
01/

Crystal chemical and structural peculiarities of staurolite
from rocks undergone different metamorphic evolution:
FTIR spectroscopy study
Valentin Ganev, Lubomira Macheva
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Introduction

Drshl`shnm ne sgd lds`lnqoghb bnmchshnmr hr nmd ne
sgd l`hm otqonrdr ne sgd odsqnknfhb`k hmudrshf`shnmr
ne lds`lnqoghb qnbjr- Gnvdudq+ ctd sn sgd nudqoqhms,
hmf ne lds`lnqoghb dudmsr rnldshldr mn lhmdq`k o`hqr
nq lhmdq`k o`q`fdmdrdr `qd oqdrdqudc+ `kknvhmf sgd
trd ne bnmudmshnm`k sgdqlna`qnldsdqr nq rhmfkd lhm,
dq`k b`khaq`shnmr- Hm sgdrd b`rdr+ sgd hmudrshf`snqr ̀ qd
enqbdc sn ehmc `ooqnoqh`sd oqnodqshdr hm nmkx nmd
lhmdq`k+ vghbg ̀ qd rdmrhshud sn O,S bnmchshnmr- Sghr
rstcx hr ` ehqrs `ssdlos sn trd sgd bqxrs`k bgdlhb`k
odbtkh`qhshdr ne rs`tqnkhsdr enq sgdrd otqonrdr- @r `
ehqrs rsdo vd bnlo`qd rs`tqnkhsdr eqnl sgqdd qdfhnmr
vhsg cheedqdms lds`lnqoghb ghrsnqx `mc rstcx sgdhq
bqxrs`k bgdlhb`k odbtkh`qhshdr nm sgd fqntmc ne sgdhq
ESHQ rodbsq` ̀ mc DLO@ c`s`-

Sample location and chemical composition

R`lokdr eqnl sgqdd qdfhnmr cheedqhmf hm sgdhq lds`,
lnqoghb dunktshnm ̀ qd rdkdbsdc – lds`odkhsdr eqnl
sgd qdfhnm ne Ah`k` Qdj` 'D`rs Qgncnodr(+ 'r`lok-
Ma- K,320+ K,551` ̀ mc K,643 ̀ mc gdqd`esdq cdmnsdc
K,rdqhdr(+ nqsgnrbghrsr eqnl sgd qdfhnm ne Nfq`ygcdm
Lntms`hm 'r`lok- L,1/+ L,141 `mc L,148 `mc
gdqd`esdq cdmnsdc L,rdqhdr( `r vdkk 0 r`lokd eqnl
sgd lds`odkhsdr ne sgd Trsqdl enql`shnm hm R`j`q
Lntms`hm 'Č`s`knu+ 0874(+ 'r`lokd B,0+ gdqd`esdq
cdmnsdc B,rdqhdr(- Enq sgd ehqrs qdfhnm sgd lds`lnq,
oghb ghrsnqx g`r addm vdkk drs`akhrgdc 'Ìà÷åâà+ 0887(
vhsg bknbjvhrd O,S,s o`sg – ̀ m d`qkx GO.KS dohrncd
'Olhm ≈ 02 ja`q ̀ mc S ≈ 34//B(+ qdk`sdc sn q`ohc bqtrs`k
sghbjdmhmf enkknvdc ax hrnsgdql`k cdbnloqdrrhnm
'LS.LO – O < 8,2 ja`q ̀ mc S ≈ 44//B( ̀ mc ̀  ehm`k
bnnkhmf dohrncd ne KS.KO sxod 'O < 2,1 ja`q ̀ mc S ≈
3///B(- Rs`tqnkhsd v`r enqldc ctqhmf sgd dmshqd LS.
LO dohrncd-

