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Graphite-bearing dolomite-calcite marbles (with
thickness of 120-140 m) have been found in the valley
of river Vucha near the dam south of Krichim town
(Tpanwumues, 1989). According to Ivanov (MBanos, 1980,
1984) these rocks belong to the Posestrimo Formation
but Kojouharov (Koxxyxapos, 1984) has defined them
as part of the Vucha Formation. So far, their position in
the new litho-tectonic subdivision (Sarov et al., 2003)
has not been clearly shown. One express approach for
determining of the facies of metamorphism is the use of
DTA and XRD studies of graphite in the metamorphic
rocks. The main minerals in the studied marbles are
calcite (= 85 %) and dolomite (=~ 10 %). The average
content of graphite is 0.72 wt. %, which varies from 0.3
to 1.61 wt. %. Often the graphite flakes are elongated
and bended with sizes from 0.1 to 20 mm, usually
between 0.2 and 1.2 mm. The graphite flake aggregates
and crystals are located both on the schistosity plains
and the carbonate grains. The phlogopite is about 2 %
in the marbles with flakes reaching 0.2-1.2 mm in length.
Amphibole grains (< 1 %) vary in size from 0.1 to 1.8
mm, most often being 0.2-0.3 mm. Some single grains
of pyroxene, epidote and garnet are also found.
Plagioclase is labradorite-bytownite with sizes from 0.2
to 0.9 mm usually being about 1% but in some samples
reaches 10%. Lower temperature minerals are tremolite,
sericite and chlorite. Ttremolite fully replaces pyroxene.
Chlorite, sericite and carbonate minerals, replace
labradorite-bytownite and amphibole. Additionally,
quartz-carbonate veins, iron hydroxides, singles grains
of apatite, titanite, pyrite, as well as some other ore and
clay minerals occur.

The DTA characteristics of graphite are as
follows: the temperature of beginning of oxidation
(THE) is in the range from 540 to 590 °C (mean 560
°(C); the first maximum of the exothermic peak (TME-
1) is in the range 720 to 800 °C (mean 770 °C); the
second maximum (TME-2) is in the range 850 to

890°C (mean 870 °C); splitting of the exothermic peak
occurs from 820 to 840 °C.

The XRD characteristics of the studied graphite are:
dooy = 3.368 A; ¢ = 6.736 A; grade of graphitization
H,,, /H,;y = 1.3; grade of structural disorder p =
0.40; grade of graphitization u = 0.60.

In conclusion: 1) The symmetric splitting and
presence of two maximums on the exothermic peak
reveal the existence of two types of graphitized
particles with differences in size and grade of
structural organization; 2) The obtained results for
the mineral composition of the marbles, the tempera-
ture of beginning and the maximum of the exothermic
effect as well as the grade of graphitization (u), grade
of structural disorder (p), and the ratio H,;, /H;,
suggest that graphite has crystallized under conditions
of progressive regional metamorphism — amphibolite
facies. Later on, the graphite-bearing marbles were
regressively altered to green-schist facies metamor-
phism; 3) The results from the DTA analyses are
similar to previously obtained ones for graphite in
metamorphic rocks from the Madan ore field; 4)
According to the subdivision of French (1964) and
Landis (1971) the graphite (dyy, =3.368 A) from
“Biala Skala” can be placed a little below the
borderline of the zone of graphite with the best
structural organization (dyy, = 3.35-3.36 A); 5)
According to Kwiecinska (1980) graphite with u =
0.60 can be placed in the lower part of the zone of
natural graphite with good structural organization (u
= (0.57-1.00); 6) According to the geological
thermometer (Fig. 1.) of Shengeliya et al. (LLlearenus
u ap., 1977), the graphite from “Bialata Skala” (¢ =
6.736 A) shows anomalously low temperature of
graphitization — 410 °C, which is a significant
difference compared to the temperature of 530 to
620°C characteristic for others parts of Rhodopes
(Bmaxog, 1991, 1997).
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TEPMUWYHU U PEHTTEHOCTPYKTYPHU XAPAKTEPUCTUKU HA I'PAOUTA OT
MPAMOPUTE B PANOHA HA ,,BSIJIATA CKAJIA” B IEHTPAJIHUTE POJIOIH

