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KpHcraJieH pacTem Ha KaJJUHTOBH 
, nemepHH UBeTSI" - aHTO.LI.HTH 

HeaH K. EoHee 

reoAoeu~teCICU UH.cmumym, 1113 CCJljJUR 

I. Bonev- Crystal Growth of Calcite "Caue Flowers"- Anthodltt>s. Calcite anthodites were 
found in a small cave in the area of Lepenica Quarry, in the Proterozoic marbles of West 
Rhodopes. Spatially, they are related to fine red clay of "terra rossa" type, deposited near 
the main karst fracture in the cave. The clay is of halloysite composition and is coloured 
by iron )lydroxi des. 

The anthodites are mosaic-like single crystal formations, composed of parallel fibrous 
subindividuals, elongated al.ong their triple crystallographic axes. The calcite nuclei were 
formed in the clay mass, using cavities and pores in it. The fine fibrous pattern developed 
when the calcite left the porous clay mass and began its growth in free space. In calm periods 
the fibrous individuals grew regularly from their tip with nearly equal rate, thus forming 
fine zoning, parallel to the frontal surface of the mosaic crystal. The supply was accomp· 
lished by means of diffusion through the water film around the crystals. Mechanically in· 
corporated clay particles cause colouring of the calci te. Under the action of temporary flow­
ing waters, separate fragments of the clay mass fell on the growing surface and caused 
partial blocking. The irregular supply of material to individual fibres, resulting in this way, 
lead to changes of the growth direction of different sectors and to the formation of cur vi· 
linear and branching crystal formations . The model of crystal growth of anthodites from 
the base cannot be applied in this case. 

In those parts of the cave, where clay is lacking, only the usual calcite formations 
(stalactites, coralites, etc.) are found . 

, new.epHHTe userH"1 HJIH, KaKTO ow.e ce 03Haqasar, aHTO.li.HTHTe (or rp. a, &oa -
UBeTe) ca e,li.HH OT HaH-HHTepeCHHTe H OpHrHHaJIHH KpHCTaJIHH QJOpMH B new.e­
pHTe. Te3H y.nomKeHH H H3BHTH MHHepaJIHH o6pa3ysaHHH o6HKHOBeHo HMaT 
QJHHOBJiaKHeCT CTpOe)K H ce pa3BHBaT qpe3 pa3uenBaHe OT e.nHa o6w.a OCHOBa 
(M a JI e e B, 1966; G 1 o s s a r y, 1972). lllHpoKo H3BecTHH ca ,mncoBHTe 
userH". Ilopa.nH CBOHTa H3KJIJOtJHTeJIHa KpexKocr Te ce pa3na.nar npH Hati­
MaJIKH C'bTpeceHHH H THXHOTO H3Ba)K,ll.aHe H npeHaC51He OT M51CTOTO Ha o6pa3y· 
saHe, a, pa36Hpa ce, H H3cJie.nsaHeTO HM e TB'hp.ne 3arpy.nHeHo. MaKap H no­
pst.D.KO, aHTO.li.HTH 06pa3yBaT H .li.PYrli MHHepaJIH- enCOMHT, xaJIHT, aparoHHT, 
KaJIUHT, CeJIHTpa, CaMOpO.li.HO cpe6po. flpOH3XO.ll.'bT Ha ,new.epHHTe UBeTst" H 
MeXaHH3M'bT Ha TeXHHH pacre)K BCe OUle e He,li.OCTaT'btJHO H3ytJeH. 06HKHOBeHO 
ce npHeMa, qe pacTe)K'bT HM ce H3B'bpll1Ba OT OCHOBaTa (M a JI e e B, 1966, 1971; 

1 JloKJta.ll, H3HeceH Ha III HauaoHaJtHa KOHq>epeauall no cneJteoJtOrHll, CocpHll, 21. III · 
1979 r . . 
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G I ossa r y, 1972; 0 h ac hi H T a n i guc hi, 1974, H .n.p.), npH Koero 
HapaCTB31.11,HHT KpHCTaJI ce H3TJI3CKB3 Harope DOll. JI.eHCTBHe Ha KpHCT3JIH33UHOH· 
HHH HaTHCK. . 

PH.n.Ka Haxo.n.Ka or KaJIUHTOBH aHTOJI.HTH 6ewe HaMepeHa B e.n.Ha HeroJIHMa 
ne1.11,epa, paanoJio>KeHa cpe.ll. poJJ.oncKwre .n.oKaM6prn1:cKH 1\tpai\tOpH BbB BeJIHH­
rpaJJ.cKo . neraiiJIHOTO l\11-IHepaJIO>KKO H3Y43BaHe 4pe3 DOJ!.XOJ!.HI.ll,H CbBpeMeHHH 
MeTOJl.H D03BOJIII .n.a Ce no.lJytJaT Ba>KHH JI.a HHH 33' 3bHWHHH H BbTpewHHH CTpOe>K 
Ha rean caoeo6paa HH o6paaysa1111H, KaKro H 3a oco6eHocrwre Ha 3apamJJ.aHeTo 
Jl KpiiCTaJIHHH Hl\1 pacrem. 

