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IMORMMA0O (3960, B9JuEIOS, BMTs, ZmMTs, Lobdg, Fmbs, 335ME0L 3OOLESgdOL,
Jobols g3M53963HO0L 96 bsHA0MmOL SGBGOMBS/ 56 sOLYGdIMBS, BMOM369ds) 2oblsBOzGS-
39535L905%B9 0bLEBHOMAG6EHJOOL 50939 (Metten, 2003, Hanning et al., 2012, Reitmaier-Naef,
2019). Logmzgermsm@ domgdmeros s 3ddmmgdnmos dmbsbOgds, MHME Bmyso©
fogdo 89godwgds ©ooyml 33900l Rm®IoL (slag cakes), dobowy® (massive slag),
5306053030Lgd6 (plate slag) s 9. §. §J3085/b30633056 (oLb3zOgMw0) fogdow (slag sand,
i.e., crushed slag) - 03039 ool 65333093900 (Reitmaier-neaef, 2019).

flogdol hodmwmyor®o 33ewgzs 39mdodoy®, 39HOMYOIBON 3ZWIZIPMD s
5MJ9gMEMa0M6 F5mbMHJOMID 9HPMIO0MdSTo B5F5Egdl 0dEg3s 35LIbgdo A99(39L
39999 3000b39dL: L3orgbdol FoMdmgdol MMIger 9BS3Bg HoeBdmoddbgds 535 0¥y od
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Ao30L fogdo o ®39ab Loxggbm@osb bMdLMD 3543l Loddg? MMAMEG ©s G
3993960535 39995mHs 0ado? ogm vy 965 GHYdbmemyom®mo goblibgsgzgdgdo
1b3500sLb3gs 0mMbol LoEbMd LEbMEMLBbMYdOL Fogdl FmEOL? JoMOMOIE S Labols
130¢9bdols Fobgdo  8Mm0yYgbgdms Wommbol  FoMmdmgdolimzgol  wgBbwmdo-d399m
1356900807 M59Ybs© 9B39IEGHIMO 0ym ool [oMmdmgdol 3Mmiglo?

waPbdo-439dm  13sbgOl  FoEsdMgddo  g30560  BGOLbYIML  bsbol  Hogdol
A03MEMYoMM0 33009308 990990 P00, MM obogrsdo a3b3Ids Mmmbo Lobol
foo - (1) 33900l MG (FsloM©O), (2) 650396900930, (3) BoOBOEHOLYIMO s (4) 308~
b306330560.

L. 41. 3305606H0x ML bobob ogdol BmEHMgdo s dsmo Bsbsbs@gdo, wghbmdo. s) 339M0bL

g3O™Aol ogdo, Bgs dbsMY; 3.) 03039 H0wgd0, J39ws FbsMY; ), ©) (39¢IBOOZ5
209mbbgjoro (plano-convex) fos; 9) 33900LgdGO oo
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d9LFo3eoe Fobogsdo Y4zgwsHg OO MmoMmEIBbMdOMss FoloMo, 339608 FmOIOL
f09d0, ®MIgeoE doborol ssbemgdom 70-80%-0s (L. 41) obobo m®bsoMos—(1)
960 dbsML odMBbgJowo/wobBoligd®o (plano-convex), 12-25 18 OsdgBHHOm, by 1
-10 33 9500 Bm®Ps s FMEEMds Fgglodsdgds GH0RIoLOL s 3OMIMMOEOIE0S
306530306 396 Feol; o6 Tglodergdgeros, Gmd bsbgzmoysdwrmgsw damdscmgmdsdo
5MLgdmeo ol ool BgI30MOHDY 59MMYdME MmOHIMI0/©Y3MHL0sTo Boslibgl, Mol
SQ3BEGHMOOL 339609006 Bgs3oMDg  sOLYdMEo 33390000 65393900 o
50mdMO3M™mdgdo (Pryce, et al, 2010), 51939 Dma09M0 Fo0psbols doeBg J39d0Ls o
39650030l 53653396@ 900l 9MLGIMBS.  sLsb0dbsg0s, MMI oo BMIoL  fowgdol
139G 9LMBSL Mo Boffoero FsboEmo s 3mIMYgbeo 593L (396EGH®T0 gH™O, 56 M89Yb0TY
©OEO Lo®OHom), Bdomos LB3owgbdol 3oty BmdoL Rsbsfobzwgdo. (2)  GHodmMo
33960L 3mGIoL fos, G®MmIol Bmdgdo 5-9 19, fmbs 0,2-1 33-05. GO39 GHo30 d90393L
Bsb3om9dl s bob 565893 gdL.

330960606 x 50l Bsbol Lobmd Lobgarmlibmgdbyg Igmeg s JgsMgdom bs3wgdo
393039wgdwo ool GHodos 9. §. bswgzgbmgdo (tap slag). obobo dgsMgdom 3069
Loldol (>5 D), @osdgBHMols (5-15 1I) s bggodomo Fmbol Fogdos, T
300 96996M0/350mEo bsfowrol 4o60qdg. bozgbmgdl Bgodo®By gdhbgzs wgbsmdols
3350 (L. 42).

0 10em A
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L. 42. 6039600 {ogdo s FM9x3035, WgBbdol-d39dm b3sbgmol omMbols Lobmdo
LobgEMbbmgd0sb

9sLoen5do 51939 OO MHOMPIbMOOM §3b30GdS OMYMEF 33960L9dMO FMEOIOL, 19939
bs039bmo  fogdol  BGmdg63go0/bs8bgMmaz9d0 - g. §. J3085/b30b3F30560 oo
53LbgMgmo fogdo (slag sand, i.e., crushed slag) (L. 43).

L. 43 5.) foob bsdbbgzMgzgdo - 9. §f. J300s-bz0633m3560 fos, mem@sdo 11

J3005-b306330060 fogdo BgdmmomfigMowo 339608 BmMIOL, BoOHBOGHOLYOMO ©S
6503960l 3m®dol fogdol gMozs@L FoMmdmaagbl. 3. 35Bsbl sdlbaMgwmero ool
d9Lobgd 250mmddmwo 5Jal dmbEBOYdS, MM 3MHgoLEBHMOOME EMMTo TgEHowIMHAJOO
ool 53bgM9300696/5dm(30539096 s 0Jgsb 00gdEbI6 L30wrgbdol Foe33edL o6
53LbgMgMo ool 3MoydgbEHIdL 5d3Dsgdbb bywsbswo bmdolm3zol (Bachmann
1982). 3GMgboGmEon  3gmHomdo ©bmdol  3OmEgbo  dmErmdEy 96  3Jmboosm
53019890 s 006 FgBomol godmgmas LMWL 3960 bEdM., SToBMAss
390m3w3zswo B3ogbdol Foc33cgdol 9uE®sd30s Hoadosb bgdms bgwoom
(Hauptmann 2000: 101-116; Hauptmann et al., 2003; Bourgarit 2007). comoy®sdo I-bg
»3LOJYMBGOME0“ gHT67gT0 9GO OO HBMIoL 339M0LYdMMO @S 9. §. Jg0ds-
bH306 333560 ogdol 5396s (Lodowarg - 1,80 b3, GsONMdO - 5092), LogsMoym LmMgo
39005399853900L5m30L b ymxzowoym yobzmmzbowro.

w9Bbmdo-4399m bgs69mol omMbol LoEbmd Lobgurmlibmgdbyg dm3mggdmw Fowgddo
g439wsbHg 08305m5© 33b3090s 9. §. BoOBoGHOLYdMO fogdo (plate slag), GMIGELs
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@w0oBIMsGHMMsdo bdoto dmoblighogdgb Plattenschlacken-ol bybgeroom. 53 Godolb fos
9OMNJY0 H3MEIBbMBOm S©0IMBBs MmEMsdo I, II s Fodgesdol crommbols Bobmd
Lobgembbmgd®g (bwe. 44). 3oOHBOoGHOLYdOO (ogdo MIgBHLs TBMEWME 35BOMS
3obmg560 b5EHgbgdols Lobom 943b3w0Yds s FgEsMgdom dgoxygs. ol OMYMME Falo o6
5MHOL MOMZ960 O 9HMYZ5MHM3560. yz9es Jomsbol Logdg dg@-bo3egdo MsbsdGOS -
2-410.

10e
i 10cm u e

LY. 44. ZoOHBOEGHOLYOMO (0. CMMSTo II-0b Lobmdo Lobgwmlibm

3390 39EHoM0@0 Boddosbmdol gMmgmo Mdmogmgbo bs@bhgbos &gdbozm®o
39658039, H™39003 oMM BdYMHZg0o F0EGdOL, BH0RJgdoL s Bobmdo JrGmols
d9qboMdol BMYTIBEHJO0 MOl FoMdmygbowo. 0830000 Jgdmbgzgzsdo a3b3wgds
00bol FOFolb 1305399639003, OG0 G03099M0 30bmGo mobols F16MF w0 s
©535bB0sMYIG0S 230560MH0bK 5M-500MGMH3060L BsBOL 3MmbmEo 3 EHMOHOLmZ0U.

9hbdo-94399m Bz9690m0L Lobmdo LEbgEMLBbMIdOLMZ0L ITSHILOSMYIJE0S MMO
G030l 35960L LsdgM39wo FoEgdo, HMAWgdoE AobLL33WYds JHMTbgmolYsh Bmdom
5 bobdom (LyE. 45 o). 43b3gds LEdYIM39w0 Jogdol PO S J30MY 456033390560
39900, OMIJWmS 39Owgdol Loldggdos oblbgegads gMMTsbgmoligsb. slggg -
b9 3900560 s 193900560 60dMdgdo. LsdgMzgero Jogdo sTHBIIOME0s
mOHxBqbosbo fomgwo Asbz0wdomE3em3560 MOboLsh. Jogrol Lobmd  JMMILMb
399600900 bofiogdo 3sdmomBg3s ommbol bmdoL deog®mo 335¢om, ool bogdols
Lobom; ool 995 Bofowrgdls s dMEMDBY 96O BoJLoMmPYdS WoM™bOL EbMBOL 3350
ool Loboom. gobliszMmMgdom s0bodzbol omLs LdgM3geo dogrol ol BZMYA96E 900,
OMIGLs3g  BgIM©b B mMm3zsb-Mwognm®o  ,3390lgdMGO“  MmMbsdgbEo  sdgom
©5dgOfioeo (bme. 45 d).
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L@, 45. bLodgM39wo JoegdOo 5) MOOZY G030l LdgIM39wo Joerol BMHYTIBEJOO MEOYMSTo I
5 IT €om™mbol bsbmdo LobgEMlbmgdo; d) MMBsTY6E b0 LEdgM39w0 B0 ol BMRTIBEHIdO.
93) Lad9M39wo Jorol 3583030 Bsbobo@gdo

3996037960 396590308 MIb0dzbgemzs69L Bofforos GHoggwol i3Msydgb@gdo (crucible)
(Hein A., 2007). &0p9w900 ©sdbogdmeos  dbbgowmdsdiarmgsbo  bsg®olbgg®o
3935 y98deg MobOLYSL. FH03MEMY0MEMms© LEEHMBO FM&Fol MmOHO JoMOMIO G030
330gdL0MHYd: Y9I 39000560 OO BMTOL O MHYW g 0sbo FgEIMYd0m FMmIGOHM
Bmdol. oo DBmIob  FHogwol BMLRI6EHJOL  Msdgbodg Bgbosbo fFows oz,
99MBgboo 56 dBMWME Fos 39w gdbHg (365350 sfigMoe Fslowsdo), 5689
G090l 3oMmol Bgdmmog 5™l sdmbyero, Moz Bodbogl, GMI wommbo wW®owol
3Mm39LoL EOML 5dox8S s Mool FMMFgwosb bgdmm sdmzos (L. 46 5. T
0930 JoM3bbosb dgbmomg s 46 g, Joezbgbs Mo bodmdo).
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6. 46. OO 3H030L GH0RIWol BGMATI6EHIOOL BMEHM S 365330370 Bsbobo@gdo

womMmbol  bMdoLLL  FoMdmoddbgds oo  MOoMmEIbMdOm  506Mgd0, GMIJDS
396965300 259@bsGmo oLl Mog3Bg bgds s 0fj393L6 Mbg3z500 Foob 54933905, G
3065306  ©5IMI0IOMW0s MHY350 ool BoBo3MG M30U909dBY. SOLYOMOL
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5996039 BoJBHMM0, OG0 5930090L Hosbg Fo®dmddboo Josxzol Mom@qbmdsls,
9bgbos: FeO-b 89933900mds, Lodsbd)g, bsHJ0MBdIOL s F56AdsoL 0bgdios (Vieira D.,
et al., 2017). 9900509000 mbge390w0s6 o dmIzem Bmdol 3960530308 FGMoadbEHg0bY
@0o™bol bMOOL 335¢00 LEGOPMP 5O BoJLOMPIOS, b Joe0sb 0Fz305ms. 507 oo
dboGgbg momdml  Fodm®mol 3350 BsbL, sbg3g Bmaogeo FomysbBy L3owrgbdols
BobfobH3egd03 23630005, LH35MMOMS, BMT 5T MMO G030l GH09wol BMYAI6EHIOOL
SMLgdMds 3930060 J0S  WomMbol  bMdOL  Lbgosolbgs  Loxgbmemgdl o
396Ub35390w0 3OHM39L9dOLMZ0L 0gm 49dmYgbgdmero (Zhenfei S., 2022). LsobEHgMHILMS
@5 50LYB0T6305 0L BodBHOE, MM MmM03g G030l GHoygol gMmRd96Egdo Tbmem
FM0Fol 23960©9go0Ls @ 3009008 BMOYTI6FHJO0 §3b3Yds, brmem 39658030l
FM6Fol do6olb bsfoeo, dseosh 08300000 (MmG0 BGR96E0). Tgloderms sdols geod-
960 30BgHBo 0gml Fomoen 3933gMo@G«MsHg doMOL 530 IH0sH6JdS/ITWS o
do6ML  IMYOM300  25FBIM0  ommMmbol dsboL (pure ingot) S3MMYdOLLL dobo

©53Lbb3gz3M935 9GO Mgd0l Jog6.

2.2 393 mmyM580veo 5bserobo

36MMmgdBHol BoMRgddo 39GHOMYMIRB0MWwo 5bsoBo BoBHsms wghbwydol-d399m
13569000l 3M190LEHMOOMWO WOoMMbOL LoEbMd BobgEMlbmgd by dm3mgz9dww Fogdls

@5 30b696mocobgder Jsbms 60dMdqdl. 70-0g 9993306035009 sbsmoero  39335b00b
90696500 59w gMmol sdMMEGHMM0580 ©EdBsEs, bmwm 3gBHmyMsx0wo
50096900, LodsMmggeml gMmgbmmo 3mHgmddo, 3mmsmOBsEowo dozMmbzm3ol -
OM239P-0b Lodvsagdoo Bo@otMs.

pogdols 39¢33mgmsR0s. 39GHOHMyMsgoolmzol dgMBgmwmo fogdo 853Mmb3m3veo
doboliosmgdEgdol 309300 H0YM: () BMOMZSD, AbdYd owgds© - Bomznbgmgdo; (3)
dobloM0, 9OMY35MM3560 BodMT9d0 - 9. §. 33960L FmEOIoL ogdo.

() # D2-801/22 - Bs©39bmo fos (3mmH™mgsb0, dumdmdo, Bsgsdo@gdom).

b, 47 5). foob bodwmdo #D2-801/22; dogmmpm@mgdo: d). x25 xpl; ¢.) x40 xpl.
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D2-801/22 60980L 3036mx3m@GMBg Rsbl, ™3 dobolgd® obmEGH®™M3Mw doM0ms©
9sb5d0 4o0bgME0s Lbgsalbgs Bmdol gmMgd0, LB s L30EGHIOL 35MBMbsEOL
BoBofob(3ergdo (353569 BgMOL M350 BsbseIMO) (3) s 335M30L bbgsolibgs bmdol
3905999bsM0 3M0LEIMo0 (39bGH®T0 - Bt 3603 MYJNMO 3030605800 FMEOIOL
360LGH9d0 (). fool LEGMJEHOS bsMOL LYMIRO Fo30gdOL FoBOL SLobIZL.

() # Gv-676/22 - B5©0396m0 fos (FmM™3560, 96390, Abswydydo).

g - -

6. 48 5). fool bodwdo # Gv-676/22; dozMmam@GHMmgdo: d). X40 xpl; g). x100 ppl.

Gv-676/22 -ob 60dwxdols doMomso dsbob LEHMWYIEHMOS 303m3IMOLEHIMO0s, LIS
dobs  FoMdMOL  3M0LBGHOWYdL. () B03OMBMEHMDY BBl sb9g3g H3B0W IMOLEIWMGO
3390308 30360M3M0LEHIWYd0, b3sslbgs Bmdol RME9d0 s IbYMEo FgEHowms
BobsHobf3egdo.

(o) # D2-800/22 - 5039600 fos (BmOHM3560, Bsenodo@ol bsgogdgdoms s bsbdomol
BobsGDGOOm).

L@, 49 5). fool bodmdo # D2-800/22; dozGmzm@mgdo: 0). X40 ppl; ) .x100 ppl.
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D2-800-22 60dmdob doMOMIQO Lo 33dmMOHBMO dobobo Qo
03600 d56M3300m3560/300LEIMHO Bo6gz05, MHMIgerois Fo®dmoygbowos meogoboom
(3905030, FeaSiO4), 08300m0 30Mmdugboom. 33b3gds b3owrgbdol bvwaogdol 96
9GS O0  b3ogbdol Bsbo®mgdo; (0) B03OMBMGHML  396GH®To BBl  BobdoMol

36523963)0.

(5) # D11/20 - 6503960 oo (BMMM3560, Bsemodo@obs @s mglogdol Bsbsemgdom).

L. 50 o). fool bodmdo #D11/22; d0z3MmamEHMgdo: d). x25 ppl; ). x100 ppl.

D11/20 6099980b dozOmmam@mbg Bsbls bobgzteidol@ oo LEmwdEwmes, Hmdgeos

9290905 BOEP039GH™MMO  Jobol,  Bs0swoEOL,  F53bgBOGHOL  BoM 33w gdom  (og30
056 (330900) 5 bL3oEgbdol BsbsMIYdOM.

(0) # Ok15/20 - dsbomMo oo - 9. §. 33900L M@l ool 3mmygbyemo bsfowo,
3MOHGO0L 496939.

bmE. 51 5). ool bodwmdo # Ok15/20; dogOmBmEGH™Mgdo d). x25 ppl; 3). x100 xpl.
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Ok15-20 60380 3306396900 LG 3OHOLEHIYO BEHOIBHOL, OMIgEoE MmEogz3060Ls

(3905¢030) @5 30MJugbols 3M0LEIMGOOLOYSD (3F3969) Tgygds. 33b3wIds SBY39
M35)H0 BMIob B30Egbdol BsbsMMNYOO (g®O).

(0) # Ok671/22- 3396006 ROl ool 3mdmgbmemo bsffowo. bodmdbg BbL
brengoms Bobsfobfzwgdo.

b6, 52 5). ool bodwdo # Ok671/22; dozmmam@mgdo: 8).x100 xpl; ¢). X40 ppl.

0k671/22- 608930l d0360MBMEHML 396@®owE bsfowdo mzsw®o BsbsGomo dgoEagh
130¢9bdol bLEROEIIL - Joar3M306MH0GH0E TgBowme 130w gbdsdwyg (0); G306

130¢9bdol ool LEHM®NIBHMMS ©s gAIBoWMds - Bs0soEOL, FoabgBo@obs s
3060mdlnbols 3MHoLEBMGOOL JOMBEIOMBIL SBObOZL ().

(0) # D12/19 - 3sbor®o Fool, 3mdmqbmemo bsfowo, 8oty Momgbmdol s Bmdol
RMOIO0!.

L. 53 5). fool bodwmdo # D12/19; dozMmam@mgdo: 0).x100 xpl; ¢). x100 ppl.

D12/19-0b 30639 8030mx3mEMBY 5300609330 23b300905 Dmash Lyargogdo (9F3569)
@O 3390300  BBsGMO (856X 3603); Gwoxko 9390990 Booseodol  Bgdlolgdmo
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JombmMo  mM09bGH0MmgdIMmo  3M0LEIMGOOLORsD  (Fomowob@gmnamabzomwo
BI0gBOM) (3)-

(0) #D7/19 - 33960L GHodob fool 3mdmygbmdo bsfoero.

b6, 54 5). fool bodwmdo # D7/19; doztmam@mgdo: 8).x100 xpl; 3). x100 ppl.

603m8do #D7/19 BsBL L30wrgbdol @bmMdOL sblbgzsggdmo RsBs - Bs0swoEOb

093039 gdeo  (Bo0owob@Hgmxgmgbzomwo  B3gMgdo)  3O0LEI™Gd0  Fobolgd®
doMOms©  FoLsdos  godm3moLGIWgdMo, Losg dBY39  33b3wYds  FoabgBoBol

(830b9eols) BoM 3300930 (0530 BIMOL 53M95EHJd0).

(0) #D1/19 3sL01960, 30m3m 96960 Hos, L3owgbdol Bsbsfiobfizwrgdoom.

g

IIII;| ||I|i|l|1|l| |IIHII
ral 1 2
bmE. 55 5). ool bodwdo # D1/19; do0z3mmam@mgdo: d). X 25 ppl; ). X40 xpl.
D1/19 8¢rog0 539899005 8505¢0@0obd s 300mglgbol 300LEwgd0m, dseosh dioMgs
LoE035@GMMO  dobol HMmo; (0) FozOMBMEHMBY BBl  LrxzowEOo  BsbsGmgdo

(gdOMbgg6O).

(0) #Dog. 6.20" - 3m3mygbmEo dsbo®o ffows, 30609 MIMIbMdOM FMMGOOLS O
939005 300930 335630L BsbsGmgdom.
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6. 56 5). fool bodwxdo # D1/19; dogmmpm@mgdo: 8). X 40 xpl; ). X100 ppl.

Dog. 6.20" 33960L 3030l ool 3mdmag6w96mo bsfowols Garogo s39g0wos Bsoseo@ol
093039930 300LEd0L (Fo0swob@)MxgMgb30mwo BIMIdOm), dmcMmdlgbols
5 3536930GH0L 8530 (M3532960) 32990l BMMToL 3MHOLEAEHIWGOOLAD. d Fo3MMBMEHMDBY
09060 H350m JGIMLsBOZOHME0s B30Egbdol BsBsfobH3wgdo.

(0) # Ok-11/22 - 35060, 30MYg649M0 oo, OMBGEDBYE FJMOIMIVIIGEO MOZEPOMS3
BSBL 5350500l Fopa®dgwrgdmero/ Bbo®olgd®mo 3¢0l@segdo.

6. 57 5). foob bodwmdo # Ok11/22; ozmmpm@mgdo: d). X 40 xpl; g). X100 ppl.

Ok-11/22 6084980 539005 Bo05¢0GHolL d9hH3z0LgdM0 3MOLEHIWIdom. MmEro3060L
5060360 BmMIs 3. EMbserELmboL (1976) 33¢930L dobgzom 60dbsgl, MmA fowol
3530900L LoBJs6g 005 S Lysmndo 40°C-0s. () J03OMBMEMDBY Bgs 30gdo BBL
S1939  99abgBHOAL  ©IbGHOOBHYd0 S M3 EO  BmOIoL  B3oErgbdol  Bsbsangdo
(Bo3M0LEBIOO emgz0 TobY).

(0)# D-22/22 3s60m60, 9ema350Hm3560 oo, 99m0sMomgdgwro  m3zswoom  BsbL
130¢9bdols Bsbsfobfzargdo.
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L. 58 5). ool bodwmdo # Dog22/22; dozMmam@mgdo: 0). X 40 xpl; ). X100 ppl.

D-22/22 60dmdo omomgdol dbgogbos Ok-11/22 foobs. o 9RO™ 356025055
396300560900 MmE03060l (Fooseo@ol) dgf330L90M0 3GOLEIWGd0 s Fs3bgBoGRL
©96@®0E900 (3063900 d03OMBMEGHMDY 396GHOd0 (3569 3960). (3) 03MORMEHMDBY
Bobl 3o6rx 3603 mg®O BgMHom B3oErgbdo.

P0gd0l 393HMaMs530v9wo sBsgroBbols 8ggagdo

d9Lhogwowo Hogdol dozmMmbEGM®JEHMOHgdo 430639690l  3MOLEHIWODBIFOOL ™G

Robol: (1) dsbowGo  33900LgdM0  BHodob  [ogdolmzol, gsblsgmm®mgdom dsmo
39bGHMIMOO s J390 6o gdolmzol  odsbslosmgdgeros  3OOLEYMHO
303OMLEHOIEHMMs. 030 HoMmIMEIboos Fs0seoEHOlL (Mmeogz0bols) Bydlobgdmo 6
dgh330LgdcM0  3M0LEIMGOOL,  300bMm30MHMJLYBOL MO MEMO  3GMOBEIWIOOLS O
392693H0@0L  (f3M0wo  ©IbEH®0GHI00s6 Aubgoer ISz fobbogs  9aM9ASHI058Y)
9OOMdoMmdom;  b3ogbdol  LMrxzoEIdols s FgBowymo  b3owgbdol
Bobofobf3egdmob  (prill)  gbomo.  (2)  ©bmdoL  dgmeg  Bobol  sbobsgl
303m3600LGWMH0Esb  Bobg3M3IMHOLEHIWMMsBg  Fobysbomdoms s 3060,
d0IMH0 Lo 03sGHWMO  TdLy; ol Fgagboos  Lbgoslbgs  bmdol  335G3E0L
360LGHOWgdom, 85a6gBH0GOL FoME3EYI0MS O 0030005 omMbol BsbsOongdom,
OMIgwos  MIgBILI©O by Mmos  B3owgbdol  mJlogdol,  39MDBMBsGHGIOL b
Jwm®0gdol Lobom. gl 53Dy oTsbolinsmgdgw0s Bozabmgdols s 9306y Bmdol
Abmddo deoge BMOM3560 fowgdolmgol.

50000,  9hbdo-4399m  L3sbgol  23060MH0bxIML  ommMbol  Lobmd
LobEmlbmgd®bg  dm3mgzgdmeo  §ogool  39GOHMyMoxn0Mwo 33930l 8909
3990033905 ©bMdOL MO0 FoBs: (1) 3MOLEHIWMOHO BsDs S (2) J0bobgdMO; HMAMOE Halo
30LEIME  BsHBsGo  BobolgdMo  BoBobgsb  asblbgzsgzgdom  bdoMos  L3owrgbdol
b 3000900L 56 g swrMo Ldowgbdol Bsbserongdo (bwy6. 60 d).
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fogdol BHodmwmyos 51939 9393006090 M0s  BHoygwdo IEbsMOL  goaMmowgdols
LoRJsMGLMSB. 0bgdM0309, HMI OO JMEMEPMdOL oEgdo h3ggdmog Jommomgdls
Bo 29860 gdsbY, bmwm d30Mg dmEwewmdol fogddo 30 3oModom. mEogzobol
3M0LEOL  3500@MLOL/IMORBMWMY00L (330 gdol  dobgz00  FgledergdgEros
3bs®mol gogMogdols LoBJsMol mbgds dodmmawrs (Donaldson 1976). dsscromo
30BN Mm@w03069008 sOBYOIMDdS Fslo® [oqddo bgwo gogMowgdols LoBdscmgby
809000 50L—0-5°C/l0y-80; dsdMOLYIOO S IGHMGHZ00 BMMOToL 03060560 FEbsGOL
393600 gdol LoBdstg Losmdo 7°C-sb 15°C-0@9d; Jombv@ms® o 3569 EEs@
M6096¢0Mgdwo d9)330L9060 ME0306900 JbIMOL YogMowgdol domswo LobJsMob
056396005 @5 dggbsdsdgds - 40-80°C/Lor-U; bmerm 3500Lgdcm0, BoOROEHOLYIIOO ©s
dm3derol Abgoglo 9b®MoEd0 8bs®do SEILEHMOIOL, GMmd Jobo QoML
LoBRdotg 1500°C-bg Bogargdos (L. 59).

b96. 59. 85Bs G MO BbsMdo
99b3960396&0m Jogdwo Mmeroz0bol
(30OLEHIOOEHOL) 3OOLEIWMS B0MIOL
(33X090900 2oaM0e9d0l LoBds®ols
dobgz00 (Donaldson 1976), Hmdgeog
390569005 Bohutin-ob (Bgbgomo)
50g9mdgHee G0 dgpwdy
9m3m390wo oqddo sOLgdme
35050 GH0L BTGB, BMEHMYdo
3OQIQIDY0d 9EgdHmbyEo
9d030mb3m300m (SEM). 5369305¢1Ms: Ol,
me030b0; Gl, dobs; Gn, ¢y309; Sp,

LY 9gM0E0; Cpx, 3Ewobmdo®mdugbo. (V.
Ettler cos Ubg., 2009).

aPbHMIol BobMd LobgErMbbmbg Hogdol Jgygbo™dsdo sGBYIMO BS0SWOEHOL
360LGHIWMS oblbgeggdmEo mEmIGO0 FgqLodsdgds 45303900l Lbgoolibgs LoBdstql.

57



5009000  dwoxqdol dobggzom Bsbl, dsLowmGo fogddo MIgBHgLo 43b3wds
§930d9w 900 s JomGHMmO© MmM0gbE0MgdMwwo JMOFMEmyool dJmbg meogobols
(63505¢0EHOL)  bgdlolgdMo  3M0LEHIWId0 s 3MOLEHIWMS  d9hH33900,  OMIYM
29300 gdol  LoBdotg Lossmdo 40-80°C-0s; 990690000 003000005  05OLYOMO-
d90330L9dM0 ME03060l 3M0LEHIWIOOLYSD F9dPsM0 JbsMO, MHMIgEoi bswggbmol
A030bL §0qddo Ix0JLOMPS. S19NO FMORMEWMAO0L 3OOBEIMs AEbs®o Lssodo 90-
140°C-000 3562536  3993965@GMOL  (MBOM  LHMIRS®  FMHOEYds). 5FsLmMb  Mbs
500b603bml, MH®A dsbomMo ogdol J3gs bsfowgddo meroz30b0l 3GOLEImms Dmds
6599650009 50995} gds Bgs Bofowgddo sOLYdIME BmIGOL s S©Hg3L 200-300pm
9036mbL (0,2-0,3 83), G153 89w9056509090 M35¢oms3 GOl dgladhbgzo (L. 60).

3. ©mboerbmbol (1976) 33¢0g30L Msbsbds, GMIgeroi 953dbgds FBo0sSOEHOL
3M0LGH9d0L 0096005303530, BBL, GMI gAHKYToL 23006 dMIOBX sML BsboL Jslo®o
fogdo (33969%0) MowgdmEs 40-80°C LoBJo®mom ULossmdo; Gog b0odbogl, ™A
130¢9bdols BsbomEo (339M0LgdMO/JMMOl) ool A5309ds FMIIIdIMES BodwysE MmO
24 LS5sOL Q96353 MBT0, bmem Bozgbmo oadol AsAMOEGds WIsbErmgdoo 10-12
Losodo.