Anexcanabp Biaxos

O6mu cBegeHus

['paduTchabpKanUTe MOTOMUT-KATITUTOBA MPaMOPH
Ce HAMHpAT B JIOJMHATA Ha peka Bhua, 105KHO OT Tp.
Kpuuum B 01m30CT A0 S30BUD ,,AHTOHHBaHOBIU
(Tpauuues, 1989). Nebenunara um e 120-140 m. Te3n
ckanu ce oTHacaT kbM [locecTpuMmckaTa cBUTa
(UBanoB u ap., 1980; 1984). Koxyxapos (1984) ru
ompenens kato 4act oT Bwruanckara cBurta. Jlo
MOMEHTA HE € SICHO TIOKa3aHa TAXHATa MPHHAIICK-
HOCT KbM HSIKOSl OT HOBUTE JINTOTCKTOHCKH CIMHHIIY,
otnenenu ot Capos u ap. (Sarov et al., 2003).

Cbcrosinne Ha npodiema

Exann oT ecknpecHHWTEe HAa4YMHH J1a CE€ YCTAHOBH
WHTEH3WBHOCTTA, THIIA U (alieca Ha MeTaMoppu3Ma
e Jla ce u3ciensa rpaguTta B MeraMop(HHUTE CKAIH
¢ Metonute Ha DTA U peHTreHOCTPYKTYpHUS
ananu3. Franklin (1951) BeBexaa xoedunmenTa p,
OTYHMTAIl OTKJIOHEGHHUATA OT WJACaJHHUS pel Ha
MOAPEKIAHETO Ha CIOEBETE B CTPYKTypaTa Ha
rpaduTa ¥ CBbp3aHaTa C TO3M KOe()UIIUEHT CTETeH
Ha rpaduTHzanms u, Kato p = I — u; MEKAy-
IUIOCKOCTHOTO PAa3CTOSIHUE dyy, = 3,440 — 0,086(1
— p?). ©penu (French, 1964) otnens yetupu craaus
Ha KPUCTaJU3alusl Ha BBIJIEPOAHOTO BEILECTBO:
amopdHo; cTaauii Ha BeIIMIIATA U achanta (dyy, =
3,5 A; rpadur c HemoapeneHa CTpyKTypa — “d-
epagpum” (dyy, = 3,43 A); no6pe u3KpUCTAIU3UPAT
rpadut ¢ noapeneHa CTpykTypa (dyp, = 3,36 A).
Anexcee u KpacaBuna (1968), mokasBar, ue Temre-
paTypata Ha HAYaJoOTO HA EK30TEPMHUYHHUS e(eKT
(THE) 3aBucu ot creneHTa Ha MeramMopu3bpM Ha
OPTaHMYHOTO BELIECTBO, a pa3LENBaHETO Ha
TEPMHUYHHUS MUK MOKa3Ba IMPUCHCTBUETO Ha JBa
cTpykrypHu Tuna rpadwur. Jlagmuc (Landis, 1971)
oT0ensi3Ba HaMaJsIBAHETO Ha d;, NpH MOBHUIIA-
BAHETO Ha CTENeHTa Ha MeraMmopdus3ma, Kato 3a
emuaoT-ampudonuToBus u ampudomuToBHs (arrec
d o, Ha TpaduTa € 3,35-3,36 A. Usanosa u p. (1972)
YCTaHOBSABAT, Y€ B Pa3JIUUYHHUTE CTPYKTYypHH
pa3sHOBUIHOCTH Ha Tpadura mapamerbpbT THE
Bapupa ot 550 no 860°C. Te3u TeMnepaTypu Morat
Ila CIyXart 3a IOTBbpIKIaBaHe Ha (alreca Ha MeTa-
Mopdusma. M3KycTBeHO 3aHM)KaBaHEe HAa TEPMUU-
HUTE XapakTEPUCTHKU Ha rpaduTa MOXKe Ia ce
MOCTUTHE CaMo cJie]] CTPUBAaHE Ha MPOOHTE IIOBeYe
ot 15 min. britoman u np. (1972; 1974) yrBBpIKAaBAaT,
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4ye pa3MepbT Ha rpadUTOBHUTE JIOCIH U CTEIEeHTa
Ha KpUCTaju3auus Ha rpaduTa ce yBeiaudaBa C