feoJIO)KKa o6cTaHOBKa 

BbnpocHara ne1.11,epa 6ewe pa3KpHra npw nposem.n.aHe Ha Jl.06HBHHTe pa6oTH 
s e.n.Ha or ll:pal\10pHHTe KapwepH Ha o6eKT JieneHHua. PaanoJIO)I<eHa e Ha oKoJio 
3 km cesepoaana.n.Ho or ne1.11,epara JleneHHUa, B Jl.OJIHHara Ha e.ll.HOHMeHHara 
peKa, no H3T04HIIH CKJIOH Ha sp. Ceprbosa tJyKa. Mpar.wpHre, B l{OHTO ce Ha­
MHpa ne1.11,epara, warpamJJ.aT e.ll.HH or xopH30HTHTe Ha nbcrpara Merar.wpqma 
CBHTa Ha nporep030H, B KOHTO Ce cpemaT Ol.ll,e pa3H006pa3HH f H3HCH, 3Mqm6o­
JJHTH u nerrvtaTHTH. CKaJiwre s paiioHa HMaT MOHOKJIHHaJIHO aarbBaHe Ha cese­
poH3ToK (oKoJio 55°) npH cpe.ll.eH. HaKJIOH 35- 40°. D poueneHH ca or HHKOJIKO 
CHCTeMH crpbMHH nyKHaTHHH. MpaMopHre ca 6eJIH, eJipo- Jl.O cpe.n.H03bpHecrH, 
nJJbTIIH, c no•ITH MOHOI\IHHepaJieH KaJIUHTOB Cbcras. Karo or.n.eJIHH snpbcJieUH 
B THX Ce cpel.ll,aT 3bpHa OT DJI3fHOKJI33, KB3pU, MYCKOBHT, aMqJH60JI , rpacpHT H JI.p. 
B cbcrasa Ha MpaMopHre ocsen CaC03 ce Cb.ll.bpmar o1.11,e (s rerJI . %): MgO 2,7, 
Si0 2 2,5, Al20 3 0,4, Fe20 3 0,3, K20 0,2, Na20 0, 1, H 20 (cJie.ll. narpHBaHe npw 
J05°C) 0,2, S 0,03, OtJeBHJl.HO Jl.bJI>Kal.ll,H Ce H3 MHHepaJIHH npHMeCH. 

KapcroBHTe npouecH B paiioHa ca C'h3Jl.3JIH MHoro6poiiHH noHopw 11 Kapw 11 
HHKOJIKO ne1.11,ep11 . HosoorKpwrara ne1.11,epa npe.n.cr aam!Ba HenpasliJI Ha Kap­
crosa np33HHH3 C Jl.'bJI>KHH3 OKOJIO 25 m, ~13KCHM3JIHa WHpHHa 10 m H BHCO­
'!HH3 Jl.O 2-3 m. Pa3noJio>KeHa e Ha 15-20 m noA no,IBeHHH CJIOH Ha crpbMHHH 
ropHCT CKJIOH. B ne1.11,epara ca cpopmipaHH MHO>Kecrso paaHod6pa3HH KaJIUHTOBH 
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06pa3yBaHIHI - eTaJiaKTHTH, eTaJiafMHTH, I<OpaJIHTII (3a eb)K3JieHHe Belle .li.O 
rom1r.ta eTeneH yHJnU.O)KeHH). OKoJio e.n.Ha erpb?.tHo 3ana)1.am.a .n.oeTa mHpoKa 
(.li.O 25 em) Ol<apeTeHa nyKH3THHa, npO.llbJI)K3B3W.3 KbM 110BbpXI10eTTa, 1<3KTO 
II B tlbJI004HH3, ee H30JIIO)l8B3T H8TpynB3HH51 OT llepBeHOKaqmsa rJIHH3 e MOW.· 
HoeT .n.o 10-15 em. Henoepe.n.eTBeHo epe.n. rJIHnaTa ce pa3noJiaraT oeHODHHTe 
llaeTH Ha KaJIU.HTOBHTe aHTO.li.IITII (qmr. 1). AHTO.li.HTI!Te ca ne eaMo npocTpaH­
eTBeHo, HO H reHeTJil!HO CBbp33HH C rJIHH3T3 II H3BbH HetiHHTe npOHBJieiiHfl 
Han'bJIHO JIHneaar . 

X apaKTepHCTHKa Ha BMecTsamaTa r JIHHa 

f JIHHaTa npe.ll.CT3BJIH Ba OJI'bTHa, Kpex Ka, eKj)HTOI<p IICT3JI H3 Maca, pa3113tl3W.3 
ce npH H3THCK H B'bB BO.ll.3 H3 HenpaBHJIHH oeTpO'bf'bJIHH K'belleTa. 00HHKOra 0 
HeH ee H30JliO.ll.aBa MHOfO <j)HHa eJIOIIeTOCT H TOrasa ee 3aoeJI513Ba II 6peK4HeBH.ll· 
HaTa H TeKCTypa, npH KOHTO pa3JIH4HO OpHeHTHpaHH M3JIKH K'bC4eTa ca CnOeHH 
oT C'blll.O TaK'bB rJIHHecT MaTepHaJI. Tosa .noKa3Ba HeenoKo~IHaTa o6eTaHOBKa Ha 
yraHBaHeTO BbB Bp'b3Ka C nepHO.ll.Hl!HO .ll.eHCTBYB8W.HTe no nyKH8THH8T8 BO.li.Hil 
llOTOU.H. 

PeHrreH.n.HQ>paKToMeTpHl!HOTO H3CJie.nsaHe noKa3sa, qe r JIHHara HMa xaJi ya-
3HTOB e'beTaB. lJ.H<j)paKU.HOHH3T3 KapniHa npHTe)KaBa BCH4KH xapaKTepHH 38 
X8Jiya3HT8 OCOOeHOCTH (B p H H tl JI H, 1965): CJia6H H pa3MHTH peQ>JieKCH 001 
(7,3 A) H 002 (3,6 A); 6JIH3KH HHTeH3HTeTH Ha pe<j)JieKcHTe 001 H 002 npH or­
HOllleHHe 1 :0,8; lliHpoKa H )lH<j)y3Ha K'bM 110-fOJieMHTe 'bfJIOBH CTO~IHOCTH 06JiaeT 
Ha pe<j)JieKca 020 (4,44 A); lliHpoKa H AH<I>Y3Ha o6Jiaer B HHrepsaJia 2,57-2,30 A 
6e3 .no6pe oqepraHH MaKcHMYMH. M e)K.n.ynJioeKOCTHOTO pa3CTOHHHe 060 e 1 ,486, 
a b 8,92 A, Koero xapaKTepH3Hpa MHHepaJia J<aTo JJ.HOKTae.ll.pH4ell . DpH HarpH­
oaHe JJ.O 350:.C d(001) ee HaMaJIHBa .n.o 7,1, a npH TperHpaHe e rJIHU.epHH Hapacr­
oa .n.o 7,7 A. f JIHHaTa C'bJlbp)Ka 11 H3BeeTHO HeroJI51MO KOJIHl!ecrao or emo.n.eH 
MHHepaJI e d (001) 9,9 A, 3ana3saw. ce H eJieJJ. HarpHBaHe .n.o 600°C, Koraro xaJiya-
3HTooara cTpyKr ypa ee pa3pylllaoa. 

