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Introduction

Estimation of the metamorphic conditions is one of
the main purposes of the petrological investigations
of metamorphic rocks. However, due to the overprint-
ing of metamorphic events sometimes no mineral pairs
or mineral parageneses are preserved, allowing the
use of conventional thermobarometers or single min-
eral calibrations. In these cases, the investigators are
forced to find appropriate properties in only one
mineral, which are sensitive to P-T conditions. This
study is a first attempt to use the crystal chemical
peculiarities of staurolites for these purposes. As a
first step we compare staurolites from three regions
with different metamorphic history and study their
crystal chemical peculiarities on the ground of their
FTIR spectra and EMPA data.

Sample location and chemical composition

Samples from three regions differing in their meta-
morphic evolution are selected — metapelites from
the region of Biala Reka (East Rhodopes), (sampl.
Nb. L-431, L-662a and L-754 and hereafter denoted
L-series), orthoschists from the region of Ograzhden
Mountain (sampl. M-20, M-252 and M-259 and
hereafter denoted M-series) as well 1 sample from
the metapelites of the Ustrem formation in Sakar
Mountain (Catalov, 1985), (sample C-1, hereafter
denoted C-series). For the first region the metamor-
phic history has been well established (Mauesa, 1998)
with clockwise P-T-t path — an early HP/LT episode
(P,;,~ 13 kbar and T = 450°C), related to rapid crustal
thickening followed by isothermal decompression
(MT/MP — P = 9-3 kbar and T ~ 550°C) and a final
cooling episode of LT/LP type (P = 3-2 kbarand T =
400°C). Staurolite was formed during the entire MT/
MP episode.

The samples from Ograzhden Mountain are se-
lected from orthoschists, in which relic kyanite and
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garnet are preserved. The calculated metamorphic
conditions for this metamorphic episode are T =
670°C and p,,;, = 7 kbar. Staurolite and chloritoid
are formed at T, , ~ 550°C after almost entirely seric-
itized kyanite porphyroblasts.

Metamorphic conditions for the staurolite-bear-
ing rocks of the Ustrem formation in Sakar Moun-
tain as estimated by Hatanos, ['po3manos (1978) are
T ~ 450-600°C and P = 1.8-6 kbar.

EMPA data on staurolites from L-series and from
M-series do not show any remarkable differences in
their chemistry. The generalized formula of the stud-
ied staurolites can be written as

Fe, 27173k 63505513 77.30405,(OH)

and

Fe, 4o.1.60Al5.63.5.88513 75 3000,5(OH),
respectively. They are unzoned, Fe-rich, with a Fe,/
(Fe,,+Mg) ratio of 0.72-0.85 and 0.77-0.82, respec-
tively, Ti-poor (0.2-0.10 p.f.e.) and with ZnO con-
tent in the range 0-1.59 and 0-0.75 for L and M-
series, respectively. EMPA of the staurolites from C-
series were not done. The similarity in the chemical
composition of the staurolites from the three regions
does not allow making any inferences about the
metamorphic conditions, regardless the differences
in pertographical observations. Because of that, we
have undertaken an FTIR study of the mineral.

FTIR spectroscopy measurements

An unpolarized FTIR absorption spectroscopy was
applied for investigation of local structural pecu-
liarities of staurolite. The measurements are per-
formed on the Bruker TENSOR-37 FTIR spectrom-
eter in the range 4000-400cm~". Standard KBr mi-
cropellets preparation technique with sample/KBr
weight ratio of 0.01 was used for the powder mea-
surements in the mid-IR region. The spectra were
obtained at room temperature with the resolution of
4 cm~! from 72 scans.



The staurolite, as other orthosilicate minerals,
could be differentiated by their mid-infrared spec-
tra through a study of the bounds due to (O-H) and
(Si-O) groups. In the (O-H, H,0) stretching region
(3800—3200 cm™!) of the IR-spectrum few close and
partially mixed bands due to O-H group asymmetric
and H,O symmetric and asymmetric stretching vi-
brations (3400—3200 cm™!) are distinguished. The
isolated OH™ ion has a single stretching band in the
3757 cm~! region. The non-isolated O-H groups in
staurolites could involve atoms in different structur-
al positions (Koch-Miiller et al., 1997). The frequen-
cy changes of the O-H group in crystalline solids
depend on the strength of the H-O-X bounds and
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Fig. 1. O-H region of the staurolite spectra of samples
from: C (Sakar), L (East Rhodopes) and M (Ograzhden)
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Fig. 2. The staurolite O-H A-band structure presented
by convolution of single Gaussian functions for Cl1
sample

could be related to variations in the O-H and O-X
bond lengths as well as to H-O-X bond angles.

Strong stretching vibration band of the SiO, tetra-
hedral group, which is typical silicate structural unit,
usually occurred in the wavenumber range 1200—
900 cm~'. The ideal SiO, tetrahedral configuration
possesses T, cubic point symmetry and according
irreducible group representation one triply degener-
ated (both infrared and Raman active) asymmetric
stretching vibration mode v, occurred in this range.
In the rock forming orhosilicates the symmetry of
the SiO, tetrahedron is often far from ideal T, and
its reducing leads to decreasing the degeneracy of
the mentioned strong vibration mode. The way of T,
symmetry violation could be different. In the natu-
ral formed staurolites it is usually due to A1—Si het-
erovalent isomorphism, which lead to increase of the
(Si-Al)-O distance. In this case, because of enlarge-
ment of the tetrahedral sizes, the v, vibration mode
shifts to the lower frequencies. The symmetry distor-
tions of the SiO, tetrahedra close to Al—>Si atom re-
placement lead to band splitting and peak intensity
decreasing. The existence of several different types
of tetrahedral distortions, especially when they oc-
curred in the same unit cell, is another way for ap-
pearing new vibration bands in this region of the
vibration spectrum.