MOBUIIABAHETO HA CTENEHTa Ha PETHOHAIHUS
MeTaMOp(U3BM U TOBA HE 3aBHCHU OT ChIBP)KaHUETO
Ha BBIVIEPOX M MUHEPAIHUS ChCTAB HA CKAJHUTE, a
THE ce nosumasa npubnusutenno ¢ 100°C 3a Bceku
cnenpanl (anuec Ha MPOTPECUBHUS PErHOHAJICH
MeraMmopduszbpm. Te ompenensit TEPMHUUYHUTE H
PEHTTEHOCTPYKTYPHHTE XapaKTEPUCTUKHU Ha rpaduta
OT 3€JICHOIINCTHUSA 10 aMPpuOOIUTOBHS (annec Ha
MPOrPECHBHUS U PETPECHBHUS PETHOHATIEH METaMOp-
($U3BM: MPOrpecuBeH METaMOP(PHU3bM - 3EJICHO-
IMIKCTEeH (annec, MyCKOBHT-XJIOPUTOB cyOdanuec
THE =~650°C, temnepaTtypaTa Ha MakCUMyMa Ha
ekzorepmuunus epekt (TME) =750°C, kato
CTeleHTa Ha rpaUTU3aH CE OIIPENeNisi OT OTHOLIE-
HHUETO Ha BUCOYMHHUTE HAa MHTEH3UTETUTE Ha OTpaxe-
Husara /12 u 110 (H,;,/H,;;, = 0,7); MyckoBUT-
O6rotuToB U enunoT-aMmpudonuTos cyddanuec THE
~650°C, TME =850°C, H,,,/H,,, = 1,0; am¢pubo-
nuToB ¢anuec Ha 30HaNeH mMetamopduzsm THE
~750°C, TME =1100°C, H, ,/H,, = 1,4; am¢pubonu-
ToB (panmec Ha azonaneH meramopduzpm THE
~850°C, TME > 1100°C, H,,,/H;;, = 1,6; perpecuBen
MeTamMoppu3bM: aMPpuOOIUTOB (hammec ¢ peTuKTH
ot rpanymutoB THE =850°C u TME > 1100°C, H,»/
H,,, = 1,4; ampudonuros dpaunec THE =750°C u
TME =1050°C, H,,,/H;,o = 1,4; ennnor-ampuodo-
nutoB ¢anuec THE =650°C u TME =950°C;
3enenommcteH armec THE ~650°C u TME ~850°C,
H,,»/H,,, = 1,3. Ilpu perpecuBHus MeTaMopPpU3bM
rpauTOBUTE YaCTULM HAMaJsBaT pa3MEpUTE CH
MOpaan TEKTOHCKUTE OBMXKEHMSI, KOUTO IO ChIIPO-
Boxkaar. Criopen I'pro (Grew, 1974) mepBusT cramuit
OT MOJAPEXAaHETO Ha CTPYKTypaTa Ha rpadura
otroBaps Ha Temneparypa 300-500°C u nansirane 3
kbar mnm moBeue mpu MPOrpecUBHUSL PErHOHAJICH
meramopduszsM u 1000°C u 1 kbar mpu koHTaKTHUS
MeTaMOppHU3bM, a I'IHOTO NOAPESKIAHE B YCIOBU-
ATa Ha MPOrPECUBHUS PETMOHATICH METaMOpHU3bM
e pu 660-690°C u 4,5-5,0 kbar. lllenrenus u ap.
(1977) cTuraT mo w3BoAa, Ye BeIMUMHATA HA ¢ Ha
rpa¢uTa 3aBUCH IPEIUMHO OT TEMIIepaTypaTa, a He
OT HAJIATAHETO W MpeIsiaraT Ta3u CTOMHOCT na ce
M3I0NI3Ba Kato rpaduToB reorepmMoMeTsp (Dur. 1.).
Ksuemmacka (Kwiecinska, 1980) ornens uetupu dop-
MH Ha BBIJIEPOAHOTO BELIECTBO B 3aBHCHMOCT OT
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@ur. 1. 3aBUCHMOCT Ha IapaMeThpa ¢ Ha €IeMEHTapHaTa
KJIeTKa Ha Tpadura oT Temneparypara (o [llenrenus u
Ip., 1977).

