eroded surface. Iron
migration may have occurred as colloids and fine-dispersive
turbidity.

7. The presence of iron oxide in the given section is a certain
factor, an additional criterion for the restoration of the paleogeo-
graphic environment and the display the facies conditions variation -
from Sinemurian to Aalenian. On the other hand, its reserves can
range from several hundred thousand tons to several million tons,
which is an important resource for various industries.

The Santonian/Campanian Boundary Issue in the Western
Molassic Zone of Sinking (Georgia) by the
Micro- and Macrofauna

Kh. Mikadze!, M. Wagreich?, G. Tlashadze3, N. Ikoshvili3

!Georgian National Museum, Institute of Paleobiology, Tbilisi, Georgia
2University of Vienna, Department of Geodynamics and Sedimentology,
Vienna, Austria
3Georgian Technical University, Thilisi, Georgia

Since the allocation of the Campanian Stage (Coquand, 1857), the
basis for its definition has been the subject of controversy (Wagreich
et al., 2010; Kita et al., 2017). Following the unanimous vote of the
Executive Committee of International Union of Geological Sciences
in October 2022, the Global boundary Stratotype Section and Point
for the base of the Campanian Stage is confirmed as the magnetic
polarity reversal from Chron 34n (top of the Long Cretaceous
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Normal Polarity—Chron) to Chron C33r at the 221.53 m level in the
Bottaccione Gorge section at Gubbio, Umbria—Marche Basin, Italy.

The study area forms part of the Western Molasses Immersion
Zone - Abash Block. Within the territory under study, the Okumi
Formation (Gambashidze, 1979) is distinguished, which is dated to
the Santonian (Lower Okumi subsuite) and the Campanian (Upper
Okumi subsuite).

Analyzing the data obtained, we can draw the following conclu-
sions:

1. The end of Santonian is characterized by a sharp reduction in
the majority of leading Marginotruncana and Dicarinella and in the
terminal Santonian, the genus Concavatotruncana completely
disappears. In the same interval, primitive forms die out, which is
associated with the cooling of the World Ocean (Vishnevskaya and
Kopaevich, 2008).

2. Bioevents at the Santonian/Campanian boundary may coin-
cide with the appearance of the planktonic foraminifera Globotrun-
canita elevata, and the disappearance of Dicarinella asymetrica along
with all other dicarinellids. However, the extinction of Margino-
truncana sinuosa apparently occurred slightly above this boundary
(Gale et al., 2008). As for the same bio-events in Western Georgia
(Santonian/Campanian boundary), it coincides with the disappear-
rance of Contusotruncana fornicata and the first appearance of
Globotruncana arca.

3. Contusotruncana fornicata complex correlates with the fol-
lowing zones: Reinhardites anthophorus (CC15-CC16) (Gavtadze T.),
Belemnitella praecursor.

4. The Globotruncana arca complex is correlated with the
following zones: Ceratolithoides aculeus, Calculites obscurus (CC17-
CC18), Micraster schroederi and Belemnitella mucronata.
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Identification of Ore Veinlet Sets: the Mushevani Gold-copper
and the Kazreti Barite-Gold-Polymetallic Deposits, Georgia

R. Migineishvili!

1A, Janelidze Institute of Geology of I. Javakhishvili
Tbilisi State University, Tbilisi, Georgia

The Mushevani-2 copper-gold deposit is represented by ore vein-
let zones consisting mainly of a quartz-barite-pyrite-chalcopyrite ag-
gregate. The upper horizon of the Kazreti deposit contains the silver-
bearing quartz-barite veinlet zones, beneath this horizon the gold-
bearing quartz-polymetallic veinlet zones occurred.

At the Mushevani-2 deposit the field investigations include scan-
line surveys along the three exploration trenches occupying the dis-
tinct hypsometric levels. The scanline survey of quartz-barite
veinlets at the Kazreti deposit has been carried out on the upper
horizon of this deposit. The ore veinlet orientation data were
analyzed using R. W. Allmendinger's software Stereonet v.11
(Allmendinger, 2021) (Fig.1; Table 1).
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Fig. 1. The lower hemisphere equal-area Schmidt projection of contoured
poles to ore veinlets at the Mushevani-2 (I, II, IIT) and Kazreti (IV) deposits.
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Table 1. Veinlet sets of the Mushevani and Kazreti deposits.
The High-density principal sets are highlighted.
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Four maxima of high concentration are noted on I, II, and II
stereonets. These maxima reflect four sets of ore veinlets that are
developed at all three levels of the Mushevani-2 deposit. On the
second stereonet a clear girdle-like geometry is observed (note the
dashed arc). On the fourth diagram, the three principal sets of
quartz-barite veinlets of the Kazreti deposit are identified.
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Study of the Relationship Between Mineralization and Electrical
Conductivity in Different Types of Water

Zh. Gurjia'3, A. Maghlakelidze?, T. Adamia??,
N. Kadagishvili?3, Z. Chitiashvili!

