[1 9" oM €d2 dOY' BdOd dzd2 bkdz o jteid

[ d Mlsjehmlsots o' lsd ' d&OESC(
[ Qo dzO EMlsOdzse O ¢ wdzhisdlskl &¢j R o
L0y B5dzOdz dzs’ OCOHj &~ d&Ok¢ v

so0Qdz'" W' SOy’ 2
ftcOyw dzO0 ftcOo

[ Oz vOlzj dzls d dz@ 1 j ste' o dzO

Ul S 55 3 ..520548.4447.8)

[RE[t UOAuwC

LedfJ1we, fuwuretesPOR w L nttHweer S0 wo w
YRIYR L #?2s 1] turwlil
I vstour e?srRmopdt! ¢ou

sfjy Od dz Tdsj s@Ee 00 . &kjlsOdzj o g ' d
Cstedmdedm € 4§ Odzd dz

1 BHO' s MW dz20 LHBBEIKY dZOEZCBSatsets Misk

rdMmj oy’ v &' mlOmsizd ~te jHustndz 151G 1§ dis' jo Lddz]dzf CstKs
sjSMls' s 'dhdr Oslkttk' o &O¢Ils! §sihdd

1.1, [ O0okmwe

1 0S¢ sod?2 Cjt' oaded € 1 O9 dzlz dz’
[ dS kO [ ¢ sdC
HsCltste ¢j sdzsd’ ydad R

[ @ si2021



01 JuvoAwc

[ Otezmw ¢ | jisdetsce " W, 3 dzj e Odz' dzd 2 ¢ dzOH
ydJwd dzfp! Ssets tokzHdzse s tcO2 tsdils 900 dd MWis @ Odgff) 12
fteOyv dzO0 fdcipp.Or k¢ i

rdmijtelsOy' W dz©@ LHtBELIEY d&OEZCtsaBEs
(HsSIbstcO Whizsihs® &z ' e s e 00 . ds jldz @z Is
Cstedmdzed n . CsiffOGdad deefn! Cd2 dz2OyY' tsdzOdz! dzgd 2 Lk d
[ dz' MiIsj emisodsOz® o "ulstdic O dzd . [ J 6 O9 d2O Iz
dZzOo Ctsdzdh dz! segts Mjtej Hiso dN O. Ctc@®YSAHH d=D,dz! 2402

ltosBdzy 3O sh Sk LB dz! hjdzdg? odHTBBI
CtcO dz. wo Istsoj Mty do Odzdzw sis@tsls@ ‘dzts? fs
tccHSoA20 ] dzj o HCttdoe OsIs: mMw. | dzO02 B dzd
LOfOM' @ o' HsdBdrm tHtSodh, hts sy j ftod
i3 Is O dzlz .

rdzw vt ded y' ftetspdzi &3d HEXYJ] 90y dzds'
dzj b @RpalEY L tskzslsseo Odzs sdedr L Of OfM" 8, O ' A
Btsy dzd 9 5, sO¢ wg L sdzsIstsdztsfpdz' fMls dzOH to
it sHsadh O L sdztsls O Iote ! udStd B Isdz'tc Iz & ‘daef € d3'f tcds 0 * dz
hdlsO, VSO dzff' € dA €S Qo BGlszsls® todr HdAS @) Y tots
fteso " dzy' ' LSO dzf! €dr sOtf Ol 9"  HEdR st
9 1060k Oki' Csdkk fosedde O uOkdvSMm!
t OfR " o' Ctséts tokzHdesets 00O dzkz. | EHE@ES dpO &
B dzgj Odz' deséts Isdfkz o Ibdlits tosL MdzOdzy! tso
9 ' Hdztsh j dzdz' tolzH tsdztf yagtfiphy! ¢  d o ¢ fz dzts dakz@)dad j2 d
LsdzslsddzS d © yYJlbojtelsddedegdms Odzt 8 Odz' dzd =
fshkz¢ L Sdetids @zdzdn S StctsH OR fjtcjHEZBse d
tetsL G dzv dzlz Is 9 HOdz' 2 HdMjtelsOy' 2dz 2 totsBt
CGOL sdesmdesMmis 1 OC Ot Olsfy! C Gt ftotse d dzlz



HdfMjtlsOy' 2des’ totsetslsd B ok dEtse Odzis ¢ dzj 51
ZOMkotsd [ OttzOesf! CseEts BOMdo k2.

J LOoHOdzdz" HdMJjtelsOyY' 2 dzts’ tesBtslsd o nt
MmM¢ d&zOH sO G6jdzjLdMm ¢ Htetslsj B3Odz' Is' 9 v do Yy
s Otctf OlsO~n . [ dzWw o dt' N jdzdz" L O9 H OO dzH d fif jSt
BOth tekklsdzy L268kBCd L o HBBEsd oj kS’ ¢
otc' LOdzdr HBdzd dzOR Bl 8 yYydoeyddem' C e
ftojHMmlsOodzdy' 2 €' dz CcMls' L©OLS o * k[ fod
(280 ) | CEdBEEjd Loy (400) , HiCtjf ' Is
tod dzls G § daW dzt tstej My dzls derd3’ S (3OS, 54 * juldg’ € Is t§ t3dad
fMlstekzCkzteds (20) .