CTOMHOCTTA Ha CTENEHTa Ha rpauTU3anus: aHTpa-
Tt (0,06-0,27); meraantpauut (0,27-0,45); momyrpa-
¢wur (0,45-0,57) u rpadur (0,57-1,00). bucka (1982)
TBBPJAM, Y€ TeMIepaTypaTa Ha 3eJICHOIIUCTHHS
Meramop¢puzbsM e 500°C u no-uucka u 1o 750-800°C
3a rpanynuToBus. Kpecro u ap. (Crespo et al., 2003)
YCTAHOBSIBAT CHbBMECTHO ChHIIECTBYBaHE Ha JBa
TUNa rpa()UTOBH YACTULH C TOIEMH Pa3JINKH B PEHT-
TCHOCTPYKTYPHUTE CH XapaKTEPUCTUKU U C TOBA Ce
00sICHSIBa aHOMaJHO BHCOKaTa TeMIliepaTypa Ha
exzorepmuunns edekt (=600°C). KoctoB u ap.
(1986) mpuemar 3a MakCUMyM Ha HPOTPECHBHHS
peruonanen Mmeramop¢uzsM B LienTpanaute Poronn
TeMeneparypara ot okono 600°C.

Pe3yaraTu oT m3ciienBaHeTo

Munepanen cbcmag: TIaBHU MHUHEPAIM Cca KaJIlUT
(=85 %) u momomut (=10 %). CpemHOTO ChOBpKAHKE
Ha rpadut B Ts1x € 0,72 % u Bapupa ot 0,3 1o 1,61 %.
I'padurtoBrTE NMIOCTIN HAH-4€CTO Ca YOBIDKEHU U OI'b-
HaTH KaTo pa3mepure uM ca Mexay 0,1 u 20 mm, Haii-
yecto 0,2-1,2 mm. Te ce pa3znonarar napajienHo Ha
LIMCTO3HOCTTa WJIN 10 CTEHUTE Ha KapOOHATHHUTE
3bpHA. GnoronuTsT € 10 2 % U JIFOCIIUTE My TOCTUTAT
0,2-1,2 mm. Am¢pubonsT e nox 1% u 3ppHaTa My ca ¢
pasmepu 0,2-1,8, naii-uecto 0,1-0,3 mm. Cpemiar ce u
GAMHUYHH, TOYTH HAITBJIHO 3aMECTEHH 3bPHAa OT THPOK-
CEH ¥ GIMHUYHH 3bpHA I'PaHat v enuaor. [ Inarnoxnaset,
nabpanop-OuTOBHUT, € < 1%, a B HAKOM TPOOH AOCTUra
10 %; pa3mepu Ha 3bpHara B uuudure 0,2-0,9 mm.
Io-HucKoTeMITEpaTypHUTE MUHEPAIU Ca MPEACTABEHH
OT TPEMOIUT, 3aMECTBALL] HAITBJIHO IUPOKCEHA, XJIOPUT,
CepHIIUT M KapOOHAT, 3aMeCTBaIly J1abpaaop-ONToB-
HUTA ¥ aMprO0Ia, KBapI-KapOOHATHH JKIITKH 1 YKEJIE3HU
XUAPOKCHIH. VIMa M OTOeNHM 3bpHA MUPHUT U PyIHH
MHHEpaJIH, AllaTUT, THTAHUT U INIMHEeCTH MuHepam. O0-
II0TO KOJIMYECTBO Ha MTUPUT, KEJIEe3HN XUIPOKCUIU U
tutasut e 0,5 %, a Ha ammaTut, am¢uOOI, TpaHaT, eH-

JIOT, KBapll, CIFOAU U TIIMHECTU MUHEPANH - 110 2,5 %.