0 10cm
|

ir Li¥awm

S 0
6. 60. 1350000 boWo Bs0E0EOL 3M0LEHIWYd0 s B3Eghdol BsBsOMYOO EMEESTol
000599030 s0dmBgbocn dslon® [ogddo; o).#D 6/20; d). #D 22/22

d9LHo3w 0o Fogdol ©9dgEJumds dremIIs 393bIMO, sbigmo fogdo momgdols
56 9903936 J9BobL BsbsM™M9dL. I3s 33bYds 0LYMYOO3, MG BOIEPSE 56 SMOL
39000bs6M0/35mbogMgd Mo (not fully liquefied) s 890353L 3350 E0L Bobs®omgdls (L. 61).
$09ddo 3356030L BsbsMMgdol 5MLGIMBdIBY bLb3oslbgs ML gosdmomdzs €sdwgbodg
AmbyBEMYOS. 9B gOHMOL dobgzom 335MEL d9abgdmws Mds@dbgb dbsdl fowob
3oL59336003909© O MYROM 5O sLHALLZMg35 (Rothenberg & Blanco-Freijeiro
1981).
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1W0em

S o)

L. 61. 3350 30L BbsOMMYdO F0odd0; MmymEm9dol Lobmdo Lobgurmbbmgdosb; 5).0k11/20;
d). Ok12/20.

9305690000 6. 00Wg3MMT> 035659, MMA 335030 IEDIOL HMIOL dMEM 9FS3DY,
39Ug99d0Lm30L  9MGMS, MoE LOTMIEGOIL 0IEIMES  SOIOWPIE  STMMYOMEPOYM
J960056 fos (Tylecote, 1987). 3. 3050M30L sHBOOM 335GE0 96 Fgol Mgogzosdo
0bsM6 s 980GHMTo3 sl 3OM3gLOL LGl B3 JdDID, MoEYRD 53 OML
oo MxzOMm LMK 3030905 s BJds MBM™ dgs®o (Craddock, 2013). 5. 3593dsbo
39635mEO3L,  OMmI  fosdo  odwgwo  339ME0L  BIBIMMYdO 2o MMdgEo
8500563993390 Jobob bsMBgbgdo/MgliGo@gdo Mbws ogmlb (Hauptmann, 2000).

bog5M5mM© 1533093 BIOOGHMM05DY FM3Mm39dMe F0ogddo sOLYdMO  335MEOL
Bobomgdo 85639033 go  Jobol  BGsadgb@gdos,  Moasbsg  wghbvdol

AHIN0GHMMH05Dg  9OLYdIMo  Jobgdol  dgBHgbmds LM  339ME0L  JsMM300Mb
SbmEoMEYOS.

2013-2022 §e0gddo 508mbBgboo s®@gnsdGHgdol GodmemyomMo 33930l 39w09yo®
3305606M06% 5Mm-5006M9MH3060L  bobol  L3owgbdol  LoEbmd  Lobgwmbbmgdbg  Lsdo

doM0m>0 GH0odol ool sOlgdmds ©aobgds: (1) dsbowmGo (339600l Bm®Iol), (2)
Bom39bmo s (3) BoOHBoGOLYdMO Hogdo (Flat slags). doBbgrcros, M s0bodbryero
G030l §ogdo wommbol Ebmdol bbgsolibgs Rsbol 3MM©MJEgoos, bmerm J30ds-
b306330560 fows (BMIgwos ddwszdo 59gbgdom  g3b3Ids  ommbol  Lobmd
LobgeEMbMgdHY) FolioIMOLS S 6503960 FoIdOL YMZ5BH0/A5Fw)do3900L T IR0
(Addis A., 2012).

AG03MEMAOMM0 5 39GHOMAMOIROMWO 33009308 39®9a900  9OHTsbgmb
395305005 s 330B39690L  oadol  oRIMIBE0oE0sL. 98 9gBHS3BY dmosbo
3Mbgmol B30 gbdol Lobmd LobgEMlbmgdby 498m0339ms Wom™bols bmMdOL MmGo
13505, OOl POMLYE B00Mgds: (1) dsbo®o 339600l BmMIol fowgdo s (2) Abwydwdo,
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RMOM3560 - bs0396m0 [fogdo. Gog 99bgds BoM0T0EHOLYIG FoIdL, Fosmo SOLYIMDS
dbmwmE 99M90000-GH03MEMA0MH0 Fg0OMPOm ©R0bEYDS. MobsE3 Fombyg 0
9G930bm30L om0 39BHOMYMOROWO @S JodoMMo 3J3ag3s o6 IBbMOEFOW IS,
9m0535¢0d0, 2oMbEOIOOL AOBIOMMIOIOL F9d©IY, 03930905 o0 332939, MoP0S3
5MLYIMOL 3030 bs, MM 0 LosE 9OLYIMBOL BoMHBOGEHOLYOMO [f0Id0 EBMBdS MMOo
Log39bYOH05605 S 5RO 593l OMYMEE Hobolfot 45dmzoL 1939 bMBdSL (D'Amico et
al., 1998). gomx0GHOLYdOO (00D TgBowGyorwmo 3MmEgbol gobdsgwmdsdo
@o™bo LOEWMWHE 259MI3BOE0s S FoMO Q55319 T53905 BEMLOL Loboo bgdms,
(Haubner R., et al., 2019).

dob9(k5¢m0 Y980 Job980l 3979628 HG5R0s

bodmdo # D672/22' — 369dho6gdmo {i36Mr0mdsm330m3s560 335030560 J3085d39,
65365¢0900 5831930 MJBoEOHBOMYOMWO F5EbYMEo FobgMowgdom (LMG. 62 ).

bme. 62 ) X40 ppl 9) X100 xpl 3) X100 xpl

3560 dwoge sGOL 95335039000, A5l 07Ol IbEMgdom 60 % ©35305. IBIMBID
RBOOMODYY 39630560 gd Moy LegzomMo  dobgMowgdo,  GMIgwoms  bsfowo
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@0dmboEH0DoMGdIMwos (s49bg0Lx3900 Mdbgdo - L. 62 3). JozhmxzmEHmbg BbL
3MbGogdGHol Dmbs doHoma Jobls s Lyargowe ds®m3l Im®mob (Lwye. 62 ©).

B0dxdo #D43/17 — 6039900 Job60 30bEedGHob Bmbosb (L. 63 o).

LG, 63 o) D43/17 0) X25 ppl ) X25xpl

bmE. 63 ) X40 xpl 9) X100 xpl 3) X100 xpl

Jobo mIgBHalo® 39 3E0E0® (3M35MEOLGROM-0mA(356M) s 3390300 (bsgmoliggMo s
09gOM0) SMHOL 939390; 43b3gds 91939 dmF3mgsbo (Fibrous) 335030l doM353900
(LME.63 3 S ©), OMIJWNIGF JOIZINOWO 5J30 395 303H900. B3I gdM0350 Algogo
do®3meo  dobgmocrgdo Loglgs dsbgmero dobgMowgdom. 3mb3idg@Ewmwo bodmdo
056005 5 56 Fgo393L Fo0.

608xdo #D28/17 — 8cmdfj356m F0bgMoer0Bgdmeo s 393350390090 Jobo (Le. 64 5).
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1"l

by, 64 o) D28/17

bye. 64 ) X100 xpl 9) X100 ppl

30Oxz0OMwo  Jobo  dwogh  Fggawowos,  ©ALHLIMIMWO,  3eog0MmIEsHol
3OHBOOM0 250Mmbsgmx3gd0 0mJdob gomobgdmwos, HmIgwms dogbom 3b3zgds
93000MA-(30D0G0L Xaxz0l dobyMowgdo (s 39MHoLRYMO0); Jowbgmwo JobgMowgdo
800065 9 FOH0e05 Jobdo s Jabol gMmggdl (8530 9ol JobgMmewgdo); derogdo
3363099 {36086 3303560 3350306 Fodmboymnqdo, ssb. 70%.

bodmdo #D45'/18 — 8mdo Bogmolygmo dwoge dobgMmowobgdmwo dsbo 3350 30L
do63900m (L. 65 ).

LmE. 65 o) D45/18 0) X25 ppl a) X25xpl
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L. 65 ) X40 xpl 9) X100 xpl 3) X100 xpl
derogob 50% m6o gbgMoEool, 0omdm®EB o (3065800 MY JOHOLEWYd0)
@5 3030M3O0LEIMMHO  335M3E0LRSD T9agds, bmwm Igmeg bsbgzs®o gowgbo@om
(8mdo bo3obxrgcmo, bYO. 64 ), J53M30MH0EGH0MS S 30OMEGH0BoMs F93LdIEo.

b0dm8o #D46/17 - {j36r0 o6 (3300M3560, mJloobBoMgdMwo Jsbo (Le. 66 o).

L. 66 ©) X40 xpl 9) X100 ppl 3) X100 xpl

06@&9gblbomMo  dg33womo 335030560 3085435, 30MOGHO0BOMYGIMOos, MHMIGos
Db gH 056 gM™mz90L Jabol (LwE. 66 2); 30M0G0 15939 23H3WYOS (35390 39909OO
R}0mMIob (9530 069 5¢0900/0BMEMMIM0) 3M0LEIXIOOL Lobom (L. 66 B, 9, 3).
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Bodxdo #0p18/20 - 3mORoMMEo 8mdf39bm ggmol Jsbo dowbgmwo dobgMsowrgdol
BoBMIGBOMS O MJMO BJMOL doM©3gd0m (LwE. 67 o).

L AT

be. 67 ) X40 pp 9) X100 xpl 3) X100 ppl

LAHONIGHMOS  SWMGHOHOMINORMWISO33M35b0.  doMomso  Jobo  Jmosbo
39333000, 35JXMOHOEJOIM0s, BBL 335030l dsM©39d0 (56X 3905 3PbY - Ly®. 67 @)
5 91939 0 HBMIoL 35¢30GJd0 (3560OLRIMOO 3MOLEHIWO, BglgBoom e 67 B, g s 3
- Bgs FoMX396s 3MMbY). Mg Tggbgds LwExz0EIgdL 0lobo BMASH 335ME0L doM39dL
00199390056 35659 (LO. 67 g), Dmsh 3o Jdbosb dG9gdhogdl (L. 67 ©, 9, 3 -
390 89mOL gMH™3900 390bMgs60 BsbsOmgdom).

bodmdo #0Op28/20 — 3mOBoMMwo Jsbo, dg@owms Bsbstrmngdom, HmIgwms dmGob
Bsfforo mglooboMgdmwos (L. 68 ).

Lme. 68 o) Opl18/20 0) X25 xpl ) X40ppl
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Lye. 68 ) X40 ppl 9) X100 xpl 3) X100 ppl

do60m5©O Jobol 3mMmRoMMwo LEGHMMIGHMOS X9 3093 dgMBgboo 5d3b. derogdo
BoBL 3¢ 50M 3Bl SMOROMMEO 458MboymRIdO, HMIYEMI3 SHIB0SMYO0 BMBsEMdS
5 3EolobmyBmo IOBMdgdo, obobo dwogh ©sdlbgzmgmeo s sl939 dwogH
393300 doMH0ms© FoLodos dmdagwero, bysg 1939 3363 ds BobgMe JobgMowms
3WMONMMEo  F9M33wgdo  (8530) 5 399530GH0BO305, OMIGLSE  OHMIWOMSS
90b9M5¢0ol LogM 39 993L 93939090, HMIWOl 0EIBPO0T0 35300 89w9dEGOdYO..

60830 #0p62/20 — 0005 BgMHOL 3OROGWWO Jsbo, Lywgoms BsbsfobHzwmgdoom (L.
69, 5).

L. 69 ) X40 ppl 9) X100 xpl 3) X100 ppl
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60dm8o Op62/20 0y039 Jobos oz Op28/20, Bs™sd 5 339 JoM0OMs©O  Jobols
30690900 0565 339MEF0MS O J9WEOGO® 3OOL Bsbs33gdmwo (bvy®. 69 d -
939 bsfoo). bl sdog  sboemaom®o  4s8s5bgdol  3BmEglo  9gal  gobgwowro.
3d6935¢0Mm03bM396 L rzool 4MmdMgdmb ghms® 23b30gds 3395030l do®M30L
35659 MH0 doM353900 (LwE. 38 ©) s Jobgmero dobgemoegdol sHdos (e 69 3).

bodmdo# Op672/22° — 0gmco 3gMob Jobo, breaooms Bsbsmgdoo (L. 70 o).

bme. 70 ) X40 xpl 9) X100 xpl 3) X100 xpl

90360mxBMmGHMIOBg BBL, MHMI 0BMEGHOM3M (0s30) TsbsL, MHMIgEog dsbgmero
306965 qd0mss HoMdmygboo derogols 80% 35300 s d69JRoMdME0s. Bsbgero
dobgMowgdo  mdisgmmos  339M3Eg0Ls  (MgME0) @S 39303030  (39MOLRGMO).
396b35390000 Boddo #Op18/2-1s6 Josbo 0b6EYBLOMES® sMOL WdMYIROMdMEO.

6odmdo #Ts(m)-2022 - dsboMo  LbrergoOo  dssbo, MmIgwog (353960l
dbs69mI3m©bgmdol  IMBgmddos oEwo. bodmdo dm3mzggdmos  MEbIgEMOOL
90059m900sb (Lwme. 71 o)
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Lyy®. 71 5) Ts (m)2022 0) X25 xpl

L. 71 ) X40 xpl 9) X100 ppl 3) X100 xpl

506036 deroxndo BsMmMmdoL 5%-b 035390l 30M0G0, HMIgwog Hos@mdmoagbowos
3505650500 3MOHMPOMYOMEO 5dMbogMRd0m. 306MHME0b0 gob3z0m5Mgdwos Jsbdo
Y39wob, bmash ghmgmwo  doM33cgdol  Lobom. 30MMmEH0boL  BoM335¢TIMMOl
1036399080 396300900 LG IOHOEOL OBMIMMFBLIO S A5CGBOEHOL SM5MSBIBIOO
399Mmbsgmxqd0. 2ogbo@o s LGIWIMOEGH0 MOMJIol GMMO S 03039 MOMEIBMdOm
33300909, Xoddo derogol gsmmmdol 30%.

396300l 39 MHMyMsxg0meEo sbsewobBol dgwgagdo

9500568993390 6039dgd0l dobgMmowmaom@mo dgifogzeom ©Yobos, O™ dsbol
99029600mdsdo  dgool  3oMoGo,  JodmBGobo, Lxgswgmodo, gowgbodo o
o 3m3060@0. JoM®3)o J0bgeogdod doMOMOIEIE 335OE0 @S Y39 JOTE0GO.
39650 30bgm5¢930@b ®3060L 30MM5630, 335M30 MTgBHILI© 33b3Wgds faMowo
356 330900L Lobom. 35M3MbsEgd0 JugbmIMORBMMOos LWR0WIOIMID FgEIMYGd0m
035390 oMbgbon LOEYMOEGEggdLs. dobgMowms LEAHOMIGHNOMEO
MOHMN0JOHMITIMI0IOgdol 1og3mdzgebg 2obolsbrg®ms 890ga0 9630dEI3ErMds:

306030, 339030, 30OMEH060, LRsWIHOE0, Fogbod0, JoE3M30MOEGO0, 35 E0GO.
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2.3 ®5©0m35Mdmbwmo (C14) sbsgrobo

Mo©OM3IMIMbMmo  5Bs0Bgdo 4990056900 LsdgRML,  MmJLBMOEOL
1B6039MLOGHIGHOL bgrmgbgdols s OLEHMMOOL WSBMMEMM0530 Po@SMEs. §0IO0IO
dm3m390o  BobdoMgdo sdMdsgzs OxCal-ol MoEOMIsMIMBMEO  35C0dGMSE300L
36OHMyM5doL  LYFMogdom (LG, 72) FBoEIdMos 5 sboEro  MMoMo  J9IIYAO

5649m39E o090 Md0gJEgdoLm3oL:
Uso@o: mem®msdo II - 42 40'40"N 42 47'34.20" E

(1) OxA-41668 RC-18-01, bsbdomo, fodero (Castanea) d13C=-24.09 2839 + 16 BP.
056000: 1050-926 BC (95,4%-0560 5¢0d500d0m)

(2) OxA-41669 RC-18-2, bsbdoto, §odero (Castanea) d13C=-25.82 2946 + 16 BP.
05600: 1221-1109 BC (88.9% -0560 5¢0ds00mdom)

(3) OxA-41670 RC-18-3, bobdoMo, odero (Castanea) d13C=-25.38 2850 + 16 BP.
056000: 1056-928 BC (91.4% 5¢0d500Md00))

Us0@0: mem@msdo I, 42 40'40.90"N 42 47'5.50"E

(4) OxA-41671 RC-18-04, bsbdoto, fodeo (Castanea)/dmMysbo (Alnus) d13C=-25.77
2929 + 16 BP
05M00: 1211-1052 cal BC (95.4% 5¢0d500md0m)

15030:3390©oLMms30 I, 42 39'31.80"N 43 49'6.90"E
(5) OxA-41622 RC-18-05, bsbdo6o, {odero (Castanea) d13C=-26.45 2839 + 19 BP.

056M00: 1055 - 920 cal BC (95.4% 5¢00500m00m).
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L. 72. H5©0M3ODdME0 IMIM00IO0L 305303900 bobdoMol Bodmdgdosb mEmMsdo
I, ©mw©s3o II s 3396M0LmS30L 50d9magE o MA0I0 Mmd09JEJd06
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LogMOM %5830 EMEMEOsdo II-o0lmz0l Jogdeo bsdo MsMOo dmoasgl dg. §. XIII-X

159369900l 3gHomEL; MEGmsdo I-obmgol - dg. §. XII-XI bowm3zmbggdl, bemeom
33960530 (WMbgzs6m) - d3. §. X-IX Lom3bggdl.

2.4 c9by9bmxzmmmrtgliggbdmero B3gd@mmg@mos (XRF)

sen. x9bgodols  Lobgermdol  a9meErmy0)©Ho

0bLEGHOGHMGHOL  WHBMMOEHMM050
9696m©039MOLomer MBI bMBWOHgLE3IbGHMME B3gdGO™MIgEHMHby Rosdotos 2014~

2021 Hargddo s0dmbgboo  5MHJgmdgE o Ma0o  Mmd09dEHJo0b fogdols o
306969 0B0Mm9dME0o Jobgdol 47 60dmdol  sBs0Bo. 9d9sb 20 ssbosbo Jsbols, 25

fos (Bsormeo sliggg Abwgd4gdo) 1 s6HGHIRsdGHO s 1 VsMdO Bmo (pure ingot) (gbMowo#

1 oo #2).
3b®owo #1
IIype of
ample and

Ne | Location [deseription | Symbol |Al% | Fe% | Ni% | Cu% |7n% | As% | Mo% |[Sn% | Sh% | Ph %
1 |Okureshil |slag, dense 0k639/21 3.92 20.24 0.04 0.35 0.18 0.01 0.01 tr 0.01 0.05
?  |Okureshi? |slag dense Ck14/20 3.44 2217 0.03 0.62 0.04 0.02 0.01 ir 0.01 0.09
3 |Okureshi2 |slag, dense OkB41/21 3.54 20.46 0.03 0.36 0.09 0.01 0.02 tr 0.01 0.03
4 |Chikelashi |slag, dense Ch10'/20 4.40 15.80 0.03 0.89 0.59 0.01 0.03 tr 0.03 0.04
5 [Chikelashi |slag, dense Ch10/20 3.51 20.83 0.04 0.58 0.70 0.01 0.03 tr 0.04 0.02
6 |Dogurashi?fslag, massive [Dog3/20 3.34 22.50 0.01 0.49 1.75 0.01 0.01 ir 0.01 0.10
7 |Dopurashi 2 fslag, dense Dogld/19 2.27 29.64 0.03 0.70 8.39 0.01 ir tr 0.01 0.58
8 |Dogurashi? slag, dense Dogllf19 2.52 22.06 0.03 0.38 0.48 0.01 0.03 tr 0.01 0.03
9 |Dogurashi 1 |slag, malachite [Pog2/14 2.56 17.06 0.02 1.07 0.37 0.01 0.01 tr 0.02 0.06
10 [Dogurashilslag dense Dogh6/19 1.71 20.31 0.03 0.40 0.37 ir 0.01 tr tr 0.06
11 |Dogurashil jslag Dogd'/14 2.56 17.06 0.02 1.07 0.37 0.01 0.01 ir 0.02 0.06
12 |ladzeveria [slag tap Lazl2/14 4.89 43.91 tr ir 0.02 tr tr tr tr 0.01
13 |letsperi 3 |slag tap let382/19 | 3.48 22.64 0.05 0.52 0.57 0.01 0.02 tr 0.02 0.02
14 |letsperi3  Islag, dense let382'/19 | 3.34 23.44 0.03 0.50 0.07 0.01 0.01 ir 0.01 0.02
15 |Dogurashi 2 {poor ingot Dogl/19 4.65 14.86 0.03 0.13 0.81 0.01 tr tr 0.01 0.07
16 [Gabonaliz |slag dense  [Gal/l4 6.59 17.15 0.01 1.00 0.91 0.01 tr tr tr 0.03
17 [Shavhinula |slag, dense 5he40/21 3.41 18.09 0.03 0.44 0.77 0.01 0.02 ir 0.03 0.01
18 |Okureshil |slag,porous  [Ok11Y/20 5.08 31.91 0.03 0.64 0.05 0.04 0.01 tr 0.01 0.11
19 |Okureshiz |slag porous  [Ok16/20 4.37 20.94 0.03 0.66 0.50 0.02 0.01 tr 0.01 0.02
20" |chikelashi |slag porous  |Ch367/18 3.22 18.22 0.02 1.14 0.26 0.02 0.06 tr 0.03 0.04
21 |Chikelashi |slag, porous  [ChB/19 3.49 16.00 0.05 1.31 1.51 0.01 0.01 tr 0.02 0.04
22 |lukhvano |slag porous  [Lu381/18 3.96 21.03 0.03 0.30 0.69 0.01 0.01 tr 0.01 0.05
33 |Gabonalia |slag porous  [G@362/19 3.14 2174 0.03 0.36 0.38 0.01 tr r tr 0.01
24 |letsperi3  lslag, light Let382"/1% | 4.78 27.07 0.03 0.40 0.10 0.02 ir ir 0.01 tr
35 |Gvimbrala |slag,porous  [Gv652/21 1.25 43.02 0.01 0.45 0.63 0.01 ir tr 0.01 0.01
26 |Dogurashi? |slag porous  |Dog3'/20 2.75 24.45 0.02 4.10 0.33 0.04 0.01 tr 0.02 0.05
27 lopitars artefact 09.543!21 1.45 2.87 0.07 77.19 0.26 0.36 tr tr tr 0.18

fnqdtg hsdomgdnma gbymameenl3gibonema fybda)bmamymmgbzgbdnme sbsmatinl 853900
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3bOOwO #2

ype of sample
mbol Ph %%
No |Location I:nd description Y Al% | Fe% | Ni% Cu % In % As% | Mo% | Sn% 5h %
28 [Opitra mineralized rock |0p28/20 S0l | 1906 | 004 | o001 0.01 tr tr tr tr 0.01
29 [Opitra mineralized rock |OpB2/18 0.19 2564 | 003 405 0.03 tr tr tr tr tr
30 [opitra mineralized rock |0p63/18 047 | 2582 | 004 245 0.02 0.01 tr tr tr 0.02
31 [Opitra mineralizedrock |0p63'/18 | 034 | 2411 | 002 253 0.02 tr tr tr tr 0.01
32 [opitra mineralized rock |Op18/20 138 | 2635 | 002 0.63 0.02 027 | 001 tr tr 0.03
Popmashi; | Dog4s/18 | 195 | 651 | 003 | o010 tr 006 | ftr tr tr 001
33 |hargvevi mineralized rock
Pogurashi- | Dog45/18 | 465 | 1320 o009 | 443 1893 | 002 | tr tr tr 1046
34 |hargvevi mineralized rock
Pogurashi- | Dogd5'/18 | 6594 | 1683 | 010 458 1577 | 005 | tr tr 001 13.96
35 |hargvevi mineralized rock
Pogurashi- | Dog4s/18| 537 | 337 | o000 tr 017 tr tr tr tr 0.08
36 |hargvevi mineralized rock
37 bogurashi Imineralizedrock [PPE6Y18 | 757 | 073 | 001 tr 0.06 tr tr tr tr tr
38 pogurashi mineralizedrock [PPE30/17 | 373 | 4444 | o005 0.17 0.03 0.02 tr tr tr 0.04
pomahl | e Dog46/18 | 771 | 740 | 002 | o001 0.01 tr tr tr tr tr
39 |hargvevi mineralized rock
Dogurashi- | Dog21/20 | 061 | 1766 | 009 3.00 8.29 003 | ftr 001 0.03 2392
40 |nhargvevi mineralized rock
Pogurashi- | Dog 20/20 tr tr tr tr tr tr tr tr tr tr
41 |nargvevi mineralized rock
42 bogurashi Imineralizedrock [PE6Y18 | 757 | 073 | om tr 0.06 tr tr tr tr tr
43 Dosurashi |mincralizedrock |POE6Y/18 | 885 | 1409 | 003 0.03 tr tr tr tr tr 001
PN DA oL 029 | 3006 | o001 0.03 0.03 120 | tr tr 0.02 0.07
pabonahey | Gab3/14 1070 | 426 | 000 tr 0.01 tr tr tr tr tr
45 pubi mineralized rock
465 Mokaulis zelelmineralizedrock [MOK644/21| 800 | 435 | 003 0.01 tr tr tr tr tr tr
Mok 643/21| 319 | 531 | oot 0.01 0.01 0.05 tr tr 0.01 0.01

47 Mokaulis gelejmineralized rock

dnbymagmaBomgdnm Job9d%g hadafgdymo 909Mmameab3gmboyma MmgbagbmammymigbEgbdymo
sbannBnlb dygagon

2.5 5¢™IMMH-50mMmDdF0o 565¢robo (AAS)

a3L ,39339b00L Lsdmm xamxzolb (CMG) Jodon® EOdMMGHMO05d0 FoIdols s

906965 0BoGMdME  Jobgdol 52 608mIbg BodoMgdwo  5@GHMIMM-50LMOIEF0YWO
365¢00B0m  obolsBEZMS  3gmowrdmdow  (mddm-Au, 39OEbwo-Ag), ©S BIMO©
ommbms (L3owgbdol-Cu, @yzool- Pb, mmomool-Zn, ®30bol-Fe) 9993390 mdgdo.
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H S W 68~ o A e b R e

=

300900 dmbsgd9gdo 4306396006, GMI MmJO™L 8993300Mds 3OO Lobxdo SO
5304L0MYds. 3G190LAEHMOOOo FoIdEsb Lobxgddo L3owgbol (0.14-1.06%), mmools
(0.06 -1.13%), @Gygoob (0.02-11.8%,) s ®30boL (130-174 3p/GHM™bsBg) domowo
090339 Md9005  45dm3gbogro.  30bgemooHgdmo  J9bgdosb  godm®mBgmms
9000605 60393930 MBOEIMB, Loz B30 ghdol oo 89d;339emdgdo (3,2-4.6
3/H™Mb5Bg) BodLoMYdS. IO FoVIMMPB odmEObowo godm®mbgzs 39OGEbBOL
(1,2533/3)> 3»y300L (7333/3)), ©5 00900l (18,43y/(), dsewosb oo 999339 mdgdom.
MmO InbsermEbgmo  ogm 30060350006 Im3m3gdme  mdlooboMgde
3M63609305d0  (Kor29/20) oxodloMgdremos  M3obol  domoo - 29432/GHmbsbyg
09933000Mds; 91939 MBOGIMST0 S©dMBgbow Mo Ly 39969900L 3gMomol osdo
(Op30/20) ds05¢00s FbmEm 63060l Gom@gbmds -26232/GH™bsbg (3bGowo #3 o #4).