B .nepHoarorpaMara Ha rJIHHara ce Q>HKcwpa xapaKrepHHHT 3a xaJiya3HTa 
eH.ll.OecpeKT npH 140°C, eBbp3aH C OT.UeJI51HeTO Ha MOJieKyJIHpHaTa BO)l3 (7% 
no TG-KpHsara) H mmcaam npH JJ.o6pe H3KpHeTaJIH3HpaJIHH KaOJIHHHT (11 B a -
H 0 BaH ,np.,l974). lJ.o6pe H3pa3eHH ea H eH}loeQ>ei<T'bT npH 555° H eK30eQ>eKT'bT 
npH 930°C. 11HcppaqepBeHHTe eneKTpH· e'blll.O nOTB'bp)K}l3B8T Onpe,neJieHHeTO. Do 
eJieKTpOHHOMHKpOCKOilCKH tlaHHH r JIIIHeCTHTe qaeTHU.Il ea e pa3MepH OT nOpH­
tl'bKa Ha 0,05 ~m H HM8T OOHKHOBeHO HenpaBHJIHa cpopMa. 

Ou.aeTHBaHero Ha rmiHaTa s KaQ>HsoqepseH U.BHT ee ,n'bJI)KH Ha npHcbeTBHeTo 
Ra )KeJie3HH xH.n.pooKHCH, KoeTo ce norsbp)K.nasa or cneKrpaJIHH51 aHaJIH3.' B 
OT.ll.eJIHH Y48CTbll.H fJIHHaTa HM3 eBeTJIOKaQ>HB U.BHT H B MHOfO pe,nKH CJiyqaH H 
B MaJJKH erpynsaHHH e 6HJJa. Ha MHOro Mecra r JJHHaTa BKJ1104Ba H no-rpy6o 
,AHeneperiH l!aCTHU.H OT KBapu., MYCKOBHT, rpaQ>HT li ,np. 

Do npOH3XO,Aa eH qepBeHaTa ~JJHHa npe,nCT8BJ151Ba new.epHa ,.rep a poca". 

MHHepaJimKKa H MOpcpoJIO>KKa xapaKTepHCTHKa Ha aHTO.U.HTHTe 

PeHrreHorpa¢cim, KaKTO H c .npyrH Meronu (DTA, Hq -cnei<TpH) ce noi<a3sa, 
qe aHTO.AHTHTe npe.ncrasmmar ·KaJJU.HTOBII o6pa3ysaHH51. Te o6a4e HMar u.oera 
Ha BMeeTBalll.aTa rH fJIHHa - 06HKHOBeHO qepBeHOK?<IJS!B H B pe,nKH eJJyqaH 
eHBO)K'bJIT. Tosa ce .U'bJJ)KH Ha H3o6HJ1HHTe lllexaHHl!ecKH 3arpa6eHH ou.seTeHH 
Q>HHH fJlHHeeTH l!aCTHU.H. 
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Kanu.HTOBHTe ,u.aeTH" HMaT TBbp.ne pa3Hoo6pa3Ha Mop¢onorHH. n pe.ncra­
BJIHBaT o6HKHoBeHo e.nuH HJIH rpyna or .naa H noaeqe y.nbJI>KeHH rnaBHI1 11HJJ.H­
BI1,na H MHO>KeCTBO nO-M8JIKI1 11 nO-TbHK11, 113BI1TI1 pa3KJIOHeHI151, OT)J.eJifllU11 ce 
or Tflx Ha pa3JIHtJHH HHBa (qmr. I, ra6n. I, 1, 2). ,il.bn>KI1Hara 11M o6HKHOBeHo 

e OT J )!0 4-5 em, a 118H·fOJie~IH51T H8MepeH HH)!HBH)J. HM8 ,Zl.bJI>K11H8 9 em npH 
WHpHHa .no 1,5 em. 

0CHOB8T8 H8 8HTO)J.HTI1TC, KOfiTO BI1H8rl1 e pa3DOJIO>KeHa B fJIIiH8T8, Cb· 

JJ.bp>Ka ro.riHM 6poi1 pa3JIHtJHI1 no eJipHHa (.no l-2 mm) KbctJera or rJII1Hecrara 
Maca, K8KTO H 3bpH8 OT ,np yr11 !IIHHepaJIH (KB8pU., CJIIO)J.a) 11 MHO>KeCTBO DOpH 
(ra6.n . I, 3). AHTOJJ.HT11Te 11MaT cp11KC11paHo nono>KeHI1e a r.ni1HaTa nopa.n11 cpaa­