Il L dzOyj dzgel bls b dify e Odz' © dzOff " 9 f totso " H dad
BjlssHIC 5 totsL tots BSA dgdits 5 dz@Y ' [ 19 d0 da fiplzts 3z Iz dz'
2O My Jy" Odz' dets L Iscdzlstso Odz' 2 EMlsOdatse y ' -.

Ot " oftotseo " Hded € d L O GJjdaj Oy W dzd, o d
o ZOMlsdosMmisj?2 CtodmksOd o dO & dz' 20z0f = jLt
CeOdz" T CtodmlsOd o, OB 'lskf wCdi odL d
(CtsdB"' dzOy' ‘¥ feshmisdr YWstktd), o&O tjBEOn
" s to .

[jssH cBdBBSEjd LOY' = oSds yjdd odSttd

W' LGCtEs Yydzd g e G QP sz o3 dzj cOdztslso steded =
5O W CMOy ' w off' R WOLsSeodR §jtejlso stej dz
LH" 2fMmdze¢ 9 Odzd fted 112006 hig dzdB)tf § §00Odz! dz* 2
l S B8dz0dets f sdzOH 50 OdzOdz' L' 9 B IstsHBAZ HJ S

[ JHC ] §f " sOy' ™ 9oCdzt yjdz#2 L OMlstsmiso Odzts
3 dzj cOdz' o (sMmC " dz €d o dzd ~ Hisfdz" HY J dz
dzj di3tsy dzd o j ) L 3 s o dte' h jdedzw @4 dzj Isd yc
o' Hdgsfdes’™ Isj 3 jtcOlskztcd BOGE 8ffjdzd R s & tz6 figy !
"R Gjdgilsduydzdr ctekzyY E yofm' . [ J Cto flssa C
HjSCtojflsdgjIste’ I



[ jIstsH Ctc' sd3gj Iste” (f tod B dzd L dzts 100)
MdteijHBsodh O HftdL dzOyd dzd2 Hdzw o dL dzO=ydf sy’
dsso dets totsL H' dzw & [s zO Ho' yomlis d dzd : 1)
l Cdzt yJjdgdg" HtsMdz' HYEoa OdzdMmw E Cto 5C O3] teC
wesfyls' BRatdzoHy ks ys® tjytsedded sy kzls! , BE
OyJ ssdz OBJs BRAMEZS, Olstelz L dZ7 G- dzZBH Y ko Odz! dz
oCdzt yjdz@ odSitstedmssokzoOoamw ' HECd2 OL BSIs.

t Jd dalsc j deW dzt tstej iy dels tizf d dz O dzO dzfniz y © Iy dzdf %
BBy stsH' & HEBSMdz" HY J dedew 6 ysodded L o3 Istss
M ZOHE SBE@EH S’ S &jlssHE o dL dzOy®@b)d 5w
PtcO@l [ jIssH (AP LOMdzso Odzd?2 dzO L BBtG l<
slstcd BOdzts G 5 hdwosds of dzde kz dzO Hisfdz' H:
odftotsd3’ dz¥ 9 Odzdzg" 3. dolststetsds o9 dC tsdzOdats 30 |k

[ dzj CIs tehs Rdes )¢ 54 © Ydz Hisfd HyY j dadz” X
j dzj € Is to s dzdzts diirs' &'eOSOEAPL f ‘AR R" ki [ IOkE ted 8§ dz
0o YO dz' dzts i3z yj dzlste gL' Stslsj &3 j €

Oy sdzOdz! desets kdz' o jtmdlsjlslz jte 'da tweO.o
Hsfdz" HY jdz22 odSCtsdzOdes dzO 30 LteOL COR.

t d delsc j detsfistclz€ Is iz toded 2 OdzOdz' L L H'-2 idig
B NSCOWjHEOd d& 2 OB Ot toj dzls ¢ j dat
ZOy' sdzOdz! desets bkdz atp @MY B | (sREO @R Hzf ¥ .wo O dal

AK'OdOdz' Ld HtsLotsdzddzd odwoedlsd tshmdzatse dz
Hdzv o deyJ dedzw Ctsto’ dadets’ L sdzslstsdesmdatsfmls’®

dlstcOIsdctecOW " v [ OtedzOtetsf! S sects BOMJdo kz
BOGOI! 3O HBMdz' Hdzd C Osd ° Hsmwis j ff § tc el dz'd
dzOh dd&3d HisMmdz' HY j dedeV di3d [ Ot BOtetsm! ¢ 2 ° &BC
SO OlgPr Odzsm Istsdzdzd 2 dzOMzdzzlsd2 Is§ CIstsds’ Yy
sO odejHjdzd?2 dzO H jdzdzz 1 59 j torn dz¥ , ‘ )
Hihts JteitikzfBzdsdf2ydsects MatHlz. 1 tedyddsss
fsdzsy jJ dgdz" Iskls OQOolstsnlstsdzdzgdr  dzOlsW tstcd3ts o ¢