3bGowo #3

LN

AL e W S

P i g o s
i, Customes nams M td Caucasus Mining Group
[ate of sampling IR08.000
Pl Bl Date 10,10, 2000
Method of analysis AU-AR Al-AR Bg-AR Ag-AR Cu-AR Cu-AR Pb-AR FE-AR Ln-AR Zn-AR Fe-AR
Taok MRS AAS M5 AAS AR5 AAS AAS AAS MRS MRS MRS
Anatytical element B B Che Ag Ag.Ch. Cu Gu,Ch Ph Ph.Ch. in Zn,Ch. Fe
B g ppm | pom ppm ppm % % % % % % %
ik B Im o 1 1 LM nm nLm om m om Lm
Weﬂ;gr.] pll 20 2 2 05 05 05 05 05 05 0.5
Referanee OF [T |GRmanr.a3 1300 GRMA0711 169 [RERT ] |Rmmaq1t REa GRM07.14
Target Range-  LBound 454 157 037 £05 33,50
UBourd 534 La1 048 1l

Relerence GC [ 1532 15 042 520 1)
BLANK 0,01 M 001 0,0
i1 220 sl (1) 0,14 758 040 H 050 17 46
Cic-11120-2lag [2) 015 340 043 0 0,10 1380
Dog-6/20-slag (1) 0,12 335 0.44 0,05 0% 16,56
Dog-320-glag (2] RET] 7.08 0,83 014 0,75 1444
Gt 102 0-slag 0,12 0,10 236 229 (.68 056 0,05 0,04 082 0,78 12,95
Op-18720-are from aci 0,01 275 048 oM o 458
Qp-28rX0-ore from add 0,05 13557 0 730 1,64 387
Hﬂ'—l‘ﬂé!_l?-noncrm 0,12 316 00 003 oM 2240
Dog-Tiab-nock 0 179 om 0m 0,0 2845
Nar-21720 are on 010 2100 200 oo oM o oM 0.0 oM 10,50
Op-30720-medival siag 0,13 188 o 004 o 24620
Sw-3TEMG-0m 00 164 0m oM 0,01 211
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L5565¢oBol dgmmeo

byebsfym
bs5BsgEroBm gergdghdo
296Ls%B. gBhmgMmo
60930l beadgeo/
D2-800/22
D2-801/22
D2-802/22
D1-803/22
D2-13/19
D2-4/20
D2-3/20
D1-11/22
D1-5/20
D2-12/22
D-672/22
D-672/22'
D-672/22"
D-672/22"
D-20/20
D-28/17
D-804/22
D-45"/18
D-39/18
D-5/19
D-669/22
Ok1-639/21
Ok1-11/20
Ok1-805/22
Ok1-806/22
Ok1-639/21
Ok2-641/21
Ok2-518/20
0k2-12/20
Ok2-671/22
0Ok2-14/20
Op-18/20
Op-807/22
Op-808/22
Op-25/17
Op-63/18
Op-28/20
Op-1/17
Op-809/22
Op-62'/18

gbOowo#4

603wdol Eodo
oo, 339600
oo, bswggbomo
flos, 339600
oo, bswggbomo
fows/33960
oo, bowggbmo
flos/339600
flos/339600
flos/33900
oo, bswggbmo
Jobo

Jobo

Jobo

Jobo

Jobo

Jobo

Jobo

Jobo

Jobo

Jobo

Jobo
flos/339600
oo, bowggbmo
fos/339600
oo, bswggbomo
fows/33960
fows/33960
§0s/6s039bm0
flos/339600
flos/339600
fos/339600
Jobo

Jobo

Jobo

Jobo

Jobo

Jobo

Jobo

Jobo

Jobo

Ag-AR  Cu-AR Pb-AR Zn-AR Fe-AR
AAS AAS AAS AAS AAS
Ag Cu Pb Zn Fe
Ppm % % % %
6.90 0.71 0.23 0.73 32.15
25.37 1.06 0.91 0.74 16.34
13.19 0.19 11.80 0.83 23.65
4.63 0.55 0.33 0.57 7.68
3.00 0.63 0.03 0.22 44.17
9.67 0.79 0.14 0.38 10.12
412 0.56 0.10 0.38 26.35
3.46 0.42 0.05 0.19 27.56
5.05 0.40 0.16 1.13 19.28
9.00 0.68 0.26 0.32 9.24
4.29 0.31 0.51 0.26 5.10
22.58 0.72 3.90 1.95 11.52
7.31 0.34 0.34 0.37 4.67
13.63 1.03 1.05 2.32 7.68
3.98 0.21 1.09 1.72 9.41
3.72 0.81 2.02 2.05 4.82
5.26 0.28 0.75 0.88 6.71
39.37 0.81 2.80 5.49 14.96
12.91 1.63 0.42 1.22 16.21
7.13 0.43 1.04 2.08 8.26
2.47 0.21 2.32 1.56 5.82
3.54 0.27 0.84 0.11 34.13
4.17 0.53 0.07 0.13 14.34
3.00 0.14 0.04 0.17 2145
3.41 0.36 0.06 0.16 8.63
2.63 0.31 0.05 0.11 53.17
3.71 0.61 0.02 0.06 41.12
3.22 0.39 0.04 0.11 16.35
3.31 0.44 0.03 0.27 25.52
3.34 0.42 0.03 0.17 15.28
4.38 0.67 0.02 0.26 19.24
4.75 1.85 0.92 0.79 5.96
4.65 0.57 1.16 0.81 7.39
3.96 1.72 0.61 0.83 6.00
5.92 1.61 2.42 1.17 412
11.64 2.42 3.13 1.11 15.44
10.88 3.44 4.05 2.34 8.23
2.12 0.92 1.51 5.61 5.89
4.37 2.19 2.35 0.86 7.41
3.75 1.59 1.67 0.55 4.79
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306965 0BgdMw0o Jobgdol M9bEHYIbMBgMHLEIBE0ME0 s SEGHMIMG SOLMOBF0YO
96oewoboll 890093900 230639690, GMIT 30MHZ3gwso  Fssbo 30w gbd-mmos  BHYz30
300MmEGH0bMwos (gbMowo #1-#4). (ogdbg BsBIMYdMMo 03039 9b5wobols F9w9agdo
3MO95305005  3069M00bgdMmo  Jobgdol F9wgag0meb  s@LEHMIOL, MH®I  3merbo

9GS MH2900 049690696 500 MdM0Z FoIbUL.

2.6 35¢00bMM0MH0o 565¢obBo

35¢0bMmmy0mMHo 565¢r0Bolm3zol b0dMdgdo Lods@mzgwml 9Hmzbommo dmBHgmdols
350bMmEMyomE  sdMmM5GHMM05d0  BEABPIOGHMMO  3OMEHMIMEoL  Jobgz0m
599353005 (Moore et al. 1991). 30639e 9@Hs3bg ooy - Fogdls s 39MsdozoL
653659006 IAMM3000 BgE0dgbBHo FmobsMTs 35eowdol GHmEGol 10% bubsedo
62569900 65900930 459mLsMY3bo®. J0gdMEro BobsGTob 395GHMORMA0MIdOL F90 9y,
39069 9B93DY, 5L ©o9ds@s 3ododol 3dodg Lomby, Moms BMbEIMOYMm MGYEYwo
659900l godmymas (396GHMORMY0MIO0L LsdMswgdom. s0bodbmwo 3MmEglol MU
ddodg Lombgd dobgGscry®o boffowro MaG™m Es53dods s FMFeols do®do Bsdodo,
bogwem mOyebmwo dsbows 30 Bgs3o®BY s9mEH03EH03W. dMEW™ 9ES3DY d0MgdMEo
MO0 Bobows  F9omgds 539 BHMEoBol  Ls8Mewgdom.  35¢0bmImEmRgdoL
09YBGHO0B0353E0S, LIMIWS OO BMAEHMPSWIMJOS B0 M5MdOL LobsmE ol do3MHM3M30L
Olympus BX 43-0U, bogom, 9900939000 LEs@GoLEo3oemo s6seroBo s osg®msdgdols 5990
36mM5ds Tilia-b bLydoEgdoc ImbEs (Grimm 2011).

"bs 500b0dbML, GMI Lssbowobg dsbogrs (fowgdo s G9gdbozMeo 396Msdozol
06530963 900) 339g30LM30L Z5MRYOLO 2oTMEYS, VYD 0y0 FgoEs3ws I39bsGgMS
3B36M0L BoM33cgdL s BH3S Lobol 5935 0bMEWMYOMEO HoLDSMOL 35¢06MINOHRIOL -
bol dgmdbol 3569bJodmar MRM9IIOL, BOGHMEOEHIOL, Lobsdgdgwls, Jumgowol dmF3m,
dP9M900L dmlmligdl s 3esbFgol, Lemgmb L3MMGAL s Lb3s.

35¢0bMmmyo0ol 5MH©s godmygbgdmo odbs 2018-2019 gombmgdolsl Fgammgzgowo
d39egbo wommbols Lobmdo Lobgermlibmgdosb 5©0M35MdMbo
05000 900LM30L dMIBIIOMEo Bobdo®ol 60dmdgdols Jo30MmdMEB03IMMO 331939,
HIgog BoGoms mJugmOmol bogzgMLloGYBHOL WsdMEMSGHMM05d0, 833193560 ©bs
Bocr@obmMol  3096M.  ImMsMm0Mgdolm30ol  TgbogzgMolo  Foboerols  dgla®bgzs o
Lobgmdgdol  IM635¢BIOM36900L  ILIBILOSMPIWSE, MVMS IYHIPOWOYm vy Mo
LobgMdsl IMobTsMbI6 430560M0b) ML bobsdo Lozo30Lm3z0L  2odm33w gm0 odbs
Bsbdocol smo bodxmdo. 0wgbEH0B035E00LL  LBEHBIOGHMMO  3OM(39MJO0  0gm
(30, B3390 900 FM93LS J300L 935BsbsT0 FoLHEO 45T YOIMdOL J393.
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0096305035309 B5GHIM©S TBMEPM® 235006 ©MbYHY S 9O ymxzows I3EIXMds
LobgMdgd0L 5BsEM0MEO® 56390 393900L Tglobgd.

33056 d60bx oMb BIBOL WoMMbol LsEbmd dguwdy sdmBgboo sOEgBsJEHIOOL

350bMmEMy0mMo 33935 30039000 F3IXMdS. AbRO3LO 33¢935 XM Lodomzgwrmls
SM39O  56MJ9MIgAHOW MO dJRWDBY 9O  BoGo®mgdms. dowgdwo  89w09ga900
L53Mogdsll IMmA3390L O35 R0bM™M 23006 dMOBX ML BBl dmosbo  3merbgomols
(@ghb9d0) 35¢0gMesbTsx3EHOL, 300doEH MO 30MMBYGOOL, BHoRMbmTools s 5sdosbols
15g8056MdOL Tgbobgd dmbs3999d0.

3GAIR3IAIO0b 35¢70bmemmg oo sbs¢robol dawgsgdo

(1) bysoGo EMEMS8o I IEYdMYMBL WghbTol Jgol EsLLgwgo ool LsdbMgo
B9OMODBY, dobstg 3bgbolfymol dsmibgbs 65306MBY, B30l ©mbosb 880 dgEH™
Lodoegbg (GPS - 42°40 "41.09"N; 42°47 "'5.53"E). ool 60dm3dol #Dog5/20.

fool mGysbmwo Bsdmgdol 3sobmemaom® 13gd@BH®mdo FoMdmdL bgdizgbstgme
dB3M0L FomE3egd0LS s BYol 23030930l GoMmgbmds (1996.73). BIOPMBMMEMZSD
d39bomgms dm®mol MIobsbEos dmeysbo (Alnus) s §odwo (Castanea), Hs39ds©
33b30905 foxmwol (Fagus) 9EH30M0L Fo®E3wgdo. §ofizmgbadol xawndo gobolabrg®s
10330 (Pinus), bmFo (Abies nordmanniana) s 65930 (Picea orientalis). 1L39J@®do sb939
50dmPRbs 0bgmo LoMBIMLIMY35MWO BEMOOL 9egdgbEgdo, OHMYMMOESS dJEd3s
(Zelkova), (353530 (Tilia), dmbs (Quercus) > obowo (Corylus).

BobM35bms XMRBdo MIoboMmgdL EHYol 2303G0OL L3MMGdO0. 4300MGOL IMEOOLSS
906ob 33000 (Pteridium aquilinum), HMIG0E, OMAMOG Lo, 0BOIds WIbETsxEOL
005 5Q0gdBY, LosE BY doPgbowos (Page 1986; Seyanzobe et al, 2020). 6530090550
39350 do030l  (Plantago) 9BH3MoL 5033900, MMIWIdoE 0HBMEIdS dBoLy o
00¢03900L 30650, 50530560L LoEbM3MPIW ML sHEM s Bsbsy399dby (Behre 1981).

56535006 My0mMHo  35¢00bMIMOHRIOL JOol  FoMHdIMIL sdfjzoM0 bol dgMdbol
35696J0dmwo MxM9goo (1996.74). 2560LsDL3IMS BoF30L (Pinus) olgmo YYxMH9IdO,
OMIwgdog dmwmdEg 3960 396sbdoMEs 96 BoF30L 396906MH0350 WITWOL FggPs©
0963m0gdbs. 3m@ss 0gwsl (Ulmus) 3g6dbols mx699d0i. 653egdss Lemzml BL3m®mado,
Lobsdgdgero, ULgeol Jumgzowol dmF3m s d)gegdol dozmmlizm3ormo bsdmgdo.
Lo0bBIMGBM  GFodBHos, MM gobborren  b3gdBH®do  Bodmgbos  IBHIBsGO  Fywol
0950039656095 B5dmgd0 (BoyMmbdmMgdo) — L3oMmyocs (Spirogyra) s 3bg3mdobgs
(Pseudoschizaea), ©®3go3 0d0wo 3Jaods@ol 356020 0b6o3s@mmos (Scott 1992;
Medeanic, Silva 2010).
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(2) bsoBo EMEESdo II ghbdol Jgol ILLZWgm 30OL LsTbEMI BIOEMODY,
d0bs6y (3bgbolifigerols dodbgbs BadoMby, B30l Mbosb 1084 dg¢® Lodswwgby,
©MEOH5do  I-b  s0dmbsgwgmom 5 30-0o0 8gds®gmdl  (GPS  42°40°39.40"N;
42°47'32.70"E). ool bodmdo #Dog 4/20.

ool MmOybmwo 65dmol  3swobmemyom®o 13gdBHMo  odmombgzs 9;39bsGgms
33360L BHogumbmdomo O MMEIbMIMO30 BLOIPOEMOM. MBS (odeol (Castanea
sativa) s 0meybol (Alnus barbata) 93H36M0L 36 33¢900. 500b0dbs sLg3g 3ogbzoL (7ilia),
OEbowsb (Carpinus betulus), 379bols (Quercus), HoMoxobs (Salix) @S mbowob (Corylus)
d33M0oL 05033 gd0. MmEMsdo II-ob 6odmddo Fofigmgbgdol Mom@gbmds 3936Mo©
65309005, 300069 MmEMGsdo I-do.

0obM35bms XMBTo FoMdMOL BHYol 43096M9d0L L3mMgdo (Polypodiaceae), oo
9060bL 230360l L3MOYOOL MHMPIBMBS AS(30EGOOM MBOM 39EH0s, 3000M) MOMEMSTo I-
9. M53 600bs3L, BMI 50b0TEME 5Pl BHYobsh MogolRsWO - VoS sbTsxnEo
(009e™gd0) MBd™m dgBo Mbs Ymxowoym, 3000609 ©MEMOsdo [-bg. asbbogrmem
6081830 g@0s 9530560l bBobaMAogz0 (3bMm3zmgdol obgmo dsB3969dwgd0/ds6396M9d0,
OMPMO035  Lyogbo FoM33wm3b9d0L dB39Mo (Cerealia) s bBMGdWOL bsogligdols
Lo6939egdo - Bogo®domsds  (Chenopodium), dsGodgws (Polygonum) @5 505
(Ranunculus). ©580JLOOES JHBML OHEIOHIMGO d39bs0Yg00L IBHIZOOL oM 33wJd0 -
65350 do03s (Plantago) s 530560 (Artemisia). gb 5obs3L, GMI MEMMsdo II by
9GS MH20990 FoMmdMgds MRO® boby®dewrozs JoomMmEs, 300009 EMEYMsdo 1-By.
50539  9ILEHMMIOL  MEMMSdo  2-Bg  obM9gdIOLIL  LEHMIGH0YMIBOI  FMHOoErdo
©5530JL0MJOO LoEbMdO LobgePMUBML MsdE)boTdg mby (Sulava et al, 2020; Sulava et
al, 2020 (a)).

365350bmmyom®  Bsdmgdl MOl MIobo®mgdl  bol  dgmJbol  ©sdF3M0
356964080 MxMH99gd0 (LY6.74). sBOJLOMES 50939 B0F30L FgMdbol sdwwowo
MX6090900. B3gdBH®do OOl Lobodgdgwro, 856 33w™36900L BoBHMWoBJd0, bm3Mb
13MEMGO0. 33560537 PoboLsDBPZMS 653900l LMl 39M3MBMOSL (Cercophora) L3MEMYdO.
93069 MomEIbmdomss  Lgeol Jumzgowol dmF3m s IFgMgool FJozMmmzm30vIeo
Bsdngdo.

(3) LsoGo EmEMsdo III yBbdob Jgol slisgwgo 30oL LEdbGOIM BIMEMODY,
d0bstyg 3bgbolifigeols dosbgbs Bsdo®mby, Bmzol mbosb 1000 dg@® Lodsmwrgby
00g056MgmdL  (GPS 42°40°33.3"'N; 42°47°19.9'E). ©@m@w©ms8o II-sh s08mbogwgools
d0domm)egdom 1 38-00 dgdsMgmdL. ool bodwxdo #Dogb74/22.

@ME©sdo III-0l ool mGmYsbmo 65dmol dseobmemyom®mo L3gd@®mo dbgoglos
©MEOH5do 2-0b B3gdBHOOU. 5453 FoOdMBOL Hsdwol (Castanea sativa) 9EH3IOOL Mom©bMdS
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(LmE. 73). bgd39065601900g96 bs3dmzbos go3gol (Pinus), bmFol (Abies), 65d30L (Picea),
dmeybob (Alnus), GOEbowsl (Carpinus betulus), dbob (Quercus), dsdyolL (Ilex) dBH3M0L
o633 900.

055bM35bmMs X AR Mb35 BYob 23096930l L3MGYdO (LE.1). 43b3Gds s6Mg39
Joreambbgdol  (Apiaceae), Bogs®domsdslgd®bols  (Chenopodiaceae), sliE®obgdMBOL
(Asteraceae) 3&3960. 33009 M50m96Md0Mss Bo3m3bo LaMg39wgdols dB3M0L o33 gdo
- 06053500 do003d (Plantago), 530560 (Artemisia) @5 dsGo@gws (Polygonum).

56535¢00bmma0m® 658mmgdl TGOl FoMmdmdL Lobsdgdgwo, ds0 Jmeol, be®dol
(b6.74). 356505 oMMy gboo FoM(33¢0™M36930L BoEHMEOEHId0. dg360S SxMJMN39
bol d9mHJbol sdfizocmo 3509bJodMmo WxMggdo, AgMgdol bsdmgdo - dLmlgdo s
3W5bFn00. ©ox0dLoMEs Lm3ml B3MOMYd0, Fom TmMOLLS, MdOL Lmzmb (Mucoraceae),
Bo3gemol Lemzml BLmGOEsGosLs (Sordaria) s 359¢Hmdondol (Chaetomium) L3MOYOO.
3960LsBE3MS bLemgm MiEHMEobsl (Ustulina) L3MmGYdOE, HMIWIdoE 0BMEIdS DM MO
dm Moo bob 396 JobBg. s vy olig I306 95 333Bs60 figwrol figsedigbs®goms bsdmgdo
- Zygnemataceae, Dinoflagellata, Pseudoschizaea (bv96.2). 3@ LgErols ©@s 053d0L

Jumgools dmF3m.
5
&
0
.ﬁf & ‘:_p f ﬁ* F .f *-@ _@T &
# # oﬁ'@' F & & & i é.t-.e,‘s' # & F gxf?
F & g & Aops ay SO p 280 ’ Oy &
P ? a &{gg, E A j@*ﬂé@@-\? L @&@"Qf ¥ Tl
R Y # & 3 ; gl #
fﬁfﬁ :mﬁ;’ﬁ; d—‘%}af ff{* &k@&”&bﬁgﬂﬁu&‘f@fﬁ@fﬂ -ﬁf{fé‘ jgcﬁyﬁtfﬁff @; -z”f
" _...__F__.L_H___., gl s T ¥
Doguessi 0| | | N | ] | 1 — | ] WHE R | I | L ] | | - .
Dograshii| | | | ] [ | = HE | EIRNER - | = E =
Degumtimod) | M ] BT -  ERERNREENE ERREE - | || .
Okireshil| | | [ 1] =] | ] | ] | im I m
D fls| | R i ( {11 ] - ] | m
Dlrmstifin] | | | | ] I R I
Chirmhimadal | W [ AN A | - SE IR RERRERER i I 1 - .
Caresmimed| | ] | 11 n | L | 11 BERAE] | - | - .
L BR[| W | — R b1l ] 1) | 1 Pl ) R
Liktvaromodd | B | = REN] E VLT FLEEE L - || mm m
Crisiatin) | ] 1 | " AN RN - 1| m 1 =
Crbanri | | | i HERNE - mill i m
Chksbathimod b B Bk bk k=L L — - bk ke b=k bk ke bk kb bk bk bk kR - - - - - .-
X4 x M EGEVED i Ltz X 2040 S00mS0 P SOOKSAN0 2040 1000

b6, 73. @gBbFob 4305606MH0bx smb bobol dg@swmemyomeo Fo0dmgdol bs@Bgbgdls o
056599006039 605s3d0 50dMBgbowo 3gbstgms 8E3MOL (3serobmemyom®o)
650096MdM030 O05YM5To.

(4) LsoBo mymmgdo I (CoEWMYdo) d0bsty 3bgboLyol Totrbgbs BodoMby,
b35deol 306930 dsbogol PMHOEM-ILI3EI0 35 MoBY, BL30l Embosb 1080 d
LodoEgHg IJdIMgMdL (GPS 42°31 "33.76"N; 42°4233.23"E). ool bodw~dols # Ok7/20
s Ok670/22.

$0gd0oL MmOs6mwo 65dmol 35¢c0bmmyorMo L3gdE®o 56 sGOL 0bgm039 IO,
OMaMO3 ©MEMOSdol 503mdgdol. bgd9bsegmoash 2sbolaBwg®ms Lwmw 6 Gojumbo
(b6.73). MI0boMgdL IMOYboLs (Alnus) s Mbowob (Corylus) 83396M0. 0936M05 GEbos
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(Carpinus betulus), gO»MJME0s §odol (Castanea sativa), goF3oLs (Pinus) Qs s6Myols
(Betula) 93360l 356 (3300900.

055bm3690006 23b30gds bbgzoolbgs 2sbMLsBr3zmgeo a309M9dol (Polypodiaceae)
B3mMgdom, 1939 33006 a39w0ol 9bol (Ophioglossum vulgatum), 90Ol 30dMOLS
(Pteridium aquilinum) s Ub3s 4309600l L3MMGd0. 30609 MMEIBMBOMSS FoEHOGHIWSL
(Polygonum) 8360l 9s6M3309d0.

56535¢00bMEMa0®  35¢0bMmIMNOmRIOL ImEOL  bzsss bol dgmdbol  sdfzo6m0
3569bJ0dmwo MxM9gd0. 335300005 B0F30L OO YYRMYIdOE (LE.74). OO
Lobsdgdol  FoM (33900l MOMEIbMdS, GMIGErms FmMoL  As6oLEBMIMS bMMdOL
(Triticum) Lobsd9gdgeno. 5©0dmBgbowos BoM 33 ™m3bgd0L oM@ do, bmzml L3mMmgdo
@5 30 3083900. b53m360s fgM9doL dMLlgdo s bb3s b5dmgdo. Bo3ergds y3b3wYds
3303990l 8030MmL3M3Mw0 65d0gd03. MG LgErols s 35330l Jumzool dmF3m s
3336560 Hyarob §ysed396969 3LgME™A0BYSL (Pseudoschizaea) DogymLdm©9do.

&
& @
@. =]
Ky Q@‘? o\‘&Y ‘fo
o & P N & > S
& 3o & S *® &1- §§éc§' » B 63 C;“}?'l? ‘}"bd, G&'{gf ® {;-56;@\\' ‘:;_Gé:& 'd?a@e?ﬁ &
¥ ELEE, Lo & S Lo F® &8 @8 o B (SEESS F Lo el
R 'és(: & 0‘:&%@&(5‘ %@0 gé‘@‘:é\ 6006‘\6{‘\ &+ & @b ﬁ:@'\t‘ - é c“" 4\063) {\‘ 6‘ L Qbﬁ \5‘{\ eﬂg&q%
\-5(3:’ S \’é‘\of} A% (@{\*7} G R & o o onﬂ"(\“’ M g @c%‘s‘nae'@chq‘a‘ Q
; £ SR RCEUN qi 3 q if‘ o g & 45 ?"oc;v% QPR
Dogurashi——— FFFFFEFFFEFIFFF —Er ————— — F FEEEFFFFFEFFEFE —
Dogurashi 11 | I I 1 | =
Dogurashi |1/l I I |1 1| 1 = , m | m 1
Dogurashi mod 7 | I | 1 = i I I =
Okureshi Il | 7] ]
Okureshi llall [: I = 1 1
Okureshi 11b | I I ] L
Okureshi mod. 2 IR 1 rd | H |
Okureshi mod. H I | o I ] EERIE
Lukhvanolill 1 n - n ]
Lukhvano mod 1| myl | | | ]
Chikelashia 1 n | ] I 1
Chikelashi bl _ 2] — h P ]
Chikelashi mod o L L L L bbb b L Ll Ll m =T N NN "1 I T N A N O E
20406080 20 20 5010M50 20 20406080 5010050 20 2020 20 20 20 100300400

L. 42. @gBbMol 2305606MH0b) Ml bsbol dg@swmemyomwo Foddmgdol Bohgbgdls s 0sbs8gM™3Y
60005380 503mBB0EWO 5935¢0MEMA0wMO 538MGdOL (NPP) Gom@gbmd®mogo @osg®sds.

(5) LsoBo mygmm9gdo II 5 (Lo0dgd0) dEO0bodg EFbgboLfycol dsbibgbs bado®by,
b35deol 306930 dsbogol BMHOEM-ILI3EI0 39 MoBY, BE30L Embosb 1155 d
L0do0egbYg 8gdsMgMdL (GPS 42°31°27.14"N; 42°42°37.94"E). 00 mymgdo I crommbols
LoEbMBdO LobgePMUBBMIB LETLGY sTMbOgEPgOm =2 3d-d0 IEJOSMYMBL. BH9dbozmeo
39658030L (Gogqwol) bodxdol # Ok671/22.

3996037960 3960530308 MOYBMEo B5FNYdOL  3oErobmwmyon®o b3gdB®o, oby3g
OMamO3 mycqdo I Hoob L3gd@®mo 56 bslosmgds 35¢0bmIMOHB9dOL LOIWOPEMO.
3960LsBE3Ms Fbmwm 9 ;396560L IBHZOOL FoE35wo. bgdEgbotgms FmeMol FoMdMOL
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130330 (Pinus), 99gm6g ©MI0bsbEH0s IMMysbo (Alnus). M@ xo3OEbowsbs (Carpinus
orientalis) @5 ®bool (Corylus) 93360l Jst339d0.

05bm3b69080 3936005 BHYob 3303Mgd0L BL3MMYOO (LE.73), GMIgGE s JGOOLSS 9HEOL
8300053 (Pteridium aquilinum), H™IgEo3 GHYoL 253503301 8909y dMmIodzwgdv)ew
50w 9dHg 0BOYds (Page 1986; Senyanzobe et al., 2020). 3069 H5@9bMd0mMss BLomglo
356 330™3b900L (Cerealia) —36535c0do035bs (Plantago) s 53860l (Artemisia) dGH3MoL
353INL0 JoOE3LgO.

56535¢00bMEMa0MH0 35¢0bMIMORBGdOL XRdo FoMOMBOL Lobsdgdgwo, o0 Mol
bmOdoL. Igmeg ©mdobsbGos bol dgMdbols ©sdfizoMo 3s6gbdodwmwo wWxMggodo,
bomem 13033006 IO MXMIIO0 30 3MGS. 15305MmE FMOZ S LYol Jumgzowols
0mF30 (b6.74). 3@ 05033 Mm36930L B0EME0GJd0, LMl L3MMYdO s 8zgbstgms
930009M30LO. DMMEMYO0MOHO b5dNJO0IL 23H30gds doMoMso FgMHdoL dmlmlindo
@5 3530 930 gMOLO.

(5) bsoBo mynmgdo II d (L5M0dGdO). Hool bodmdol ##0k16/20, Ok 671/22. 66dwJol
35¢0bMEmyow©o B3gdBHMO oML VIMOdO S0IMBBEY. bgdEgbo®gmoasb bodmazboos
1303300 (Pinus), beoFobs (Abies nordmanniana) s OEbowosl (Carpinus betulus) 9600
dB3M0L JomE3w9d0.

0osbmgbgddo bzoss 430dM00L L3MOGd0, MMIgWms FmOobss g3geol  9bs
(Opioglossum vulgatum) s (6oL 430060 (Preridium aquilinum). 89©56M9O0® (30ME9S
965350 do 35 (Plantago) 83H396Mo0.

56535¢00bMEMa0MMH0  35¢0bMmIMOmROOL  xmndo  ©mdobo®mgdls bol  dgedbols
©53)3500  3569bJodMmo  MYRMgId0. MBS BoF3ol  sdwowo bob  IgHdbols
IR OJIOJO0. OO MroMmOIbMOOMSs Lobsdgdgwro. bLmzml L3MmMYd0, BOEMEOGHJOO ©s
3096900l 65dmgdo st 09 oby EMESS. 900bodbgds s3MmgmM3g Lgerols s B53dOL
Jumgool dmF3m (bwye. 75 d).

(6) LsoBo WNbzsbm (339MEOLMsZ30) d0bsty Ebgbolfywol Totxzgbs BsdomDy,
B30 Mbosb 1370 I93® Lodswgbg dgdscgmdl (309756 N; 4725374N). ool
603mdob # Gv676/22.

foool mMsbmwo 65dmol 3s¢robmemaom®o 139J@®mo dosMo s LoobEgMglm
50dmBbs (LG, 73, 74). gobolsbogés 25 93gbotol 933960 o L3mGo.
36535¢00bMmEMa0MMH0  35¢0bMmINOROL Mom@gbmds 12-b 950y9gbL. OOs 3MI39
33300l FoM33cgd0Ly s B3MOMYOOL  MromEgbmds. bgdigbodgms TmEol  FoMOMDL
dmygobo. d93M00s fozmzbgdol - 3o Fzol (Pinus), bemFol (Abies nordmanniaceae) 5 bsdzob
(Picea orientalis) d&36OOL 8o 330900. BoOHOMBMMN™M3690d0 35602555 HoMdmpygboero
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OEbowsLy (Carpinus betulus) s (odwools (Castanea sativa) 9GH3M0L Oom©gbmds (Lw©.41).
dmbob  (Quercus), {oywools (Fagus orientalis), EogbgoL (7ilia) 9BH3MOL GO
35¢0bmmyow® 13gdBH®do bo3gergdos. §3b3wgds 393950l  (Juglans regia), ™YL
(Ulmus), &o6ogol (Salix), ®bools (Corylus) g6mgwero 9E3600L ds6 33w q00.

0oobMmzsbms  xamxndo ©™IoboMgdl a303M0L  L3MEMGd0. LS3ToM  MOMEIbMdOM
3960LsBE3GMS 9gitL 30000 (Preridium aqulinum) L3MEMYO0. A3H3YdS 33006 243900l
965 (Ophioglossum vulgatum) s 230065 d56OQoodwl (Bortychium lunaria) bL3MMHYdO.
3G9 6535M4omsdsL  (Chenopodiaceae), dobszolbsoMgdols (Caryopyllaceae), 53360l
(Artemisia), 35603535 F5Ubs0M7d0L (Chichorioideae), 390 do®E3wm3b900Ls (Poaceae)
@5 3093mbowdoligdmbols (Polemoniaceae) d@39®o.

56535¢00bMEMa0MH0 35¢r0bMINORGOOL XMBdo ©MI0boMYOL Lobsdgdgwro, Loss
65303605 ba®deobs s bbgs Lsomglio dom33wMm36900L Lobsdgdgwro. dgmeg MmdobsbEos
bols 39660l ©sdH35M0 356M96J0dMwo MxMggdo (LYG. 75 3). 093605 dsSHBM3bgdOL
RBOGHMMO0GHJ00 s 39bsMgms 930gMdolo. B3gdBHMTo bosgrgdo Gmero sd3m Lmzmb
B3MEOGOL, To0  B3MOVBY0MTGOLs s  30x90L. MG pMgmzg  I)gHgdols o
0950939656095 b5dmngdo (L. 74).

(7) bso@o Fodgersdo Fodgsdol Jgol LodbMgom R3gMEDBY, I. 3BgboLFYwol dotrx39bs
6o306bgy, D30l ©mbosd 1445 3 ULodswgbg (42°39°29.53"N; 42°44°21.19"E)
30 g05MgmdL. ool bodmTob ##Ch9/20, Ch667/22.

000sb 98MmMgdMEo MmOA6Mwo BSTNOL  35¢0bmEMmaoM®o 13gdBHMo 96 SMOL
900@M0. 49BolLBE3Ms I3gbotgms Fbmem@ 12 Fodumbo. bgdEgbsdgms Fmeob
50dmBgboos 80330l (Pinus), deybol (Alnus), OEbowsls (Carpinus betulus), GoMogoLs
(Salix) s mbogob dE3MolL dot33cgdol 306Mg Mrom©abmds.