![Ivane Javakhishvili Tbilisi State University, Tbilisi, Georgia
2Alexandre Janelidze Institute of Geology of Ivane Javakhishvili
Tbilisi State University, Tbilisi, Georgia
3Scientific Research Firm "Gamma" LTD, Tbilisi, Georgia

Mineralization of waters is determined by the amount of salts dis-
solved in it. One of the methods for determining the total salt con-
tent is based on measuring the electrical conductivity of water.
These two quantities have a certain correlation with each other. The
difference between the total content of salts and the electrical
conductivity is caused by the specific ionic composition of the water.
The original computer program "Gea" has been implemented in the
testing laboratory of SCF "Gama", the database of which contains up
to 6000 water analysis results. The database allowed us to study the
relationship between these two parameters in different types of
waters, on the basis of which the correlation relationship between
salt content and electrical conductivity is established.
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Actually Socio-economic Trends of Mining and Geological
Industry Development in the Period and Conditions of
Globalization

G. Lobjanidze!, G. Machaidze!, B. Kakhadze!,
T. Butulashvili', L. Gudavadze!

!Georgian Technical University, Tbilisi, Georgia

The mining and geological industry is an important branch of the
country's economy, which forms the basis of the industrial
development of the state, ensures its socio-economic security and
implementation of geopolitical interests (Pohl, Walter, 2011).

Today's trends show that in the future the world will become
much more energy-dependent, urbanized, mobile, and it can already
be said that another consumer revolution is expected in 2025-2035,
due to which the consumption of energy and the main types of
mineral raw materials will increase, therefore, as a whole, the
mining and geological resources will significantly increase, the role
of industry, in close connection with global processes, taking into
account the changes in the modern world. Despite current global
trends aimed at moving away from traditional energy sources,
statistics show that global energy demand will only increase by 2030
(see Fig. 1).

International cooperation between state and private companies in
the field of mining and geological industry creates a strategic and
important basis for the further development of interstate relations.
In addition, this industry is one of the most science-intensive
branches of the economy, which has a high innovative potential in
various directions, among which it is worth noting, the
improvement of the technological scheme and projects for the
rational exploitation of mineral resources, the introduction of
innovative and digital transformation achievements, where new and
sufficient number of jobs are created, which also has a positive
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impact on the socio-economic situation and sustainable development
of the state.
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Fig. 1. Dynamics and forecast of energy consumption
in the world, 1970 - 2030
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Zircon U-Pb Geochronology and Geochemistry of the Eastern
Caucasus Intermountain Neogene Basin Volcanic Ash Layers:
Implications for their Source

M. Makadze!, A. Okrostsvaridze?, Yuan-His Lee3, D. Tormey?,
G. Boichenko?, S. Gogoladze?

'Alexandre Tvalchrelidze Caucasian Institute of Mineral Resources of Ivane
Javakhishvili Tbilisi State University, Tbilisi, Georgia
?Institute of Earth Sciences, Ilia state University, Tbhilisi, Georgia
3National Chung-Cheng University, Chiayi, Taiwan
“Catalyst Environmental Solutions, Santa Monica, California, USA

The geochemistry of the volcanic ash layers and the U-Pb
geochronology of zircons in the Neogene intermontane basin of the
Eastern Caucasus have been studied. It is determined that the geo-
chemistry of studied ash layers and U-Pb geochronology of zircons
are fully correlated with the Mtkvari ignimbrite flow of Goderdzi
formation ob Samtskhe-Javakheti volcanic highland.

According to the U-Pb geochronology of zircons, it was found
that zircons from both formations were crystallized at the same time
~7.51 Ma. Volcanic ash layers also show significant geochemical
similarity.

Based on the obtained results it is assumed that the source of the
studied ash layers was the powerful volcanic eruptions of the
Samtskhe-Javakheti highland in the Upper Miocene epoch. Issued
from the analysis of the structure and scale of the Goderdzi volcanic
formation, it is assumed that it was a large collapse caldera-forming
eruption.These eruptions produced a large-scale caldera structure
and a powerful radially spreading Mtkvari ignimbrite flow.