4



fjtej Mo Odzgdzt 2GS HEG §' oade Yydesets MoBHLE
f zOIs ¥ st d&3d .

l stesHd BLkdzd MY st dtrQde 0l offdz’ a?2H jRdaD
fdzdlsd, BHBOS o ' dy' dedyode s5° Ctoj2Hd
B Ctof ddls =rtc Qdgifizdz 0 Odz' ° ( 2Ot OB 2 ! €'

v s Otcf Olsfm+ ¢ 2 sB dzOMmIs " o MisOdztse d dzd M
| otcOL " 2! C5° i dzd & dec O degfr) ‘Hdz! d» Odzigtlzfyz & tsdi3" € t6
ftetsyd Md OCIsde ' L o Odzd W ) ¢' dzy’ i Od
MmM¢ zOH yoOmlstsmils™ ) . USH' | ) tcjLEzdz SOIs’

BOMJ 2dz" &9 ( mIOUR ) [ Cslisffgess nyd B Ezdzd o lsW G dz
sO ko 2h dzd HBs MECEZOHE [ OtedzOtesfm! CEB-
dzj segjdzz OCIsdoeo "  LOYy' v IsjSlstsdg ydedr ftetsyJ
¢ dzOH yoOMmistsmis ' ) ftedL o j &zO Ht { cBdHdzEdzgzY
W tstcdzlz o O dzdzw (MCOdz f so Odzd r )Ml BUASK O "] to¥
ofMlsOdetso dzj dedzv  Isjf jto' Nde sets5 ff sSdztsy j dedzw ¢
fsCtecseo’ sOtlf Ols.

b dzOdz' L GJjBdztseg ' ydats’ BzHtsod vy do yddsh:
fsfJjtoj ydz' w ff odflZ hojfdarie O Is! § ®iIs s R tsezd dzOdiwB t6 C
1 s OHddz y* , [ sfiskzde, Yy Jd3 teded 2, 1 J G OdzC
fstekh jd L fBLHBO Y d Bfq dz® & dz® &b dzls (A dz'dsd:

sMmdeso dzgd dzgd M dzw s O3 ' ¢ o @' "y ddhdal B d dzdk
esLyddz 9. O3 L yddid & Mywdid Mmdz' = ¢
L sdztsls O.

v ydoyddem' CSsdi3z tockzHdsdkz 02 sdz o dH
lso stcj dgj sOdgstelW ' ydats i3kzi  § S tOdetfydsjo S-tigts dz$ B O sy ff |
CoOkmOdzOlIstsatsg * , B O@tsB s dz0OIs dz' Off ‘B H thitsts®
BjLL2M! Cdrn o9dojypPplzyBo I stcBEz@EIstso
COtcB sdzOIs dz-O,L BRjtdsismISd dB © L d3' h Odesec s M dzOH

10Bd HjlkOd des HBMdzZ HYyJdes C o Oty O t6°
3" dzgj eOdzd 'L tkzHtsfteswe' 9 yvydoyddm Ctsets

5



10 ojdd¢' 2 ¢' d CsMmis’ LtcOLEC" 8 9odoyjoc
GOdzj dz' Iskz, ~Odz S5 tdlsk CL tczHsf oW o
1 sf OH d dzj Yy ) ydoeyddzim: C sz thkH detiyfidc st 6
fsobdvwLOdz L &BilsOd@stel  ydedd3d ¢ stctsH OdRd Is
1 tod dzlz yded 2 .

J tczHsf tesW o On I 5B ted dg, ¢ dz' B d dg, | &
vydeoyddzi:!' Stsdik wkHdtdkkz 02 tdz o Mils Odzts 9 dz
nOdz S s tod s, GOtz B sk ' Mats totfiztel fsfif Hele'dz O = .

GHSftesWo OF [sStdd ' }sfoOHddiy' . |
nOd S tedlsk, ¢Odjds sk ftdhmkisd 2 N j
ftedmkzld 2 hj ' ' teslsddz

4 jtoj H dzj ez H dzd R B dzj tOdz' 9 Is 0 IS Gaztical dzj
ftsdzl s NYfOId SO "dz. 1 O0Od3d HJjIsOdz! dzts H s
tcHsf oW o On oMlsOdzso dzj dets BOC fid BO dz! gzt ¢ ,
tcsL BORd odB'  tes¢ IsO 60OB ' IskzMmdz Wstedsd (€
s@&N ¢ tedls E o Mdedr  steisB@R" Cd o d@f -
ldoyjdes CtedMmMlsOdzd S d ¢ Odzjrdp dls b Itz Hotoftf L takis®¥1p ]
¢ dz' B (d dz, MW Odzj edls L GcOdzjdz' Issds 'L telzH st
[ sflskzdz. 1 do yJ datss IsOE dcfyls G3fz'tedl sUas@tbykz L tolz

l d¢ 5dz0dz' Hisfdz' HY j dadzy GhtsBdzde sMmisj 2 L
f stotsHdzd n Csdzf dzj S ' o ydoyddzm! CsEts tc Iz
fste' odgvdzdz" L [ OR' of)! S hkHdd B ©O2 s dasc
4 Gdzv € h ts fsodwL Odzgj L B sOBsteW * ydad
30O Is O d3ts te WGtsS GHjtaliEdss] te d30 dz! dzts G 1S sdf kz. A J H
Mftew Bso o Olsd L hkzCtse' tosBtslsd dz20 Ctste’
tczH dats Bz 0 O2 sdz' .