HHTeJIHO 3,1!paBOTO Hl\1 CnOHB8He OT K8p00H8THO BelUeCTBO. 
Haii-xapaKTepHa ocooeHOCT H8 Ka.nu.I1TOBHTe o6pa3yB8HI151, 3a6e.n513B81U8 

ce .nop 11 11 c npocro oKo, e rexHIHIT cp11Hoa.naKHecr crpoe.m. Or.ne.nHMTe HHWKH 

ca y.nb.n>KeHI1 no rnaaHara KpHcra.norpa¢cKa oc c Ha Ka.nu.11ra, Koero ce npoc.ne­
JJ.HBa HCHO npH H80JIIO)J.aBaHe H8 )liOHW.nHcpH 6.naro.napeHI1e H8 8HH30TpOniUJT8 
11 Ha xapaKrepHara 3a Ka.nu.Mra ncea.noa6copQ.u.11H. HMWKMTe ca napa.nenHI1 

nOMe>KJly CM , o6aqe H no OTHOWeHHe Ha JlBOHHI1Te CH Kp11CTa.norpacpCK11 OCI1, 
T.e. Hl\'18T He C8MO 8KCII8.nH8 1 HO H 8311MyTa.nHa 38KOHOMepHa Op11eHT8Il.Hfl. no 
T03H H8tJHH UH.nOTO K8JIU.11THO o6pa3yBaHHe B Cblll.HOCT npe,nCT8Bns1Ba M03811tJHO 
pa3BHT MOHOKp HCTaJI, CbCT8BeH OT MHO>KeCTBO B38HMHO napane.nHI1 H11WKOBI1)J.HI1 

cy6H H)IIIBHJJ.I1 . npH w.cxaHI1tJHO Bb3Ji ei1cTBI1e He e Bb3MO>KHO Ha,!!.nb>KHOTO pa3-
.ne.ns!He H3 HHWKI!Te - np051B51B8 Ce CbBbpUleHaTa U.eDHTe.nHOCT H8 K8JIUHT8 
no KOCO pa3nO.nO>KeriHTe OCHOBHOpOMOOe)lpHtiHI1 n.nocKOCTI1. CHCTeMHTe OT u.e­

nMTeJIHII nyi<H8THHH npeCI1tJ8T U.fl.nOTO K8JIU11THO 00p83YB8HI1e H Ce npoc.ne)J.f!· 
BaT .no6pe o JJ.IOHWJIH<)m (ra6n . I, 4). Ha orueneHaTa noabpXHOCT np11 no.nxo.nHmo 
y ae.nJitJeHI1e Ce H36JIIO)J.8BaT H OT)J.eJI HI1Te JieKO ,ne30p11eHT11p8HH cy6HH)J.HBH)J.H. 

brJIOBOTO OTKJIOHeHI1e 0611KHOBeHO e He nO-fOJIHMO OT J-2°. llJHpHH8T8 H8 
or.nenHHTe H11WKH e Me>K.ny 2 H I 0 J.lm. C y 63bpHOBHTe pa3.neJIHlUI1 noBbpXHOCTII 
npe.D.cTaBJIHBaT MaJIKObr.noBH rpaHHUI1 c JJ.I1CJIOKaU.HOHHa np11po.na . MoHoKp11-

craJIHHHT xapaKTep H8 K8.nUHTOBHTe oopa3yB8HI1fl Ce nOTBbp>K,naaa H peHTreHO­
rpaQJCKH, TbH KaTO Ha MOHOKpHCTa.nHHTe peHTreHOrpaMI1 KaJIU.HTbT ,nasa fiCHO 

o6oco6eriH e.ni1HI1tJHI1 pe¢neKCI1 . 
B or.ne JIHH o6.nacr11 Ha Kp11cra.na BJiaKHaTa noHf!Kora ca rpyn11paH11 a 

CHOntiera, Me>K)J.y KOHTO )J.e30p11eHTaU.Hf!Ta e n o-ro.nHMa H )J.OCTHra ,Zl.OpH .11.0 10° 
(ra6n. II, 3). 

BbHWHara noabpXHOCT Ha KaJIU.11TOBI1Te Kp11cra.n11 HMa f!CHO H3pa3eHa Ha­
)JJI1:>KHa lUpHXOBKa, onpe,neJIHW.a Ce OT 3806JieHaTa OKOJIH8 DOBbpXHOCT Ha OT· 
)J.e.nHHTe y,ncJI>KeH11 cy6HH)lHBH)J.H. 

KpHcTaJIHI1Te o6pa3yBaHI1H 3ana3BaT np116.ni1311TeJIHo nocTOHHHa .neoeJIHHa 
nopa.n11 nocroHHHHfl 6poi1 11 .ne6eJIHHa Ha CbCTaBHW.Ine r11 Hl1wKI1 . np11 pa3.ne­
Jif!He Ha HHKOJIKO tJaCTI1 cyMapHOTO HanpetiHO CetJeHI1e 0011KHOBeHO Ce 3ana3Ba. 
B HHK011 cnyqa11 KbM qe.nHara qacr Ha aHTO.D.I1Ta ce Ha6.n10.naaa HaMaJif!BaHe Ha 

HefOBaTa UlHpHHa 11 o¢opMHHeTO Ha CTbnaJIOBH)!HO CTeCHf!B8lUH Ce KOHUeHTpHtiHI1 

noabpXHOCTH nopa.n11 npeKbCBaHero a pacre>Ka Ha nep11¢epHHTe a.naKHa (ra6n. I, 
1 - u.eHrpanHa qacr) . B .npyr11 cJiytJaH KbM qe.noro craaa KJI11Hoo6pa3HO pa3wl1-
pHBaHe c y.ne6e.nHBaHe Ha a.naKHaTa (ra6JI. I, 1 - ropHara JJ.HCHa qacr). 

4 enHara noabpXHOCT Ha yJJ.bJI>KeHI1Te Ka.nU.11THI1 KpHcTaJII1 o6HKHOBeHo e 

orpy6eHa. no CBOeTO DOJIO>KeHHe H8H·tJeCTO TH ce np116JIH>K8B8 )1.0 e)J.H8 OT CTe. 