Sgd r`lokdr eqnl Nfq`ygcdm Lntms`hm `qd rd,
kdbsdc eqnl nqsgnrbghrsr+ hm vghbg qdkhb jx`mhsd ̀ mc

f`qmds `qd oqdrdqudc- Sgd b`kbtk`sdc lds`lnqoghb
bnmchshnmr enq sghr lds`lnqoghb dohrncd `qd S ≈
56//B `mc olhm < 6 ja`q- Rs`tqnkhsd `mc bgknqhsnhc
`qd enqldc ̀ s Sl`w ≈ 44//B ̀ esdq ̀ klnrs dmshqdkx rdqhb,
hshydc jx`mhsd onqogxqnak`rsr-

Lds`lnqoghb bnmchshnmr enq sgd rs`tqnkhsd,ad`q,
hmf qnbjr ne sgd Trsqdl enql`shnm hm R`j`q Lntm,
s`hm ̀ r drshl`sdc ax ×àòàëîâ+ Ãðîçäàíîâ '0867( ̀ qd
S ≈ 34/,5///B `mc O < 0-7,5 ja`q-

DLO@ c`s` nm rs`tqnkhsdr eqnl K,rdqhdr ̀ mc eqnl
L,rdqhdr cn mns rgnv ̀ mx qdl`qj`akd cheedqdmbdr hm
sgdhq bgdlhrsqx- Sgd fdmdq`khydc enqltk` ne sgd rstc,
hdc rs`tqnkhsdr b`m ad vqhssdm ̀ r

Ed0-16,0-62@k7-52,7-84Rh2-66,2-83N12'NG(
`mc

Ed0-38,0-58@k7-52,7-77Rh2-67,2-81N12'NG(+
qdrodbshudkx- Sgdx ̀ qd tmynmdc+ Ed,qhbg+ vhsg ̀  Edsns.
'Edsns*Lf( q`shn ne /-61,/-74 ̀ mc /-66,/-71+ qdrodb,
shudkx+ Sh,onnq '/-1,/-0/ o-e-d-( `mc vhsg YmN bnm,
sdms hm sgd q`mfd /,0-48 `mc /,/-64 enq K `mc L,
rdqhdr+ qdrodbshudkx-  DLO@ ne sgd rs`tqnkhsdr eqnl B,
rdqhdr vdqd mns cnmd- Sgd rhlhk`qhsx hm sgd bgdlhb`k
bnlonrhshnm ne sgd rs`tqnkhsdr eqnl sgd sgqdd qdfhnmr
cndr mns `kknv l`jhmf `mx hmedqdmbdr `ants sgd
lds`lnqoghb bnmchshnmr+ qdf`qckdrr sgd cheedqdmbdr
hm odqsnfq`oghb`k nardqu`shnmr- Adb`trd ne sg`s+ vd
g`ud tmcdqs`jdm ̀ m ESHQ rstcx ne sgd lhmdq`k-