Ujto3sB OtetsE j s " d3' ydazd Mty fr) tsiesdipde’ sifiyls) ' dzday dizaf
Fdizsse W stcdilz oHpeimlpf W O s d ~ 9o ¢ dz¥ yJ dz o Y d
HsMdz' HY ko Odzdr zHBftLSW O On.



[HdzsW OL 59 o Cdzt yjdagdzw L OCBdznj tco so Odz
G' HitesIs j tcdzOdz! dzd 2 B dzj tOdztsls o B e A3ts to W tHay |
f tsatSH)Y J dzdzv .

[ O W OL 59 ° 9 Cdzt yjdedzw 2itse ' tcdes B lRzdzd )
MisOH' WS @' n@iMs € tso s, fsMisd3j sORsteW ts6 j dac
CoOteyk. A ogdF ykde@izd s B3 dcdl 5 W3 j &zOs k
¢ dzdmz, | sBtedds ., BEEPHf dzf gMmiskzdz. 1 ¢ dzt yJ dzde
} jteCodkzOs ) j dzd € diRdz 1 begj @zizduiged Y tetRABEE d3Y 4
By dzdos 9S0OLEZ dz2O0 dzOW o dz' MiIs! oL dzsdikz dzC

sted W OL B 9o Cdz¢ yg dzdev Bz € o@Otdittls’ 1L Iz & B Hztf
Isj B j e OlsB s B@§ odhdn Isj B j cOlskztcOR
tcsLGjtedij sdL o lzo Odzd ! .

stc' s3] Isted ydad &3 Htsfdz' HY j deda” Az tsH das¥W G
CBRBCEjd' L OYWMw of taids z dsQ kg | tcrliR3l 6 1 € dz¥
ftoj HMMIsOo Qrglztiztz. d3 B H' dzW dzy*  sBteddz o dw
9 Cdzt ygdadg". I dwodzjdzs ISOCtsYy BSHdEBYOL B
LOdz' C 59 lz9 Odzdz Istc’ M daddd ts)ef dz'C 2 tizts ©OQ rdfdnd] 14 G
ydr L yddz o MsOdesode obktwwO 1,7 Hissdw §'
200 Hie 55PtcdytsdBz * kdMS *° ©kjBfjtcOskztcO
lteddzzyded 2. A H O dz' ‘ sMtsedzdeots jIlsOdzso
fjtemf jSCIsdods Mis! o o Hdash j dzgdz ¢ OL s dpffipidst

U B jtecOkztc® tLilste’ ME ko Odzda” o ¢ dz¢ y4 dz
HjStejflssd3j Istetfadgded d3 Lok Isias 0 O dzO #7000 ® . , d3j » O
‘dals j defpd o dz' Milss ¢ OL tso dH ' dzj dzdaw .

v OS¢ dd3 yd dzts dz, tesL totsB dzj dzd 2 -cdp@zEds d & ted3h
L ez H j dF ddadard dzfy! T tsdzlis, twOSL 9 tsdzd dzts ts fyf) I P elgts o
G tsdzts o dzd d3q
- o ¢ dz¢ Y4 dzdgv o octin] d@tfciizts Iy BztizOH Iz, hts L Ol
LOCdf Qdedpets(Ggf dz' L Oy ' 7"2)0As "iZ4BABUBo Odz' 180



- dedL Sl B j 8O tsdsd 2 H ' O CuziRz & Syt jj

125A 4 ) hts o' Hftsea' ' HO ZOHtEZHddd jtetsL
(Jwihtte, 200@p dzkz dz' |,

- W dz¢ * HdE o CdzizsIs\pjdesdas G ts ‘ smtse dzd o 5 J
ZO29o " tes8E" Hdz' "N j ° " dzZHdSC OlststcOd3 dzOW 9 dzsfls”
. fshdtjdedzy Stk ZOY'S SEBO ' §j GEOCT

tc ftcseo " Hdz' Mist SO oaddzwIsCtsots j dzj € Istets dzdzts &

1 O §° nifisiOda’ Is@ds* o HsEzd HY gz@2 | pgRT g datf
[ sskdz M sHis 2 d3fos dis ddty O dajtddatimtsjlsdis  dzdzv
hsHE okedzjotsHdzgj odr HCAdZOH' &9 o ' HAdOMEE

t ZHdg s &zO E y do yddzm: ¢ tsd3kz tc 02 s dz'
tesL tod o dzd d3qd f stelzh j dedav d3d L OGOdz! desC Oteff
tesL MdzOdzys o@@Eztlzw . SO L ' o3

