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Abstract. Sillimanite-bearing schists are situated in an extensional shear zone in the NE periphery of the
Central Rhodopian Dome, Bulgaria. Microstructural relationships distinguish several sequential mineral
assemblages namely: garnet porphyroblast cores with inclusions of quartz, rutile, biotite and ilmenite;
leucosome assemblage composed of plagioclase, K-feldspar and quartz; matrix assemblage composed of
garnet porphyroblast rims, plagioclase, quartz, biotite, fibrolite, chlorite, muscovite and white hydromicas.
Geothermometric and geobarometric results characterize changing metamorphic conditions: from kyanite
stability field 620-640°C / 7-8 kbar for garnet core assemblage formed in deeper crustal level (25-28 km), to
sillimanite stability field 680-560°C / 6-3 kbar for fibrolite-bearing matrix assemblage formed in shallower
level (20-10 km) during continuous ductile and ductile-brittle deformation and fluid circulation.
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Pe3iome. CuianMaHUT-CBHIBPIKAIIM INUCTH C€ Pa3KpUBAaT B EKCTEH3HMOHHA 30HAa Ha Cps3BaHE B CEBEPO-
u3TouHara nepudepus Ha lleHTpamHoponomnckara mogyTuHa B bwirapus. MUKpOCTPYKTYpHHTE B3aHMO-
OTHOILEHUS pa3rpaHUYaBaT HIKOJIKO MOCIEJOBATEIH MUHEPATHHU aCOLMALMK: TPAHATOBH A/pa C BKIIOUEHHS
OT KBapll, pyTWl, OMOTHT U WIMEHHT; acOLHAIMs B JIEBKOCOMATa, U3rpajieHa OT Iuiarkoknas, K-dengmmar u
KBapll; acollalys B MaTPHKCa MPeJICTaBeHa OT nepudepusaTa Ha eapu rpaHaToBH nophupobiiacTy, miarko-
KJ1a3, KBapl, OMOTHT, GUOPOINT, XJIOPUT, MyCKOBUT, Oen Xuapociond. TepModapoMeTpuiHUTE pe3ynTaTu
XapaKkTepH3nupaT MPOMsHa B METaMOP(HHUTE YCIOBHS OT MOJIETO Ha cTabmIHOCT Ha kuaHuTa 620-640°C / 7-8
kbar 3a simpaTta Ha rpanaroBute nopgupobaactu, o6pa3yBaHH B I0-IbI0O0OKO HUBO Ha Kopara (25-28 km);
KBM TIOJIETO Ha cTabmiHOCT Ha cumumaHuTa 680-560°C / 6-3 kbar 3a puOponuT-chappIKamara acoruanys Ha
Marpukca, oopasyBaHa B mo-miutko HuBO (20-10 km) B ycioBus Ha HempeKbCHATa IUIACTHYHA M KPEXKO-
IUIACTUYHA JedopMaus U GIynaHa HUPKYIAIys.

Introduction

Sillimanite-bearing rocks are of great impor- favour retrogressive formation of fibrolitic
tance for understanding the metamorphic sillimanite in amphibolite facies shear zones
evolution. The presence of sillimanite usually  (Vernon, 1979; Wintsch, Andrews, 1988; Digel
testifies to high-temperature conditions and et al., 1998; Musumeci, 2002). The findings of
partial melting. On the other hand, fluid- sillimanite-bearing schist in the Central Rho-
assisted and deformation-induced reactions dopes are known long time ago. Kozhoukha-
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rov et al. (1977) suggested the most probable
values of 7 620-660°C and P 4.3-7.2 kbar
according to  quartz-muscovite-sillimanite
assemblage stability in sillimanite-bearing
schists from the Ardino area. Although such
kinds of rocks are good monitors of meta-
morphic histories no detailed studies have been
performed later. We present our preliminary
petrologic results on mineral chemistry and P-T
estimates of sillimanite-bearing schists in the
Kanarata extensional shear zone from the
Northeastern parts of the Central Rhodope
metamorphic complex. Representative samples
of studied materials are deposited at the
collections of the Geological Institute under Ne
MER.1.2002.15.1-4.