FTIR spectroscopy measurements

@m tmonk`qhydc ESHQ ̀ arnqoshnm rodbsqnrbnox v`r
`ookhdc enq hmudrshf`shnm ne knb`k rsqtbstq`k odbt,
kh`qhshdr ne rs`tqnkhsd- Sgd ld`rtqdldmsr `qd odq,
enqldc nm sgd Aqtjdq SDMRNQ,26 ESHQ rodbsqnl,
dsdq hm sgd q`mfd 3///,3//bl–0- Rs`mc`qc JAq lh,
bqnodkkdsr oqdo`q`shnm sdbgmhptd vhsg r`lokd.JAq
vdhfgs q`shn ne /-/0 v`r trdc enq sgd onvcdq ld`,
rtqdldmsr hm sgd lhc,HQ qdfhnm- Sgd rodbsq` vdqd
nas`hmdc ̀ s qnnl sdlodq`stqd vhsg sgd qdrnktshnm ne
3 bl–0 eqnl 61 rb`mr-
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Sgd rs`tqnkhsd+ `r nsgdq nqsgnrhkhb`sd lhmdq`kr+
bntkc ad cheedqdmsh`sdc ax sgdhq lhc,hmeq`qdc rodb,
sq` sgqntfg ̀  rstcx ne sgd antmcr ctd sn 'N,G( ̀ mc
'Rh,N( fqntor- Hm sgd 'N,G+ G1N( rsqdsbghmf qdfhnm
'27//–21// bl–0( ne sgd HQ,rodbsqtl edv bknrd ̀ mc
o`qsh`kkx lhwdc a`mcr ctd sn N,G fqnto ̀ rxlldsqhb
`mc G1N rxlldsqhb `mc `rxlldsqhb rsqdsbghmf uh,
aq`shnmr '23//–21// bl–0( `qd chrshmfthrgdc- Sgd
hrnk`sdc NG– hnm g`r ̀  rhmfkd rsqdsbghmf a`mc hm sgd
2646 bl–0 qdfhnm- Sgd mnm,hrnk`sdc N,G fqntor hm
rs`tqnkhsdr bntkc hmunkud ̀ snlr hm cheedqdms rsqtbstq,
`k onrhshnmr 'Jnbg,Lükkdq ds ̀ k-+ 0886(- Sgd eqdptdm,
bx bg`mfdr ne sgd N,G fqnto hm bqxrs`kkhmd rnkhcr
cdodmc nm sgd rsqdmfsg ne sgd G,N,W antmcr `mc

Ehf- 2- Sgd rs`tqnkhsd N,G @,a`mc rsqtbstqd oqdrdmsdc
ax bnmunktshnm ne rhmfkd F`trrh`m etmbshnmr enq K,320
r`lokd

bntkc ad qdk`sdc sn u`qh`shnmr hm sgd N,G `mc N,W
anmc kdmfsgr ̀ r vdkk ̀ r sn G,N,W anmc ̀ mfkdr-

Rsqnmf rsqdsbghmf uhaq`shnm a`mc ne sgd RhN3 sdsq`,
gdcq`k fqnto+ vghbg hr sxohb`k rhkhb`sd rsqtbstq`k tmhs+
trt`kkx nbbtqqdc hm sgd v`udmtladq q`mfd 01//–
8// bl–0- Sgd hcd`k RhN3 sdsq`gdcq`k bnmehftq`shnm
onrrdrrdr Sc btahb onhms rxlldsqx `mc `bbnqchmf
hqqdctbhakd fqnto qdoqdrdms`shnm nmd sqhokx cdfdmdq,
`sdc 'ansg hmeq`qdc `mc Q`l`m ̀ bshud( `rxlldsqhb
rsqdsbghmf uhaq`shnm lncd ν2`r nbbtqqdc hm sghr q`mfd-
Hm sgd qnbj enqlhmf nqgnrhkhb`sdr sgd rxlldsqx ne
sgd RhN3 sdsq`gdcqnm hr nesdm e`q eqnl hcd`k Sc `mc
hsr qdctbhmf kd`cr sn cdbqd`rhmf sgd cdfdmdq`bx ne
sgd ldmshnmdc rsqnmf uhaq`shnm lncd- Sgd v`x ne Sc
rxlldsqx uhnk`shnm bntkc ad cheedqdms- Hm sgd m`st,
q`k enqldc rs`tqnkhsdr hs hr trt`kkx ctd sn @k→Rh gds,
dqnu`kdms hrnlnqoghrl+ vghbg kd`c sn hmbqd`rd ne sgd
'Rh,@k(,N chrs`mbd- Hm sghr b`rd+ adb`trd ne dmk`qfd,
ldms ne sgd sdsq`gdcq`k rhydr+ sgd ν2`r uhaq`shnm lncd
rghesr sn sgd knvdq eqdptdmbhdr- Sgd rxlldsqx chrsnq,
shnmr ne sgd RhN3 sdsq`gdcq` bknrd sn @k→Rh ̀ snl qd,
ok`bdldms kd`c sn a`mc rokhsshmf ̀ mc od`j hmsdmrhsx
cdbqd`rhmf- Sgd dwhrsdmbd ne rdudq`k cheedqdms sxodr
ne sdsq`gdcq`k chrsnqshnmr+ drodbh`kkx vgdm sgdx nb,
btqqdc hm sgd r`ld tmhs bdkk+ hr `mnsgdq v`x enq `o,
od`qhmf mdv uhaq`shnm a`mcr hm sghr qdfhnm ne sgd
uhaq`shnm rodbsqtl-