1t dzt bt fls fickY B! filpd g 'C O dzip dzO dzf jCas'd2y j Is €
B HdesC sdzyj H Odzdz' § b tzn dz] B OizEER|()ehS ®Q F HzC
fsdz i3 sOdz' ydz ‘ Y O Mg & ‘slezipds Gtz et C pdzty g B8 O
tesL A3 M j dz' G tsdzts 0 dzd B dzty ¥ dE®dg,y s dzd ~§) 9 @f dythftd
MdzOdzyw - ‘ te" HN j z CtcOW " stso dn fn dzO dzy
oz OdzsG j dedzd = f BteSH On .

1 oz H | di'tededrinls Oo dzj dziglz dz¢ Weo' dHedEd"nH * § dzO fij Isssdaddr
ftosh OtcCsoadr L Odzj Y o, M Ceydr ftoetsy ddz$ "
f stctsH On O kOCBY ftodwifGdds s 5" LI
BOtcdlsso d Qi B®tstdzOIsdzd i3 H totsy d dzC Odzd v &
f sn SHY j dadzgv .

10 Ctditf dzj CdgdsRs 10§ dz'dz®y j dz’ sO "7 Gt
oS dzOdzd i3 ©  On' oaff! CsdBz wkzH ARz ©LO2 B
Ctste’ dedetsets Lisdzsls©O o vydoeoyddem! Ssd3sz 02 sdz

[ Oted3Otetsm: € d 2 BOMJ o fslsjdzy’ 2des B OGO
LsCtojB@ss.L | ' HMlsOead By CkZoOld, ht



fsCdzOHd obkzcecdzjosHdz 9, O HJjIlsOdz dzgJ § ' L dzO¢
{56 dzd B dzj dzdz" L dzOde ftots G jodzse' Yydzk BEZHBGE

1 OCtso 0O detsodL dzO BBH ey Odedm tojL zZdz IsOIs

1) o fMls Odats o dzjsdzts 9 L t5dz0 R fjtcjlsddz f ts
(LOGCOd detsC Otef Olsfy! C5EB  wOYteWw BE) L fts
LB' GO Is! MW L HdddOB] §slst¢ o) d&sCod
C'Hietsls jtedBOdz' Is* 9, hts sy j BLEi#sg S isdel g
fshizC' o9 o totsd HzlztRg 5Ozt L toclzH j dz' dzdzv ;

2) of jtoh | fghfdzdi@ pjOkts tse 2 ' daj e Odz' dzd 2
G' Hietsls j ROz Is* o Ytit, h s By -y SteBOE Y -
f tod d&zOdzj ) dztsls * ;

3) off jtoh j  dsdfLy de@Rtpjtoditsiz' o dz® e dzeol B sk «
C' ' Hicsls j,tcddOmz' dsO ‘e o Oy dzd @ fn kz o @@ztzy dztizt o eztz | i
fshikzC' o Bhtso Odastwlsts jLdidz H j s hdaflay | dzdzv ¢ OB
(S ks, fjdlsOetsdzHisH | SO Hig) |, g tadzd § ' taddsC
J dzj ¢ Is toffsteaszD’ H dz' fls ¢ Odzj dz' skz, 9COL kS Is!
C' ' Hiesls jtedROdz' Is' 8, wWC ‘" dzHdC Otste' 8 f SR tso (

4) offtey juy e HEMd HYjedgtz B Btotzls v
COAsd" C° HBLotsdddad o fotxmskdRsd odsd dzj © d

W H'e O '8 ekfkddk, "s kOSCsY ¢
¢ woljtdOd s'a, W¢ ‘dHJdSCOst' s o0
o Cdzs yj dzgdzy 2@ W' dvdzy' [ GBedds ‘2 L dzOC

okcdzj o tsH dz'  Ols B3O teHsdg® f§ses’'ts BOMd o Iz

5) ofjthj HgrdgOy] detlzj f oW ' His5deOBY s Bd
LtelzH j dz' dedav , dzO f* " HMMlsOo' wedn o dH ' dz]
C' HigtsIs j e BOdz°f is'dd d3e® OwdAy drigfls tsfrddArdg. dz' dzdzw

Ad HO' ' HMIsOo d dzddd ® Oy Mt ez asPlsdd to
ftotsw o d -fLszzElgas Odzj o t5° tclz H dzts WstcdzOy "'
Gdzdedded o Y{{.