Geological setting

Sillimanite-bearing schists crop out among
migmatitic gneisses in close association with
amphibolites and marbles in the Northeastern
part of the Central Rhodopian Dome. The later
have been described (Ivanov et al., 2000) as
one of the largest Late Alpine swells, which
formation was related to post-thickening exten-
ion and unroofing of high-grade metamorphic
complexes in the Rhodopes. Recently Sarov
and Gerdjikov (2002) have concluded that silli-
manite-bearing schists mark a high-temperature
extensional shear zone traced from NW to SE
between the hamlets of Dve Topoli and
Kanarata to the Dyavolski Most (“Devil’s
Bridge”) at Arda River (Fig. 1). The zone
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Fig. 1. Geologic map of the NE part of the Central Rhodopian Dome after Sarov and Gerdjikov (2002)
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(named Kanarata) is 250-300 m wide and
separates two different in style of migmati-
zation parts of the section (diatexites in the
footwall and metatexites in the hanging wall).
Movements along the shear zone lead to
unroofing of the diatexite core of the Central
Rhodopian Dome. This interpretation is sup-
ported by similar U-Pb age determinations
available for migmatites in both parts: 33-58
Ma (zircon, Arnaudov et al., 1990) in the han-
ging wall; 36.5-37 Ma (monazite, Peytcheva et
al., 2000) and 37-38 Ma (monazite and zircon,
Ovtcharova et al., 2002) in the footwall.

Our study considers two sillimanite-
bearing schist localities situated in the valleys
of Davidkovska and Arda rivers, and called in
this paper respectively Kanarata and Dyavolski
Most (Fig. 1). The schists include folded and
dismembered aplite-pegmatite injection. The
foliation and compositional migmatitic layering
in the schists is parallel to the high-grade foli-
ation in the surrounding migmatitic gneisses.
Late movements along the foliation planes and
small extensional faults have been followed by
fluid circulation producing thin hematite or
black manganese sheets (Sarov, Gerdjikov,
2002).

Petrography

Sillimanite-bearing schists consist of garnet,
biotite, = muscovite, quartz, plagioclase, + K-
feldspar, sillimanite, white hydromicas, chlo-
rite, sagenite, and accessory graphite, rutile,
ilmenite, apatite, zircon, monazite, tourmaline.
K-feldspar, plagioclase, and quartz in variable
proportions form millimeter- to centimeter-
scale leucosome segregation. The later occurs
as elongated lenses and boudinaged bands in a
reddish-brown matrix of garnet, biotite, =+
muscovite, plagioclase, and quartz. Garnet
occurs as fractured and rotated zoned porphy-
roblasts (2-5 mm). Garnet cores include S,
oriented exsolutions and inclusions of quartz,
rutile, and biotite (Kanarata), or ilmenite
(Dyavolski Most). Garnet fragments in the
matrix are common. Small (< 0.1 mm) euhedral
garnet grains are included in the matrix
plagioclase. Oriented biotite and minor musco-
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vite, plagioclase, garnet, and quartz grains
mark well-defined S, foliation. Biotite is the
dominant mineral phase in the dark bands. It
forms red coloured grains (1-3 mm size)
deformed and partially replaced by late
muscovite, chlorite + sagenite, sillimanite, and
white hydromicas. Plagioclase is subhedral to
anhedral and ranges from fine- to coarse-
grained. Leucosome minerals are coarser-
grained (to cm size), and elongated along the
foliation, showing undulose extinction, and
perthite, and anti-perthite exolutions in
feldspars. Sillimanite occurs mostly as fibrolite
mats fringing and embedding biotite or
included in undeformed elongated quartz
grains, as well as in strands and folia with c-
axes preferred orientation along micro-shears
in both matrix and leucosome. The progressive
widening of the micro-shears led to zoned
veinlets development composed of fibrolite
inside and microcrystalline white hydromicas
and chlorite along the periphery. Scarce fine
grained prismatic sillimanite associates with
coarse-grained undeformed quartz in separate
elongated lenses. Migmatitic gneiss that crops
out alternating the schists in the Kanarata shear
zone also contains millimetre to centimetre
scale fibrolite strands. The appearance of
fibrolite is accompanied with red-coloured
biotite similar to that in the sillimanite-bearing
schists.