Sgd hmeq̀ qdc rodbsq̀  hm sgd q̀ mfd 27//–21// bl–0

ne rstchdc rs`tqnkhsdr ̀ qd rgnvm nm ehf- 0+ vgdqd sgd
'N,G+ G1N( rsqdsbghmf qdfhnm ne lhc,HQ rodbsqtl hr
oqdrdmsdc- Sgqdd cheedqdms a`mcr l`qjdc @+ A `mc
B `qd chrshmfthrgdc9 'h( aqn`c `mc qdk`shudkx rsqnmf
@,a`mc hm sgd q`mfd 24//–22// bl–0 vhsg l`wh,
ltl bknrd sn 23// bl–0: 'hh( vd`j A,a`mc ̀ s ̀ ants
254/ bl–0: 'hhh( vd`j B,a`mc bdmsdqdc ̀ qntmc 264/
bl–0- @kk sqdd a`mcr bntkc ad ̀ rrhfmdc sn ̀ rxllds,
qhb rsqdsbghmf lncdr ne N,G fqntor hm cheedqdms rsqtb,
stq`k onrhshnmr- @ oqnmntmbdc @,a`mc aqn`cdmhmf
`mc hmsdmrhsx cdbqd`rhmf hm sgd rodbsq` eqnl L,rd,
qhdr hm bnlo`q`shnm sn sgdrd ne K,rdqhdr ̀ qd nardqudc-
Sgd @,a`mc g`r bnlonrhsd rsqtbstqd+ vghbg bntkc

Ehf- 1- Sgd rs`tqnkhsd N,G @,a`mc rsqtbstqd oqdrdmsdc
ax bnmunktshnm ne rhmfkd F`trrh`m etmbshnmr enq B0
r`lokd
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Ehf- 0- N,G qdfhnm ne sgd rs`tqnkhsd rodbsq` ne r`lokdr
eqnl9 B 'R`j`q(+ K 'D`rs Qgncnodr( `mc L 'Nfq`ygcdm(
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Ehf- 3- Sgd rs`tqnkhsd N,G @,a`mc rsqtbstqd oqdrdmsdc
ax bnmunktshnm ne rhmfkd F`trrh`m etmbshnmr enq L,141
r`lokd

Ehf- 6- Sgd RhN3 qdfhnm ne rs`tqnkhsd rodbsqtl ne K,320
r`lokd cdbnmunktsdc hmsn rhmfkd F`trrh`m etmbshnmr

Ehf- 4- RhN3 qdfhnm ne sgd rs`tqnkhsd rodbsq` ne r`lokdr
eqnl9 B 'R`j`q(+ K 'D`rs Qgncnodr( `mc L 'Nfq`ygcdm(

Ehf- 5- Sgd RhN3 qdfhnm ne rs`tqnkhsd rodbsqtl ne B0
r`lokd cdbnmunktsdc hmsn rhmfkd F`trrh`m etmbshnmr

Ehf- 7- Sgd RhN3 qdfhnm ne rs`tqnkhsd rodbsqtl ne L,141
r`lokd cdbnmunktsdc hmsn rhmfkd F`trrh`m etmbshnmr
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ad cdbnmunktsdc hmsn rhmfkd F`trrh`m etmbshnmr `r
hr rgnvm hm sgd ehf- 1,3- Sgd A `mc B a`mcr bntkc
mns ad tm`lahftntrkx oqdrdmsdc hm sg`s v`x+ ctd sn
qdfhrsdqdc knv R.M q`shn-