0osbm3bqddo  FoMmdmdL 9300Mgd0l L3MMYd0, MHMIgwms TmMmobss, GHOOL 3096
(Pteridum aquilinum) s 330005 23900l gbs (Ophioglossum vulgatum). 25605 530Ls,
3d30oMg ©®5m©g6mdom R0JLOMEs IMSZ5eds®3sL (Plantago), s30bolbs (Artemisia) o
Jemambbgdol (Apiaceae) EH3Mob Jot33¢09d0.

3653506 MY0mMH0 350bMmIMORBJIOL ¥ando FoMmdMOL bol dgmdbols sdfzsco

3569694000 MxH90930. 3560L5BOZMS B0F30L XY MJOJdO. SBY39 893605 LobsdYdgEO
©5 BOAMO0G900. 139dBHOd0 393005 Lgeol, bmwm 3MmES 35330l Jumz0Eol dmF3M.

33069 MMmEgbMd0m sx0JloMs 3fgMgdolL Bsdmgdo s Lmzml bL3mMgdo.

(7) Lso®o 3Fogdgmsdo.  Ggdbozmeo 39630306  (BHoggwro) bodwdol #Ch671/22.

GH9dbo3mco 396058030096  (BHoggeol)  dm3mzgdgmo  mEYsbmwo  6sdmgdols
35eobmmyom®  139dBHMTo  @oboloBrgms 11 dggbstol  dB3gM0 s L3MMo.
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b9939656M9m96 50060865 sbyob  (Betula), @Eogbzol (7ilia), 33035GLOLBSOOMS
(Cupressaceae) s oboobl (Corylus) 8@36Mm0l JoM33¢900.

05¢5bm3690d0 ©MT0boMgdL 43096930l BL3MMYO0. Ao6OLIBPIMS 430000 ToMRSTOEGS
(Botrychium lunaria), 339¢ool 9bs (Ophioglossum vulgatum) s 9f6ob 300600 (Preridium
aquilinum). 3@ 960535wds0©3sL (Plantago), 53060Ls (Artemisia) s bo3oMJsmsdsl
(Chenopodium) 9&36MH0L JoM 33 gdO0.

56535¢00bM M0 bolosmols Bsdmgdl JmaMol Fodmdl Lobsdgdgwro s bol dgedbols
5303560 MYxMH9Id0. 893605  FoM(33m36900L  BOGHMWOEGHJO0. Mbgoss  Lgwol
Jumgool dmF3™m s IFgMgdol bs5dmgdo. 3m@Ees d53d0L Jumz0w0ol dmF3m s Lemml
13MM9d0.

0565990039 605580l 35¢n0brerMZgorIHO 5b65¢m0 DO

(1) ©MEw®mdols GoEsdmgdols msbsdgMmgg bossgol Lobxo smgdmwo odbs
©ME©5do III ommbol Bobmdo LobgermbmL d0@sdMYd0EIB. OB WMEMHSTol
0005dmg00L Mo ™3zs6 BHYgdo 0BMHYds GEbowys, dMbs, (353530, foxgwo, (odwo,
69396Bbs0, 3MMYysbo. J3939gl Hommoygbl dmE30, Mmbowo, 3563, 390EMo 35dwo.
093605 GYyob 330365,

e R
-

g

b 75. 5) MEEs80-111; LoMBdIMIMEZOHWWo FsJubmboms B3Il oM33egd0: 1-OEbos
(Carpinus betulus); 2- dgendgs (Zelkova carpinifolia); 3,4 — (jodewo (Castanea sativa); 5 - {4oc0d39boty
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Pseudoschizeae -5 ©03m3mMqd0; 6- igoerdEgbstg Zygnemataceae-l Dogmlidm®gdo; d) mym»Hgdo
110; 56535 0bMEMA0M0 35¢0bMIMMRGd0: 1-3- bgerol Jumgzowrol dmF3mgd0; 4- B0 F30U (Pinus)
3569670310 MXMII00; @) F0odgesdo Ls; BHgob 23096Mgd0Ls L3MEMIdO s FGHIMOL FoME33WYdO:
1,2 — Ophioglosssum vulgatum; 3-&yob 33000s-Polypodiaceae; 4- Preridium aquilinum; 4- Botrychium
lunaria; pollen of Betula.

©MEOHSJoL 0565990MM39 605@R0L 35¢0bMmEMA0M® b3gdGHEMTo sobsbs (Ly®. 73,74),
OQMOF MO0, 51939 M9R0MbsMo I39D5MMmds. B3gJG®do B30 IMMYbol
(Alnus) 9E3OOL FoME3egd0. 3969050 FoMdmoagbowo mbowols (Corylus), {fodgools
(Castanea sativa), 353b30Us ( 7ilia) @5 O®Ebosls (Carpinus betulus) 3300l 890saqbwomds.
093605 B0F30L (Pinus), bmwm ghmgmeo bm3ob (Abies nordmanniana) s 65330 (Picea
orientalis) 3&36MmolL dsME3wgd0, MMIWwgdoz dmol BgEs 39w Gd0IL Jo®ol Jogmss
Bodm@sboro.

50bsb0dbs300, MHMI  fool  3oobmemmyomem  L3gdG®do 96 sB0JLOMYOMES
©MEOHSdol  J0sdmgdol  BHygdo EIL  sOLYdMwo  Hoxgwols (Fagus orientalis),
693960Bbeols (Acer), dmi30L (Vaccinium), 356@sbs (Pyrus) s 39emMo 35dewol (Malus)
333900. g BogEO 50blbYds 58 J39bsrgms FBHZMOL HBIWO 3OMPMJFO0MS S (IO
3MbLM3530wo  ™30L98900m 96 dMOBX ML bsbsdo  sbodBME  sEgsewdo  dsmo
3M5MLgdMdom (Klopotovskaia 1973; Kvavadze 1993; Filipova-Marinova at al. 2010).

055bm3b6900L X AMR0IB, MbsdgM™3g I3965MGMEMdST0 FoMHBIMOL 30dMdOL -
3390l 9bols (Ophioglossum vulgatum) s 330001935l (Asplenium) b3Mm69d0. 3306
50 9bMB0MSS FoMmBm©abowo ds®E3wmgbgdo (Poaceae), bozo®domsds (Chenopodium),
d6535edo03s  (Plantago), 0obs3zolbsoMgdo (Caryophyllaceae), 3500 3535FogdMbo
(Cichorioideae), ds@o@gws (Polygonum). d5¢05bm369030 3936005 53609039 33900l 9bobo
(Ophioglossum vulgatum) ©s 93000938 (Asplenium) L3MOYd0, M3 ©OLI39DIE
99Ol Fgglodsdgds.

QQMEOSdols 0565990MM39 600l 603 3dols 36535 0bmemyom®o
35¢0bmImMxgdl  ImmOl  ™IoboMgdl  Lobsdgdgwo s bob dgMdbol sdgrowo
356096J0dmwo  MxM9ggdo. 3936005 Lm3mML b3MmMgdo: bszgol Lmzml  LeEOEIGOS
(Sordaria), Qqwmdnbo (Glomus), bEHwMwobs (Ustulina). bgsss  Hgegdols
90360mb3M30Mwo  B3IMYdO.  3mGSS  BoBHMWOBHJd0, oM 33036900l  WIMMgdOL
MR O90900 ©S 8336560 fyarol Hyswd396969900. 6333605 FbmeEme d5ddol Jumzowol
MO0 dmF3m.

(2) mmgmE9gdo I-0b 065990MmM3g 505s0. 9 393MEIW IS FoGOMmMEMm3sb0 Fyy
OEbowsL, Hoxzwols ©s  §odol  dmbsfoggmdoom. 093605  ImeMygsbo.  J393YgL
0o600Mo9bL 090, Mbowo, 356@s. 39090 Pob30MMGIMO B sbMZ560 LogsMo,
bogsg 093605 3300M0.
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056599060Mm39  35¢0bmmaon®o  B3gdBHMo  Ls3dsm©  90Ecs.  bgdiagbstgme
X35330 Mbgzs050 bLbgoalbgs Lobgmdol dm@ybol (Alnus) dGH3MOL Mom©gbmds (Lm@.73),
OMIJms Mol IMe3wsss B39mMwgdMogo dMOysbo (Alnus barbata). oqo dmgEw
3Mbgmols adEMmdgdLs s doolb J39ws boflogrol bgmdgddo 3639w gds. Bogargdo
om©9bmdom A3b3wgds bogo®s IMMysbo (Alnus incana), GMIGoE 050 IMNSTO
0BMmYds. bgd396969930@6 gmeg ©@MB0bsbEH0s mbowo (Corylus). sb939 Lozdom
093605 OEbowols (Carpinus betulus), oF30Ls (Pinus) s dmbob (Quercus) 9@3M0L
356 (33w900. NBOM 653w gdos Hodwol (Castanea sativa), (jogwolb (Fagus orientalis),
393b30UL ( 77lia) 83960. 300093 ROM 6530905 36309000 LmFol (Abies nordmanniana),
65d30U (Picea orientalis), 0ges (Ulmus) 83H360b 356 (33¢090U.

BobM35bms FMMoL FoMmdMBL 3030930l L3MMgdo - g39wol gbs (Ophioglossum
vulgatum), 9fi6ob 930005 (Pteridium aquilinum), 0565¢o@s (Botrychium lunaria) Qo
51939 bbgs. B3gdBH®do FobolsBM3Ms oM 3sFoFolbooMmgdo (Cichorioidae), boEo®domsds
(Chenopodium), 390 o633 m3bgdo  (Poaceae), dJmeamlbgdo  (Apiaceae),
B30 qdM030 doBoBdgws (Polygonum aviculare), FoOberolgd®bo (Borraginaceae),
961535¢0doM3s (Plantago), obgrosbgdo (Cyperaceae). s00b0dbgds Fyawol 93gbstrg Tbodmo
(Sparganium) s esgsdo (Typha).

3653506 MY0MH0 35¢00bMIMOHRIOOL 13gJEHOT0 FoMHdMIL Lm ML L3MMHYdO S FoMO
1360 gd0. 4356599 FOBOLIBEOZMS MdOL Lm3zm (Mucoraceae), Lmzm guomdmlo
(Glomus) ©@s MLEHMEobs (Ustulina). 15305m@ 093005 Lobsdgdgero s bol dgeJbols
5300 356M9640dMwo MX6M9Yd0. I306095 BoGMmo@gdo, dfgMgdols s GH303900L
6590900. 296bow o 6050l 1B39JGHMT0 50BMPBIBOEI0S 35M5BOEGHWWO Tsbgzows Foob
96G9O™dombob (Enterobius vermicularis) 33063b900.

(3) mygmegdo II-ol msbsdg®mgg bossgol Lobxo s dolo 3sEwobmemaom®o
139dBHM0o 1939 oM (bG. 73, 74). 5d53 MIoboGMYdL dmeybol (Alnus) dEH396Mo0.
093605 50F30Ls (Pinus) > mbowob (Corylus), OEbowsl (Carpinus betulus), {jodeool
(Castanea sativa) @5 bsd30U (Picea orientalis) @360l dsM33w9d0. 33b309ds LmFol (Abies
nordmanniana), 353b30UL (7ilia), 39bobs (Quercus) s GHoM0RoL (Salix) goomgrmo d@3Mmol

356330 900.

0obM3b900L xR FoMdIMBL 430dMOL L3MMYd0. 1939 A96OLEDBPIMS 43000 Fols
(Asplenium) L3mEM9d0. 30O MoMmOIbMBOMSS JnaMmlbgdol (Apiaceae), F5Hbolgd®bOL
(Borraginaceae), 390003530 Folbo0Mmgdol (Cichorioideae), (SRYEBIOY; RepRtelel gtelloTel
(Chenopodiaceae), 35@0@geols (Polygonum) s h3999c0gdm030 do¢o@gusl (Polygonum
aviculare) 3@360l 3633w 900.
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36535¢00bMEMa0©mH0 35¢0bMIMOHBIOOL B3gdGHMTo Mb3ss LobsdgdgEo s LMl
B3mMgd0  (L19M.2). o FmOOL bmOdOL  Lobsdgdgwro.  s13ML3MEOGOOL X yMRBdo
2960LsBE3MS Lm3Mm mINLol (Glomus), MBEwobsbs (Ustulina) s Bsggerol Lmzml -
LOOIO0L (Sordaria) bL3MmMYd0. 500b0Tbgds oI gEo L3MMsbyowdgdos. 393605 bol
d96mdbol  3509bJodMmo  MYxMggdo.  500b0dBGds  BdoEsbM3bgdol  Bodmemo@gdo.
396350055 Fomdmagboro dfgMgdol dlmligdo s Jsm0 §30IMHToLO. (3G 3303900
dMlmL9d0. 139dBHMTo 30609 MoMEIbMBOMSs 33H3BIMO fguob yswd39bstrg LEoMHMYOMS
(Spirogyra), b53b0b B5dgd0, 85830l JumMz0¢Ol 35390 dmF3m (LyE. 74).

(4) cybg56mU (339MEOLS30) 0565990MM3g H0sEIZOL 3o0bmemyomwrds 33¢9350
5h396s, MHMA 59 93M(39e09d90s MmyMgdol dbgoglio 33gbscgMEmds. Gyggdo 43b3wgds
dmeygbol, Hogxzgwol, dMbol, Fodewol, 69396PRbol s Fogbgzol bggdo. bgzsbml
0900l 35¢0bmEmaomMo  B3gdBHMoLASH goblibgsgzgd0m, ™sbsdgMmgy Boswaogols
603mddo (bm®. 73, 74) bBogargdos bgdagbsdgms IBHZOOL Mom©gbmds. LsghHmM® 5O
33b30905 dMbol (Quercus), 0gwsb (Ulmus), 353b30L (Tilia), Ho®ogobl (Salix), fogwools
(Fagus orientalis) 5> G@Ebowosls (Carpinus betulus) @360l dsM33gdo. L3gdB®do sbnzg
Bo3argdos fofigmabgdol dEHzdol 99350agbermds. dorsbmgbqddo, obgzg MmaMGE Y39
056509060Mm39 b0sogo, Mb3s© 8903938 3309Mgd0L L3MEMYOL; FoboLIBOIMS 243006
3390l 9bs (Ophioglossum vulgatum) @S 330060 3s (Asplenium). 830609 oMm©IBbMBOMSS
Bogo0domsds (Chenopodiaceae), @GHPmbbgdo (Lamiaceae), 390  Bs633¢m36900
(Poaceae), ds@¢odgws (Polygonum), sbE6s (Aster), 365350 ds603s (Plantago).

56535¢00bMEMa0©mH0 35¢0dMMRJdOL X3MBd0 300390 EMIobsbEO Lobsdgdgwos,
dgmég - bol 99mHJbol sdf35M0 356MgJodwmo WxMgIoo. 3936005 oM 33m3badols
ROGMW0GHJ00 s [gMgdol JozOmbim30mo bsdmgdo. JoMyowss FoMdmoagbowro
bemgml B3mEMgdo, Losg 3obolsdwzMs Lmzm gamdnlo (Glomus) s MLEGHWobs
(Ustulina). 560 bemgmb 303900. 93009 Mom©gbmdomss dgbstgms  g30g®mdolo,
A303900L dLlgdo s 05800l Jumzowol dmF3M.

(5) 30gdges8ol msbsdgmmgg bossgol obxo. Fodgwsdols dgywol 0MR3w03, ©®IL
AYgdo 253039 90os OHMYmOE §ofzmzbgdo, saM9gm3g) BemE™m3zsbo 9(3965699d0;
093605 09wo (Rhododendron), 69396Bbswo (Acer), dxbs (Quercus), 3m0ysbo (Alnus),
fooo (Castanea sativa), 9s935¢o (Rubus fruticosus), 093505 36300905 MObM35M0
(Taxus baccata).

5090910 565990MM39 6050520l 35¢0bMmEMA0MM 13gdBHMTo mdoboMgdl dxGybols
(Alnus) 933600l Gom©gbmds. Lszdosm d93M0s fofizmabgdol dE3gemo. gugbos bmFo (Abies
nordmanniana), ©sdgo (Picea orientalis), ®o33o (Pinus). 6s3mgbos 5369039
330350mbobbso®ms (Cupressaceae), s6yob (Betula), mgeosl (Ulmus), GEbowols (Carpinus
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betulus), (}odeools (Castanea sativa), b9390bberobs (Acer) s mborol (Corylus) 9360l
o633 900.

05sbm3b900L XMRdo FoMOMOL 43096930l B3MMGOOL MomMmEIbMds. 4oboLEBEOIGM
330065 4390l 9bsL (Ophioglossum vulgatum), 33006MFsb (Asplenium), ©@d 9HeoL
33006050 (Pteridium aquilinum) 5306 900. bb3s 05¢sbmgb00sb 653m3zbos bo3o6domadals
(Chenopodiaceae),  96535¢0dsO035L  (Plantago), 39MOGO ©@S  INWGHIOME0
356 330™3b6900L, oo™l (Centaurea), 356 35F5F5Ubs0Mgd0L (Cichorioideae), 53dbob
(Artemisia), 30bs30Lbs069d0l (Caryophyllaceae), ds@o@gwsl (Polygonum) 93396o0.

56535¢00bMma0©m0o 65dmgdL Mol 3060390 MT0bsbEHO Lobsdgdgwos, Igmmg 30
bm3mb L3MOYOO s Fo0 3093900. J9BOLLDBWIMS bLm3M dermdmio (Glomus), MLEHIWobs
(Ustulina), d65boldm®omdo (Brachysporium). 500b036gds bs3gwol Lemzmlb L3mMgdos.
9ugbos:  3mMmb3mGs (Podospora), L3mGOMGIogws (Sporormiella) ©s (3903MBMGOS
(Cercophora). 393605 bol 99MHdbol sdwowo 3sM9bjJodmwo WxGmgEgdo, dHghHgdols
6580900 O BOEM0EI00. 3MFS 839bsMYMS 9300IMTOLO, d5FdOL Jumgzowol dmF3M
@5 9336560 fyarob Fysed39bs6rgoms bsdmgdo.

0565990039 bossg0ol 35¢n0beagmmgomo b3gdd ko

900900 3909390056 BbL, MMI 6sdgmM3g 60s©ogol  doerobmemyom®o
139JBH®0  sbobogl Wghbwydol Mgyombdo AL vMLYdMEo ol MomJdol  Y3z9es
39030350 LaMEYwol 939bsMgMmds. Fgbfogeoo A0 gd0EIb  Y39eoHy
3960250 MEMOSTOL 056599060Mm3g boosgol 13gd@™mds sB39bs ZofOMEMIsMo,
3063609 G 5©a0wbg 5OLYdIMo 39bsMgMEMmds. 1mdEs B3gdG®do LS, JogMsd,
35063 sx30dloMmEs domol BgEs oM gdDY 3930 3IIOMEo  BYyol 9wgdnb@Hgdob,
§of336900UL - bmFobs (Abies) s BoF30L (Pinus) dBH3MOL JotE3egdo (L@.75 d).

Lobx 9306, TbMEME MYMMGIol sbsdgOM3g 6050 5IMAbES BHOMOGOL
(Salix), obgosbgdols (Cyperaceae) s o6 (33036900l (Poaceae) 9¢33960. dsmo 33360l

3563350 BMYPSI©  dow0osd  3Mo  0bobgds. gl BodBHo  bosogol  Jodomo
39909956 mdom, 396dME 30 B0 35553056MmB0Mss Qodmfiggmero (Moore et al. 1991).

50bB0dBs305, BMI  Foggwsdol ™sbsdg®m™m3zg bosogol 13gdEBH®mTo o6  slsbyes
09obs (Rhododendron Iuteum) @5 9593enol (Rubus) 933960, GmIgeos 0 dMo3¢0o©
0BMmYds. 090 EILOZW D  LOJIOMZIWMTI0 BIOOMP  J93M(3JgdMo 3965699,
0o®sd dolo  IROJLOMGdS LG  BodsMMZgMb  B0sEIRJOOL  LdFMLOEME
13999000 o056 0d305m0s (Kvavadze 1993, Kvavadze, Stuchlik 1990; 2002).
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mgm©9gdo I-obs s Fodgarsdol Loso@Ggdobg gfhieol a30000L (Preridium aquilinum)
139O0l LOIMHZ3Eg F939B30L 3OM39LYdDY domomgdl (Page 1986; Senyanzobe er al,
2020), o3 ©©qgbsa Bomeog BobBL o3 50w gdbY.

056599000Mm39 60500l 139dBHMTo yzgws sMJgMmIgBE oGy byo@dy 50dmBbs
bmgem aemdnlo, GMIgEog 0HBMEIds Fbmwmo BH30960 HBs3oMHDY s gOHMmbomwo
360Hm3qLgooL 0bozs@memos (Chis Hunt et al, 2007). 25965¢00b9dmem 23056060H06% 50l
bsbol Asboensdo sMLO 96 9M0L 6s3mzbo germdmlio. Gog Bodbsgl, GMI gobborwmen
6930630 gL 230560 BGOBKSML bobsbmsb Jgscgd00 dg@0s gmBoYImo 3HMEILYdO.

30dgesdol, mymemgdols s MmEEGmSdol Msbsdg®mgg Bossaol dserobmewmyowm®
13999000 sdmBgbowo Bs3geol Lmzml L3MmM9do LsdMzmYIOOL sOLYIMBILL s oo
063 96L0E 259myggbgdsl 5LEWMYOL (van Geel and Artroot 2006). F0odgersdol Lobyxqgddo
51939 2960L5DLZMS LM 3EMB3MOS, 39M3MBMO, L3MOMOT0YS S LMOELGOS (Van
Geel er al, 2003; (bwy6. 73)).

3obbowo msbsdgMH™m3zg 3seobmemmyomMo 139dGHMgdol bsEoBo s Lobmgbo
5$39690L, OMI  9bsdgMm™M3g  B0oRJOTo  39MPO@IS  9MYIoEo  gBbdol

©09396gwo ;3965609 MEmds, 5sd0sBoL Bsdg®Mbgm dmE35Hgmds s 9HMBowo
36(390900.

96003690m35605 ol gBoJBo, OMI  0bsdgMHM3g BooIRol  3sErobmemyom©o
139dBHM9gd0 83390005 256Lb39300905 430560 dMObX ML BBl Fogdol MmMysbmwo
6580900l 35¢0bMmEMma0mmo  L3MYJGHOIOOLASD.  STob  FoQOE00S  MIbsTgEOM3Y
350bmemyome 13gdGHMdo dgerdzsl dB3m0oL (bw96.75, B) Hysd3gbsdg BLYMMToDYsLs
@5 b3y 3336960 §yeol Fgod39bscmggdols 65dmgdol 56 sMLGIMBS. 35¢r0bmermyor®o
05365359 BsbL, bbgs 360d369em3560 goblibgs39d900 (Lme. 73, 74) Gob boggmdzgedy
09230005 351330650, GMI  bsdoMbo  60dMdgdol  bsy305690s 9O  BMAbBEIGS
0565890MM™39 b0sI0m.

3509002 30658980 ©5 5500560U bs; /80560285 3305686065502l bsbsdo

330560 dM0bx Ml bsbols fogdol s ¢H9gdbozmo 3960530308 MmMA6ds 650gdds
90M0  35¢0bmmyon®o  139JBMo  sB396s, MoEAD TomTo  Aobolsbrgms 21
b9939b560Ls @5 28 dosbMm3zbol 9BH39M0. OPOS RMINZY 3335 0bMEMY0MEGO
35¢0bmImMRgdoL  XMB30.  90bodbmeo  dsloews  Logdzgal  0dwgls,  MMAMOS
35¢9MY3MMYONOHO  ©93MBLEHMJ30900L, 91939 230560 dMObK ML bobol ssdosbols
15g8056MdOL BoLOSMOL sEAIBOLMZOL.
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350bmmyom@mo  565¢0Bgdom  BBL, GMI  MEOOSTol  JoEsdmgddo  az0560
0M0bxoml  bsbsdo  [oderol  (BHYgado  JOE0wIO0m MROM OE  FBoOMMODY 0ym
3930399390, 309 EOILSS. Bb3s BoOMMBMME™M3s6 (3965699096 FgsMgdom
W3O IgBHo 0gm (353H30, FMbs s Mibows (. 73). BOHOWwMIm BgHMdJdbY
500608690Mm@s Fonqwo, BHoMogo, dsazo. bLEobEHIMILMS ol Bod@Eos, M3 0d MM o 50
LooEgbHg 0HBOEIdIMEs dJEd353, MMAOlL JBHZMOL oM 33wg003 MIBITgEMMZY
Bosogol s 90 B3gdBHMTo 56 IBOJLOMYGdMs. [odero, dgwdgs, dMbs, 3o3b30 s
OEbows  960L  LoMBMIMY35OWo  GoJumbgdo s olbobo ;g 53096 39335B05d0
300035G M0 INDdMOOL 3960 903909005 (Kvavadze, Connor 2005; van der Knaap et al.
2010; Kvavadze and Bilashvili 2015). gos®omgmmemgsb 43939900 0BM©gds sdcmsgo
090 LOMIMIMYZSOIWO 30365, OHMYMOOESS 343900l 9bs, 3300MYFs s b3S GHYol
330060900. ®¥0Wo  3Jods@ol  sOLgdMdsDY slg3g Fowmomgdl  MYOHIMTBOIHO
095008396569930L 319 MT0BYL s B30OMYOMIL bodmgdo (Scott 1992; Kvavadze,
Davadze 2014; Kvavadze et al. 2020), ©m39@mms 5@ 9gbmds dsdbodoermMos mev®sdo 111
603430l 3seobmemaom®  13gdG®do.  90bodbmwo  {goard3gbstgado 0B
©59Q50/q5980b56g fyargddo (Medeanic, Silva 2010; Nabavi er a/, 2013).

350bmmyomGmo 33093000 Momgdol  yzgws bodmddo  osnodloMEs OO
(50 9bmdom (odol (Castanea sativa), deybols (Alnus), HEbogrobs (Carpinus betulus)
s Hogwol (Fagus) 933960. 300gdwo 9093900 DML ©98Mbls MmJlgmMEob
16039ML0GHYBHT0 235650 BYdMw ogddo s0dmbBgbo Bobdo®mols 3s30MdMEH6037960
565¢0Bol 9909390l (L. 73), Mo3 33993l LExYd39Wl 3035M9MEOM®, MMT 230560
06H0bx oMb bsbol ommboll Lobmd Lobgwmlbmgdbyg Lsfizog50 0YgbgdEbIb Fodmls,
dmEygobls, HEbowsLy S Foggwl. 36mdowos, HMI Mbowol s foxzwol bols Hmyme s
905, 51939 b5sbToMo Ly 390gLM L3530, Br6EYBSE T30 bsbyMdwogz0 S oo Hzol
A99396M5GH M 5d3m. Bro3 899bgds Hodol (sweet chesnut) s 37GHYbols J98s 56 0dengs
300535 MM0en Lofi3o3L, 353690 500 bsbHJoMO sMHOL Lym3909LM BsGOLLOL Lofzs30
(Heiss, et al. 2008, Schibler 2011, Jakobitsch et al. 2022).

56535¢00bMEMa0© 35¢0bMIMMOHBIIL FmMoL yzgws dgawbHg OO MM bmdom
©ox30JLOMS B0F30L 35696J0dNMO MXMJOJd0 OMIGdo3 B0F30L  dbydMmOZ5©
©5dwol d9gyo FoMdmoddbgds (bwxe. 75 d). gl sblbgds odom, GMI goFzol bgls dobo
0301909000 25dm (BLdYJo, MdoOo F9MHJsbo, 99sMmgdom LHmEMo Hobo s GH9basddeng,
596533 29%9MJO05 BobiMm3560 Bogmmgdom) LBobmd Lobgumlibmgdbg 0ygbgdbgb
Abmodmdo  3mbLEHWYJ30900L,  9309LoR3MgdoL,  fyeol  dogrgdols s LsdgMEbgm
05650900L LIBoEIOs (Khakhutaishvili, 1987; Jakobitsch er al, 2022; Richter et al,
2004).
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LS0BEBHIMILMS Ol BoJBHOE, OMI FYBILMOR0O 1odd0SBMBOLMZOL BHYoL Fo3oR35L
5Q3BEGHMOHIOL M0mMJIob Yzgas 4o9bs¢roHgde bodmddo ghieol a30000bL (Pteridium
aquilinum) ULB3MOJOOL  SOUYOMBS. YOOl 230065 0SB IIBREHDY, Po3oBYWO
99Mmgdls s 1939 bsbsbdMoew A0 GOBY 0BOEIds (Senyanzobe et al, 2020).
069060305, HMA Jobol dMm3mggdsL (firesetting), sliggg ol ML OO MoMmEPYbMdOL
b9-¢yg F0OIOMEs. Bb35sLbZs Lsdmm gBo oM byoEJObBY BoGIMJdMWO
33193990L5 s 9Ju39MH0d96EHOOL Lsxgmdz9w B FoobEMgdOm A5TMIbYIOOTJOI0S Mo
(50m9bmdol bg-Bgg oym LoFoMOm Lbgzsslbgs g@sw Moo 59@03m0930Lm30U.
35290mMO©  MHOM-GobGHML  (gu3sbgM0)  FomMLS @S BoEbMd  Lobgergbmgd by
s0dmBgboo  (oadbg  BIBHIMIOMOo  LAHIGOLEG0ZMNOMO0  bsoDom  sbErMgdom
50306y, MM 10 dogrombo ool dolomgds 20 doerombo GHmbs bsbdomo mbs
3990yg9gbgd0bsm, MMAol dobomgds 100 db. GHmbsdwg bg-Byg oym LoFomm (Paul T.
Craddock, 2010. P. 193). 5939 dsgowoma Bg@bobds (Chernykh, 1998a) 00566005, ™3
LodbEYo Mo 9O 39JG9M0 BHYoL LEOMES/FNE06S F9398330L5L J00Wgds 250—
270 399060 39GH®0 olgmo Fgds, HMIoligobsi Bobdo®mo dBsEgds. gb bodbogl, GmJ
960 BHMbs B3owrgbdol FgBHool AsdMLOEBMBdsE LoFoMms 1,5-2 39J@os60 3560
bs®obbobL BHYol 45Bgbgs. sFM0YSE F9TMMZ00s, T dM0BX ML bsbsdo 150 000 Embs
130¢9bdols HoBmgdomM30l/sdBsEgdolmzol 3 000 g 339OMSEGHMIWO 30MIYGEGHOO
AY9 3965003M 39Meaol Mgyombdo (Kearney and O’Brien, 2014. p. 275).

waPbmddo GHyob 29Bgbzols 51939 SLEHVIMYOL 3o¢obmemyon® 13gdBHMdo Lmzm
MBEGHobsl L3MmOgdo (LMG. 75 g). OGMAMOE 339 900608bs MLEHMEobs 0BOYdS
dbmmnE Im3cowo bol Jdgedebbg (van Geel 1998). GHgol 0bGHBLOMMO 355335
©90mdd9gdsl  sbgbl obdon@HBg (Freire et al., 2012); of393L 25GHYgwcgosl,
9690053050 5 BIMOMIJO0IB B05IYFOL Logs®ol gHmBosl (Craddock, 2010. P. 193).
9O0BoMo  30Mm3909d0LsL bgds b0sIRGBOL BHMIB3IMMEH0MYdS Moz bodbsgl, GMJ
wRO™ I9BH0 Jobms 3693Mm030 4sdmbogso BBYds Bgs30mBY s dobyeowobBgdmwo
d539%0L 3360l Fobligdog 0bMEgds.