Microstructure relations mentioned above
make it possible to distinguish several
equilibrium mineral assemblages. An earlier
one is composed of garnet porphyroblast cores
with quartz, rutile, biotite, and ilmenite inclu-
sions. The second one is composed of garnet
porphyroblast rims, fine-grained euhedral
garnet, and matrix biotite, plagioclase, quartz,
+ muscovite, ilmenite, and graphite. The leuco-
some assemblage of quartz, plagioclase and K-
feldspar formed contemporaneously. It lacks
anhydrous peritectic phases and should be
considered as a product of subsolidus mobili-
zation or low temperature water-saturated
melting in biotite stability field. Sillimanite
crystallized after leucosome segregation. The
bulk of fibrolite formed from biotite
decomposition. The nucleation and growth of



Table 1. Representative analyses of garnets: ¢ — core; r — rim; f— fragment; i — inclusion in leucosome K-feldspar

Tabmuua 1. Ilpedcmasumentu ananusu na epanamu: ¢ —a0po, r- nepupepus; f— @paemenm, i — exnouenue 6 K-gpenouwnam om neskocoma

Location Kanarata Dyavolski Most

Sample 7009-11 7009-31 7009-3L [7009-3M M5 R17 MI17A

Point Ir [ 5¢c [ or 34r | 39c | 4or 6r 14f 27i | 29i | 20f [ 22f | 7r | 14r | 12r | 16¢c
Si0, 3693 37.69 3746 3774 37.54 3683  36.08 3599 36.87 37.12 3535 3591 36.47 3722 3658 36.51
TiO, - - 0.04 - - 003 - 0.12 - 011 0.06 - - 031 017 0.10
ALO; 2090 2120 2091 21.12 2075 2025  21.52  20.89 20.78 20.78 20.84 20.65 20.78 2132 21.51 20.84
FeO 2464 2890 2542 2357 2577 2408 2297  23.61 2527 24.10 2828 29.54 27.57 27.89 2876 30.32
Cr,04 023 0.02 006 003 - - 0.05 - 026 001 - - - - 019 0.10
MnO 1449 637 1297 1455 1208 1427 1426 1321 12.06 1438 10.14 8.17 1241 11.02 9.67 822
MgO 2.17 407 291 2.31 2.95 2.34 2.83 323 292 243 223 229 121 1.7 237 172
CaO 115 1.74 1.06 1.28 1.19 1.28 1.46 141 128 1.16 129 134 141 127 083 120
Na,O - - - - - - 0.31 0.41 - - 030 0.11 - - - -
D) 100.51 99.99  100.83 100.60 100.28  99.08  99.48  98.98 99.44 100.09 98.52 98.05 99.99 100.91 100.08 99.01
Alm 4493 6445 5557 5349 56,65 5267  43.05  42.67 46.89 53.62 54.19 5841 5229 6381 5755 70.11
Grs 3.15 491 287  3.62 348  3.83 4.80 452 354 335 464 491 489 314 224 323
Prp 10.64 16.18 11.71 934 1198 974 1345 1576 1450  9.85 11.46 12.06 6.54 693 1189 7.09
Sps 4037 1439  29.65 3344 2788 3376 3851 36.62 34.03 33.14 29.59 2445 36.00 2554 27.56 19.25
Fe/(Fe+Mg) 0.86  0.80  0.83 0.85 0.83 0.85 0.82 0.80 0.83 085 088 0.88 092 090 087 091