Sgd rs`tqnkhsd hmeq`qdc rodbsq` ld`rtqdldmsr hm
sgd q`mfd 04//,74/ bl–0 `rrhfmdc sn ν2`r uhaq`shnm
lncd ne sgd RhN3 sdsq`gdcq`k fqnto `qd rgnvm nm
ehf- 4- Sgd cdbnmunktsdc RhN3 a`mc rsqtbstqdr `qd
oqdrdmsdc nm sgd ehf- 5,7- @ a`mc aqn`cdmhmf `mc
a`mc hmsdmrhsx cdbqd`rhmf hm sgd rodbsq` eqnl L,
rdqhdr bnlo`q`shudkx sn K,rdqhdr ̀ qd chrshmfthrgdc-
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Discussion and conclusions

Sgd oqdrdmsdc ESHQ rodbsq` ne rs`tqnkhsdr eqnl sgd
sgqdd rstchdc qdfhnmr rgnv rnld rhlhk`qhshdr ats che,
edqdmbdr hm sgdhq sghm a`mc rsqtbstqdr `qd `krn na,
rdqudc- Sgd oqnmntmbdc cdbqd`rhmf sgd hmsdmrhsx ne
@,a`mc hm sgd NG,qdfhnm ne sgd rodbsqtl enq Nfq`yg,
cdm rs`tqnkhsd r`lokdr hm bnlo`qhrnm vhsg sgnrd eqnl
D Qgncnodr hr drs`akhrgdc 'ehf- 0,3(- Sghr deedbs bntkc
ad ̀ ssqhatsdc sn cheedqdmbdr hm sgd O,S bnmchshnmr ne
sgd lds`lnqoghrl- Sgd rhfmhehb`ms u`qh`shnmr ne HQ
rodbsq` ne rs`tqnkhsdr eqnl sgd Ah`k` Qdj` qdfhnm 'D
Qgncnodr( hm sgd q`mfd 27//,21// bl–0 bntkc ad
qdk`sdc sn sgd enql`shnm ne sgd lhmdq`k ctqhmf sgd
dmshqd oqnbdrr ne hrnsgdql`k cdbnloqdrrhnm 'O < 8,3
ja`q `mc S ≈ 44//B( ̀ r hr ̀ rbdqs`hmdc ax sgd odsqn,
knfhb`k hmudrshf`shnmr- Sghr qdfhnm rgnvr ̀  fqd`s u`,
qhdsx hm a`mcr hmsdmrhsx `r vdkk `r hm sgdhq aqn`cdm,
hmf adb`trd ne sgd k`qfd u`qh`shnmr hm ekthc rtookx
ctqhmf qnbj dwgtl`shnm-  A`rdc nm odsqnknfhb`k bnm,

Êðèñòàëîõèìè÷íè è ñòðóêòóðíè îñîáåíîñòè íà ñòàâðîëèò
îò ñêàëè, ïðåòúðïåëè ðàçëè÷íà ìåòàìîðôíà åâîëþöèÿ:
èçñëåäâàíe ñ FTIR ñïåêòðîñêîïèÿ
Âàëåíòèí Ãàíåâ, Ëþáîìèðà Ìà÷åâà

Ðåçþìå. Èçñëåäâàíè ñà ñòàâðîëèòè îò ìåòàïå,
ëèòè è îðòîøèñòè îò 2 ðàéîíà – Áÿëà ðåêà 'Èç,
òî÷íè Ðîäîïè(+ Îãðàæäåí ïëàíèíà è Ñàêàð- Ïî,
ëó÷åíèòå ESHQ ñïåêòðè îò äâå îáëàñòè – 27//–
21// bl–0 è 04//–74/ bl–0 ñà ñúãëàñóâàíè ñ äàí,
íèòå îò åëåêòðîííî,ñîíäîâ ìèêðîàíàëèç è ñ ïåò,
ðîëîæêèòå íàáëþäåíèÿ- Ðåçóëòàòèòå ïîêàçâàò
âðúçêà ìåæäó òúíêàòà ñòðóêòóðà íà ñïåêòðàëíè,
òå èâèöè â ïîñî÷åíèòå îáëàñòè è O–S óñëîâèÿòà
íà ìåòàìîðôèçìà â òðèòå ðàéîíà- Âàðèàöèèòå
â øèðèíàòà è èíòåíçèâíîñòòà íà îñíîâíàòà èâè,
öà â ÎÍ,îáëàñòòà íà ñòàâðîëèòèòå îò ðàéîíà íà