The infrared spectra in the range 3800—3200 cm™!
of studied staurolites are shown on fig. 1, where the
(O-H, H,0) stretching region of mid-IR spectrum is
presented. Three different bands marked A, B and
C are distinguished: (i) broad and relatively strong
A-band in the range 3500—3300 cm™! with maxi-
mum close to 3400 cm~!; (ii) weak B-band at about
3650 cm~!; (iii) weak C-band centered around 3750
cm~!. All tree bands could be assigned to asymmet-
ric stretching modes of O-H groups in different struc-
tural positions. A pronounced A-band broadening
and intensity decreasing in the spectra from M-se-
ries in comparation to these of L-series are observed.
The A-band has composite structure, which could
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Fig. 3. The staurolite O-H A-band structure presented
by convolution of single Gaussian functions for L-431
sample
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Sample M252
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Fig. 4. The staurolite O-H A-band structure presented
by convolution of single Gaussian functions for M-252
sample
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Fig. 5. SiO, region of the staurolite spectra of samples
from: C (Sakar), L (East Rhodopes) and M (Ograzhden)

be deconvoluted into single Gaussian functions as
is shown in the fig. 2-4. The B and C bands could
not be unambiguously presented in that way, due to
registered low S/N ratio.

The staurolite infrared spectra measurements in
the range 1500-850 cm~" assigned to v,,, vibration
mode of the SiO, tetrahedral group are shown on
fig. 5. The deconvoluted SiO, band structures are
presented on the fig. 6-8. A band broadening and
band intensity decreasing in the spectra from M-
series comparatively to L-series are distinguished.
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Fig. 6. The SiO, region of staurolite spectrum of Cl1
sample deconvoluted into single Gaussian functions
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Fig. 7. The SiO, region of staurolite spectrum of L-431
sample deconvoluted into single Gaussian functions
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Fig. 8. The SiO, region of staurolite spectrum of M-252
sample deconvoluted into single Gaussian functions



Discussion and conclusions

The presented FTIR spectra of staurolites from the
three studied regions show some similarities but dif-
ferences in their thin band structures are also ob-
served. The pronounced decreasing the intensity of
A-band in the OH-region of the spectrum for Ograzh-
den staurolite samples in comparison with those from
E Rhodopes is established (fig. 1-4). This effect could
be attributed to differences in the P-T conditions of
the metamorphism. The significant variations of IR
spectra of staurolites from the Biala Reka region (E
Rhodopes) in the range 3800-3200 cm~! could be
related to the formation of the mineral during the
entire process of isothermal decompression (P = 9-4
kbar and T =~ 550°C) as is ascertained by the petro-
logical investigations. This region shows a great va-
riety in bands intensity as well as in their broaden-
ing because of the large variations in fluid supply
during rock exhumation. Based on petrological con-
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KpucrajoxuMu4Hu U CTPYKTYPHHA 0COO€HOCTH HA CTABPOJIUAT
OT CKaJIH, PETHhPIEIH pa3iM4Ha MeTaMOP(HA eBOTIOLMS:
uscijeasane ¢ FTIR cnekrpockonvst

Baaenmun I'anes, JTro6omupa Mauesa

Pe3rome. N3cnenBanu ca cTaBpOJIMTH OT MeETare-
JINTH ¥ OPTOMHNCTH OT 3 paitoHa — bsna pexa (13-
tounu Pomonn), Orpaxnen manuna u Cakap. Io-
gyuyenute FTIR criekTpu oT aBe obmactu — 3800—
3200 cm~—! 1 1500—850 cm~! ca cpmiacyBaHu ¢ gaH-
HUTE OT €JIEKTPOHHO-COHIOB MUKPOAHAJIU3 U C IIET-
ponoxkuTe Habmonenus. Pesyiarature mokasBaT
BpB3Ka MEXy ThHKATa CTPYKTYpa Ha CIEKTPaJTHU-
Te UBUIM B mocoueHute obyactu u P—T ycnosusita
Ha MeTamopdusMa B TpUTE paitona. Bapuarnuure
B IIIMPHUHATA U MHTEH3UBHOCTTA HA OCHOBHATA UBU-
na B OH-o61acTTa Ha CTaBPOJIUTUTE OT palioHa Ha

Bbsina peka Hail-BEpOSITHO Ce IbJIKMA HA 0Opa3yBaHe
Ha MUHEpaJja B MHTEpPBaJia Ha M30TepMaJIHa JIEKOM-
mpecusi, TOKaTO HUCKATa MHTEH3UBHOCT U MaJIKUTE
BapualMy Ha Ta3u MBUIA B cTaBposutute OT Or-
pax/IeH IJIaHMHA MOKa3BaT 00pa3yBaHe HA MUHEPA-
Jia B IIO-TE€CEH TeMIepaTypeH naTepBail. OcobeHoc-
tuTe B MU-cnekrbpa B nuamasona 1500—850 cm™!
MOTaT Ja ce CBbpXKaT ¢ XerepoBajieuTHus Al — Si
nzomop¢uszbpM B T1 mosumusaTa 1 Morat na ce 00-
BBPKAT C OTHOCUTEIIHO IIO-BUCOKO HAJIATaHe Ha 00-
pa3yBaHe Ha CTaBPOJIMTUTE OT pailoHa Ha bsia peka
cpsiMo Te3u oT OrpaxzeH IIaHuHA.
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