Table 2. Representative analyses of biotites: m - matrix, i — inclusion
Tabmuna 2. [lpedcmasumennu ananusu Ha GUOMUMU: M — MATPUKC; | — 8KTIOUEHUE

Location Kanarata Dyavolski Most

Sample 7009-11 7009-31 7009-3L[7009-3M | M3C | M5 [ M30 MI17A R17
Point 10m | 13i [ 17m | 35m | 37i | 38m 9 15m [ 21m [ 32i [33m| 5m | 6m | 13m | 19m [ 26m
SiO, 3624 3674 3588 3544 3621 3649 3560  35.50 36.02 36.20 35.78 33.82 33.82 33.96 34.50 34.35
TiO, 282 208 268 251 348 2.3 2.68 229 353 319 288 394 394 316 228 272
ALO, 2026 2123 2016 1989 19.64 2074 2077  20.52 16.07 19.69 17.71 2022 2022 20.60 20.81 20.92
Cr,0, 035 013 024 011 038 - 0.09 0.16 0.17 0.06 0.13 0.04 0.04 - 0.06 0.13
FeO 1652 1485 1674 17.18 1601 1746 16.10 1633 20.64 16.95 19.75 21.12 21.12 22.69 20.70 20.31
MnO 040 011 1.00 071 034  0.79 0.6 069 0.68 079 0.69 079 0.79 0.79 041 031
MgO 8.83 1078 899 949 971 10.14  10.38 9.74 996 8.87 10.10 6.02 6.02 629 7.56 7.70
BaO - 019 007 005 0.4 - - 0.24 - - - - - - 0.04 -
CaO 0.02  0.09 011  0.04 - 0.04 - 0.22 - 0.04 - 035 035 0.17 - -
Na,O 0.18 058 045 018 010 035 0.72 0.50 0.18 032 0.1 056 056 030 0.52 0.69
K,0 948 926 953 924 934  9.06 9.51 926 9.45 955 955 889 889 889 9.12 8.63
p) 9506 96.04 9585 94.84 9515 9737 9645 9545 96.70 95.66 96.70 95.75 95.05 96.85 96.00 95.76
VAL 256 259 262 263 258 264 272 266 253 257 260 281 281 282 275 278
VIAL 103 1.09 095 092 088 095 0.91 0.97 035 092 055 085 0.85 088 098 0.96
Fe/(Fe+Mg) 051 044 051 050 048 049 0.47 048 0.54 052 0.52  0.66 0.66 0.67 0.61 0.60




fibrolite together with matrix retrogression
minerals such as white hydromicas and chlo-
rite, and undeformed quartz completes a late-
stage assemblage closely related to brittle-
ductile micro-shear zones.

Mineral chemistry

Mineral chemistry varies systematically in both
localities showing higher Fe concentrations in
the mafics from the Dyavolski Most outcrops.
All the garnets have spessartine-almandine
composition (Table 1). Zoned garnets (Fig. 2a)
display decrease in Mg and Fe, and increase in
Mn content from core to rim. The outer rims
show typical retrograde drop in Mg. Low-
temperature reequilibration of the rims is
marked by higher Fe/(Fe+Mg) value compared
to the core. Small euhedral garnet grains
correspond to the porphyroblasts’ rims (Fig.
2b). Garnet core fragments do not show full
reequilibration when armoured by matrix
biotite. This testifies to fast operating and
incomplete matrix reactions.

Biotite is enriched in siderophyllite (Dya-
volski Most) or eastonite (Kanarata) compo-
nent (Table 2, Fig. 3). The Fe/(FetMg) ratio
shows large variation keeping lower values in
biotite inclusions within garnet cores and
within leucosome feldspars as compared to
matrix biotite. High Al content in both struc-
tural positions distinguishes red coloured bioti-
te of sillimanite-bearing rocks from brown
coloured one of common migmatites in the
area. The later is represented by biotite from
the hanging wall Egri Dere migmatites (Cher-
neva et al., 1997). There is a systematic inverse
relationship between Ti concentration and
Mg/(Mg+Fe). The maximal Ti contents in
biotite, both in the schists and migmatites, are
0.35-0.45 apfu for XMg values 0.30-0.45,
corresponding to high temperature metamor-
phic conditions above the second sillimanite
isograd (Henry, Guidotti, 2002).