1 cOCIsdydzj L dzOy 4 dzdzw SHjtoy Odzd & o dzj
ISj ted3sB OB GE J Bn ' B-WUyds' d ydz' iz s EHIS " G’
B odCtsted mis O©dz H dzw 5B G to Iz dzls 45 © tzdiz€ ts offc
tesL h -8B 1§H tdedzd - tctsB ' Is Iz Yy d o yd dzff € dz'dzdzj Ist€
LickzH jdz dgdzg" SO ftsCdzOHd okzcecdzjotsHdz o k f°

sdzs ytseo © uvifdet®©s @z € ° s Otelf Ols(d, [ Otc 3Ot ts
CkHdd?2 t©O2tds, fswed, Isjtcidkbe @tz | Biasiy
Is | toBised 3 ddgQfOda' fotctso ' Hdzd & " &8, CEBBSEJdz L O

10



ABSTRACT

MarusiakV.P. Geology, Mineral = Composition and  Genesis  of
Hydrothermalitesfromthe Chuvchynskre District in the Ukrainian Carpathians.

Dissertation for a Candidate Degree in Geology (Doctor of Philosophy): Speciali
04.00.11 nAnGeol ogy-metalfic mmert all f/an.ErankonNationalo
University of Lviv. Ministry of Education and Science of Ukraine, State Institutior
Al nstitute of Environment al Geochemi st
Kyiv, 2021.

The problem of gold prospecting amtreasing its mining volumes is relevant for
all countries. World consumption of gold and its price constantly rise yet the number
newly started significant deposits is negligible. In the nearest future, reserves of kna
deposits are expected to béausted, which can lead to a shortage of this noble metal.

For Ukraine, these problems are very topical especially now when gold resel
assets need to be continuously replenished, not reduced. It is possible to achieve
goal as gold bearing capacitythe subsoil of Ukraine is estimated as quite high. Gold
deposits in Ukraine were prospected in three -go&lprovinces: the Ukrainian Shield,
the Ukrainian Carpathians and Donetsk gotd province. Within the goldre province
of the Ukrainian Carpathns three gold deposits are located, i.e. Brehivske, Muzhievsk
in the Transcarpathian depression and the Saulyak deposit within Rakhiv ore distric
the Marmarosh crystalline massif. The Saulyak deposit is of a euatipnate type and
located in a thily slated orébearing stratum. The ofmearing capacity of
Chyvchynskyi orebearing area was studied to a certain extent as well. Gold colours
Quaternary alluvial deposits were found here. By no means, it is necessary to pros
for gold in country roks. The preconditions of gold availability in this region are
discussed in detail in this dissertation. Taking into account current knowledge and d
on the gasearing capacity of the Transcarpathian depression as well as the results
researches condted by the author of this work, the necessity of prospecting fo

hydrocarbons under the crystalline massif overthrust is justified.
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Tasks set in the dissertation included studying of geological conditions ¢
formation and mineralogicaenetic criteria ofold mineralization of the sou#hastern
part of the Ukrainian Carpathians. In order to solve tasks of the dissertation work, fie
route surveys were carried out and a large number of samples from outcrops locate
deepcut valleys of streams of the @thynskyi ore district (approximately 300
samples) were collected. A representative number of samples taken from outcr
underwent following analyses: therredF (280), homogenization (400), decrepitation
(150), cryometric (100), Xay fluorescence (30glectron microscopic (30) and-pay
(20).

ThermeEMF of sulphide minerals semiconductors was determined using
specially mounted installation according to the methodology developed at Ivan Frar
National University of Lviv. This allowed distinguishinggreiconductor minerals by
their generations, establishing the difference between thermoelectric properties
crystals on their surface and in interior regions, on crystal faces, which habitat
determined by different simple forms (a combination of siniptms), on edges and at
the vertices of crystals of different simple forms.

The method of inclusions homogenization was used to determine quantitati
physical and chemical characteristics in minéoaining environments. The observation
and documentingfall phase transformations in inclusions during their homogenizatiol
was caned out at magnification of 60Q@200x in a special mickthermochamber. More
than 50 analyses were performed using the method of decrepitation.

The method of inclusions decreitm was predominantly applied to non
transparent ore minerals (since it is impossible to study inclusions using the methoc
homogenisation) in order to solve genetic and practical issues (detection of relat
temperature and sequence of sedimentatiooedain ore minerals and their genetic
groups in time. Decrepteacuum analysis was performed using vacuum
decreptometerVEBt

The method of cryometry (about 100) of inclusions of a mirrahing
environment is intended to determine their compositioncandentration. Cryometry is

conventionally divided into two parts: 1) cryometry of gases; 2) cryometry of liquids
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Inclusions were studied in cryghambers. Depending on their design, liquid nitrogen
and liquid CQ, acetone or silicate oil, various cogimixtures can be used as a
coolant; for cooling inclusions we used liquid nitrogen.

X-ray fluorescence analysis (RFA) is one of modern spectroscopic metho
applied for studying substances in order to obtain data on their elemental composit
This metha allows defining all elements starting from beryllium (Be) to uranium (U).
RFA method is based on collection and further analysis of the spectrum received
affecting studied material with -Xay irradiation. The author carried out 30 such
analyses.

Electon microscopy studies were performed using scanning electron micrescoy
microanalyser REMMAL02-02 at the Scientifidechnical and Educational Centre for
Low Temperature Studies at Ivan Franko National University of Lviv (analyst Serk
R.Ya.). Such studs were done on 30 samples.