MEMOSTOL  GHIOOGHMM0sDg  50d0sBoL  1STGMOMbgM  LoJB0bMdIBY  FoMOMYOL
350obmemyome 139dGHMdo FoM33w™m3b6900L s bMMdEOL Bomgligdols LaMmgzgwrs
939botgms 33396M0. 8936005 3MWEHMOWO FocM3cr™m3bgdol Lobsdgdgwo s om0
ROEGHMOMYO0. 35025055 FoMM©A9600 5580560L Logbmg®Mgdger gHBMadOL s 3Bob
3065 1M939egd0l IBHZMOL FoM33¢9003. 339 SIVBEMIMIOL MEIMSTo II LoEbmdo
Lobgarmlbm®g  LAHOIGHoYMIGBoE  FOOdo ©5530JLOMYOMEO 65d9b0dg
30O Mo mbg (Sulava et al., 2020; Sulava et al., 2020 (a)).

MgmM9gdols 56JgmIgEOMMA0MO dJR0E dM3M3900)o MmMYsbo bsdmgdol
35eobmmaom®  139d@®gddo  3eobEgds  0g03g  396MEBMB0YMYdYd0,  BrYME3
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MEOH5ToLY. 39O PBL 0bEHIBLOMMHO 0dEOMObgo BHYol A5Bgb3zs GHdOL 30360l
L3OOl SOLYIMOOm. 35¢0bMEMPOMMo 139JGMJdTo sLobEo F3gbsMgMEMdS 5do3
5Q3LEGHMOHOL B0(omTMJI)IOL. MBOEO 3¢00TEHOL SOBYOIMDIL FoOPMBMMEM36gdOL
3905 5LBGHMMGOL LoMdMBMY35Me 9oed39bscg LM I0DBYsl BoFML3MMGdO.
50L560dBs300, MMI MsbsdgEMM3g Bossaol 1B3gdEH®MTo s0bodbwo (igoedi39botg 56
560l bs3mgbo (bme. 74).

@bgzsbmls  (3390©OLMg30) ©s  F0dgesdol  5GJgmIgEIW R0 bso@ oo,
OMIwgdog doob Bgs Jowmgdbgs (1350-14508. B30l ™b0@IB) obeoygd Mo
390390  sbobogl 430060  d3MOBYsmML  bobol 396569 mEomdsl.  domo  fogdol
35¢0bmmyow®mds 139JGHMgdds 5B39bs GHYol Bgs BmEol gergdgbEgdol - s6ysls s
@300l 5OLYdMDS (LmE. 73). GMamOE BBl 03 OML 53 Josdmgddo §ofizmgbadl
393G0W900M NBOM OO BIOMMOO 93935, 300M] EEIL. LmFols s Bsdzol Gyob
5MLYIMBIL 81g39 SILEBHWMOL 230865 BoMPOOEL L3MEMYdo, MMIgeoi Fbmeme 3
§of3m36900L 3398 0bBMgds (Rivera et al, 2012) (e, 75 g).

Jodowsdo, obg3g MMAMOE  MEOMMSAOL  LEoGHIODY  9F0BOL  bsbydwogs
35™36M9d0LS O IMM35H9gMdoL 35My0 Bsb396909w0s 13gdEHMTo MY ME d39bsMIYmS
3B36M0L 5OLYdMdS. SBg39 3oL FsB3z969d9w0s gErol @s bbgs Jumgowols dmF3mgdol
OO M5MYbMAS, M53 LETMDMYWGOOL LHTMBOLS 56 b3S JumzoErol bsFsMbo Bsdomgdls
mbos HoMdmoaqbql. 3936005 53Mgm3g Looglbo FoM(33™m36900L Lobsdgdgwro, o
%Jd30@0ls s dMOEEgMol bsdmo bs 0gmb. dzgero 9GO gdo  BHYolyshd
390mbmoz30LMRgdIM  BHIOOGHMMOL, Lo35MIM©ME  0Ygb9dbgb  gs®Iobyolmgzol,
MoLOE MO0 3¢0085GHWIMHO 3060HMBYOO MHymds bgwls (Jakobitsch et al. 2022).

bgzsbmBo, olggg OHMAMOE EMEMMLALY s MYOgdo EIBOJLOMPS TYIMO,
3336560 fywol 35003)9¢gd0l BLYME™Mdobgs (Pseudoschizaea), L3oMOmyoMs (Spirogyra),
©obmgzwsygws@s (Dinoflagellata) UL3mMgdo. Tsmo  sGBYOIMdS 230560  dHObK MU
39600m©ol  Bgodgb@Hgdol 3seobmwmyon®  Mg3mMHdo 60dbsgl, ™I Lobmdo
Lobgarmlbmgdol  Losbwrmggl  Gods, Fomdo 6 bgemgbmmo  fywol GgBgmH3ms60
5MLgdmds (Chis Hunt er al, 2007). Lobmd ULobgumlbmbg 8mdmdsgg @s30s690L
39GoMH0o [o®dmgdol Lbgsolibgs 93edbg 3wdozs FoMIdmsm fyol
GLOLO: ool FM3™M3900LOL, Mobol  FMLsBgErs©  JMMgdoL, GHoyggdol s
Lod9YMH39w0 Jogdolm3zol, 39MMbgmdolbomzol s bbgs (Knapp et al, 2001p, p. 206). gl
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Introduction

Over 200 deposits and surficial exposures of copper, arsenic, antimony and polymetallic
deposits are known in Georgia according to geological data. Almost all descriptions of major
ore deposits mention traces of earlier mining and processing. Particular regions include
Abkhazia, Svaneti, Racha, Kakheti (Zemo Alazani) —all mining-metallurgical sites in the Great
Caucasus mountains — and Bolnisi-Dmanisi and Adjara-Guria sites of the southern Lesser
Caucasus range. Towards the north-west are the Abkhazia, Svaneti and Racha zones of copper
mineralization, systems which run from the western part of the Caucasus range to the east as

discontinuous, dispersed and smaller deposits not so suitable for modern exploitation.

Our study area the Georgian mountain region (Lechkhumi-Kvemo Svaneti) is central to the
famous late Bronze Age metal culture of Colchis known for its metal artefacts (ingots, hoards
anthropomorphic/zoomorphic figurines, weapons, other tools) (Caxaposa, 1966). Some earlier
mining traces have also been noted in the more open high mountain zone (at about 2500-
3000m) further north (Upper Racha-Upper Svaneti) but little was known of the vegetation
covered lower (at about 1000-2000m) slopes (Lechkhumi-Kvemo Svaneti) (Gobejishvili, 1962).

In 2013-2015 reconnaissance expeditions from the Georgian National Museum started to find
previously unknown late Bronze Age copper smelting sites These were all indicative of nearby
prehistoric copper mining and processing. In 2016-2018 further investigations and initial
geological reconnaissance was undertaken within the framework of Rustaveli Foundation
project (#FR-16-217128). More than 20 probable late Bronze Age copper smelting sites were
located, plotted and the Dogurashi group of sites partially excavated. Findings have included
partially processed fragments of ore, ore roasting hearths, smelting furnace remnants, slag,
crucible and other production debris. Radiocarbon dating at Dogurashi I has showed it to be

operating between about the 13th and 9th centuries BC (Rezesidze, 2018).

Aims

The presented archaeometallurgical project aims identify, investigate and date recently
discovered Late Bronze Age copper smelting industry in the mountain region of Lechkhumi-
Kvemo Svaneti; establish links between ore extraction/mining and metal production;
investigate mineralized rocks, metallurgical waste and artefacts using up-to-date analytical
techniques; identify, establish and describe raw material sources for locally produced copper

and ancient mines.
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Analysis of available data on the geology and metallogeny of the region shows that all the
archaeometallurgical sites that we have located in Kvemo (Lower) Svaneti and Lechkhumi are
concentrated in the metalogenic belt (Tvalchrelidze at, al.,1982) of the southern slope of the
Greater Caucasus and include the Kvemo Svaneti and Racha-Lechkhumi ore fields (Natural
Resources of Georgian SSR, 1958). All the existing ore deposits/occurrences occur in Lower
and Middle Jurassic volcanic and volcano-sedimentary rocks and cross-cutting igneous
hypabyssal bodies (Beridze, 1983). These are endogenic ore formations with copper-
pyrrhotite-base mineralization (Ivanitski, 1954; Natural Resources of Georgian SSR, Vol. I
1958; Janelidze, 1965; Geology SSR, Vol. X, 1974).

Our study region is a part of the metallogenic belt of the southern slope of the Greater

Caucasus and include Kvemo (lower) Svaneti and Racha-Lechkhumi ore fields (fig. 1).
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Fig. 1. The map of tectonic and metallogenic zoning of Georgia
(modified from Gamkrelidze, L., et. Al., 1998)

Intensive geological exploration and mapping of the mineralized areas was undertaken here
in the past (1907-1990). According to the obtained results given in the final reports of these
investigations the small-scale deposits systems localized in the study area were less suitable
and of non-commercial value for ore extraction from the modern point of view. However, 30
year later, a license was issued in 2021 for the metallogenic exploration of the Rtskhmeluri ore

field to assess its industrial potential. The majority of the investigated within the project
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framework ancient smelting sites are the part of the Rtskhmeluri ore field. Signs of early
exploitation of ores in the Lechkhumi-Kvemo Svaneti area are mentioned in many geological
reports, however, less is known about conducted on this purpose geoarchaeological

investigations.

Investigations conducted within the project framework are based on field exploration and

desktop-laboratory studies.
1. Fieldwork

1.1 Geological exploration

Geological studies included geological investigation of the rocks in the vicinities of the
prehistoric smelting sites, identification of known mineralization and sampling of alteration

zones for analyses; landscape surveying to identify possible prehistoric mines.

Geological field exploration was undertaken in the Kvemo Svaneti and Lechkhumi regions
in 2020-2022 which included the surrounding areas of villages Dogurashi, Opitara (rivers
Rtkhmelebisgele and Shavigele), Okureshi (places Didlodebi and Satibebi), Rtskhmeluri (place
Shavbinula), Gvimbrala (place Zhibe Moli), Gveso (place Chikelashi), Dgnorisa (place
Korvashi), Lukhvano (place Gverdistavi) and the canyons of the rivers Murisgele,

Mokvaulisgele, and Dzugurisgele (fig. 2).

Gutmborala

Dagurasml

hiavbinuka
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Figure. 2. Satellite image of works carried out within the project framework

Mentioned above places are located in the valley of the Tshenistskali river, on the southern
slopes of the western edge of the Lechkhumi ridge, the southeastern edge of the Egrisi ridge
and the northwestern slopes of the Khvamli limestone massif, at an altitude of 700-1500 meters
above sea level. The terrain here is fairly complex and dissected, with many deep ravines, and
steep slopes (<60-70°) covered by dense broad-leaved forest and undergrowth. Existing natural
conditions are unfavorable/difficult for mining-reconnaissance activities — identification of

ancient archaeometallurgical sites and mines.

Two strongly mineralized areas were established within the study area as a result of
geological exploration. Both of them were more or less suitable for observation of
mineralization processes and sampling of mineralized rocks for the laboratory studies. These
areas are: (1) The Dogurashi river gorge in the northernmost part of Lechkhumi, and (2) in the

southernmost part - ore occurrence in the vicinities of villages Opitara and Okureshi.

(1) Dogirashi ore occurrence

Dogurash base metal/polymetallic ore occurrence is located in the river Dogurashi gorge (the
right tributary of river Tskhenistkali), in the northernmost part of Tsageri municipality, at an
altitude of 700-1200 meters above sea level and 4-5 km west of the Rtskhmeluri ore field.
Archaeometallurgical sites of the Dogurashi group (Dogurashi I, II and IIT) were found here.
The radiocarbon age of these sites was established as XIII-IX centuries BC. The first record
about the Dogurash base metals ore manifestations/occurrences are found in the report of G.
Barkalaya (1940). In 1952-1961 the group of the Institute of Geology, leading by V. Gvakharia,
investigated the Rtskhmeluri deposits group, which includes the Dogurash ore occurrence
(Chhikkishvili 1951; Ivanitski., 1954; Chkheidze., 1958-59 and etc.). The latest information
about the Dogurashi ore zone can be found in the Doctoral thesis of T. Janelidze (1965). The
analysis of all these reports has revealed that the Dogurashi ore occurrence perspective is not
clear and due to limited/small-scaled exposures of mineralized veins/lenses the Dogurashi ore

occurrence is of no practical/commercial interest.

The vicinities of the Dogurashi ore occurrence are made up by the Upper Liassic sandy-shaly
rock strata (dip dir. SW >70-80°) cross-cut by quartz-porphyry and diabase intrusions (dykes

and sills). Diluvium and alluvium is widespread in the gorges of the Dogurashi river and its
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tributaries, as well as on the slopes of the gorges which are covered by dense vegetation. The

latter makes difficult observation of rocks natural exposures.

On the left bank of the river Dogurashisgele, the zone of hydrothermally altered rocks was
detected along the contact of the quartz-porphyry diorite (old soviet term — diabase) body and
Lower Jurassic sandstones. Here, in the gorge of the third left tributary of the river
Dogurashisgele the soviet period adit for exploration of base-metal ore was driven in the
mentioned zone. The adit driven through quartz-porphyry diorites (42°40'41.4"N,
42°46'58.7"E h=743 m) and sandstones interception zone (in the way-up section the adit
intersects shales as well). At the adit entrance and in the surrounding area of about 20-30
meters, the rocks are strongly altered — silicified, oxidized and sheared (the latter is mainly
observed on the peripheries) (fig. 3). In the zone of alteration ore veinlets, nests and small
lenses which are arranged along the contact zone, become smaller and finally pinch out, were
defined. Their thickness varies from 0,10 to 15 cm. Ore minerals in the veinlets are represented

mainly by pyrrhotite and minor amount of chalcopyrite and galena inclusions.

Figure 3. Soviet period adit and its environs — sampling area of mineralized rocks, NE of village

Dogurashi
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The main non-metallic minerals in the veins are quartz, rarely calcite. In the contact zone
with the dyke sandstones and shales are pyritized. It is well-observed that the mineralization
in the study area (observation point # 677) is characterized by uneven distribution and is not

intense. It corresponds to open-space filling by hydrothermal fluids type of mineralization.

In order to investigate mineralization at Dogurashi and their comparison with artefacts
found at The Dogurashi group of archaeometallurgical sites mineralized rock samples were
collected from the soviet period adit and its vicinities for various type of analyses (see chapter:

Desktop studies; abbreviation of Dogurashi samples — Dog/D).

(2) Opitara-Okuresh ore occurrence

The village Opitara is located in the extreme south of Lechkhumi, about 4 km from the
Kutaisi-Tsageri highway, on the left bank of Tshnistskali river. Like the Dogurashi area, the
Opitara village area is built up by Middle Jurassic strata — so called “bajocian porphyritic rocks”

which are conformably overlain by the Cretaceous carbonatic sediments.

Information about the presence of copper ore occurrences in the vicinity of Opitara village
and the use of this raw material in bronze metallurgy is known since 1907 from the geologist
G. Bartholomeev’s report. The Opitara ore occurrences were investigated by A.Chikvaidze
(1910-1911); L. Koniushevsky (1919), A. Kalandadze (1931), G.Togonidze (1932-1933). G.
Togonidze defined more or less prospective for base metals mineralization areas — Mlashe
Perdi, Shavgele, Tetri Tskaro and Tetri Gele. It was established that all copper ore occurrences
were commercially unpromising as nearly all of them were represented by low grade pyrite
ores with rare chalcopyrite admixtures. In 1933 N. Bezhanishvili described three occurrences
of copper ore in the Bajocian “porphyritic” suite in the Opitara village. In his opinion
mineralization in all these three locations is mainly represented by pyrite, chalcopyrite,
bornite and marcasite. Bezhanishvili assumes that these occurrences are not of economic

importance.

Almost all the authors of the abovementioned reports note that the region is rich in slag
heaps, which must have been the result of an ancient copper smelting process. The geologist
P. Topuria paid the great interest to slags found in Opitara environs. In his work “Slags from
Racha and Lechkhumi” (1938) he supposed that the copper smelting base existed in the Racha-
Lechkhumi region, but copper ore mining was a small-scale individual local activity aimed

only at meeting personal needs of the local population. Topuria admits that areas where slags
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were found are mainly associated with the distribution zone of the Bajocian “porphyritic”

suite. He recommends conducting more detailed exploration of this area.

The river Shavigele (village Opitara)

The river Shavigele originates on the western slope of the Khvamli massif. In the village of
Opitara, it flows through Middle Jurassic (Bajocian) strata - porphyrites, tuffs, tuff breccias,
tuffaceous sandstones, sandstones and shales. The river Shavigele gorge fairly narrow and
densely vegetated, collapsed in some places and blocked by giant boulders. This makes the

outcrops in the river gorge and on its banks nearly inaccessible for observations (fig. 4).

Figure. 4. The river Shavigele gorge, village Opitara

Despite of this problem, there was a chance to reach some places in the river gorge. The rocks
in the contact zone of basalts and quartz diorite body (42°30'27.5"'N, 42°38'39.1"E, h=475 m)
are strongly altered, shared, and brecciated. Following processes of rocks intense alteration
were established: chlorite alteration (alteration of pyroxenes to chlorite induced by
hydrothermal fluids), epidote alteration (plagioclase alteration to epidote), pelitic alteration
(plagioclase altered to clay) which is more intense near the mineralized areas, pyrite and
sericite alterations. In the shared zone the vein open spaces are filled by secondary minerals:
sulfides-chalcopyrite, chalcocite, pyrite and iron hydroxides (fig. 5). Mineralized and host

rocks samples were collected from all accessible outcrops for laboratory studies.
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Figure. 5. Strongly altered, mineralized and brecciated rocks in the river Shavigele gorge

The river Rtkhmelebisgele (village Opitara)

In 2017 three mine workings were found at the entrance of the village Opitara, in the narrow
gorge of the river Rtkhmelebisgele, near the waterfall located 100 meters from the ground road
(306316 N; 4708054 E; h=394 m). The mines (adits) are driven through the Jurassic, brecciated,
strongly mineralized and altered diabase. The rocks are mainly chloritized, rarely limonitized,
cross-cut by network of calcite and quartz veins containing ore minerals — chalcopyrite, pyrite

and galena inclusions (fig. 6).
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Fig. 6 a) Altered and mineralized rocks; b) and c) Calcite and quartz veins with metals inclusions;

Rtkhmelebisgele

During the conducted in 2020 fieldwork, after the investigation of three mining workings
located close to each other in the Rtkhmelebegele river gorge (Fig. 7), it was established that
one of the three mines, (# 1), which is located on the right bank of the river at a height of 0.7
meters from the riverbed, is a typical Soviet period adit - with a high, uneven entrance, internal
angular ribs and ceiling, formed as a result of ANFO (ammonium nitrate and fuel oil) blasting
(17x 1.5x1.8 m). Mine #1 is markedly different from Mines # 2 and # 3 located on the opposite
side, on the left bank of the river, 2.5 meters above the riverbed, 4 meters apart. Their entrance
(outer contour) is round, with smooth walls and a small height. Mine # (3x2.3x1.1m.) is filled
almost to the ceiling with sediments (yellowish and light rust-colored coarse-grained
mineralized sand) brought in by the river during the flood and collapsed from above,
weathered/disintegrated rock mass. The entrance to the Mine # 3 (27x2X1.1-1.8 m) located
next to Mine # 2 is similar — it is round, with a uniform smooth surface and a small height,

which changes radically after 1.5 meters in depth. The shape of the mine ribs becomes angular
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and increases in height. Therefore, it could be supposed that in the XX century the old mine

was blasted for further exploration.

-1 ”
£
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Fig. 7. Three mine workings in the river Rtkhmelebisgele gorge (Opitara)

The above-mentioned data suggest that Mines # 2 and # 3 are structurally similar to prehistoric
mines, whose analogues exist (Fig. 8), and from which ore extraction was probably carried out
using fire and primitive tools (Hauptmann 2007). Due to the strong mineralization and humid
environment, the sediments filling the mine have turned into a homogeneous mass. Mentioned
above conditions, made impossible to preserve the traces of ore extraction on the walls of the
mine. In addition, as a result of the seasonal floods in the mountain river, these mines are
periodically washed away, which reduces the possibility of observing prehistoric traces in

these mines.

Sampling of all three mines was undertaken. Mineralized rock samples from the nearby
outcrops were collected as well for petrochemical analyses (See chapter: Desktop studies;

abbreviation of Opitara samples — Op.).
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Fig. 8. Typical round cavities, which form as a result of using fire for ore extraction from the rock: a) Mauk
E - Austria, VIII century BC; b) Bronze Age mine, Ross Island (Ireland); The river Rtkhmelebisgele mine
working #2; c) before, and d) after cleaning

The rivers Murisgele, Mokaulisgele and Dzugurisgele gorges

In 2021 geological exploration work was carried out in the north of Tsageri municipality, in
the rivers Murisghele, Mokaulisghele and Dzugurisghele environs. The mentioned rivers

originate on the southern slopes of the western edge of the Lechkhumi range, at elevation of
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1700-1500 meters above sea level. The Murisghele River is the left tributary of the
Tskhnistskali River, whilst the Mokaulisghele and Dzugurisghele rivers are the right
tributaries of the Lajanuri River. The rivers flow in a narrow deep valley, with characteristic
steep falls and waterfalls in some places. The Lower Jurassic (Liassic) sandy-shaly rock series
and Middle Jurassic augite-labradorite tuff-breccias and tuffaceous sandstones are spread here.
The mentioned area is the eastern extension of the Dogurash archeometallurgical sites where

our group conducted excavations and several mineralized zones were observed and sampled.

Special interest was drawn to the schematic maps/plans created by the geologist G. Barkalaia
and attached to his report on conducted in 1941 geological exploration of polymetallic/base
metals ores. The plans contain indications of prehistoric metal smelting sites and ore
exploration test-pits (fig. 9 a, b). Conducted in the past geological exploration of this area
revealed widespread small-scale copper-polymetallic ore occurrences, which are of non-

commercial value.
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Fig. 9 a) Schematic map/plan of the r. Murisgele; b) Schematic map/plan of the rivers Mokvaulisgele
and Dzugurisgele. Created by the engineer-geologist of the Tsageri Geological Exploraton party G.
Barkalaia (1941). Ancient smelting sites — black triangles and polymetallic ore occurrences are shown
on the map.

Following the route shown on the schematic map (fig. 9 a) exploration was conducted in the
river Murisgele gorge — the river Parelistskali (the Murisgele river tributary) environs (place
Kokhilashi) and in several unnamed small streams towards the headwaters of the river, where
at the end of the last century there were summer pastures for cattle and also mowing fields.
Although the chances to see more natural exposures of rocks are higher in such places, our
efforts to find slags and mineralized rocks exposures failed, as even the areas of former pastures
are currently covered by newly grown young forest and dense vegetation. Thick diluvium
covers the river slopes as well (Fig. 10 a, b, ¢)

108



Fig. 10. a) The river Murisgele gorge, view from the Muri fortress; b) Headwaters of the r.

Murisgele; c) Old mowing fields in the r. Murisgele headwaters currently covered by young forest

Due to current natural conditions, it was clear, that it would be difficult to find rocks natural
exposures and prehistoric smelting sites. Therefore, it was decided to conduct sampling/sample
collecting in the relatively open areas of all three river valleys, where river/alluvial sediments
accumulate. The Murisghele River is at its widest at the base of Muri fortress, 500 meters from
the confluence of the Tskhenistskali River, where only a few slightly mineralized samples were
collected (Fig. 11).

Alluvium of the river Dzugurisgele was sampled as well. The confluence of the rivers
Mokvaulisghele and Lajanuri was particularly fruitful (Fig. 12), where mineralized rocks
(shales, siltstones and quartz veins) samples were collected, in which inclusions of ore minerals

can be seen even with the naked eye.
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Fig. 12 a) The river Mokvaulisgele gorge; b) Confluence of the rivers Mokvaulisgele and Lajanuri,
where samples were collected (photo by V. Mamiashvili)

The river Rioni gorge — Korvashi (5)

A large number of concretions of different sizes and shapes (mostly oval shaped) with high

specific gravity were collected in the valley of the Rioni river, on the southern slope of the
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Racha ridge, north of the village Dghnorisa, on the way towards Korvashi (319010N;
4705082E; h=987 m) (fig. 13 a). Such concretions always attract the local population
attention/interest. The opinion exists about their meteoritic origin as after being for a long

time on the ground their surfaces glitter, making an impression of molten crust of meteorite
(fig. 13 b).

b. c.

Fig. 13 a) Road toward Korvashi where oxidized concretions/nodules are widespread (orange circles
indicate concretions); b) Concretions in the clay mass; c) Part of concretions collected for the

laboratory analyses; village Dgnorisa

Lower Cretaceous sediments, mostly limestones with minor thin intercalations of reddish-
rusty clay layers are widespread in Korvashi environs. Hematite concretions/nodules were
found in situin such clay layers (fig. 13 d). Initially they were identified by their streak (red).
Later it was proved by petrographic studies as well. Geochemical (AAS) analysis of the nodules
revealed the high grades of iron — 294 kg/t (See chapter: Desktop studies, table # 3).
Accordingly, nodules are the best raw material for iron production. Hematite nodules form as
a result of iron precipitation from the rich in iron fluids, mainly in sedimentary rocks. Iron

sulfides are form as a result of pyrite and marcasite oxidation.
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The results of exploration geological work

The results of conducted in the study area small-scale geological exploration revealed that
the rocks strata within the Dogurash and Opitara-Okureshi environs are intensively shared,
and hydrothermally altered (silicified and sulfidized) and accordingly have significantly lost
their primary nature. The mentioned hydrothermal alterations and ore mineralization
processes have been established only in the contact zone of Lower-Middle Jurassic sandstones,
shales, effusive rocks and cross-cutting them intrusive bodies. Following ore minerals are
present here: chalcopyrite (CuFeSz), sphalerite ((Zn,Fe)S), galena (PbS) and marcasite (FeS).
From secondary minerals are observed: limonite, smithsonite, and malachite. The most
common alteration types are silicification, sericitization, kaolinization, carbonatization,
chloritization and pyritization. The ores are characterized by vein, massive, disseminated,

colloform-banded and breccia textures (fig. 14).

s ARIEL iR
] g oo (LR BT

u 5“

Tiog 45718
5¢m f

112



CF 118

o=

4] 10en
L i i

i j

Fig. 14. Ore samples from the study area: (a) Hydrothermal breccia, with quartz and ore mineral infill
and iron oxides, Dogurashi; (b) Hydrothermal breccia with galena, and sphalerite crystals grains (on
the left) and films of iron oxides, Dogurashi; (c) Sample with abundant sphalerite and chalcopyrite
inclusions (golden col.), Dogurashi; (d) Weathered hydrothermal breccia with clasts of silicified
sandstones and oxidized matrix, Dogurashi; (e) Pyritized and silicified volcanic rock, Dogurashi; (f)
Quartz vein with chalcopyrite, Opitara; (g) Evenely distributed sulfide inclusions in the host rock
forming “columnar joining - like texture, Opitara; (h) Orbicular inclusion of sulfides (sphalerite,
chalcocite) with quartz. The host-rock is zeolitized and oxidized. Opitara; (i) Fluidal veins of quartz,
chalcedony and chalcopyrite in the chloritized volcanic rocks, Opitara; (j) Massive sulfide ore

(chalcopyrite, pyrite and pyrrhotite), Dogurashi.

Hydrothermal breccias from Dogurash and Opitara environs are monomict. Partly and
intensively brecciated areas are observed. Described hydrothermal breccias are mostly clast
supported (clasts dominate over matrix) (fig. 14 a, b, d). The majority of clasts is angular or
subangular. Matrix consists solely of silicate or the mixture of calcite-zeolite (mainly in
Opitara), which often comprises ore minerals inclusions forming dissemination, fluidal or
bended textures. Some clasts are silicified sandstones (mostly in Dogurashi environs), but clasts

of volcanic rocks (mostly in Opitara) which lost their initial nature are present as well.
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Formation of epigenetic hydrothermal breccias is related to magmatic-hydrothermal activity

and invasion of quartz and ore minerals into breccia cracks and fractures.

As aresult of conducted field geological observations it was established that 24 metal smelting

sites found in the Lechkhumi-Kvemo Svaneti region are spatially associated with the lower-

middle Jurassic marine volcanogenic and volcanogenic-sedimentary rock strata. These are the

same strata which according to available geological data host all ore occurrences and deposits

identified in the study region. Only five archaeometallurgical site — Chikelashi, Okureshi I and

II, Kadari and Tsindaliani Kva are located on the Cretaceous limestones, nearby the Jurassic

and Creataceous rocks contact zone (fig. 15).
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Archaeological studies aimed to locate and map metal smelting sites using GPS; dig/ expand
exploratory trenches at previusly found and already being under investigation
arcaheometallurgical sites; collecting of metallurgical waste: slags, crucibles, toyéres and

furnece wall fragments for the desktop and laboratory studies.

The 2020-2022 archaeometallurgical field-reconnaissance work was continued in the
vicinity of the villages of Chikelashi (village Gveso area), Okureshi (places Didlodebi and
Satibib), Shavbinula (village Rtskhmeluri area), Gvimbrala (place Zhibe Moli).

Chikelashi

Chikelashi is situated on the right bank of the river Tskhenistskali, = 5 km NW of Tsageri,
on the southern slope of the Chikelashi limestone plateau (fig. 16). The metal smelting
workshop Chikelashi (314932 N; 4725680 E; h=1445m) was discovered in May 2019.

Fig. 16. The river Tskhenistskali valley and Tsageri; White arrow indicates Chikelashi; View from
the Orbeli serpentine road
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The Chikelashi smelting site is located in the forested area, on the meadow cleared for arable
land/cornfield, on the rise/hillock situated between two natural (karst) depressions. Here
abundant fragmennts of slags, crucibles, toyers and furnace wall fragments were found as well

as raosted soil layers formed on the higly eroded surfaces of the hillok (fig. 17).

In contrast to other smelting sites, Chikelashi and its environs — the discovery area of metal
smelting site is situated on lower Cretaceous calcareous rocks (glauconite sandstones, marly
and dolomitized limestones with flesh-colored and pink chert inclusions). About 500 m to the
North Cretaceous rock strata is overlain unconformably by middle Jurassic rocks of the
Bajocian “porphyritic” suite. Observation of Chikelashi environs didn’t reveal any altered or
min realized zones. Instead, weakly defined karst landscape with common features such as
cirque valleys and negative/collapsed surface features of various size and shapes (sinkholes,

funnel shaped sinkholes) is well-observed here (fig. 18).