HHTe Ha uenHTe31HH5l poM6oe.nbp (lOll). n ouHKora Bbpxy Hefl ce Ha6mo.naaar 
MHO>KeCTBO TepMHH8JIHH OKOHtJ8HHfl H8 H11WK11Te, ocpopMeHI1 OT OCTpopOM6oe,n­

p 11tiH11 (4041) creHI1 (ra6n. II, 1). 
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Ba:H<Ha oco6eHOCT Ha B'bTpelliHMH cTpoe>K Ha KaJIUHTOBHTe o6pasysaHHH e 

M soHaJIHOCTTa Ha pacTe>K, npoHBHsama ce KaTo MHoro cpMHM, pMTMI-ttmo OTJIO­
>KeHH no-cseT JIM M no-T'bMHH soHH c JJ.e6eJIMHa I 0-50 ~m M noseqe (Ta6JI. II , 
2, 3). 30HMTe Ca napaJieJIHH Ha l!eJIHaTa fiOB'bpXHOCT H fiOHstKOra C'blll.O I!M3T 

Has'h6eH npocpMJI. B o6JiacTMTe Ha M3BMBaHe Ha aHTOJJ.MTOBMTe KJIOHKM soHaJI­
HOCTTa fiO).I.l!epTaBa Hee).I.HaKBaTa CKOpOCT Ha paCTe>K Ha OT).I.eJIHHTe HMlllKH -
MaKCMMaJIHa K'bM M3fi'bKHaJIHTe l!aCTH H MMHMMaJIHa K'bM B).I.JI1;>6HaTMTe. MMKpO­

CKOfiCKH n p M Kp'bCTOCaHM HMKOJIM B Of'bHaTMTe tiaCTM Ce npOCJie).I.51Ba M B'bJIHO­
BM).I.HOTO fiOT'bMHeHHe, ).l.'bJI>Kalll.O ce Ha OOCTeneHHOTO M3MeHeHMe B fiOCOKaTa Ha 
BJiaKHaTa. lle¢opMall,MHTa HMa nJiaCTHl!eH xapaKTep M Ce peaJIM3Hpa qpe3 TpaHC­
Jiall,HOHHO fiJI'b3raHe no TpaHCJiall,HOHHHTe OJIOCKOCTH Ha KaJIUHTa . 

B'hpxy cTeHHTe na rJiaBHMTe pasKJIOHeHMH ce Ha6JIIOJJ.aBaT H n0-1\IaJIKM KJIOHKM, 
OT).I.eJIHlll.M Ce OT pa3JIH'I!HH TOl!KM H CKJIIOtJBalll.M pa3JIHGHH 'bf JIM C OCHOBHHTe 
nocoKH Ha pacTe>K (cpHr. 1). D oHHKora nocoKaTa ce H3MeHH JJ.O 90 (Ta6JI. I, 1, 
Ta6JI. II , 4- cpeJJ.aTa) H JJ.OPM JJ.O 180°. B'hpxy l!eJIHMTe nos'hpXHOCTH Ha OT­
).I.eJIHMTe pa3KJIOHeHHH DOl!TM BMHarM ce Ha6JIIO).I.aBaT l!aCTHUH OT fJII-JHeCTa Maca . 

yf3 UHJiaTa KaJill,HTOBa Maca MMKpOCKODCKH ce Ha6JIIO).I.3-BaT cpHHM Oli,BeTeHM 

fJIHHeCTM BKJIIOl!eHMH. D o-HHTeH3HBHO Te ca rpynHpaHH no rpaHMUHTe Ha Ha­
).I.JI'b>KHMTe cy6HH).I.MBH).I.H, KaKTO H B DO·CHJIHO Oll,BeTeHHTe 30HM Ha paCTe>K . 
P HJJ.KO BKJIIOGeHHTe no-roJieMM rJIMHeCTM cTpynsaHHH Ml\laT pa3KJIHHBamo BJIHS!­

HHe B'bpxy KpMcTaJia (Ta6JI. I, 4, Ta6JI. II, 3). 
B'bpXy CTeHHTe Ha aHTO).I.HTHTe, KaKTO M B THXHaTa B'bTpelliHOCT (B paspe3) 

noHHKora ce Ha6JIIOJJ.aBaT YJJ.'hJI>KeHH npasHMHH c cpopMa, 6JIM3Ka .11.0 KOHyco­
BMJJ.HaTa (cMMeTpHH Ha cTpeJiaTa - GP . ooP ) H HacolleHa K'bM KpHcTaJIHHH sp'bx . 

B OCHOBaTa Ha Te3H npa3HHHH BMHarM ce Ha6JIIO).I.aBaT l!y>K).I.M TB'bp).I.M BKJI!Olle­

HHH, Hanp HMep MYCKOBHTOBM MJIH rpacpMTOBH nJiaCTMHKM, KOHTO HBHO JIOKaJIHO 
ca n peK'bCBaJIH p acTe>Ka (Ta6JI . I I , 5). 

MexaHH3'bM H ycJIOBHH Ha pacTe:>K Ha aHTO.II.HTHTe 

H a6JIJOJJ.eHHHTa B'bpxy MopcpoJiorHnTa '" cTpoe>Ka Ha aHTOJJ.MTHTe nosBOJIRBaT 
).l.a 6'b).l.e 06HCHeH MeXaHH3M'bT Ha pacTe>Ka HM,· KaKTO H ).l.a Ce HanpaBHT HHKOH 

M3BO).I.M Sa ycJIOBHHTa Ha o6pasyBaHeTO HM . 
B 6oraTaTa Ha KaJIUHeBH H 6MKap6oHaTHM H:oHH BOJJ.a, npocMyKaaw.a rJIHHe­

cTaTa Maca, BCJieJJ.CTBHe Ha sanotJHaJioTo HsnapeHHe H MSJJHTaHe Ha C02 ce C'b3-
).l.asa Heo6XOJJ.HMOTO npecHmaHe Ha CaC03 H cTasa B'b3MO>KHa KpMcTaJIH3aUHHTa 

Ha KaJIUMTa. D'hpBoHat~aJIHo o6pasysaHHTe eJJ.HHHtiHH sa poJJ.HlliHH KpHcTaJIH npn 
paspaCTBaHeTO CH saeMaT nopOBOTO npOCTpaHCTBO Ha fJIHHaTa H cpopMHpaT 
fOJieMH KpHCTaJIHH HH).I.HBH).I.H C fiOHKHJJHTHO 3arpa6eHH BKJI!OtleHJHI OT fJIHHe­

CTaTa Maca. Hemo no).l.o6Ho npeJJ.cTaBJIRBaT HssecTHHTe eJJ.poKpHcTaJJHH ,nH­
C'bl!HH KaJili,HTM" OT <f>OHTeH6JIO KpaJ1 DapH>K, C'b.ll.'bp>KaW.H Jl.O 50 H noseqe % 
neC'bl!HHKH, sarpa6eHH OT BMeCTBalll.llTe fH OHC'bll,H. 