X-ray diffraction analysis was performed using DRONliffractometer in the
premises of InteDepartmental Laboratory of-Kay Diffraction Analysis at Ilvan Franko
Lviv National University of Lviv (analysts ADvoryanskyi and OChoba). These
analyses allowed identifying main pathways of fluid migration, which is a necessa
criterion for the study of goldearing capacity of country rocks located within the
investigated area.

Stratigraphy of the Marmarosh crystalline massif asdtectonic structure was
studied by many researchers and as yet has been interpreted differently. Accordin
our research, the Marmarosh massif is located in the Inner Carpathians and is comp
of association of ophiolite rocks. This allogeneic overshtectonic element is the most
elevated one and protrudes to the surface. Due to alpine folding phases it was tr.
located slightly nortkeastwards. The reason for the massif elevation is an elevats
position of local indigenous platform complexes fdumnder the massif. Its further
movement to the northeast was blocked by a Podilsky block projection of the platforn

Crystalline rocks were formed on the soutbestern passive margin of the Eurasian
plate, but at the end of the Early Cretaceous a collision of the Eurasian continent v

the Pannoniransylvania micreplate (Laramide movements of the Alpine folding)
13



occured. In the Carpathian region, conditions of compression and gentle subductior
the Eurasian plate under the Panneéhiansylvania micreplate were established.
Tectonic processes intensified at the end of the Palaeogene (Sava movements of A
folding). Simultaneously, as a result of collision and a gentle subduction at the clos
of basins (Khain, Lomize, 1995), crystalline rocks were involved into tectoni
movements and became a part of the Marmarosh nappe. In the end of the Palaeoc
Neogene, theactivation of tectonic processes (Sava and Styrian movements of t
Alpine folding) led to the absorption of the Carpathian substrate into the subducti
zone, formation of (scalped) flysh nappes of the nRedstern vergence and
establishment of the prexst position of crystalline rocks in the Carpathian Marmarost
nappe.

The analysis of Chyvchynskyi massif geological structure shows that the me
transverse displacements occurred along the valleys of streams Dobryn, Alb
Popadynets, Lostun, Chemirnyi,efRalab and the river of Chornyi Cheremosh.
Intersection nodes of transverse displacements with the longitudinal ones, wh
separate grabesynclines from horsanticlines are the main ways of deep fluids
migration including thermal solutions. Specifigallhese places should be marking
points for prospecting for hard rock gold deposits.

In the Chyvchynskyi ore district, in vein formations the following types are
distinguished: in thanetamorphic complex quartz, quartfeldspar, quartgarnet,
barite, cabonate, epidote and amphib@sbestos; iMesozoic igneous rocks quartz,
chlorite, albite, epidote, carbonate, chrysetibestos and mixed composition.

We have studied in detail quartz and heterochronous pyrite generations as wel
other ore minela from ore manifestations within the Chyvchynskyi ore district.

Thermoelectric properties of pyrite, galena, chalcopyrite collected from or
manifestations of Dobryn, Albyn, Lostun, Mokryn, Popadynets in the Chyvchynskyi ol
district were studied on a @@ number of samples. Ore manifestations in the area al
confined to metamorphic rocks and manganese ores of the Velykyi Pryluchnyi Range

In ore manifestations of Dobryn, Albyn, Lostun, Mokryn, Popadynets locate

within the Chyvchynskyi ore district sudre minerals as pyrite, chalcopyrite, galenite
14



were found and they are present in each of the above manifestations. No sphalerite
found in ore manifestations of Mokryn and Popadynets. In the Albyn ore manifestati
we found arsenopyrite apart from pri chalcopyrite and galenite. In the Lostun ore
manifestation we identified the presence pyrrhotite.

Quartz, calcite, chlorite, mica, feldspar, etc. were determined amonmeiatiic
minerals. Upon analysing pyrite crystals there were established maximummum,
average values of thernttMF, sampling span and habit forms (cube, pentagor
dodecahedron, octahedron) in each ore manifestation. Also studied is Pyrite was stu
in bearing rocks as well. Impurity elements in the composition of pyrite wer
determined. Galena crystals from Dobryn and Albyn ore manifestations were studi
and their thermd&MF was determined, sphalerite with associated galena taken fro
Dobryn ore manifestation and pyrrhotite taken from Lostun ore manifestation we
examined. Fuhermore, the morphology of quartz crystals from Dobrin ore
manifestation was studied.

Performed studies of features of gtldaring parageneses of ore manifestations o
the Chyvchynskyi ore district rock complexes enable comparing them with the Rakl
ore district. Here the Saulyak gold deposit is located and it is connected to t
metamorphic foundation of stratiform metamorphogenyitrothermal type. This
allowed to focus prospecting works on indigenous type of gold bearing capacity in t
Chyvchynskyiore district.

Thermobarogeochemical zoning was studied by establishing temperatt
conditions of ondwo-threephase inclusions formation in vein quartz in all studied ore
manifestations.