K-feldspar Orys_g5 and plagioclase Anj; o6
are common in leucosome segregations. Matrix
plagioclase (Table 3) has similar compo-
sitional variation An;s_3o dominated by Anyg.o.
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[lmenite is Mn-rich. Matrix ilmenite has
relatively lower Mn content compared to
ilmenite inclusions within garnet core
(respectively 3.4—4 and 6.1-7.7 wt % MnO;
Table 4).
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Mn-rich phases as garnet, ilmenite and even
biotite (up to 1% MnO) focus attention on the
chemical system that is Mn-rich too. Mn
stabilizes garnet to substantially lower tempe-
ratures and pressures (Spear, 1993) and
depletes the amount of Al available to
staurolite, thus restricting staurolite stability
field (Tinkham et al., 2001).

Thermobarometry

Thermobarometric calculations have been
performed using different calibrations of
garnet-biotite geothermometers (including equ-
ations for Mn-correction), garnet-plagioclase-

sillimanite-quartz (GASP), and garnet-rutile-
ilmenite-Al,SiOs-quartz (GRAIL) geobarome-
ters. Selected garnet and biotite compositions
used for thermobarometric estimates are shown
in Tables 1 and 2. Matrix plagioclase Anyg
(Table 3) and ilmenite inclusions in zoned
garnet (Table 4) have been used in GASP
(Hodges, Crowley, 1985) and GRAIL (Bohlen
et al., 1983) geobarometry respectively. The
uncertainties associated with thermometry
correction for Mn content in garnet (Ganguly,
Saxena, 1984; Perchuk, 1981) are substantial
for matrix garnet-biotite pairs containing Mn-
rich garnet and Ti-rich biotite. The results
obtained from these calculations show
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considerable differences of over 100°C, being
in the

range 700-750°C and 580-650°C

Table 3. Representative analyses of plagioclases
Tabmnuna 3. [Ipeocmasumennu ananusu Ha naasUoOKIA3

respectively. The temperatures calculated from

Location Kanarata Dyavolski Most
Sample 7009-11 7009-3L | 7009-3M| M5 MI17A R17

Point 12 18 7 16 31 3 18 | 24
SiO, 60.68  62.46 61.21 62.17 61.58 60.57 60.14  61.40
TiO, - - - - - - 0.15 0.06
Al O, 23.69  23.23 24.75 2421  23.60 25.15 25.77  24.08
FeO 0.37 0.17 0.13 0.47 - 0.16 0.30 0.26
MgO - - - - - - - -
BaO 0.02 - - 0.02 - 0.12 - -
CaO 5.22 4.40 5.46 4.69 4.89 6.23 6.21 5.18
Na,O 9.11 9.63 8.01 7.98 9.38 7.89 7.52 8.18
K,O 0.35 0.12 0.43 0.42 0.19 0.10 0.15 0.34
z 99.44  100.00 99.99 99.96 99.64 100.20 100.50  99.50
Ab 74.50  79.30 70.80 73.50  76.80 69.10 68.10  72.60
An 23.60  20.00 26.70 2390 22.20 30.10 31.10 2550
Or 1.90 0.70 2.50 2.60 1.00 0.60 0.80 2.00
Cn - - - - - 0.20 - -

the thermometers of Ferry and Spear (1978,
modified by Hodges and Spear, 1982) are in
accord with the petrographic arguments.
Ignoring the extreme cases mentioned above,
we base further interpretation on coinciding
results obtained from all cited geothermo-
meters and show on Fig. 4 those from the
equation of Hodges and Spear (1982).
Assuming similar conditions during
garnet core assemblage formation in both loca-
lities, we join together temperature estimates of
Kanarata and pressure estimates of Dyavolski
Most samples. Matrix assemblage estimates