D peMHHaBaHKM npes nopbosHaTa Maca Ha rJIHHaTa, npH H3JIH3aHeTo CH a 

cso60JJ.HOTO npocTpaHcTso KaJIUHT'bT npHJJ.06Msa cpHHOBJiaKHecT cTpoe>K (n6JI. II, 
6). 0T).I.eJIHMTe C'bCe).I.HH HHlliKH, HMaW.H ·e).I.HaKBa OpHeHTJipOBKa nopa).I.H H3JIH-
3aHeTO CH OT e).I.HH sapO).I.HllieH Kp HCTaJI, Ce rpynHpaT H npH pa3 paCTBaHeTO HM 

ce <jlopMHpa M03aHl!eH KaJili,HTOB KpHCTaJI C He3HatiMTeJIHa ).l.e30pHeHTaU,H51 Ha 
C'bCTaBHlll.HTe ro HaJJ.JI'b>KHH cy6MHJJ.HBHJl.H. Y Jl.1,JI>KeHHeTo MM C'bsnaJJ.a c noco­
KaTa Ha Haii-6'hp3 pacTe>K - acTa c. 

B cHtJKH JJ.aHHH cot~aT, qe HapacTsaHeTo u nocJie).l.saJioTo ro pasuensaHe ce 

H3B'bpll1Bl:!T or B'hpxa, a He oT oc.Hosa'fa Ha aHTOJJ.HTa. H eo6xoJJ.HMMHT noJJ.x paH­
sam p aaTsop , c'bxp aHHsam c e a ,peaepsoapa" Ha sna>KHara nop b03Ha rJil-IHecTa 



Maca, Ce HS.QHra TIO.Q ,neffCTBHe Ha KaiTHJIHpHH CHJIH ITO OKOJIHaTa TIOB'bpXHOCT 
Ha o6pasysaHHHra H ornara Kap6oHarHoro seruecrso Ha B'bpxa, K'b,nero Hsna­
pe~mero e Hai1-cHJJHO. 

MaJIKO'brJioBHTe cy6sopHOBH rpaHHUH Me*.nY or.neJIHHTe HHWKH H C'bl.l.l.ecr­
syaawHre .nsycreHHH sxo.nHI.l.l.H 'bfJIH npH THX npe.n.narar MHO)I{ecrso Mecra 

II t f 
<l>11r. 2. MexaHII3'bM Ha j>acre>K 11 pa3uenaaHe Ha <}>HHO· 
anaKHecr Kanuwroa aHro.nwr np11 6noK11pamoro .neikrs11e 
118 CTpynB8HIUI OT rJJIIHeCT M8Tep118JJ ('1epHH). 0 CHO­
B8Ta Ha Kpllcrana e »eno,anH>KHa. CxeMa 

sa o6pasysaHero ua HOBH cnoeae H cos.naaar ycJIOBHH sa cpaBHHTeJIHo 6'bp3o 
H paBHOMepHO HapaCTBaHe Ha Ka.nUHTa. <l>pOHT'bT Ha paCTe)l{ H .C'bOTBeTHaTa Ha 
Hero nopswma 30HaJIHOCT ce o¢opMHT nottTH napaneJIHo Ha e.n.Hara or nJI'bTHHTe 
OCHOBHOpOM60eJJ pHlfHH KaJIUHTHH CTeHH (ra6JI. f, 4) . 

MaJIKHHT 6poFi sapo.nHwHH KpHcranH e yKasaHHe sa nesHcoKoro npeCHI.l.l.aHe 
Ha pa3TBOpHr e, orJJarawH Kap6oHara. Y.n.oJI)f<em~re no c KpHcraJJH H Ha6mo.n.a­
saHHTe B HSlKOH CJiyl!aH OCTpOpOM6oe,npHl!HH CTeHH rrpH TSlX C'bfJiaCHO C H3CJie,n­
BaHH51Ta rra K i r o v et al. (1972) CBH.nerencrsysar sa H3BecreH H3JIHW'bK or 
Ca-floHH B pasrsopa. . .. . _ . _ 

J1Hncara Ha sHal!HTeJIHH KOJIHtJecrsa or Mg, Sr, Pb H HeBHCOKoro rrpecHI.l.l.aHe 
He ITOSBOJIHBaT OTJiaraHeTO Ha MeTaCTa6HJIHHSl aparOHHT, K3K'bBTO He Ce ycra­
HOBHBa sae.QHO C aHTO.ZI.HTHTe. 

E.nHospeMeHHO c KaJiuHroso'ro sew.ecrso ao.nnara o6BHBKa oKOJio KpHcra­
miTe .ZI.OC·TaBH H JieKHTe H JieCHOTIO)lBH)I{HH B'bB BO.ZI.a <jmHH r.nHHeCTH l!aCTHUH H 
TIHfMeHTl1p3iUHTe fH )l{eJie3HH XH,npOOKHCH, KOHTO Ce BKJIIOl!BaT B HapacTBaiUHSI 
KaJIUHT H fO OU.BeTHBaT. bJiaronpHHTHHTe yCJIOBHH sa KaJIU.HTOBa KpHCTaJIHSa­
UHSI B fJlHHeCrara MaCa ca Ce B'b306HOB51BaJIH nepHO.ZI.HtiHO rrpe3 rrpO,ll.'bJI)I{l{TeJieH 
rrepHOJi OT BpeMe, KOeTO e rrpHtiHHa 3a B'b3HHKBaHeTb Ha q>HH3T3 B'bTpeWH3 30-