Singlephase inclusions preserved during the growth of quanticate a
hydrothermal mineralorming fluid of possible metamorphogenetic origin.

Two-phase inclusions were probably isolated during cracks curing at the stages
late and partially posthetamorphogenic cracking of vein quartz. These inclusions
homogented at temperatures of D2 5 AC wi t hi n Al byn,

Mokryn, Lostun sites. Inclusion in samples from outcrops Perkalab and Verkhn
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Pereluchnyi homogenized at temperatures ofi 238 W. This may indicate the
existence of a fault in this area.

Threephase inclusions in quartz from Perkalab ore manifestation homogenized
a t emp er ad. Athigher tefpe@tOréslihclusions became depressurized.

Cryometric studies of singlphase inclusions showed that homogenization
occurred at temperates ranging froni98 A C i138A C. |l ncl usi ons &
methane. At Dobryn site, singfghase ethane inclusions were detected.-@hase
water inclusions were detected as well. It was established that methaeeus
solutions circulated during acks curing, and the pressure at isolation of these solutior
ranged from 1.7 to 4.3 MPa while the temperature of varied from 200 tA &0 T |
pressure and temperature were the highest within the Velykyi Pryluchnyi site. The
data and especially ethamelusions point to the potential of gas bearing capacity of
indigenous deposits in the Chyvchyn district.

The cracking temperature of inclusions from all ore manifestations was determin
by the decreptometric method and varied withiniZ@D W with different intensity of
gas escape.

Consequently, the developed set of mineralogical and genetic criteria
Chyvchynskyi ore district mineralization allowed establishing that among them tt
main ones are as follows:

I distribution of crystallization of combieforms of pyrite from {100} to {210},
which are predominantly specific for thefr tcand te conductivity, and numerical
growth vectors are pointed towards higher values of the hole conductivity;

I presence of galena, thersad/F value of which i3 640 mkVHSP;

i distribution of syngenetic fluid inclusions;

I presence of inclusions with variods[2 contents in quartz.

Ore bodies in the Chyvchynskyi district are controlled mainly by fractures of th
Carpathian strike and zones of schisting and folding.

Most ore manifestations are localized in tbeer shale thicknes@yritic, copper
pyritic and polymetallic), and in thepper quartziteshale (pyritic-polymetallic and

partly copper pyriticseriesof metamorphic complex. Predominantly they are located i
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sericitechlorite-quartz, chloritequartz shales, and less often in graphite shales
guartzites and metamorphosed volcanic rocks.

Mineralisation is represented with continuous flat sheet and lenticular stratifie
sulphide accumulations, intersectimginlets and small inclusions in host rocks. It is
associated with quartz, quaifield-spar, quartbarite, quartdaritecarbonate veinlets
of hydrothermal origin.

According to the complex of the performed researches and their comparison w
the reseaftes performed in the Rakhiv ore area, the most promising prospecting f
indigenous gold in the Chivchyn ore area are the Lostun and Mokrin ores and
territory between these ores.

The set of conducted studies and subsequent comparison of their resulisew
data received from studies performed in respect of the Rakhiv ore district testify tt
Lostun and Mokryn ore manifestations and the territoryhbatween these ore
manifestations are potentially productive for prospecting indigenous gold in tf
Chychynskyi ore district.

The Marmarosh crystalline massif is potentially rich in solid minerals, includint
gold. It is reasonable to suppose that hydrocarbon deposits may occur under the m
nappe, and a detailed exploration of its geology is esseatifrbadening knowledge
on geological structure of the entire Carpathians. Gravitational surveys and regio
seismic testing should be carried out as well as a parametric well should be dril
within the above site and within the adjacent territory ektem to the Zakarpattia
region.

Scientific novelty of the obtained results:

1 new ideas on geodynamic conditions of the Marmarosh crystalline mas:
formation are proposed;

1 a set of mineralogicghhysical and thermobarogeochemical studies of
mineralization pints and individual "gold manifestations" was carried out for the firs
time;

1 the main physical and chemical conditions of their mineralogenesis a

revealed:;
17



91 the evolution of a sign and therretMF values of mineraisemiconductors,
especially indicativef galena, was investigated,;

1 heterochronous morphogenetic series of pyrite, habitat forms and the
typomorphic properties naturally varying within individual generations from early to th
late ones were identified, which allows prospecting for gold or@fesations;

1 several potential sites for gold prospecting within indigenous occurrences we
determined and the potential availability of hydrocarbon deposits in the mas
underthrust is predicted based on the incidence of me#thaee fluid inclusiongn
minerals;

1 mineralogical genetic criteria for mineralization prediction were developed.

Practical value of the obtained results.

Materials of research can be used for conducting prospecting and explorat
works within the Chyvchynskyi ore district asdarches for hydrocarbon deposits in the
local underthrust.

Key words:Ukrainian Carpathians, Marmarosh massif, Chyvchynskyi ore distric
ore manifestations, thermobarogeochemical and mineralggigaical studies, thermo

EMF of mineralssemiconductordjomogenization, decrepitation, gold.
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