Fig. 17. Aerial photo of Chikelashi environs (photo by V. Mamiashvili)

Seven similar structures were found within the area, two of them in close vicinities of the
site. Questions arose, where did prehistoric miners extract ore from, or did they use the karst

depressions formed in the mentioned rocks for ore extraction.
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Three exploration test trenches dug in 2019 were widened at the Chikelashi
archaeometalurgical site (fig. 19, 21, 22). The Karst sinkhole nearby the smelting site was

cleaned in order to find traces/signs of ancient metallurgical activity (fig. 20).
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Fig. 19 a) Slags; b) Test trench #1; c) topographic sketch map (by I. Esvanjia) of the site discovery
area. Chikelashi

In the exploration trenches, cultural layers have been identified in the sterile intensely

yellow loam stratum cross-sections. The layers comprise intercalations of carbonaceous
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sediments of various thicknesses with metal smelting residues — slags, crucibles and fragments
of toyerees (fig. 19, 21-23).
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Fig. 21. Trench # 1, plan, cross-section (by I. Esvanjia), Chikelashi
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Fig.22.Trench # 3, plan, cross-section (by I. Esvanjia). Chikelashi

Clearing of sinkhole has revealed its rounded shape (dimentions - 4x5 m). It was filled by the
debris of large limestone boulders, apparently fallen from above. The sinkhole is of completely

natural origin. Cultural layers were not established in the sinkhole.

Fig. 23. The wall of the construction; ) Plan and cross-section (by I. Esvanjia). Chikelashi
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During the reconnaissance conducted in 2019, our attention was drawn to a wall built of
large and medium-sized limestone boulders (so called “Kore” Georgian term for stone outside
wall) on the elevated place (saddle) between the hollows. Clearing of the structure revealed
the remnants of the structure built using dry stone construction techniques apparently on the
foundation of natural limestone, which at present is almost disintegrated (dimentions- length
6 m, height from the foundation - 90x60 cm). It is tilted in EW direction and in one place,

westward even makes an angle (fig. 23).

On the ridge which is covered by forest and shrubby vegetation and surrounds two natural
holows from the north, almost on the entire perimeter, in every 20-30 meters a round-shaped
stone mounds came into sight. Clearing of on of such mound revealed a quadrangular-rounded
storehouse built with dry piles of big stones (dimensions 6x3 m, 70-80 cm, height 40-60 cm)
(fig. 24).

Fig. 24. Storehouse #1; Photo; plan and cross-section (by I. Esvanjia). Chikelashi

Apparently at Chikelashi we have to deal with a spread over the broad area large old
settlement complex. Archaeological excavations have not been carried out on the site so far,
therefore we cannot talk about its age and content, as well as its link to the copper smelting

workshop located here.
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Slags and technical ceramics samples were collected at Chikelashi (see chapter: Desktop

studies; abbreviation of Chikelashi samples-Ch.).

Okureshi

The Okureshi village is situated on the right bank of the river Tskhenistskali, on the NW
slope of the Khvamli massif, 18 km away from Tsageri. Okureshi environs are mainly made up
of Middle Jurassic volcanic and volcano-sedimentary rocks strata. In the NE direction they are
overlain by Upper Jurassic, Kimmeridgian/Tithonian sedimentary rocks, which in way-up
section grade into Lower Cretaceous - valanginian-hauterivian quartz-arkose sandstones and
dolomitized limestones. In the contact zone of the Jurassic and Cretaceous rocks strata, 2 km
SE of village Okureshi, in the vicinity of the ground road and place “Didlodebi” a new metal
smelting site/workshop was found (311850 N; 4710728 E; h=1079) (fig. 25). Here, in the fairly
broad area cultural layers dissected by small dry ravines/gullies have been established (fig. 26

a).

Fig. 25. Metal smelting sites (indicated by arrows) at the toe of the Khvamli massf. Okureshi

environs

Main water source of the gully is rainwater and snowmelt, which washed out small-size
material (artefacts), as in the bed of the gully only large lumps of slags could be found (fig. 26

¢, d), whilst the small size artefacts are preserved in the incised cultural layers.

121



In =500m to the east and upward, after crossing the road, in the forest we found a similar,
but fairly well-rounded archaeometallurgical debris/material. Further upward in~2 km of the
place “Didlodebi”, at the place “Satibebi” abundant slag debris and carbonized soil layer was
observed (311952 N; 4710521 E; h=1155). The cultural layers here are also incised by
temporary streams, but are relatively better preserved than at Okureshi I (Figs. 26 e and 28).

Fig. 26 a) Okureshi I (Didlodebi), the ravine where cultural layers were found; b), c) and f) Slags
and ceramics from the Okureshi smelting sites; Cultural layer; Okureshi II (Satibebi)

Three test trenches, two at Okureshi I (Didlodebi, fig. 27 a, b) and one at Okureshi II
(Satibebi) were dug in order to establish the thickness of cultural layers. Test peats revealed
that both places are intensively dissected by gullies and the most of record is lost. Nevertheless,

a large amount of metallurgical waste (large size slags, fragments of furnace walls, crucibles
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and toyeres) was collected. Carbonized/charred and burnt/reddened layers appeared in the
section. As the site was damaged, it was impossible to identify thick cultural layers (fig. 29 a,
b and fig. 30).

Fig. 27 a), b) - Okureshi I, “ Didlodebi”, trench # 1 (100 cmx100 cm) trench # 2 (150x170 cm)

Slags and technical ceramics samples were collected from the both metal smelting sites for
various types of laboratory analysis (see chapter: Desktop studies; abbreviation of Okureshi

samples -Ok).

Fig. 28 Okureshi II, “Satibebi”, trench # 1 (200 cmx150 cm)
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Fig. 29 a) Okureshi I, situation plan/site sketch; b) Okureshi I, trench #1, plan, cross-section; c)
Okureshi I, trench #2, plan, cross-section. (by I. Esvanjia)
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Fig. 30 a) Okureshi II, trench #1,plan, cross-section; b) Okureshi I, trench #2, plan, cross-section
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Shavbinula

Archaeological reconnaissance in Kvemo Svaneti was carried out at the metal smelting site
(place Shavbinula) situated above the village Rtskhmeluri (42°42'19.8"N; 42°47'11.5"E;
h=1118). In the exploration trench thin cultural layer - black carbonized sediment with
fragments of slags and ceramics. At a depth of 0.35 cm from the surface, a layer with clay
admixture comprising small stone fragments appeared. Such a layer can be found on other sites

as well, as a rule, it is overlain with a cultural layer (Figs. 31 and 32 a, b).

Fig. 31 a), b) “Shavbinula”, c), d) exploration trench, e), f) Fragments of furnace walls and slags
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Fig. 32 a) “Shavbinula”, a) situation plan/site sketch; b) cross-section. (by I. Esvanjia)

Gvimbrala

During field work 2021, another new archaeometallurgical site was found and recorded in
Kvemo Svaneti (GPS # 652, 42°42' 9.8"N, 42°47'11.5"E, h=1118 m.). It is situated in the village
of Gvimbrala, the place Zhibe Lara (upper field) in a large field at the top of the village. At the
end of the village flows a brook — Gvimbralastskali. Zhibe Lara is fairly similar to the already
investigated archaeometallurgical site Dogurashi. Archaeometallurgical material - slags,
crucible and furnace wall fragments, and reddened/roasted stones (quartz sandstones) were

collected superficially here (Fig. 33).

Fig. 33. Village Gvimbrala, place Zhibe Lara
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Opitara

To the west of the village Opitara (at the end of the village), on the right bank of the Tetrigele
river, slags were found during land cultivation on one of the agricultural plots. At the indicated
place—observation point #335 (42°30'39.6'"N 42°39'27.1"E; h=752m.) slags and fragments of
rough, coarse-grained ceramics were observed (Fig. 34). Based on the initial examination of
slags and ceramics, archaeometallurgists and archaeologists supposed that the said slags are
products of iron and not copper smelting, so-called tap-slags (typical iron "flow" slag), and

ceramic fragments according to comparative-typological analysis should be medieval.

Fig. 34. Iron metallurgy industrial waste, village Opitara

Another iron-smithing site was found on the outskirts of the village Opitara (317125N;
4724376E; h=522). Archaeometallurgical material - light slags (without malachite coatings)
and coarse ceramics fragments are scattered over an area of about 300 m? (Fig. 35). This is the

third iron-smelting site established at Opitara.

v .
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Fig. 35 a) The discovery area of slags, a view from the village to the Askhi plateau located in the

east; b) recently cut cultural layers, Opitara.

Slag samples for various type of analyses were collected from the iron-smelting sites.

Palinology

In 2020, the first attempt of palynological study of slags and ceramic fragments found at the
Late Bronze Age archaeometallurgical sites were made. of the Late Bronze Age. Palynological
research allows to obtain information related to the Late Bronze Age paleolandscape, climatic
conditions, taphonomy and human activity data of the mountainous region of Colchis. Such
studies were conducted for the first time at Late Bronze Age archaeometallurgical sites of
Georgia. Fossil plant pollen found in the samples extracted from the stratified layers turned
out to be quite informative, therefore archaeologicaly already investigated 7 sites were selected
for palynological research during the 2022 field work. These are the Dogurashi group 3 sites
in the northernmost part of the region — Dogurashi I, II, and III; located in the extreme south
of Lechkhumi Okureshi group of sites — Okureshi I and II; and Chikelashi and Lukhvano

(Gverdistavi) metal smelting sites located in the north-west (fig.38).
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Fig.36. The map of archaeometallurgical sites where palynological studies were carried out: 1.
Dogurashi I; 2. Dogurashi II; 3 Dogurashi III; 4. Okureshi I; 5. Okureshi II; 6. Lukhvno (place
Gverdistavi); 7. Chikelashi.

In order to conduct palynological analysis, holes were cleaned at the prehistoric metal
smelting workshops listed above, and samples of metallurgical waste - slag and technical

ceramics - were collected from the cultural layers using a sterile tool (Fig. 37).
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Fig. 37. Cultural layers where samples of slags and technical ceramics fragments were collected for
palynological studies; a) Chikelashi; b) Dogurashi I.c) Okureshi I; d) Okureshi II; e) Lukhvano
(Gverdistavi); f) Dogurashi II

Modern soil samples were collected from the above-mentioned smelting sites (environs of

sites Dogurashi, Okureshi, Chikelashi and Lukhvano) in order to compare them with the
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fossilized palynological spectra and to exclude contamination of the samples with pollen grains

of modern plants (Fig. 37).

Fig. 38. Modern soil sampling process for palynological studies; a.) Okureshi; b.) Dogurashi

Physical map with indication of metal smelting sites found in the Lechkhumi-Kvemo Svaneti
region

According to 2013-2022 data, 29 metal (copper, iron) smelting sites have been identified in
the Lechkhumi-Kvemo Svaneti region, five of them were found within the framework of the
mentioned project (Fig. 39). These are — Okureshi I (Didlodebi), Okureshi II (Satibebi),
Gvimbrala (Zhibe Lara), Opitara II (Fe) and Opitara III (Fe) (fig. 39). The iron smelting sites in
the study area are situated at hypsometrically lower altitudes (500-750 meters above sea level),
while all other copper smelting workshops are located at an altitude of 750 to 1450 meters
above sea level.

131



Fig. 39. Distribution map of copper and iron objects/smelting sites found in Lechkhumi-Kvemo
Svaneti area in 2013-2022

1 - Lashkili; 2 - Gvimbrala; 3 - Dogurashi I; 4 -Dogurashi III; 5 - Dogurashi II; 6 - Samreki; 7 - Letsperi
I; 8 - Letsperi II; 9 - Letsperi III; 10 - Letsperi IV; 11 - Shavbinula; 12 - Chikelashi; 13 - Gverdistavi; 14
- Kvtsiteli (Fe); 15 - Namcheduri; 16 - Mushulda; 17 - Gabonalia; 18 - Punatskvari; 19 - Okureshi; 20 -
Opitara I (Fe); 21 - Ladzgveria (Fe); 22 - Tsmindaliani (Imereti); 23 - Kadari (Imereti); 24 - Okureshi I;
25 - Okureshi II; 26 - Lukhvano; 27 - Gabonalia II; 28 — Opitara II (Fe); 29 - Opitara III (Fe).
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2. Desktop studies

2.1. Typological investigation of slag and technical ceramics

Within the framework of the project, the archaeological classification of the material - slags
and technical ceramics (fragments of crucibles, furnace walls and toyeres) obtained from
reconnaissance expeditions and archaeological excavations over the last nine years and
preserved in the funds of the Tsageri History Museum was carried out (Fig. 40).

Fig. 40. Late Bronze Age material from Lechkhumi preserved in Tsageri museum

archives/funds/repositories

The conducted archaeological classification is based on their macroscopic, morphological
(color, texture, size, shape, thickness, weight, presence/absence of quartz crystals, rock
fragments or charcoal, porosity) determination-evaluation without tools (Metten, 2003,
Hanning et al., 2012, Reitmaier-Naef, 2019). It is generally accepted and established that slags
can generally be divided into slag cakes, massive slag, plate slag, and slag sand, i.e., crushed

slag - the same slag fragments (Reitmaier-Neaef, 2019).

Typological investigation of slags in combination with geochemical, petrographic studies and
archaeological excavations allows to give answers to the following questions: At which stage
of copper production is this or that type of slag formed and how many stages of smelting are
we dealing with? How and at what temperature did the slag solidify? Were there technological
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differences between the slags from different metal smelting sites? What kind of copper ores
were mainly used for metal production in Lechkhumi-Kvemo Svaneti? How efficient was the

slag production process?

As a result of the typological investigation of Late Bronze Age slags from the Lechkhumi-
Kvemo Svaneti region, it was established that four types of slags are found in the obtained
material - (1) slag cakes (massive), (2) tap slags, (3) plate slags and (4) sand/crushed slags.

Fig. 41. Late Bronze Age slags photos and drwaings/sketches, Lechkhumi. a) slag cakes, upper
surface/top; b) the same slags, bottom; c), d) plano-convex slag; e) typical cake slag

In the studied material, massive slag cakes are present in the largest quantity - about 70-80%
of the whole material (Fig. 41). They are of two types - (1) plano-convex slags, 12-25 cm in
diameter, weight 1 - 10 kg. Their shape and volume correspond to that of a crucible and are

proportional to a ceramic vessel; another possibility is that semimolten that the mass was
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poured into a pit/depression arranged on the ground surface. The latter is confirmed by the
clear folds and bulges on the slag cakes surface (Pryce, et al., 2010) as well as the presence of
stone and ceramic fragments on the bottom surface of some of them. It should be noted that
most of the large slags have a massive and homogeneous middle part (with one or several large
hollows in the center), presence of small copper particles inclusions are common. (2) The size
of typical slag cakes is 5-9 cm, weight 0,2-1 kg. Both slag types contain imprints of charcoal
and wood.

The second and relatively less common type of slags found at Late Bronze Age smelting sites
is a tap slag. These are slags of relatively small thickness (>5 c¢m), diameter (5-15 cm) and
specific gravity, without a homogeneous/massive middle/central part. The tap slags exhibit
signs of fluidity on the surfaces (fig. 42).

HTOrRTAy

Fig. 42. Tap slags and the graphics, Lechkhumi-Kvemo Svaneti metal melting sites.
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Abundant fragments/shards of slag cakes as well as of tap slags — so called slag sand, i.e.,
crushed slag (fig. 43).

Fig. 43 a.) Slag shards- so called slag sand, i.e., crushed slag, Dogurashi II

Slag sand is a derivative of described above slag cakes, tap and platy slags. About the origin
of crushed slag Bachmann (1982) suggests that in prehistoric times metallurgists
crushed/smashed slags in order to extract copper grains from them or prepared fragments of
crushed slag for re-smelting. In the Prehistoric period, the smelting process was not fully
mastered and complete metal separation from the slag was not possible, therefore the smelted
copper grains were extracted manually from the slag (Hauptmann 2000: 101-116; Hauptmann
et al., 2003; Bourgarit 2007). Apparently, the layer/heap of large-sized slag cakes and
sand/crushed slags (height - 1.80 cm, area - 50 m?) "stacked" at Dogurashi I was probably meant
for further processing.

Among the slags obtained at the metal smelting sites of Lechkhumi-Kvemo Svaneti, platy
slag often referred to in the literature as Plattenschlacken is the rarest finding. This type of
slag was found in single quantity at Dogurashi I, II and Chikelashi metal smelting sites (Fig.
44). Platy slags mostly occur only as small angular fragments and are relatively brittle. They
are commonly porous and homogeneous. The thickness of each of them is more or less
equal/similar - 2-4 cm.
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Fig. 44. Platy slag. Smelting site Dogurashi II

One of the most important remnants/waste types of ancient metallurgical activity is technical
ceramics, which is mainly represented by fragments of toyeres, crucibles and smelting furnace
walls. Fragments of pottery, typical Colchis pottery characteristic to Late Bronze-Early Iron
period Colchis culture are present as rare findings.

Two types of toyeres are common for Lechkhumi-Kvemo Svaneti smelting sites. They differ
from each other in size and thickness (fig. 45 a). Toyere items are of two types- with small and
large diameter. Their wall thicknesses differ from each other as well. Thick- and thin-walled
samples are present as well. Toyeres are made of red doble-layer coarse-grained clay. Intense
traces of metal smelting, in the form coating/films/incrustations in the toyere-smelting furnace
junction areas indicate to intense traces of metal smelting. In the middle/central parts and the
ends of the toyeére metal smelting traces in the form of slag are not defined. Fragments of toyere
curved on its walls wavy-embossed snake-like ornament attract special interest (fig. 45 b).
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Fig. 45. Toyeres a) Fragments of both types of toyeres frm metal smelting sites Dogurashi I and II; b)
Fragments of ornamental toyere. d) sketch drawings of toyeres

Crucible fragments are the most important part of technical ceramics (Hein A., 2007). The
crucibles are made of coarse-grained gray refractory clay. Typologically, two main types of
smelting pottery are identified: large thick-walled and relatively small thin-walled types.
Fragments of large crucibles have several layers of slag preserved not only on the inner walls
(there are many in the described material), but also is protruded over the mouth of the crucible,
which means that the metal foamed during the boiling process and boiled over the clay vessel
(fig. 46 a. fifth from the left in the middle row and 46 g, left two samples).
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Fig. 46. Photos and sketch drawings of two type crucible fragments

During metal melting, large amounts of gas/air are generated on the top of the molten mass
and cause foaming of the liquid slag, which directly depends on the physical properties of the
liquid slag. There are several factors that reduce the amount of foam formed on the slag,
namely: FeO content, viscosity, carbon and oxygen injection (Vieira D., et al., 2017). On the
relatively thin-walled and small-sized ceramic fragments metal smelting traces are not
identified at all, or they are fairly rare. Traces of pottery glaze can be noticed on their inner
sides as well as fine disseminations/inclusions of copper on some of them. It is likely that the
presence of these two types of crucible fragments is related to different stages of metal smelting
and they were used for different processes (Zhenfei S., 2022). It is interesting and worth noting
the fact that fragments of both crucible types are found only with fragments of the sides and
mouths of the vessels, while the fragments of ceramic vessel’s bottom parts are fairly rare
findings (two fragments). One of the reasons for this may be that the bottom was easily
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damaged/disintegrated at high temperature and crushing of the collected from the surface
crucibles by metallurgists in order to extract the pure ingot.

2.2. Petrography analysis

Within the project framework petrographic analysis was carried out on slag and mineralized
rock samples from the Lechkhumi-Kvemo Svaneti prehistoric metal smelting sites. About 70
thin sections were prepared in the Caucasus Mineral Raw Materials Laboratory, and
petrographic descriptions were carried out in the National Museum of Georgia using a
polarizing microscope - OM239P.

Slags petrography. The slags selected for thin section petrography studies were divided
according to their macroscopic characteristics: (a) porous, light slags — tap slags; (b) massive,
uniform samples — slag cakes.

(a) # D2-801/22 — Tap slag (porous, light, with malachite).

Fig. 47 a) Slag hand specimen #D2-801/22; photomicrographs: b). x25 xpl; g.) x40 xpl

D2-801/22 In the hand specimen photomicrograph various size pores/voids are disseminated
in the glassy isotropic groundmass. Fine inclusions/impregnations of sulfides and
copper/cupric carbonate (two green oval-shaped inclusions) are observed as well; (b)
Unfused/unmolten quartz crystals of various sizes in the centere - white bipyramidal crystals
on the right; (c) The slag structure exhibits the rapid cooling phase of the melt.
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(a) # Gv-676/22 — Tap slag (porous, oxidized, light).

Gv-676/22 — groundmass structure/texture is hypocrystalline where glass amount exceeds
that of crystals. (b) fine-crystalline quartz microcrystals, voids/pores of various sizes and
imprignations of oxidized metals are seen on the photomicrograph.

(a) # D2-800/22 — Tap slag (porous, malachite flakes and charcoal inclusions).

Fig. 49 a) Slag hand specimen # D2-800/22; photomicrographs: b). X40 ppl; c) .x100 ppl

D2-800-22 — groundmass is the mixture of amorphous glass and fine-graines/crystals of
olivine (fayalite, Fe2SiOs), rarely of pyroxene. Inclusions of copper sulfides or metallic copper
are observed as well; (b) charcoal fragment — in the center of the photomicrograph.
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(a) # D11/20 — Tap slag (porous, inclusions of malachite and oxides)

Fig. 50 a) Slag hand specimen #D11/22; photomicrographs: b). x25 ppl; c). x100 ppl

D11/20 — the photomicrograph exhibits semicrystalline texture made of silicate glass, fayalite
and magnetite grains (black grains), and copper inclusions.

(b) # Ok15/20 — Massive slag — homogenous nonporous part of the slag cake.

Fig. 51 a) Slag hand specimen # Ok15/20; photomicrograph b). x25 ppl; c). x100 xpl

Ok15-20 Specimen exhibits holocrystalline texture which comprises olivine (fayalite) and
pyroxene (green) crystals. Oval-shape copper inclusions (white) are present as well.

# Ok671/22- homogenous part of the slag cake with sulfide impregnations.
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Fig. 52 a) Slag hand specimen # Ok671/22; photomicrographs: b).x100 xpl; c). X40 ppl

Ok671/22- The oval shaped inclusion in the center of the specimen photomicrograph
comprises a spectrum of copper sulfides from chalcopyrite to metallic copper. (b); typical
copper slag texture and composition — aggregate of fayalite, magnetite and pyroxene crystals.
(c) photomicrograph.

(b) # D12/19 — Homogenous part of the massive slag with small number and size of pores.

Fig. 53 ) slag hand specimen # D12/19; photomicrographs: b).x100 xpl; c). x100 ppl

In the first photomicrograph of D12/19-pores/voids comprise sulfides (green) in some places
and quartz inclusion (on the right); the total area of the thin section consists of chaotically
arranged fayalite needle-like crystals (high interference colors).

(b) #D7/19 — Homogenous part of slag cake
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Fig. 54 ) Slag hand specimen # D7/19; photomicrographs: b).x100 xpl; c). x100 ppl.

#D7/19 exhibits a different faze of copper smelting — elongated (high interference colors)
crystals in the glassy groundmass. Magnetite (spinel) grains (black aggregates) are observed as
well.
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Fig. 55 a) Slag hand specimen # D1/19; photomicrographs: b). X 25 ppl; g). X40 xpl.

D1/19 thin section comprises fayalite and pyroxene crystals with minor amount of silicate
glass; (b) sulfide inclusions (golden color).

(b) #Dog. 6.20" — Homogenous massive slag with minor amount of pores/voidsvand quarts
inclusions (lower margin of vthe photomicrograph).
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Fig. 56 a) Slag hand specimen # D1/19; photomicrographs: b). X 40 xpl; c). X100 ppl.

The homogenous part of the slag cake Dog. 6.20" thin section area consists of elongated
crystals of fayalite (high interference colors), black (opaque) cubic crystals of pyroxene and
magnetite; b) white circle indicates copper impregnations.

(b) # Ok-11/22 — Massive, homogenous slag where elongated/needle (pin)-like crystals of
fayalite are visible even to the naked eye.

Fig. 57 a) Slag hand specimen # Ok11/22; photomicrographs: b). X 40 xpl; c). X100 ppl.

Ok-11/22 sample is made of chain olivine (fayalite) crystals. The mentioned shape of olivine
according to K. Donaldson (1976) indicates to low cooling rate of the slag (40°C/per hour); at
the top margin of the photomicrograph (c) — dendrites of magnetite and oval shaped copper
inclusions (grey smooth mass).

(b)# D-22/22 Massive, homogenous slag. Copper impregnations are seen with naked eye.
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Fig. 58 a) Slag hand specimen # Dog22/22; photomicrographs: b). X 40 xpl; c). X100 ppl.

D-22/22 is almost similar to Ok-11/22 slag sample. Chain olivine (fayalite) crystals and
magnetite dendrites are better-developed here (green color in the first photomicrograph
cenre); (c) on the right white color indicates copper.

The results of slags petrography analysis

The microstructures of the investigated slags show two phases of crystallization: (1) for the
massive slag cakes, especially for their central and bottom parts, the crystalline microstructure
is illustrative/common. It is represented by the aggregates of needle-shaped and chain olivine
(fayalite) crystals, radial crystals of clinopyroxene and magnetite (from fine dendrites to coarse
polyhedral aggregates) along with impregnations/prills of copper sulfides and metallic copper.
(2) the second phase of melting is represented by a hypocrystalline to semicrystalline rich in
manganese and iron silicate mass; it is composed of quartz crystals of various sizes, magnetite
grains and rare metal inclusions, mostly oxidized to copper oxides, carbonates or chlorides.
This phase is common for tap slags and small-size, light and highly porous slags.

Thus, as a result of the petrographic study of the slags collected from the Lechkhumi-Kvemo
Svaneti Late Bronze Age metal smelting sites, two phases of smelting were identified: (1)
crystalline phase and (2) vitreous/glassy. As a rule, in contrast to the glassy phase, inclusions
of copper sulfides or metallic copper are common in the crystalline phase (Fig. 60 b).

Slag typology is also related to the cooling rate of the melt in the crucible. Naturally, large
volume slags usually indicate slow cooling, while small volume slags indicate the opposite. The
cooling rate of the melt can be roughly estimated from the change in olivine crystal
habitus/morphology (Donaldson 1976). For example, the presence of prismatic olivines in
massive slags indicates a slow cooling rate in—0-5°C/h; The cooling rate of funnel-shaped and
branched olivine melt is from 7°C to 15°C per hour; Chaotic and parallel oriented olivines are
a marker of high melt cooling rate and correspond to - 40-80°C/h; And lattice, platy and feather
olivine dendrites in the melt confirm that its cooling rate is less than 1500°C (Fig. 59).
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Fig. 59. Change in shape of olivine (forsterite)
crystals in cooling rate experiments on basalt
melt (Donaldson 1976), compared to fayalite
shapes in slag from the Bohutin
archaeometallurgical site (Czech Republic).
Photographs taken by scanning electron
microscope (SEM). Abbreviations: Ol, olivine;
Gl, glass; Gn, galena; Sp, sphalerite; Cpx,
clinopyroxene. (V. Ettler et, al 2009).

The different shapes of fayalite crystals in the composition of slag at the Lechkhumi smelting
sites correspond to different cooling rates. According to thin sections descriptions, it can be
seen that in the massive slags there are mostly needle-like crystals of olivine (fayalite) with
elongated and chaotically oriented morphology and chain crystals with cooling rate 40-80°C
per hour (fig.55-58); relatively rare is the melt consisting of lattice olivine crystals, which was
observed in tap slags. The melt of such morphology crystals loses temperature (cools faster) by
90-140°C per hour. It should also be noted that the size of olivine crystals in the lower parts of
the massive slags is somewhat larger than the sizes in the upper parts and reaches 200-300
microns (0.2-0.3 mm), which is visible even to the naked eye (Fig. 60).

According to the study by Donaldson (1976), based on the identification of fayalite crystals,
it appears that in Lechkhumi the Late Bronze Age massive slags (cakes) cooled at a rate of 40-
80°C per hour, this means that the cooling of massive copper slag took an average of 24 hours,

and the cooling of tap slags took about 10-12 hours.
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Fig. 60. Visible to naked eye fayalite crystals and copper inclusions/prills in massive slag found in
the Dogurashi region; a).#D 6/20; b). #D 22/22

The vast majority of the studied slags are completely melted, such slags contain almost no
rock inclusions. However, there are some that are not fully melted/liquefied and contain
quartz inclusions (Fig. 61). Several opinions have been expressed at different times about the
presence of quartz inclusions in slags. According to one, quartz was deliberately added to the
melt to harden the slag and make it easier to break (Rothenberg & Blanco-Freijeiro 1981).
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Fig. 61. Quartz inclusions in slags, Okureshi smelting sites; a).0k11/20; b). Ok12/20.

Later R. Tylecote supposed that the quartz was added to the melt at the final stages of
smelting to thicken it and accordingly allowing the slag to be easily removed/extracted from
the furnace (Tylecote, 1987). According to P. Craddock, quartz does not react with the melt
and therefore it was added at the end of the process, because at this time the slag cools faster
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and becomes harder (Craddock, 2013). A. Hauptmann explains that the dissolved quartz

inclusions in the slag must be remnants/restite of unmolten ore-bearing rock (Hauptmann,
2000).

Apparently, the quartz inclusions in the slags from the study area are fragments of ore-bearing
rocks as most of the ores in the Lechkhumi area are associated with quartz veins.

As a result of the typological study of the artifacts found in 2013-2022, the presence of three
main slag types at the Late Bronze-Early Iron Age copper smelting sites has been established:
(1) massive (slag cake), (2) tap and (3) flat slags. It is regarded that these types of slag are the
products of different phases of metal smelting, and sand slag (which is found as thick

layers/heaps at metal smelting sites) is the result of massive and tap slags processing (Addis A.,
2012).

The results of typological and petrographic studies are in correlation and exhibit the
differentiation of slags. At this stage, two phases of metal smelting were identified at the copper
smelting sites of Mountain region of Colchis, with following final products: (1) massive slag
cakes and (2) light, porous tap slags. As for flat slags, their presence is determined only by the
comparative-typological method as at this stage petrography and chemistry of these slags
haven’t been studied so far. It is planned to study them in the future, after the expansion of
the excavations. We suppose that in the areas where flat slags are present, double stage
smelting took place — preliminary roasting and smelting (D'Amico et al., 1998). During the
metallurgical process, the metal was completely removed from the flat slags and they were
recycled as flux (Haubner R., et al., 2019).

The mineralized rocks petrography

Sample # D672/22' — Brecciated, finegrained quartz sandstone, fractures are filled by oxidized
ore minerals (fig. 62 a).
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Fig. 62 d) X40 ppl e) X100 xpl f) X100 xpl
The rock is strongly silicified and occupies about 60 % of the thin section. In the rest of the
area sulfide minerals are developed, part of them is limonitized (rusty areas — fig. 62 f). Contact

zone of bedrock and sulfide vein is seen on photomicrograph (fig. 62 d).