T A s· JI 1:1 U A I 

1. Cno>KHO paaKJJOHeH 11 113BIIT K8JJUIITOB aHro.nHT. Ecrecrse'Ha roneMIIHa 
2. J<anUHTOB IIHTO.nHT C JtBe OCHOBHH p83KJJOHeHHll , 'leJJH8T8 flOB'bpXHOCT H8 KOIITO e 

noKpHTa c rnHHecra Maca. EcrecrneHa roneMHna 
3. <l>HHOBJI8KIIeCT Ka.iJUHTOB aHTOAHT, OCHOB8Ta Ha KOiiTO (B ,nOJJHaTa '!aCT) C'bA'bp>Ka 

MHO>KeCTBO '18CTIIUII (no-cBeTJJH) OT rJJHIIeCTa M8C8, KBapu II CniO,na, K8KTO II HenpaBHJJHH 
nop11 (4epHH). nonHpaH rnnH<}>, crpaHH'IHO ocsernenHe, X 10 

4. <l>HHOBnaKHecr crpoe>K Ha KanuHra. Y.n'bn>KeHHTe no ocTa c anaKHa (sepTHKaJJHH) 
C8 napaJieJIHH nOMe>K.ny CH H O<j>OpMSIT M038H'IeH MOHOKpHCT8JI C SICH8 uemneJJHOCT no ,nee 

KOCO pa3nOJJO>KeHH pOMOOe,npH'IHII nJIOCKOCTH (lOll). 0 KOJIO. JieBIISI p'bO 8 OCHOB8Ta ce upo­
CJie.lll!Ba 30H8JIHOCT Hll paCTe>K, napaneJIHa 118 e.1111a OT ueniiTeJIHIITe nJIOCKOCTH, a npH Hero­
JISIMOTO pa3KJIOHeHHe (B cpe.l1H8T8 '18CT) Ce H80niO,n888T CTpynaaHHSI OT rJIHHeCTH '18CTHU.H 
(T'bMHH) • .lliOHlliJIH<jl, Nil~ ).( 20 . ' . ' . 
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TA6JHIUA I 

1 2 

11 . G o 11 c a - Cn. 11a G"hnrapCKOTO rco.norll'l cCo<O A-oo, r oA. X Ll, Kll. 2. ,1980 

I . Bo n c v - Re v iew or lhP Bulg. Oeol. Soc iety, vol. XLI , pa rt 2. 1980 



TA6JIHU.A II 

J. 4eJJH3 n081>p XHOCT Ha K3J1UIIT08 311T0Jl.HT C M110)f(CCT80 ycnopC,Il.lll1 OCTp0pOM60· 
CJJ.pH'IHH TepMHH3J1HII 0'1CpT311Hll (OCT3 C TYK H B OCT311aJ111TC cpHrypH C 8CpT11K<lJ111<l). X 30 

2. H a)l.J11>)f(fl0 8J1<lKfiCCT CTpOCli< 11 cpHHOH811'1CCT3 301lilJ1HOCT Bnpxy KBJ1UHTOBBT3 n O· 
8'bp XHOCT. X 30 

3. <l>HH3 n'bp81t'IH3 30H3JJHOCT 113 K3JJUHT3. 3arpa6CttHTC K1>C'ICT3 OT rJJHHCCTB M3C3 
(pa3nOJ10)f(CHII 0KOJ10 UCHT'bpa) npC.llii3BitKB3T C~IYlUCHIUl 8 KpHCT3JJHitSl paCTC)f( 8 nOCOKa 
K'b~t 8'bpxa • .Ll.JOHWJJHcp, Nil, '< 60 

4. f pyna OT KbCH pa3KJ10HCIIHSI B'bpxy CTp3HH'IH3T3 nOBbpXHOCT Ha K3J1UIITOB 3HTO.lJ.ItT. 
B1>pxy 'ICJJHHTe liM no8'bpXHOCTit HMa K'bC'leTa OT rJJHitCCTa Maca. CEM, '< 30 

5. YJJ.'bJJ)f(CHH npa31tHHH (T'bMitll) acneACTBHe OT npeKbC8aHeTo Ha KanuttT08HSt pac-re)f( 
HCnOCpC.ll.CTBCHO H3A 3arpa6eHit CJJIO.llCH it It rpacpHTOBH nMlCTHHKH . nonupatt WJJHcp, CTpa­
Hit'IHO OC8CTJ1CHHC, . X 25 

6. 0 cHo8a 11a <!>HH08JJ3KHCCT aHTO.lJ.HT, pa3nono>t<etta a rJJHHCCTaTa Maca. CHon4eTaTa 
OT K3J1UHT0811 HIIWKH H3JJH33T OT nopb03HitTC fJJHHCCTit CTpynaaHHSl (Cl - •tCpHH II 8 nO· 
rOJJSlM3 CTeneH 6enu nopaJJ.H 113pOH8aue np11 npenap~tpallcTo). 3arpa6eHaTa nJJ'bTHa rpa<!>H· 
TOBa 'lacTuua (Gr) ce o6xaatUa oT KaJJUIIT08HTe H uw Ktl. .Ll.JOHWJJ 11¢, N II, X 60 



TAB JlHUA II 



H8JIHOCT Ha KpHCT8JIIUe. DO·'T"bMHHTe 30HH, BKJI!Ol!Balll,H noaeqe fJIHHeCTH l!a­
CTHU.H, ca OTJI8f8HH B nepHOJlHTe Ha no-HHTeH3HBHa BO,llHa U.HpKy:haU.HW (Jl"'h)K· 
JlOBHH nepHOJlH), JlOKaTo _no-cBeTJIHTe 30HH MapKwpar cyxHTe nepHOJlH. Dpe}lno­
rmrareJIHOTO crpynsaHe Ha lla'CTHl(HTe no cyCl3opHoBnre rpaHIIU.H, or Jtpyra 
crpaHa, nonqepraaa H ¢nHoBJiaKHecTHH crpoe>K. TpyJlHO e Jta ce onpenenn }laJin 
oqepTaBalllaTa ce · 30H8JIHOCT OTpa3HBa fOJlHUIHara HJIH no-KpaTKOTpafiHa ·pHT· 

MHHHOCT. BpOHT Ha pHTMHTe B HHKOH )i_oope ocpOpMeHH K8JIU.HTHH ·o6pa3 yBaHIHI 
OT T03H THn )!OCTHra }lO HHKOJIKOCTOTHH H )!OpH JlO 1000 H n o aeri e . 