Tepmoepaghckama xapaxkmepucmuxa Ha rpadu-
Ta OT ,,bsnmara ckana” moka3BaT pa3TerHaT U
pasierneH exk3oedekT ¢ aBa Makcumyma. Pesynra-
TUTE OT M3CJICABAHUSITA COYAT, Y€ BapUALIMUTE B
croitnoctute Ha THE nu TME na rpadwuTa ca manku
U CpPENHUTE CTOMHOCTH MM CTOMHOCTH Ca MHOTO
OJNIM3KHU 10 TAX.

Penmeenocmpyxmypama xapaxmepucmuxa Ha
rpadura ot ,,bsinata ckana” e cnenHata: dyy, = 3,368
A; ¢c= 6,736 4, H,»H10=L3; p= 0,40; u= 0,60.

780° 890°

@ur. 2. DTA kpuBu Ha rpaduta B MpaMopure ot ,,bsiara
ckana” (2 % rpadur u 98 % Al,0O5; 10°C/ min).

Tabnuya 1. Tepmuunu xapaxmepucmuku Ha 2pa-
¢duma 6 mpamopume om ,, bsanama cxana”, [{enm-
panuu Pooonu.

Anamm3u | THE TME PasuenBane na | TME
Neo °C °C exzoedexra °C | °C

1. (pur.1) | 560 780 840 890
2. 590 800 830 880
3. (¢wr.1) | 550 720 830 870
4. 560 780 830 870
5. 540 780 820 860
6. 560 760 820 850
Cpenno 560 770 830 870
H3Boam

1) Pazrernarata kpuBa ¥ CUMETPHYHOTO pa3LiclBaHe
Ha ek30e(eKTa U HaJMYMETO Ha JABa MaKCHUMyMa
MOKa3BaT, ye Tpa)UTOBUTE arperaTti ca ¢ pasinyHa
CTPYKTYpHa [TOAPENEHOCT; 2) MUHEPAJHUSAT ChCTaB Ha
MpaMopuTe, pa3MepuTe Ha rpaUTOBUTE arperar,
croiiHoctute Ha THE n TME u otHomenuero H,,/
H,,, mokasBart, ue rpaduThT € 00pa3yBaH B YCIOBHS
Ha am(puOonmTOB (harrec Ha IPOrPECUBHISI PETHOHAIICH
MeTamMop(u3bM, CIIe KOETO CKaIUTe ca MPeTbpIIeiu
perpecuBeH MeraMopu3bM Ha HUBO 3€JICHOIIMCTEH
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(aruiec; 3) pesynTarture or TepMOrpad)CKOTO U3CIE-
BaHe Ha rpaduTa oT ,,bsara ckana” ce ChIacyBar C
nanaute or DTA Ha rpaduta B Mpamopute or ManaH-
cKus pyaeH paiion (Bnaxos, 1991); 4) Cnopen xnacu-
¢ukauunte Ha French (1964) u Landis (1971) rpadgutsT
or ,,Bsnara ckana” 1o nokasatens dyy, = 3,368 4 e
CbBCEM MaJIKO IO I'paHHUIaTa Ha CHBHPIICHUTE B
CTPYKTYPHO OTHOLIEHHE TPadUTH, IMaLIH dyy, = 3,360-
3,350 A; 5) m3cnenpanuaT rpadMT MMa CTOMHOCTH Ha
KoeuIFeHTa Ha CTPYKTYpHa HeronpeneHoct p = 0,40
Y ChOTBETHO CTeTIeH Ha rpadurtuzanus ¢ = 0,60, Koero
cnopen knacudukanusara Ha Kwieciska (1980) ro
MOCTaBsI B JIONHATA YacT HAa 30HATAa Ha CHIIMHCKUTE
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