Sample #D43/17 — Vein rock from the contact zone (Fig. 63 a).

FErTTTE T Tl
Fig. 63 a) D43/17 b) X25 ppl

Fig. 63  d) X40 xpl e) X100 xpl f) X100 xpl
The rock comprises mostly calcite (pinkish-greenish) and quartz (grey and white); fibrous

quartz veinlets/stringers are present as well (fig. 63 c and d). They cross-cut calcites. Generally,

such vein minerals comprise abundant ore minerals. This sample lacks such minerals.
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Sample #D28/17 — Greenish mineralized and silicified rock (Fig. 64 a).
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Fig. 64 a)D28/17

Fig. 64 d) X100 xpl e) X100 ppl f) X100 xpl

Strongly altered porphyry rock, plagioclase phenocrysts are nearly altered to clay, where
minerals of epidote-zoisite group (pale pink) are observed. Ore minerals fully invade the rock
and form accumulations/aggregates (black minerals). Fine-grained quartz (about 70%)

segregations are observed in the thin section.

Sample #D45'/18 — Dark grey strongly mineralized rock with quartz veins (fig. 65 a).

Fig. 65  a)D45'/18 b) X25 ppl ¢) X25xpl
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Fig. 65  d) X40 xpl e) X100 xpl f) X100 xpl

The 50% of the thin section area consists of two generation, euhedral (pyramidal white
crystals) and microcrystalline quartz. The second half of the thin section is occupied by galena
(dark grey, fig. 64 c), chalcopyrite and pyrrhotite.

Sample #D46/17 — Finegrained, oxidized rock (fig. 66 a)

v
S

Fig. 66 DA46/17

Fig. 66  d) X40 xpl e) X100 ppl ) X100 xpl

Intensely altered quartz sandstone, pyritized. Pyrite forms accumulations (fig. 66 g) in some
places. It is also present as single cubic crystals (black minerals, isotropic) (fig. 66 b, e, f).
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Sample #Op18/20 — Greenish porphyry rock with ore minerals inclusions and white veins
(fig. 67 a).

Fig.67  a) Op18/20 b) X25 xpl

Fig. 67 d) X40 ppl e) X100 xpl ) X100 ppl

Texture anhedral (allotriomorphic), host/bed rock, completely altered to chlorite, quartz
veins are observed (right corner — fig. 67 c) and coarse crystals of calcite (pink crystal with
lattice, fig 67 b, e and f — top right corner). As for sulfides they are in some places arranged

alongside and parallel to the quartz veins (fig. 67 d, e, f-dark accumulations with angular
inclusions).

Sample #Op28/20 — Porphyry rock with metal inclusions, part of them is oxidized (fig. 68 a).
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Fig. 68 a) Op18/20

fig. 68 d) X40 ppl e) X100 xpl f) X100 ppl

Bedrock has still preserved porphyry structure with zonal plagioclase phenocrysts and
common polysynthetic twinning are strongly broken in the strongly altered groundmass,
where globular grains (black) of ore minerals and hematite formation is observed after initial,
unidentified rock minerals.

Sample #Op62/20 — Pale porphyry rock, with sulfides imprignations (fig.69 a).
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Fig. 69 d) X40 ppl e) X100 xpl ) X100 ppl

sample Op62/20 is a similar to sample Op28/20 rock, but here rock building initial minerals
are replaced totally by quartz and calcite (fig. 69 d - bottom part). The same type mineralization
is developed here as well. Along with abundant sulfide globules, parallel to the quartz vein

stringers/veinlets (fig. 69 d) and ore rim is present here as well (fig. 69 c).

Sample # Op672/22° — White rock with sulfides inclusions (Fig. 70 a).

Fig. 70 d) X40 xpl e) X100 xpl f) X100 xpl

The isotropic groundmass represented by ore minerals in the photomicrograph occupies 80%
of the thin section total area and is brecciated. Ore minerals are placed between quartz (white)
and calcite (pink). In contrast to sample #Op18/2 the rock is intensely brecciated.
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Sample #T's(m)-2022 — Massive sulfide ore preserved at Tsageri museum of local lore. The

sample originates from Rtskhmeluri environs (Fig. 71 a)

Fig. 71 d) X40 xpl e) X100 ppl f) X100 xpl

5% of thin section total area is occupied by uneven and corroded pyrite segregations.
Pyrrhotite is developed everywhere in the rock, in some places as single grains. In the
interstitial areas between pyrrhotite grains uneven aggregates of isomorphic sphalerite and
galena are developed. Galena and sphalerite are in equal amounts and occupy 30% of the thin

section total area.
The rock petrography study results

Mineralogical study of ore-bearing samples revealed that ores consist of pyrite, pyrrhotite,
sphalerite, galena and chalcopyrite. Vein minerals are mostly quartz and calcite. Secondary
minerals are represented by iron hydroxide, and quartz occurs mainly by fine grains. On the
base of structural interrelations of minerals following succession was established: pyrite,

quartz, pyrrhotite, sphalerite, galena, chalcopyrite, calcite.
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2. 3. Radiocarbon (C14) dating/analysis

Radiocarbon analyzes were carried out at the Art and History Laboratory, University of
Oxford, United Kingdom. The charcoals extracted from the slag were processed using the
OxCal radiocarbon calibration program (Fig. 72) and 5 new dates were obtained for the

following archaeometallurgical objects:
Site: Dogurashi II - 42 40'40"N 42 47'34.20" E

(6) OxA-41668 RC-18-01, charcoal, chestnut (Castanea) d13C=-24.09 2839 + 16 BP.
Date: 1050-926 BC (probability/precision 95,4%)

(7) OxA-41669 RC-18-2, charcoal, chestnut (Castanea) d13C=-25.82 2946 + Date 16 BP.
: 1221-1109 BC (probability/precision 88.9%)

(8) OxA-41670 RC-18-3, charcoal, chestnut (Castanea) d13C=-25.38 2850 + 16 BP.
Date: 1056-928 BC (probability/precision 91.4%)

Site: Dogurashi I, 42 40'40.90"N 42 47'5.50"E

(9) OxA-41671 RC-18-04, charcoal, chestnut (Castanea)/Alder (Alnus) d13C=-25.77
2929 + 16 BP
Date: 1211-1052 cal BC (probability/precision 95.4%)

Site: Gverdistavi I, 42 39'31.80"N 43 49'6.90"E
(10) OxA-41622 RC-18-05, charcoal, chestnut (Castanea) d13C=-26.45 2839 + 19 BP.

Date: 1055 - 920 cal BC (probability/precision 95.4%).
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Fig. 72. Charcoal samples radiocarbon dating diagrams. Archaeometallurgical sites Dogurashi I
andll, and Gverdistavi.
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Overall, the three dates accepted for Dogurashi II include the period of XIII-X centuries BC:
for Dogurashi I — XII-XIcenturies BC, and for Gverdistavi (Lukhvano) - X-IX centuries BC.

2.4. X-ray fluorescence spectrometry (XRF)

In total 47 samples, (20 ore samples, 25 slag samples (massive and light), 1 artefact and 1

pure ingot) collected from the discovered archaeometallurgical sites during 2014-2021 were

analyzed at the TSU Janelidze Institute of Geology Laboratory using energy dispersive X-ray

fluorescence spectrometer (tables ## 1 and 2).

Table #1 The results of XRF analyses of slags

IIype of

ample and

Ne | Location [deseription | Symbol |Al% | Fe% | Ni% | Cu% |[7Zn% | As% | Mo% |[Sn% | Sh% | Ph %
1 |Okureshil |slag, dense Ok633/21 3.92 20.24 0.04 0.35 0.18 0.01 0.01 tr 0.01 0.05
2 |OkureshiZ |slag, dense Ck14/20 3.44 2217 0.03 0.62 0.04 0.02 0.01 tr 0.01 0.09
3 |Okureshi? |slag, dense Ok641/21 3.54 20.46 0.03 0.36 0.09 0.01 0.02 tr 0.01 0.03
4 |Chikelashi |slag, dense Ch10'/20 4.40 15.80 0.03 0.85 0.59 0.01 0.03 tr 0.03 0.04
5 [Chikelashi |slag, dense Ch10/20 3.51 20.83 0.04 0.58 0.70 0.01 0.03 jig 0.04 0.02
6 |Dogurashi? |slag, massive |Dog3/20 3.34 22,50 0.01 0.49 1.73 0.0L 0.01 ir 0.01 0.10
7 |Dogurashi 2 jslag, dense Dogld/19 .27 29.64 0.03 0.70 8.39 0.01 tr tr 0.01 0.58
8 |Dogurashi? jslag, dense Dogl1/19 2.32 22.06 0.03 0.38 0.48 0.01 0.03 tr 0.01 0.03
9 |Dogurashilislag, malachite Dog2/14 2.56 17.06 0.02 1.07 0.37 0.01 0.01 tr 0.02 0.06
10 |Dogurashilslag, dense Dog6/19 1.71 20.31 0.03 0.40 0.37 tr 0.01 tr tr 0.06
11 [Dogurashillslag Dog?' /14 2.56 17.06 0.02 1.07 0.37 0.01 0.01 ir 0.02 0.06
12 |ladzgveria [slag, tap Laz12/14 4.89 43.91 tr tr 0.02 tr tr tr tr 0.01
13 |letsperi 3 |slag, tap Let382/19 | 3.48 22.64 0.05 0.52 0.57 0.01 0.02 tr 0.02 0.02
14 |letsperi3 Islag dense let382'/19 | 3.34 23.44 0.03 0.50 0.07 0.01 0.01 ir 0,01 0.02
15 |Dogurashi 2 {poor ingot Dopl/19 4.65 14.86 0.03 0.13 0.81 0.01 tr tr 0.01 0.07
16 [Gahonalia |slag dense  [Galfl4 .59 17.15 0.01 1.00 0.91 0.01 tr tr tr 0.03
17 [shavhinula |slag, dense Shedg/21 3.41 18.09 0.03 0.44 0.77 0.01 0.02 tr 0.03 0.01
18 |Okureshil |slagporous  [Ok11/20 | 5.08 3191 0.03 0.64 0.05 0.04 0.01 tr 0.01 0.11
19 |Okureshi2 |slag porous  [Ok16/20 4.37 20.94 0.03 0.66 0.50 0.02 0.01 tr 0.01 0.02
70 [chikelashi |slag porous  [Ch367/1% 3.22 18.22 0.02 1.14 0.26 0.02 0.06 tr 0.05 0.04
21 |chikelashi |slag porous  [ChB/19 3.49 16.00 0.05 1.31 1.51 0.01 0.01 tr 0.02 0.04
22 |lukhvano |slag porous  [Lu381/18 3.96 21.03 0.03 0.30 0.69 0.01 0.01 tr 0.01 0.05
23 |[Gabonalia |slag porous [G@362/139 3.14 21.74 0.03 0.36 0.38 0.01 tr tr tr 0.01
24 |letsperi3  |slag, light Let382"/19 | 4.78 27.07 0.03 0.40 0.10 0.02 tr tr 0.01 tr
25 |Gvimbrala |slag, porous GvB52/21 1.25 43.02 0.01 0.45 0.63 0.01 tr tr 0.01 .01
26 |Dogurashi?2 |slag porous  [Dog3’/20 2.75 24,45 0.02 4.10 0.33 0.04 0.01 tr 0.02 0.05
27 lopitara artefact 09543!21 | 145 2.87 0.07 77.19 0.26 0.36 tr tr tr 0.18
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Table #2 The results of XRF analyses of mineralized rock

ype of sample

mbol Ph %
N2 |Location I.a[nd description Y Al% |Fe%% | Ni% Cu % In % As% | Mo% | 5n% Sh %

28 [Opitra [mineralized rock |0p28/20 501 | 1906 | 004 | o001 001 tr tr tr tr 001
29 [Opitra mineralized rock |0p62/18 019 | 2564 | 003 4.05 0.03 tr tr tr tr tr
30 [Opitra mineralized rock |0p63/18 047 | 2582 | 004 445 002 001 | tr tr tr 0.02
31 |Opitra mineralized rock |Op63'/18 034 | 2411 | 002 2.53 0.02 tr tr tr tr 0.01
32 |Opitra mineralized rock |[Opl8/20 138 2635 | 002 0.63 0.02 0.27 0.01 tr tr 0.03
Pogurashi- | Dog4s/18 | 195 | 651 | o003 0.10 tr 0.06 tr tr tr 001

33 |nargvevi mineralized rock
Pogurashi- | Dogds'/13 | 465 | 1320 | 009 243 1893 | 00z | tr tr tr 1045

34 |hargvevi mineralized rock
Pogurashi- | Dogas'f18 | 694 | 1683 | 010 | 458 1577 | 005 | tr tr 001 13.96

35 |nargvevi mineralized rock
Pogurashi- | Dogas"/18| 537 | 337 | o000 tr 017 tr tr tr tr 0.08

36 |hargvevi mineralized rock
37 Dogurashi mineralizedrock [P°€61/18 | 757 | 073 | oot tr 0.06 tr tr tr tr tr
38 Pogurashi |mineralizedrock [PP830A7 | 373 | 4442 | o005 017 0.03 002 | tr tr tr 0.04
Pogenashi: | .. Doga6/18 | 771 | 740 | 002 | o001 001 tr tr tr tr tr

39 |nargvevi mineralized rock
Pogurashi- | Dog21/20 | 061 | 1766 | 009 3.00 8.29 0.09 tr 001 0.03 2392

40 |nargvevi mineralized rock
Pogurashi- | Dog20/20 | tr tr tr tr tr tr tr tr tr tr

41 |nargvevi mineralized rock
22 Dogurashi mineralizedrock [PE6Y18 | 757 | 073 | om tr 0.06 tr tr tr tr tr
43 Dogurashi mineralizedrock [P°260/18 | 685 | 1409 | 003 0.03 tr tr tr tr tr 001
P O — 029 |3006| o0m 0.03 0.03 120 | tr tr 0.02 0.07
Gabonalia- | Gab3/14 1070 | 426 | o000 tr 001 tr tr tr tr tr

45 fubi mineralized rock
i MokaulisgelJminera"R drock Mok644/21| 800 | 435 | 003 0.01 tr tr tr tr tr tr
i Mokaulisgeie|mineraiize drock [Mok643/21| 319 | 531 | 001 0.01 001 005 | tr tr 0.01 001

2.5. Atomic absorption analysis (AAS)

Atomic absorption analysis performed on 52 samples of slag and mineralized rocks in the
chemical laboratory of Caucasus Mining Group LLC (CMG) determined noble (gold-Au, silver-
Ag) and non-ferrous/base metals (copper-Cu, lead-Pb, zinc-Zn, iron-Fe) grades.

The obtained data revealed that none of the samples comprise gold. High grades of copper
(0.14-1.06%), zinc (0.06-1.13%), lead (0.02-11.8%), and iron (130-174 kg/t) were detected in
the prehistoric slag samples. Exceptionally high grades of copper (Cu - 3,2-4.6 kg/t) were
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detected in mineralized rocks from Opitara. Samples collected directly in the mines are
characterized by fairly high grades of silver (1,25 kg/t), lead (73 kg/t) and zinc (18,4 kg/t). As
expected, iron grades in the oxidized concretion obtained from Korvashi (Kor29/20) are fairly
high- 294 kg/t; Iron grades are higher than -262 kg/t in the medieval period slag found in

Opitara (Op30/20) as well (Tables #3 and #4).

Table #3

A

S e 3 . T

UMt

A it e ey BON-5aM
Custoemer pami GRM Lt Camcasus Mining Geoup
Date of sampling 002000
hemical faborator Date 19,1020
{Wethod of analysis Au-AR Bu-AR Ap-AR Ag-AR Cu-AR Cu-AR Ph-AR Ph-AR In-AR InfR | Fe-AR
Tool AAS AR5 ALS AMS ALS AlS MRS AAS ANS AAS AAS
Analytical element Au AuCh. Ag Ag.Ch. Cu Cu,Ch, Fb Pb,Ch In Zn.Ch. Fe
i e ppm Ppm ppm ppen % % % % Y % e
o, oo 00 0,01 1 ] 0 0,04 001 0,04 001 0, 0,01
Weight gr.] il Fil 2 2 05 05 0.5 05 05 05 05
Reference QC GO15-24.4 GEMR0T.12 13.00 GEMS0T-13 169 GEMBT-12 041 GEMS0T-13 663 |GBM3nT-24
Target Range.  L8ound 534 157 03 B85 £k ]
1 Baund 5 LB 045 i
|Reference QC 487 1532 1,67 042 20 i)
BLANK 0.01 001 [T [T7
1 {0k-12720 -slag {1) 0,14 152 050 .04 0.50 1746
¥ |11 30-skag () 015 340 043 0.04 010 13,50
3 |Diog-6000-ghag (1] 012 135 a4 0,05 039 1666
4 |Dog-220-2lag (2) 0,14 708 - 0as 014 » 073 ) 1444
§ |ChA0ii-alag 012 010 h58 55 (166 0 &6 005 004 [ 0,78 12 56
& {0p-18420-cre from add .01 73 ] 001 001 438
i E‘_u-l&'lﬂl-dt'etmaﬁt 0,05 13537 032 1,30 1,84 187
B [For-29720-concretion 0.2 316 0 .03 g 2440
4 |Dag-Ti20qotk .02 1,75 ] g0t 401 285
10fNar-21120 ore 11 010 &0 FaL) o 0, 0 .M 001 ] 1050
11| 0p-30720-medival siag 013 368 Q01 004 0,02 20
12| 3v-376/19-000 0,02 154 0,01 .01 0,01 2
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Analysis method Ag-AR  Cu-AR Pb-AR Zn-AR Fe-AR
Device AAS AAS AAS AAS AAS
Element analyzed Ag Cu Pb Zn Fe
Detected unit ppm % % % %
Sample ID
D2-800/22 Slag cake 6.90 0.71 0.23 0.73 32.15
D2-801/22 Tap slag 25.37 1.06 0.91 0.74 16.34
D2-802/22 Slag cake 13.19 0.19 11.80 0.83 23.65
D1-803/22 Tap slag 4.63 0.55 0.33 0.57 7.68
D2-13/19 Slag cake 3.00 0.63 0.03 0.22 44.17
D2-4/20 Tap slag 9.67 0.79 0.14 0.38 10.12
D2-3/20 Slag cake 4.12 0.56 0.10 0.38 26.35
D1-11/22 Slag cake 3.46 0.42 0.05 0.19 27.56
D1-5/20 Slag cake 5.05 0.40 0.16 1.13 19.28
D2-12/22 Tap slag 9.00 0.68 0.26 0.32 9.24
D-672/22 Rock 4.29 0.31 0.51 0.26 5.10
D-672/22' Rock 22.58 0.72 3.90 1.95 11.52
D-672/22" Rock 7.31 0.34 0.34 0.37 4.67
D-672/22" Rock 13.63 1.03 1.05 2.32 7.68
D-20/20 Rock 3.98 0.21 1.09 1.72 9.41
D-28/17 Rock 3.72 0.81 2.02 2.05 4.82
D-804/22 Rock 5.26 0.28 0.75 0.88 6.71
D-45"/18 Rock 39.37 0.81 2.80 5.49 14.96
D-39/18 Rock 12.91 1.63 0.42 1.22 16.21
D-5/19 Rock 7.13 0.43 1.04 2.08 8.26
D-669/22 Rock 2.47 0.21 2.32 1.56 5.82
Ok1-639/21 Slag cake 3.54 0.27 0.84 0.11 34.13
Ok1-11/20 Tap slag 4.17 0.53 0.07 0.13 14.34
Ok1-805/22 Slag cake 3.00 0.14 0.04 0.17 2145
Ok1-806/22 Tap slag 3.41 0.36 0.06 0.16 8.63
Ok1-639/21 Slag cake 2.63 0.31 0.05 0.11 53.17
Ok2-641/21 Slag cake 3.71 0.61 0.02 0.06 41.12
0Ok2-518/20 Tap slag 3.22 0.39 0.04 0.11 16.35
0Ok2-12/20 Slag cake 3.31 0.44 0.03 0.27 25.52
0Ok2-671/22 Slag cake 3.34 0.42 0.03 0.17 15.28
Ok2-14/20 Slag cake 4.38 0.67 0.02 0.26 19.24
Op-18/20 Rock 4.75 1.85 0.92 0.79 5.96
Op-807/22 Rock 4.65 0.57 1.16 0.81 7.39
Op-808/22 Rock 3.96 1.72 0.61 0.83 6.00
Op-25/17 Rock 5.92 1.61 2.42 1.17 4.12
Op-63/18 Rock 11.64 2.42 3.13 1.11 15.44
Op-28/20 Rock 10.88 3.44 4.05 2.34 8.23
Op-1/17 Rock 2.12 0.92 1.51 5.61 5.89
Op-809/22 Rock 4.37 2.19 2.35 0.86 7.41
Op-62'/18 Rock 3.75 1.59 1.67 0.55 4.79
Table #4
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The results of X-ray fluorescence and atomic absorption analyzes of the mineralized rocks
indicate that the primary ore consists of copper-zinc- lead -pyrrhotite (Table #1-#4). The results
of the same analysis of the slags correlate with those of the mineralized rocks, confirming that

Colchian metallurgists used local ore.

2.6. Palynological analysis

Samples for palynological analysis were processed in the Palynological Laboratory of the
National Museum of Georgia according to standard protocol (Moore et al. 1991). At the first
stage, sediments from slag voids as well as sediments from crucible pores/cracks were boiled
in an alkaline solution of 10 % potassium hydroxide to wash out any organic remains and the
resulting liquid was centrifuged. Then a heavy, cadmium rich solution was added to extract
organic remains by subsequent centrifugation. During this process, the heavy liquid
compressed the mineral part even more and caused it to sink to the bottom, while the organic
material floated to the surface. Finally, the resulting organic material was broken down for
removal by acetolysis. Optical microscopy (microscope Olympus BX 43) was used for the
identification, counting and photography of palynomorphs then statistical processing of the
results and plotting of diagrams using the program Tilia (Grimm 2011).

It should be emphasized, that analytical data (slags and technical ceramic s fragments) turned
out to be useful for other research as, in addition to the plant pollen grains and fern spores, the
material contained much other material: types of non-pollen palynomorphs - parenchymal
wood cells, phytoliths, starch, fabric fibres, hairs and claws of insects, fungal spores, and so on.

Apart from pollen analysis, charcoal samples for radiocarbon dating were also recovered
from the Late Bronze Age copper smelting sites. Ten samples of charcoal from the 2018-2019
excavations were examined at the Oxford University Laboratory (by Dana Challinor) both for
the selection of suitable material for radiocarbon dating and to identify the original wood
species from which the charcoal (fuel) derived in the Late Bronze Age. Standard procedures
were followed for identification, with fragments placed in a sand bath under high
magnification. Identification was performed only at the genus level and no attempt was made

to separate the species anatomically.

Presented palynological study of artifacts found at a Late Bronze Age metal smelting
monument is the first attempt. A similar study has not yet been conducted on any of the
archaeometallurgical sites of Georgia. The obtained results will allow us to determine the data
on the paleolandscape, climatic conditions, taphonomy and human activities in Late Bronze

Age mountainous Colchis (Lechkhumi).
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Results of artifacts palynological analysis

(1) Site Dogurashi I is located on the southern slope of the western edge of the Lechkhumi
ridge, on the left bank of the Tskhenistskali river, at an altitude of 880 meters above sea level
(GPS - 42°40"41.09"N; 42°47 '5.53"E). Slag sample #Dog5/20.

In the palynological spectrum of the in-slag organic remains, the number of plant arboreal
pollen and forest ferns prevails (Fig. 73). Among broad-leaved plants, alder (A/nus) and
chestnut (Castanea) are dominant, beech (Fagus) pollen are less common. Pine (Pinus), fir
(Abies nordmanniana) and spruce (Picea orientalis) were defined in the group of conifers.
Elements of thermolytic flora such as elm (Zelkova), lime (7ilia), oak (Quercus) and nut

(Corylus) were also found in the spectrum.

Forest fern spores prevail in the group of herbaceous plants. Bracken (Pteridium aquilinum)
which commonly grows in open areas of the deforested landscape (Page 1986; Seyanzobe et
al., 2020) is amongst them. Plantago (Plantago) pollen grains growing on roadsides and paths,
near human habitation and on garbage (Behre 1981) are rare. Pollen grains of plantain
(Plantago) which grows on road and path sides, nearby the human habitation and at rubbish
tiops (Behre 1981) are less common.

In the spectra of non-pollen palynomorphs burned and decomposed parenchymal cells of the
timber predominate (fig. 74). Incompletely carbonized or formed as a result of pine natural
decay pine (Pinus) cells were identified. Elm (Ulmus) timber cells are rare as well as fungal
spores, starch, flax fiber and microscopic remains of insects. The fact that zygospores of
freshwater thermophilic algae Spirogyra and Pseudoschizaea were found in the organic
remains of slags and ceramics which is a good indicator of warm climate conditions is
noteworthy (Scott 1992; Medeanic, Silva 2010).

(2) Site Dogurashi II is located on the southern slope of the western edge of the Lechkhumi
ridge, on the left bank of the Tskhenistskali river, at an altitude of 1084 meters above sea level,
5 km east of I in Dogura (GPS 42°40 '39.40"N; 42°47 '32.70"E). Slag sample #Dog 4/20.

The palynological spectrum of in-slag organic matter is distinguished by the taxonomic and
quantitative richness in arboreal plant pollen. Chestnut (Castanea sativa) and common alder
(Alnus barbata) pollen grains are abundant. Pollen grains of lime tree (77/ia), common
hornbeam (Carpinus betulus), oak (Quercus), willow (Salix) and nut (Corylus) were identified
as well. The number of conifers in the sample of Dogurashi II is much less than that of
Dogurashi I.
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Forest fern spores predominate (Polypodiaceae) in the palynological spectrum of herbaceous
plants, but bracken spores number here fairly exceeds that of at Dogurashi I. This means that
there should have been more deforested - open landscapes (meadows) in the mentioned place
than at Dogurashi I. In the investigated samples the indicators/markers of humans long-lasting
habitation such as pollen grains of cereals (Cerealia) and pollen of weeds common for wheat
crops goosefoot (Chenopodium), knotweed (Polygonum) and buttercup (Ranunculus) prevail.
Pollen grains of ruderal yard plants - plantain (Plantago) and absinth (Artemisia) were
observed. This means that the metallurgical production at Dogurashi II lasted longer than at
Dogurashi I. This is also confirmed by the several levels of the smelting workshops recorded

in the stratigraphic section during excavations at Dogurashi II (Sulava et al, 2020; Sulava et al,
2020 (a)).

Among the non-palynological remains, parenchymal cells of burnt wood are dominant (Fig.
74). Decomposed cells of pine timber were identified as well. The spectrum contains starch,
cereal phytoliths, and fungal spores. Spores of dung-loving fungi (Cercophora) were identified
up to the genus. Flax fiber and microscopic remains of insects are found in fairly lesser
amounts.

(3) Site Dogurashi III is located on the southern slope of the western edge of the Lechkhumi
ridge, on the left bank of the Tskhenisskali river, at an altitude of 1000 meters above sea level
(GPS 42°40°33.3"N; 42°47'19.9"E). It is located 1 km east of site Dogurashi II. Slag sample
#Dog674/22.

The palynological spectrum of the in-slag organic matter residue of Dogurashi III is similar
to that of Dogurashi II. The amount of chestnut (Castanea sativa) pollen prevails here as well
(Fig. 73). Pollen grains of pine (Pinus), fir (Abies), spruce (Picea), alder (A/lnus), hornbeam
(Carpinus betulus), oak (Quercus), and Holly (Ilex) trees were identified.

Herbaceous plants are represented by abundant forest fern spores (fig. 1). Pollen of
Umbrelifers (Apiaceae), goosefoot (Chenopodiaceae), and aster (Asteraceae) genus is present
as well. Weed pollen grains such as plantain (Plantago), absinth (Artemisia) and knotweed

(Polygonum) are well represented in minor amounts.

In the spectra of non-pollen palynomorphs starch including wheat starch is dominant (fig.
74). Cereal phytoliths are well represented. Parenchymal cells of burnt wood as well as remains
of insects - naps and claws are abundant. Fungi spores were identified, including mold
(Mucoraceae), dung-loving fungi (Sordaria) and Chaetomium spores as well as Ustulina
(Ustulin) fungi spores. The latter grow only on the felled tree timber. Remnants of freshwater
algae Zygnemataceae, Dinoflagellata, Pseudoschizaea are present not in small amounts (fig. 2).
Flux and cotton fiber are observed in minor amounts.
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Fig. 73. Quantitative (palynological) diagram of plant pollen found in the debris/ waste of Late
Bronze Age of metallurgical production and modern soil in Lechkhumi.

(4) Site Okureshi I (Didlodebi) is located on the left bank of the Tskhenistskali river, on the
northwestern slope of the Khvamli limestone massif, at an altitude of 1080 m above sea level
(GPS 42°31°33.76"N; 42°42 ' 33.23"E). Slag sample # Ok7/20 and Ok670/22.

The palynological spectrum of the in-slag organic remains is not as rich as that of the
Dogurashi samples. A total of 6 taxa were determined from arboreal plants (Fig. 73). Alder
(Alnus) and nut (Corylus) pollen dominates. Hornbeam (Carpinus betulus) is abundant,
chestnut (Castanea sativa), pine (Pinus) and birch (Betula) pollen grains are few.

Herbaceous plants are represented by the undetermined spores of various ferns
(Polypodiaceae) as well as by the spores of adder’s tounge (Ophioglossum vulgatum), bracken
(Preridium aqulinum), and other ferns. Pollen grains of knotweed (Polygonum) are observed

1In minor amounts.

Non-pollen palynomorphs are represented by abundant parenchymal cells of burnt wood
timber. Decomposed cells of pine are observed as well (fig. 74). Grain starches are abundant
among which wheat (7rticum) starch was identified up to the genus. Cereals phytoliths,
fungal spores and their hyphae were found as well as insects naps and other remains.
Microscopic remains of mites are also found less frequently. There are few flax and cotton

fibers and zygospores of the freshwater alga Pseudoschizaea.
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Fig. 42. Quantitative diagram of the non-pollen palynomorphs (NPP) found in the debris/ waste of Late
Bronze Age metallurgical production and modern soil in Lechkhumi.

(5) Site Okureshi II a (hay meadow lands/Satibebi) is located on the left bank of the
Tskhenitskali river, on the northwestern slope of the Khvamli limestone massif, at an altitude
of 1155 m above sea level (GPS 42°31"27.14"N; 42°42 *37.94"E). It is located =2 km to the south-
east of the metal smelting site Okureshi I. Technical ceramics (crucible) sample # Ok671/22.