This structure is overlain by massive andesitic deposits, the
youngest of which is dated ~6.5 Ma. This age should be considered as
the time of the end of the active activity of this volcanic structure.
This structure also extends to the south in the territory of Turkey,
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where field work could not be carried out. In the future, we hope
that this shortcoming will be corrected and a large-scale geological
map of the border region and a unified model of this volcanic
activity will be created.

Bathymetric Survey of the Zahesi Reservoir

V. Gvakharia!, N. Gaprindashvili!, G. Kavlashvili3,
I. Papashvili?

!Alexandre Janelidze Institute of Geology of Ivane Javakhishvili
Tbhilisi State University, Thilisi, Georgia
?Gamma Consulting Ltd, Thilisi, Georgia
3Vakhushti Bagrationi Institute of Geography of Ivane Javakhishvili
Tbhilisi State University, Thilisi, Georgia

The aim of the bathymetric survey of the Zahesi reservoir was to
determine its modern volume and to study the state of its filling with
river sediments.The survey was carried out from a floating vessel
using the echo sounder - Single beam echo sounder CEESTAR and
differential GPS - Hemisphere. The Haypak Max program is used for
surveying, which was used to process the design of the profile lines
(in total 133 ). The distance between the profile lines was
determined to be no more than 50 meters.The survey was done in
the WGS-84 UTM (Zone 38) coordinate system. The survey scale is
1:5 000. The mirror surface of the Zahesi reservoir at 445.7 m above
sea level is 513,340 m? (51.3 ha - 0.513 km?), and the perimeter is
13,021.4 m. At the same flooding level, the volume of the reservoir is
1,823,073.2 m3. The reservoir depth is equal to the maximum at the
dam and does not exceed 14 m, the average depth is 3.7 m.

As a result of the analysis of the bathymetric maps of the
reservoir, the areas of sediment accumulation were identified. Accu-
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mulation processes in the reservoir take place with certain
regularity, evenly (as it characterizes all reservoirs built on rivers),
however, annual erosion processes change the situation. Sediment
accumulation in the studied area of the reservoir is observed in the
places where the rivers change their direction sharply, as well as in
the section of their confluence, which is to some extent caused by
the fall of the water flow in these areas, which contributes to the
accumulation processes. Solid sediments in the Zahesi Reservoir are
accumulated on the right and left peripheries of the dam, this is due
to the fact that the reservoir is washed every year, after which the
middle part of the reservoir (mainly the active river bed) is freed
from bottom sediment. This process does not apply to its peripheries.
It is likely that the processes will develop in the same way that will
lead to a change in the shape of the reservoir (narrowing-
straightening) and the formation of a river-type bed.

Uranium Mineralization of the Greater Caucasus Shkara
Crystalline Massif: Geochemistry, U-Pb Ages, and Analogues

A. Okrostsvaridze!, D. Bluashvili2, F.Wilke3,
A. Hoferfield3, K. Akimidze*, R. Gabrielashvili!

!Institute of Earth Sciences, Ilia State University, Tbilisi, Georgia

ZGeorgfan Technical University, Tbilisi, Georgia
3German GeoResearch Center, Potsdam, Germany
#Tbilisi State University, Faculty of Natural Sciences, Tbilisi, Georgia

In the Shkhara crystalline massif, at the Enguri river head, along
the Main Thrust of the Greater Caucasus, high concentration uran-
ium mineralization was discovered (Okrostsvaridze et al., 2021). The
parent rocks of the mineralization were identified as a hydrother-
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mally altered quartz-plagioclase-biotite formation, in which the SiO:
content varies in the range of 75-85%. The zircon U-Pb geo-
chronology of one of the plagiogranite bodies indicates an age of
310.2+7.5. The mineralization is represented by hydrothermally ge-
nerated uraninite veins and nests. According to ICP-MS-ES analyses,
in these rocks, the Th content varies from ~25 ppm to ~90 ppm, and
the U varies between ~20 ppm to ~370 ppm.

Geochemical studies of this mineralization using the JXA-8230
electron probe microanalyzer have shown that the U mineral of the
Shkhara massif is presented by high-temperature Th-bearing urani-
nite. In this mineral, the UO:2 composition varies from 79.5% to
82.6%, ThO2 from 6.7% to 8.4 %, PbO from 2.95 to 3.9%, Y20z from
1.15 to 3.77%. The studied uraninite should be considered a high-
temperature formation, because in them the ratio U/Th<100 varies
between 9.5 and 11.5. According to Frimmel et al (2014), all
examples of low-temperature hydrothermal uraninite do not contain
Th (U/Th > 1000), while those formed at higher temperatures (>450
°C) usually have a higher ThO2 content (U/Th < 100).