Ba>KHa poJIH B xona Ha KpHcTaJIHHH pacrem ·n cneu.waJIHO npH pasu.ensa­
HeTo Ha KpHcTaJIHTe nrpaHT Hno-enpwre_ I<'bCl!eTa OT rmmecra Mac a, nonanHa.rm 
H8H·l!eCTO no}l }leHCTBHeTO H8 . BpeMeHHO Tel!alll,H BOJlH Bo px y l!e.TJHaTa nOBopX­

HQC')'. BnoKHpai1KH l!8~T ciT HeH, _Te: ~raBaT npHl!HHa 33 HeenHaKabro non xpaH­
saHe H 3a HepaJ?HOMepHHH pacTe>K H8 OT,lleJIHHTe BJJaKH3, KOeTO BO}lH JlO npo­
MH Ha B nocoKai'a· fia · paspacrsaiie · ifa paq)iHliHHT~ yqaCT'bll.H <11 . no cpopMHpaHero 

Ha KpHBOJIHHeHHH H pa3KJIOHeHH KpHcTaJI'HH o6pasyaaHHH (cpHr: 2) . P a3u.en­
E8He Ha OTJleJIHHTe KpHCTaJIH Ce Ha6JIJO)laBa MHOfOKpa'f.HO ~ pa3JIHlJf!H . nOCOKH 
H c pa3Jllil!HO H3BHBaHe. Kocllerara or rmmecrara Maca, wsrJie>Kna ,ce H3TJJacK­

aar OT HapaCTBaUIHTe BJI3KH8. B HHKOH CJIYll8li Te D8Jl8T BCTp3HH H C TOB8 
Ce npeKp8THB8 KpHEOJIHHeHHHHT pacTe>K. JloKaJIHO OJIOKHpalll,O HJIH pasu.en­
BaUIO ,lleHCTBHe HM8T H JlpyrHTe llY>KJlH l!8CTHU.H, nona}lH8JJH B'bpXy KpHCT8JI8 

no apeMe Ha pacre>Ka MY (ra6JI. II, 4, 6). 
DpocTHHT MexaHHlleH aHaJIH3 noKasaa, qe MOJleJI'bT Ha KpHcra .rieH pacreiK 

Ha nemepHHTe U.BeTH OT OCHOBaTa e HenpHJIO)KHM sa pasr Jie>KJlaHHH CJiyqaj:f. 

lleHCTBHTeJIHO Te3H KpHCTaJIHH oopa3yBaHHH HMaT OTHOCHTeJIHO f OJJHMO TerJIO 
(no 10-20 H noaeqe g) H ce san'hp>KaT B H3npaaeHo noJio>KeHHe nopanw Kap6o­
HaTHara cnoi1Ka. EsetiTyaJIHOTO HM HenpeK'bCHaro H3TJI8CKBaHe 611 H3HCKsano 

He CaMO 3Hal!HTeJIHa CHJia, HO H C'bOTBeTHa peaKTHBHa onopa, KaKBaTO MOKpaTa 
rJIH Ha He MO)!{e na 6one. Pe.nHu.a .np ym oco6eHoCTH Ha KpHcTaJIHHTe u.aeTH ca 

HeC'bBMeCTHMH C HJleHT8 38 pacre>K OT OCHOB8T8, HanpHMep: cpOpMHpaHeTO H8 
MHO>KeCTBO pa3KJIOHeHHH npH 3ana3B3He e}lHaKBaTa OpHeHTHpOBKa Ha BJI8K· 
H3Ta B Hepa3U.eneHaTa OCHOBHa qacT; rpy6o HepaBHOMepHOTO pa3nOJIO>KeHHe Ha 

eppH BKJI!Ol!eHHH H no pH B OCHOBaTa H paBHOMepHOTO pasnpe.neJieHHe Ha cpH HH 
r JJHHeCTH l!aCTHU.H B OCTaHaJIHTe l!8CTH Ha o6pa3yBaHHHTa; <j>HHaTa 30H8JIHOCT 
Ha pacTe)!{, C'bOTBeTCTByBalil,a Ha l!eJIHaTa DOB'bpXHOCT, a He Ha HepaBHaTa OC· 

Hosa; HaJiwmero Ha npa3HHHH, sanoqaalil,H or 6JIOKHP3lll.H pacre*a TBopJlH 
l!y)!{.DH l!8CTHU.H H HaCOl!eHH K'bM B'bpxa, H .ZJp. 

PacTe:>l<'bT OT B'bpXa, C'bl!eTaH C pa3U.ensaHe Ha MOHOKpHCTaJIHTe npH OJIO· 
KHp3lil,OTO ,lleikTBHe Ha nona,llH8JIH liY>KJlH l!8CTHU.H, BepOHTHO e OCHOBeH Mexa­

HH3'bM Ha <j:OpMHpaHe Ha CJIO>KHO p83KJIOHeHHTe 8HTO}lHTH H B MHOrO JlPYrH CJJY· 
l!aH Ha npHpO,llHa KpHCT8JIH38ll.HH. 

ABTOp'bT e npH3H8TeJieH Ha HHlK. 0 . 6 0 He B a, KO.IITO MY 06'bpHa BHHMBHHe B'bpxy 
Te3H OC06eHH MHHepaJIHH o6pa3yBaHH.II . 
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