The palynological spectrum of technical ceramics organic remains, as well as the slag
spectrum of Okureshi I, is not characterized by the richness in palynomorphs. Only 9 plant
arboreal pollen grains were identified. Pine (Pinus) predominates among trees, alder (Alnus)
is the second most dominant. Carpinus orientalis and Corylus pollen grains are scarce.
Common hornbeam (Carpinus orientalis) and nut (Corylus) pollen grains are scarce.

Among herbaceous plants forest ferns spores are abundant (fig. 73), including bracken
(Pteridium aqulinum), which grows in the bare areas formed after deforestation (Page 1986;
Senyanzobe et al, 2020). Seeding cereals (Cerealia) — plantain (Plantago) and absinth
(Artemisia) pollen are represented as single grains.

In non-pollen palynomorphs group starch, including wheat starch is dominant. The second
dominant is burned wood timber parenchymal cells. Pine decomposed cells are in minor
amounts. There are quite a lot of flax fibers (Fig. 74). few granular phytoliths, fungal spores
and plant epidermis. Among the zoological remains, we find mainly insect scales and their
epidermis. Cereal phytoliths, fungi spores and plant epidermis are in small amounts. Zoological
remains are represented by insects’ naps and epidermis.

(5) Site Okureshi II b (hay meadow lands/). Slag samples ##0Ok16/20, Ok 671/22.
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The palynological spectrum of the sample turned out to be extremely poor. Among the
arboreal plants, single pollen grains of pine (Pinus), fir (Abies nordmanniana) and hornbeam
(Carpinus betulus) were found.

Herbaceous plants are represented by abundant fern spores, including adder’s tounge
(Ophioglossum vulgatum) and bracken (Pteridium aqulinum). In relatively minor amounts are
observed plantain (Plantago) pollen.

The non-pollen palynomorphs group is dominant by parenchymal cells of burned timber.
There is a large amount of starch. Fungal spores, phytoliths and remains of insects are not so
few. Fibers of linen and cotton fabric are observed as well (Fig. 75 b).

(6) Site Lukhvano (Gverdistavi) is located on the right bank of the Tshnisskali river, at an
altitude of 1370 meters above sea level (309756 N; 4725374N). Slag sample # Gv676/22.

The palynological spectrum of the in-slag organic remains turned out to be rich and
interesting (Fig. 73, 74). Pollen and spores of 25 plants were identified. The number of non-
palynological palynomorphs is 12. The number of pollen grains and spores is also large. Among
the trees, alder prevails. There are many pollen grains of conifers - pine (Pinus), fir (Abies
nordmanniaceae) and spruce (Picea orientalis). Among the broad-leaved trees, the amount of
pollen of hornbeam (Carpinus betulus) and chestnut (Castanea sativa) is well represented (Fig.
41). The role of oak (Quercus), beech (Fagus orientalis), lime tree (7ilia) pollen in the
palynological spectrum is less. Single pollen grains of walnut (Juglans regia), elm (Ulmus),
willow (Salix), nut (Corylus) are found.

The herbaceous plants group is dominated by fern spores. Bracken (Preridium aqulinum)
spores were determined in sufficient quantity. Spores of adder’s tongue (Ophioglossum
vulgatum) and moonwort (Bortychium lunaria) are found. There is little pollen of goosefoot
family (Chenopodiaceae), pink family (Caryopyllaceae), absinth (Artemisia), cichorium
(Chichorioideae), grasses (Poaceae) and phlox family (Polemoniaceae).

The group of non-pollen palynomorphs is dominated by starches, where wheat and other
cereal starches grains were found. The second dominant are the parenchymal cells of burned
wood timber (Fig. 75 b). There is abundant herbaceous plants phytoliths and plant epidermis.
Fungal spores, their sporangia and hyphae have a lesser role in the spectrum. There are also
few remains of insects and algae (Fig. 74).

(7) Site Chikelashi is located on the southern slope of the Chikelashi ridge, on the right bank
of Tskhenistskali river, 1445 m above sea level (42°39 "29.53"N; 42°44°21.19"E). Slag samples
##Ch9/20, Ch667/22.
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The palynological spectrum of the organic remains extracted from the slag is not rich. Only
12 plant taxa were identified. A small number of pollen grains of pine (Pinus), alder (Alnus),
hornbeam (Carpinus betulus), willow (Salix) and nut were found among the tree plants.

From herbaceous plants fern spores dominate including bracken (Pteridium aqulinum), and
adder’s tongue (Ophioglossum vulgatum). In addition, pollen grains of plantain (Plantago),
absinth (Artemisia) and umbellifers (Apiaceae) were identified.

In the group of non-pollen palynomorphs, burnt parenchymal cells of wood timber
predominate. Pineal cells were determined. Starch and phytoliths are abundant. The spectrum
contains a lot of flax and a little cotton fiber. Small amounts of insect remains and fungal spores

were observed.
(7) Site Chikelashi Technical ceramics (crucible) sample #Ch671/22.

Pollen and spores of 11 plants were determined in the palynological spectrum of organic
remains obtained from technical ceramics (crucibles). Arboreal pollen grains of birch (Betula),
lime tree (7ilia), cypress family (Cupressaceae) and nut (Corylus) were observed.

In herbaceous plants fern spores dominate. Moonwort (Botrychium lunaria), adder’s tongue
(Ophioglossum vulgatum) and bracken (Preridium aquilinum) were identified. Plantain
(Plantago), absinth (Artemisia) and Chenopodium pollen grains are scarce.

Among the remains of a non-pollen nature, starch and burnt wood cells predominate. There
are many cereals phytoliths. Flax fiber and insect remains are abundant. Cotton fibers and

fungal spores are in minor amount.

Modern soil palynological analysis

(1) A sample of modern soil in the Dogurashi neighborhoods was taken in the vicinity of the
metal-smelting workshop in Dogurashi III. Today hornbeam, oak, lime tree, beech, chestnut,
maple, alder grow in the deciduous forest in the vicinity of Dogurashi. The undergrowth is

represented by bilberries, nut, wild pear and many forest ferns.
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Fig. 75. a) Dogurashi-III; Pollen grains of thermophilous taxa: 1- common hornbeam (Carpinus

betulus); 2- Zelcova (Zelkova carpinifolia); 3,4 — chestnut (Castanea sativa); 5 — zygospores of alga
Pseudoschizeae; 6- zygospores of alga Zygnemataceae; b) Okureshi II b; Non-pollen palinomorphs: 1-
3-Flax fibers; 4-pine (Pinus) parenchymal cells; c) Chikelashi I a; forest ferns spores and pollen grains:
1,2 — Ophioglosssum vulgatum; 3-forest fern- Polypodiaceae; 4- Pteridium aquilinum; 4- Botrychium
lunaria; pollen of Betula.

Both local and regional vegetation was reflected in the palynological spectrum of the
Dogurashi modern soil (Fig. 73, 74). Alder (Alnus) pollen grains are abundant in the spectrum.
The composition of the pollen of hazelnut (Corylus), chestnut (Castanea sativa), lime tree
(7ilia) and hornbeam (Carpinus betulus) is well represented. There is a lot of pine (Pinus)
pollen, and a few of fir (Abies nordmanniana) and spruce (Picea orientalis) pollen grains,

which are brought by the wind from the upper slopes of the mountain.

It should be noted that the pollen of beech (Fagus orientalis), maple (Acer), blueberry
(Vaccinium), common pear (Pyrus) and wild apple (Malus) present in the modern forest of
Dogurashi area were not observed in the palynological spectrum of slags. This fact is explained
by the low pollen production and poor conservation properties of these plants or their absence
in the mentioned area during the Bronze Age (Klopotovskaia 1973; Kvavadze 1993; Filipova-
Marinova at al. 2010).

From the herbaceous group, spores of ferns - adder’s tounge (Ophioglossum vulgatum) and
spleenwort (Asplenium) prevail in modern vegetation. Grasses (Poaceae), goosefoots
(Chenopodium), fleaworts (Plantago), pink family/pinks (Caryophyllaceae), chicories
(Cichorioideae), knotweed (Polygonum) are present in small quantities. Among the grasses
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there are also many spores of adder's tongue (Ophioglossum vulgatum) and spleenworts
(Asplenium), which correspond to today's reality.

Among the non-pollen palynomorphs of the Dogurashi modern soil samples, starch and
decomposed wood timber parenchymal cells dominate. Fungi spores are abundant: dung-
loving fungi (Sordaria), glomus (Glomus), ustulina (Ustulina) as well as microscopic remains of
insects. Phytoliths, cereals stem cells and freshwater algae are few. Only two fibers of cotton
fabric were found.

(2) Modern soil of Okureshi I. A broad-leaved forest with larch, beech and chestnut is
common here. alder is abundant here as well. The undergrowth is represented by yellow
azalea, nut and wild pear. The grass cover is well developed and ferns are widespread.

The modern palynological spectrum is quite rich. In the group of arboreal plants, there is a
lot of pollen from different species of alder (A/nus) (Fig. 73), among which common alder
(Alnus barbata) is abundant. It is spread throughout the Kolkheti lowlands and the valleys of
the lower parts of the mountain. Grey alder (A/nus incana), which grows in the highlands, is
found in smaller quantities. Nut (Corylus) is the second dominant among arboreal plants.
There are also quite a lot of hornbeam (Carpinus betulus), pine (Pinus) and oak (Quercus)
pollen grains. Chestnut (Castanea sativa), beech (Fagus orientalis), lime (7ilia) pollen is less.

Fairly rare are pollen grains of fir (Abies nordmanniana), spruce (Picea orientalis), elm
(Ulmus).

Among herbaceous plants spores of ferns prevail - adder's tongue (Ophioglossum vulgatum),
bracken (Pteridium aquilinum), moonwort (Botrychium IJunaria) and others. Chicory
(Cichorioidae), goosefoots (Chenopodium), grasses (Poaceae), umbellifers (Apiaceae), common
knotgrass (Polygonum aviculare), borage family (Borraginaceae), fleaworts (Plantago), and
sedges (Cyperaceae) were identified in the spectrum. Algae bur-reed (Sparganium) and reed-
mace (7ypha) are observed.

In the spectrum of non-pollen palynomorphs, fungal spores and their sporangia predominate.
Mold fungi (Mucoraceae), glomus (Glomus) and ustulina (Ustulina) were identified up to
genus. There are quite a lot of starch and decayed parenchymal cells of wood. Phytoliths,
remains of insects and mites are few. Eggs of the parasitic pinworm enterobiosis (Enterobius
vermicularis) were found in the spectrum of the considered soil.

(3) Okureshi IT modern soil sample and its pollen spectrum is rich as well (Fig. 73, 74). Alder
(Alnus) pollen dominates here as well. There are many pollen grains of pine (Pinus) and nut
(Corylus), hornbeam (Carpinus betulus), chestnut (Castanea sativa) and spruce (Picea
orientalis). Single pollen grains of fir (Abies nordmanniana), lime (7ilia), oak (Quercus) and
willow (Salix) are found.
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Fern spores predominate in the herbaceous group. Spleenwort (Asplenium) spores were
identified as well. There are small amounts of pollen grains of umbellifers (Apiaceae), borage
family (Borraginaceae), chicory (Cichorioideae), goosefoot family (Chenopodiaceae), knotgrass
(Polygonum) and common knotgrass (Polygonum aviculare).

Starch and fungal spores are abundant in the spectrum of non-pollen palynomorphs (Fig. 2),
including wheat starch. In the group of ascospores, the spores of the fungus glomus (Glomus),
ustulina (Ustulina) and dung-loving fungi (Sordaria) were identified. Decomposed sporangia
are also observed. There are many parenchymal cells in wood timber. Herbaceous plants
phytoliths are observed. Insect naps and their epidermis are well-represented. There are few
tick naps. In the spectrum there is a small amount of freshwater algae Spirogyra (Spirogyra),
remains of moss, a single fiber of cotton fabric (Fig. 74).

(4) Investigation of the Lukhvano (Gverdistavi) modern soil pollen revealed that developed
here plants are similar to those of Okureshi. Alder, beech, oak, chestnut, maple and linden
can be found in the forest. In contrast to the palynological spectrum of Lukhvano slags, the
amount of arboreal plant pollen is less in the modern soil sample (Fig. 73, 74). Pollen grains of
oak (Quercus), elm (Ulmus), lime ( 7ilia), willow (Salix), beech (Fagus orientalis) and hornbeam
(Carpinus betulus) are not found at all. The composition of coniferous dust is also limited in
the spectrum. Grasslands, like all modern soils, are rich in fern spores; Adder’s tongue
(Ophioglossum vulgatum) and spleenwort (Asplenium) were identified. Goosefoot family
(Chenopodiaceae), mints (Lamiaceae), grasses (Poaceae), knotgrass (Polygonum), aster (Aster),
fleaworts (Plantago) are in small quantities.

In the group of non-pollen polymorphs, the first dominant is starch, the second - burnt
parechymal cells of wood. Cereals phytoliths and microscopic remains of insects are abundant.
Fungi spores are well represented, where Glomus and Ustulina were identified. Fungal hyphae
are observed as well small amounts of plant epidermis, tick notes and cotton fiber.

(5) Chikelashi modern soil sample In the surrounding the Chikelashi site forest, both conifers
and deciduous plants are widespread; yellow azalea (Rhododendron), maple (Acer), oak
(Quercus), alder (Alnus), chestnut (Castanea sativa), blackberry (Rubus fruticosus) are
abundant, rarely is found yew (7axus baccata)

The palynological spectrum of the sampled modern soil is dominated by the alder (A/nus)
pollen. There is quite a lot of conifer pollen. These are fir (Abies nordmanniana), spruce (Picea
orientalis), and pine (Pinus). Pollen grains of cypress (Cupressaceae), birch (Betula), elm
(Ulmus), hornbeam (Carpinus betulus), chestnut (Castanea sativa), maple (Acer) and nut
(Corylus) were also found.
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In the group of herbaceous plants, the number of spores of ferns prevails. Spores of adder’s
tongue (Ophioglossum vulgatum), spleenwort (Asplenium), and bracken (Pteridium
aquilinum) were identified. Pollen of goosefoot family ( Chenopodiaceae), fleaworts (Plantago),
wild and cultivated cereals, cornflower (Centaurea), chicory (Cichorioideae), mugwort
(Artemisia), pinks (Caryophyllaceae), knotweed (Polygonum) was found among other herbs.

Among the non-pollen remains, starch is the first dominant, and the second dominant are
fungal spores and their hyphae. Glomus, Ustulina, and Brachysporium were identified. Spores
of dung-loving fungi are observed as well. These are: Podospora, Sporormiella and Cercophora.
There are many decayed parenchymal cells of wood, insect remains and phytoliths as well as
few remains of plant epidermis, cotton fiber and freshwater algae.

Modern pollen spectrum from surface soil

The obtained results show that the palynological spectrum of the modern soil almost all
mountain vertical vegetation zones in the Lechkhumi region. From the studied sites, the
spectrum of the modern soil of Dogurashi demonstrated the narrow-local, site-specific
vegetation best. Although weak in the spectrum, the pollen grains of the forest elements,
conifers - fir (Abies) and pine (Pinus) spread on the upper slopes of the mountain were
observed (Fig. 75 b).

Okureshi was the only site where pollen of willow (Salix), sedges (Cyperaceae) and cereal
grasses (Poaceae) was identified in the modern soil. Their pollen grains are generally very
poorly preserved due to the chemical composition of the soil, in particular, to its high acidity
(Moore et al. 1991).

It should be noted that in the modern soil spectrum of Chikelashi the pollen of yellow azalea
(Rhododendron Iuteum) and blackberry (Rubus) which grow there in abundance, were not

fond. Azalea is a widespread plant in western Georgia, but is rare in the subfossil soil spectra
of western Georgia (Kvavadze 1993, Kvavadze, Stuchlik 1990; 2002).

Abundant bracken (Preridium aquilinum) spores at both Okureshi I and Chikelashi indicate
widespread felling (Page 1986; Senyanzobe et al., 2020), still clearly visible at these sites today.

The fungus (Glomus) which grows solely on loose soil — and is an important indicator of soil
erosion (Hunt er al, 2007) — was recorded from the modern soils of all the copper smelting
sites was not found in any of the Late Bronze Age soil samples. Soil erosion may therefore have
been less widespread hereabouts in the Late Bronze Age.
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Spores of dung-loving fungi found in the pollen spectra of Chikelashi, Okureshi and
Dogurashi modern soils confirm the existence of pastures and their intensive use (van Geel
and Artroot 2006). The fungi Podospora, Cercophora, Sporormiella and Sordaria were also
identified in Chikelashi samples (van Geel et al., 2003; (Fig. 73)).

Analysis and synthesis of discussed spectra of modern pollen indicates that modern

vegetation, human agricultural activities and soil erosion are well-reflected in the modern soil
of Lechkhumi.

Significantly the pollen range of modern Lechkhumi soils differs sharply from that of the
Late Bronze Age. This is emphasized by the absence of Zelkova (elm) pollen (fig. 75 b) as well
as of remains of the Pseudoschizeae and other freshwater algae in the modern pollen spectrum.
Other important differences are demonstrated on the palynological diagram (Fig. 73, 74), on
the basis of which we can conclude that the fossil samples were not contaminated by the
modern soil.

Macrobotanical analysis of charcoal

During the samples have been identified heartwood (which has dating implications) as well
as roundwood fragments were complete with both pith and bark preserved; The species
diversity of the described charcoal samples was very low, with a clear dominance of sweet
chestnut. This suggests that sweet chestnut was most commonly utilised for fuel, potentially
reflecting the dominance of this tree in local woodlands, although it may also represent
deliberate selection (or both). There are fragments of other species were recorded — hornbeam,
alder, and only one sample of Fagus from the Dogurashi II site (Table #5). Hornbeam grows at
medium and high altitudes and is a shade-tolerant plant (it is often found in forest edges), its
firewood and charcoal provide a highly caloric fuel. As for alder, grows in humid
environments, mostly along rivers and streams. Alder and chestnut wood do not provide
sustainable heat, but their charcoal is the best fuel (Jakobitsch et al. 2022; Ludemann 2011;
Heiss et al. 2008).

Table # 5 The results of charcoal studies in Lechkhumi

Approximate Cont
on
Sample ID Site amount of . Identification 14 C sample
ex
charcoal
Cast hestnut) 2,
RC-18-01 Dogurashi I 2 fragm. 1002 astanea (chestnut) Fagusx 1
Beech 1

RC-18-02 Dogurashi I 2 fragm. 1002 Castanea (hw, sw) Castanea sw x 1
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RC-18-03 Dogurashi I 1 fragm. 1003 Castanea Satl:a (Chestnut) Castanea x 1
RC-18-04 Dogurashi II 2 fragm. 1020 ;;S:S(ZE:)LSI Alnusx 1
Carpinus sp. (hornbeam) Castanea sativa
RC-19-02 Dogurashi II 2 fragm. (sweet chestnut)
rw, Alnus sp. (alder)
(hw, sw)
RC-19-03 Dogurashi II 2 fragm. Castanea sativa (fj2d¢0) Castanea sw x 1
(hw, sw)
Castanea x 1
RC-19-04 Dogurashi II 1 fragm. cf. Castanea sativa indeterminate
maturity
Castanea x 1
RC-19-05 Dogurashi II 2 fragm. Castanea sativa (rw) moderate ring
curvature
Castanea sativa (sw, hw, Castanea rw x 1
RC-19-06 | Chikelashi 3 fragm. W) strong ring
curvature

Environmental conditions and human activity in Late Bronze Age

Organic remains from Late Bronze Age slag and crucibles showed a rich pollen range with
21 arboreal and 28 herbaceous plants represented, as well as a large group of non-pollen
palynomorphs. This provides the basis for reconstructing Late Bronze Age paleoecological
conditions assessing the result of human activities.

Pollen analysis revealed that in the Late Bronze Age, chestnut trees covered were more
widespread across Dogurashi than today and were more abundant than other broad-leaved
plants, lime trees/linden, oaks and hornbeams were more abundant (Fig.73). Beech, willow
and holly grew on the northern slopes. Noteworthy is the fact that elm, now absent, grew at
this altitude as well. Chestnut, elm, oak, linden and hornbeam prefer warmer conditions and
are markers of former climatic warming in Transcaucasia (Kvavadze, Connor 2005; Kvavadze
and Bilashvili 2015). More thermophilic ferns such as Adder's-tongue fern, spleenwort and
forest ferns grew in the broadleaf undergrowth. Stagnant standing water, thermophilic algae
(Pseudoschizeae and Spirogyra) (Medeanic, Silva 2010; Nabavi ez a/, 2013) — most abundant at
Dogurashi III - indicate warmer climate conditions (Scott 1992; Kvavadze, Davadze 2014;
Kvavadze er al., 2020).

Abundant chestnut (Castanea sativa), alder (Alnus)r, hornbeam (Carpinus betulus) and beech
(Fagus) pollen was found in most samples. This correlates with in-slag charcoal identifications
conducted in the Oxford University laboratory (fig. 73), showing that local chestnut, alder,
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hornbeam and beech were used as fuel in contemporary Late Bronze Age smelting with
hornbeam and beechwood charcoal producing highly calorific fuel. By contrast, swwet
chestnut and alder wood provide less sustained heat and need to be well seasoned as wood fuel,
but make good charcoals (Heiss, er al., 2008; Schibler 2011; Jakobitsch ez al., 2022).

Parenchyma (tissue) cells formed as a result of natural pine decay was established at all sites
(Fig. 75 b). This may indicate that pine wood, due to its properties - lightweight, relatively
straight trunk, moisture resistance (due to saturation with resinous compounds) was used at
smelting sites for constructing/manufacturing of lightweight structures such as shelters, water
conduits and agricultural tools (Khakhutaishvili D. A. 1987; Jakobitsch et a/, 2022; Richter et
al., 2004).

It is noteworthy, that almost all samples contain Eagle fern (Preridium aquilinum) spores
confirming tree felling for smelting activities as it grows on open landscapes, meadows and
burnt areas (Senyanzobe et al, 2020). Ore extraction/mining, as well as smelting, clearly
required much timber, this has been roughly calculated during recent
research/experimentation at various mining/smelting sites. For example, statistical assessments
of slag from mining and smelting sites at Rio-Tinto (Spain) established that 20 million tons of
charcoal from approximately 100 million tons of timber was required to produce 10 million
tons of slag (Craddock, 2010. p. 193). Chernykh (1998a) estimated that one hectare of
woodland in the South Urals could provide 250-270 cubic metres of wood for charcoal during
continuous tree felling. Thus 1.5-2 hectares of good quality woodland were required to smelt
one tonne of copper. An estimated production of 150,000 tonnes of copper during the Bronze
Age may have led to the deforestation of up to 3,000 square kilometres in the Kargaly region
(Kearney and O’Brien, 2014. p. 275).

Felling in Lechkhumi is confirmed by presence of (Ustulina) fungi spores (Fig. 75 g). Ustulina
grows only on the decaying timber of felled trees (van Geel 1998). Intensive felling affects the
landscape (Freire et al, 2012), causes deforestation and soil denudation/erosion from slopes
(Craddock, 2010. p. 193). During erosion, soils are transported uncovering natural outcrops of
rock including visible mineralized ore veins. Erosion can thus result in the exposures of large
areas of rocks/outcrops, increasing the likelihood of finding mineralized ore veins at the
surface.

Agricultural activity in the Dogurashi area is indicated by (cereal and wheat crop) weed
pollen. Abundant cultivated cereal starches and their phytoliths are also present. Pollen grains
of residential household yards and roadside weed plants are well presented. This is also
confirmed by material from the Dogurashi II smelting site (Sulava et al., 2020 (a); Sulava et al,
2020 (b)).
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Ancient pollen from organic remains at Okureshi were much same as those of Dogurashi and
bracken spores confirm contemporary intensive felling as well as past agricultural activities.
Besides broad-leaved plants warm climate conditions are indicated by zygospores of
thermolytic algae pseudoschizea, this alga being missing from modern soil (Fig. 74).

The smelting sites Lukhvano (Gverdistavi) and Chikelashi are located high on the mountain
slopes (1350-1450 m above sea level) and reflect contemporary Late Bronze Age vegetation.
Pollen from slag here came from the upper wooded horizon with birch and juniper (fig. 75).
Fir and spruce woodland is also confirmed by the spores of Botrychium lunaria which grows
only under these conifers (Rivera et al,, 2012) (Fig.75 c).

Ruderal (waste loving) plant pollen is a good indicator of long-term human presence at
Chikelashi as well as at Dogurashi sites. Numerous flax and other textile fibres might represent
the fossil remains of prehistoric miners/smelters clothing. Abundant cereal starch might
represent flour and cereal residues. Also, warm climatic conditions would have allowed
miners/smelters to use areas cleared of woodland for farming (Jakobitsch et al, 2022).

At Lukhvano, as well as at Dogurashi and Okureshi, spores of standing freshwater habitats
(Pseudoschizaea, Spirogyra, Dinoflagellata) were recorded. Their presence in the pollen record
of Late Bronze Age sediments suggests that there were ponds, marshes or artificial reservoirs
near the smelting sites (Hunt er a/, 2007). Smelting/mining workers needed water resources
for various activities: during ore extraction, working clay for furnaces, crucibles and tuyeres
and for farming etc. (Knapp ez a/, 2001, p. 206). Small river valleys and sweet water/springs
all occur near Lechkhumi smelting sites although few ponds or marshes are now found
hereabouts. We suspect Colchian miners/smelter channelled streams towards artificial ponds

at the smelting sites, hence the presence still-water loving algae.

Pollens from Late Bronze Age sediments of Colchis, or Western Georgia in general, have
been well studied in geological sections and have radiocarbon dates (Kaftke er a/, 2000;
Kvavadze, Coinnor 2005; Arabuli er al, 2007; Kvavadze, Bilashvili 2015). Climate warming is
clear in these cross-sections as well as in Lechkhumi material. Chestnut woodland plus other
thermophilic plant types were widespread across Western Georgia and Elm was also important
(Kvavadze, Coinnor 2005). A warmer climate occurred throughout the South Caucasus. For
example, on the Javakheti plateau (South Georgia at 1500-1900m) Late Bronze Age pollens
here indicate a sharp warming allowing wine production and mountains covered with broad-
leaved woodland. Today, only mountain steppe landscape is possible here (Kvavadze,
Narimanishvili 2010; Kvavadze er al, 2010).
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Palynological studies also established that people were engaged in metallurgical activities for

along time and at the same time followed small economic activities as well. The latter included

farming, stockbreeding, wood exploitation and water management.

Results:

Thus, through the multidisciplinary studies of the Late Bronze-Early Iron Age metal smelting

sites of Lechkhumi-Kvemo Svaneti and the mineralized rocks found in their vicinities, we

obtained the following new data about the ancient metallurgy of mountain region of Colchis:

Geological exploration revealed that the metal smelting sites found in the Lechkhumi-
Kvemo Svaneti are spatially linked to the Lower and Middle Jurassic volcanic and
volcano-sedimentary rocks and their contact with intrusive bodies. Share zones,
hydrothermal alteration and ore mineralization processes were identified in the contact
zone. Mineralization is weak, uneven/sporadic and associated with magmatic-
hydrothermal activity, during which quartz and ore minerals are penetrate into cracks
and fractures. The ore minerals present here are: chalcopyrite (CuFeS2), sphalerite
((Zn,Fe)S), galena (PbS) and pyrite (FeS2). The ores are characterized by vein, massive,
disseminated, bended-colloform and breccia textures.

As a result of the typological investigation of slags, three types of slags were determined -
massive (cakes) slags, tap slags and platy slags, which correspond to different phases of
metal melting; thick layers of sand slag are also found at the investigated metal smelting
sites. The latter must be the result of the decomposition/reworking of massive and tap
slags.

Typological study of technical ceramics established: 1. Two types of toyeres - thin-walled
and thick-walled toyeéres made of red coarse-grained clay; Among them there are
ornamented (snake-like) specimens. 2. Two types of crucibles (smelting vessels) - large
thick-walled ones, with a thick layer of slag on the inner walls and mouth, and fragments
of relatively small thin-walled crucibles, without traces of metal smelting; Both types of
crucibles are made of coarse-grained gray refractory clay. The presence of two types of
toyeres and crucibles should indicate two different stages of metal smelting.

As a result of the slags petrographic studies two phases of smelting were identified: 1.
crystalline, with frequent inclusions of copper sulfides or metallic copper, and 2. vitreous
phase.

The results of typological and petrographic investigation of slags are consistent with each
other and show their differentiation. At this stage of the research, two phases of metal
smelting were identified, during which are produced: (1) massive, slag cakes with a
crystalline microstructure; (2) light, porous - tap slags with vitreous/glassy microstructure.
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As for platy slags, their presence is determined only by the comparative-typological
method.

According to the changes in the shape of the olivine (fayalite) crystals in the slags, it was
determined that the cooling of the Late Bronze Age large slag cakes from Lechkhumi
lasted for an average of 24 hours, while the cooling of the Nagwenti slags would take about
10-12 hours.

The quartz inclusions found in the slags should be the remains/restites of unmolten ore-
bearing rock, which is common for the ores exposed in the study area and not a specially
mixed additive in the form of flux in order to solidify/brittle and rapidly cool the melt.
The results of X-ray fluorescence and atomic absorption analysis of the mineralized rocks
have revealed that the primary ore is copper-zinc-lead- pyrrhotite. The results of the same
analysis of the slags and their correlation with the results of the mineralized rocks indicate
the same genetic origin of the ore and the slag and confirm that the Colchian metallurgists
used the local ore.

According to the radiocarbon (14C) analyzes conducted on the charcoals extracted from
the slag, metal smelting site Dogurashi II is dated as XIII-X centuries BC; Dogurashi I —
XTII-XI centuries BC and Gverdistavi - dates back to X-IX centuries BC.

The palynological study conducted on Late Bronze Age sites, which is the first attempt of
this type of research in the Caucasus, confirmed that there was a climatic optimum in
Lechkhumi in XIII-IX centuries. This is evidenced by the pollen spectrum composition —
abundant thermophilic plants/trees, ferns and sweet water algae zygospores.
Environmental conditions - warm climate, species of forests and plants, created
appropriate conditions for metallurgical and at the same time such small economic
activities as: farming, stockbreeding, wood exploitation and water management.
Macrobotanical analysis of the charcoals extracted from the slags together with
palynology showed that the metallurgists of that time used the surrounding wood as fuel:
chestnut (Castanea), beech (Fagus), hornbeam (Carpinus) and alder (Alnus).

It is practically impossible to locate/identify traces of an ancient mine due to the natural
conditions in the region (dense vegetation andfairly thick soil cover). We suppose that the
early mining activities were associated with shallow pits and were not of a large scale,
based on the sporadic occurrence of low-grade ore veins, lenses, and nests in the study
area. The exception is the short mine working with round and uniform smooth surfaces
of entrance/mouth and interior (ribs, ceiling, floor) in the narrow gorge of the river
Rtkhmelebisgele. Unfortunately, it was difficult to detect the age of the mine due to lack
of sufficient evidences. The structure of the mine is similar to prehistoric mines where ore
extraction was carried out using fire and primitive tools (e. g. reference).
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