The U-Pb chemical age of the uraninite veins of the Shkhara mas-
sif, it was determined ranges from 286 Ma to 290 Ma, which corresp-
onds to the Early Permian Period. These data indicate that this mi-
neralization was formed in the pos-orogenic extension regime of the
Greater Caucasus.

The analysis of the obtained data shows that the Shkhara urani-
um mineralization according to the composition, geodynamic
setting, tectonic localization, isotopic age and type of mineralization
is in full correlation with the vein-type uranium deposits similar to
different regions of the world. Therefore, we believe that
investigation of the Shkhara U mineralization should be continued
in the future.
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Geochemistry of Granites of the Dzirula Crystalline
Massif and their Role in Ore Occurrences
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YA. Janelidze Institute of Geology of Ivane Javakhishvili Thilisi
State University, Tbilisi, Georgia

The Dzirula crystalline massif is the most stable crystalline base-
ment of the Black Sea - Central Transcaucasian terrane. By its geolo-
gical position and manifold structure it is reputed as an excellent
geological polygon, where can be posed and taken up any geological
problem.

In the geological structure of the Dzirula massif, from practical
point of view a leading role have potassic granites and connected
with tem pegmatites. Moreover, with due regard of high quality
kaolinite deposits that formed due to hydrolysis (kaolinitization) of
these rocks becomes obvious their value in ceramic industry, con-
struction and other fields of national economy. There should be no-
ted the Shrosha pegmatitic field comprising rare elements. From
precious minerals there occur: lepidolite, beryl, etc. Here are
remarkable 3 pegmatitic bodies with lepidolites, 12 — with niobium-
tantalites and 18 beryl containing pegmatitic bodies. Potentially
similar pegmatites may be revealed in the northeastern part of the
field, where the albitizated pegmatitic bodies are widespread.

In the Dzirula massif in granites boron content is 1.5 times higher
than its content in the continental crust. Indeed, that is a significant
geochemical factor giving definite information on the origin of
potassic granites. From the boron minerals here occurs an iron-
enriched black tourmaline — schorlite; in some pegmatites it
produces 15-20 cm long crystals. Boron is characteristic of
sedimentary series, particularly of crystalline schists, phyllites; in the
Dzirula massif granites and pegmatites with high percent of boron
were formed due to sedimentary and metamorphic rocks under
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continental crust conditions. Fluorine in them is almost twice as low
as Clark. Such low content of fluorine in the Dzirula massif as well
as in the Greater Caucasus Main range zone granites, to our mind is
one of geochemical peculiarities of the region. Among the
geochemical peculiarities of the region must be noted the depletion
of potassic granites in fluorine and enrichment with boron that was
reflected in their endogenic metallogeny.

Late Albian Oceanic Anoxic Event OAE 1d in the
Mestia/Tianeti Zone Basin of the Greater Caucasus
Southern Slope (Georgia)

T. Gavtadze!, Kh. Mikadze!, Z. Chkhaidze!

!Alexandre Janelidze Institute of Geology of Ivane Javakhishvili Thilisi State
University, Thilisi, Georgia

The Cretaceous period is characterized by short-term episodes
of paleoecological crises on a global scale, which are often accompa-
nied by Oceanic Anoxic Events (OAE) and sediments enriched with
organic substances (TOC - Total Organic Carbon). The Late Albian
event - (OAE) 1d, which is known as the Breistroffer interval
belongs to one of them.

This interval is also reflected in the sediments of the Upper
Albian Pavlouri suite of the Mestia-Tianeti zone of the Southern slo-
pe of the Greater Caucasus fold system. The suite is represented by
alternation of gray, dark gray, sometimes black argillites and
greenish-gray clays, among which there are black shales of marls
enriched with organic substances (TOC).

In the upper part of the suite there is a rapid decline of the
fauna. Microforaminifera are present here in much smaller
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quantities than in the lower sediments (Globigerina
globigerinellinoides Subb., G. soldanii Orb., Gyroidina nitida Reuss.,
Gaudryna sp.), according to nannofossils, the Eiffellithus turriseiffelii
zone is established here. At its lower boundary, there is a sharp
reduction of taxa, both in terms of number and extinction of species.
A small list of new species is represented by forms that are more
resistant to diagenetic changes. There are also changes in the
macrofauna. This biotic turnover is an echo of the dramatic events
that developed at the Albian-Cenomanian boundary - severe oxygen
deficiency in the world's oceans (OAE 1a).
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