Áÿëà ðåêà íàé,âåðîÿòíî ñå äúëæè íà îáðàçóâàíå
íà ìèíåðàëà â èíòåðâàëà íà èçîòåðìàëíà äåêîì,
ïðåñèÿ+ äîêàòî íèñêàòà èíòåíçèâíîñò è ìàëêèòå
âàðèàöèè íà òàçè èâèöà â ñòàâðîëèòèòå îò Îã,
ðàæäåí ïëàíèíà ïîêàçâàò îáðàçóâàíå íà ìèíåðà,
ëà â ïî,òåñåí òåìïåðàòóðåí èíòåðâàë- Îñîáåíîñ,
òèòå â È×,ñïåêòúðà â äèàïàçîíà 04//–74/ bl–0

ìîãàò äà ñå ñâúðæàò ñ õåòåðîâàëåíòíèÿ @k → Rh
èçîìîðôèçúì â Ò0 ïîçèöèÿòà è ìîãàò äà ñå îá,
âúðæàò ñ îòíîñèòåëíî ïî,âèñîêî íàëÿãàíå íà îá,
ðàçóâàíå íà ñòàâðîëèòèòå îò ðàéîíà íà Áÿëà ðåêà
ñïðÿìî òåçè îò Îãðàæäåí ïëàíèíà-

rhcdq`shnmr `r vdkk `r nm sgd odbtkh`qhshdr nardqudc
nm sgd HQ rodbsq` hm sgd NG q`mfd+ `m `rrtloshnm
bntkc ad l`cd sg`s sgd rs`tqnkhsdr eqnl Nfq`ygcdm
Lntms`hm enqldc ̀ s ghfgdq sdlodq`stqd+ ats hm lnqd
khlhsdc hmsdqu`k- Sgd NG @,a`mc ne rodbsqtl na,
s`hmdc eqnl R`j`q Lntms`hm rs`tqnkhsd r`lokd hr
bknrd sn sgdrd eqnl Ah`k` Qdj`-

Sgd sghm rsqtbstqd ne rs`tqnkhsd uhaq`shnm rodbsq`
hm sgd ̀ rxlldsqhb rsqdsbghmf uhaq`shnm ν2`r qdfhnm oqd,
rdmsdc nm ehf- 4 bntkc ad `rrhfmdc sn sgd gdsdqn,u`,
kdmbd @k → Rh hrnlnqoghrl hm S0 rsqtbstq`k onrhshnmr-
Adb`trd ne k`qfdq @k hnm q`chtr+ vhsg sgd oqdrrtqd
hmbqd`rhmf+ ` cdbqd`rd ne @k → Rh rtarshstshnm hm S0
hr dwodbsdc- Sghr oqnbdrr hr qdekdbsdc hm rgheshmf ne
sgd ∼ 0/1/ bl–0 l`hm od`j onrhshnm sn ghfgdq eqd,
ptdmbhdr 'ehf- 5,7(- Sgd sns`k hmbqd`rd ne a`mc hmsdm,
rhsx hm rodbsq` eqnl Ah`k` Qdj`,rdqhdr hr ̀ krn dwodbs,
dc- Sghr deedbs bntkc ad o`qsh`kkx qdctbdc vhsg hm,
bqd`rhmf sgd chrnqcdq ne RhN3 sdsq`gdcq` cdenql`shnm
ctd sn sgd enql`shnm ̀ s ghfgdq,oqdrrtqd bnmchshnmr-
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