Table 4. Ilmenites from the matrix assemblage (m)
and inclusions in garnet cores (i); sample M17A4
Tabnuua 4. Hamenumu om acoyuayusma Ha
mMampukca (m) u 8KIIOUEHUs 8 SpAHAMOsUMe A0pa
(i); obp. M174

Point | 8m [ 1om [ 11i | 17i

TiO, 50.01 52,60  52.64 5038
Cr,0; 0.10 0.23 0.03 0.14
FeO 4381 4307  39.60  42.20
MnO 3.97 4.02 7.37 6.15
MgO 0.31 0.08 - 0.22
) 982 100.00  100.00  99.10

include zoned garnet rims and matrix biotite
and plagioclase. The results characterize chan-
ging metamorphic conditions: from kyanite sta-
bility field 620-640°C / 7-8 kbar for garnet
porphyroblast cores with biotite and ilmenite
inclusions; to sillimanite stability field 680-
560°C / 6-3 kbar for matrix minerals and garnet
porphyroblast rims (Fig. 4).

Discussion

P-T estimates trace a decompression path
corresponding to the extensional signatures of
the shear zone and crossing several metamor-
phic reactions lines on the petrogenetic grid
(Fig. 4). The first group of results marks
metamorphic conditions both in kyanite and
staurolite stability fields just above the water-
saturated solidus

Ms + Kfs + Qtz + Ab + H,O = melt (1.
According to our observations kyanite occurs
in metapelites out of the shear zone. The major
elements Fe, Mg and Mn diffuse sufficiently
rapidly at the P-T conditions of partial melting
(Spear et al., 1999), therefore diffusion reequi-
libration of biotite inclusions in garnet
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@ur. 4. P-T ycnoBus Ha MeTaMOP(U3bM OIPEICICHH B CHIMMAHUTCHIBPIKAIM IIHCTH OT EKCTCH3MOHHATA
3ona Kanapara: peakiuu 1, 2, 4, 5 u 6 mo Thompson (2001); myHKTHp MapKHpa MOJIETO HA CTaBPOJIUTA U
xnoputa B cucremata MnNCKFMASH mno Tinkham et al. (2001); nomera na crabuiHOoCT Ha

KHaHUT,CHWINMaHUT 1 anaany3ut nmo Holdaway (1971)

cores should be assumed. We have modified
the composition of one garnet-biotite pair
(Grt5c — Bt13i; sample 7009-11; Table 1 and 2)
assuming Mg and Fe exchange of 0.05 apfu
and changing Fe/(Fe+tMg) ratio of both
minerals from 0.8 and 0.44 to 0.78 and 0.45,
respectively. Calculated temperatures form a
hypothetical (question-marked on Fig. 4) field
above the reaction

Ms + Ab + Qtz + H20 = AL,SiOs + melt, (2)
close to the conversion

Ky = Sil 3)
and close to muscovite dehydration melting
reaction

Ms + Ab + Qtz = Kfs + Sil + melt 4.
Similar results 723°C / 7.4 kbar (Fig. 4) have
been obtained for garnet core fragments
preserved in matrix biotite bands (Grtl4 —
Bt15, sample 7009-3M). Dehydration melting
is supported by matrix temperatures coinciding
with reaction line (4) at 680-660°C / 6-4.5 kbar
(Fig. 4), that testifies to possible formation of
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peraluminous melts during migmatization. The
presence of graphite reducing aH,O (Spear,
1993) should support dehydration reaction.
Dehydration melting in presence of graphite
leaves the graphite content of the rock virtually
unchanged (Cesare, 1995). The above reactions
(1, 2, and 4) suggest muscovite consumption
that accounts for low abundance of primary
muscovite in the schists. The path trajectory
(grey arrow, Fig. 4) traced between measured
core assemblage field and matrix thermal peak
indicates a temperature increase of 40°C, and
should be considered as an indication of
frictional heating in the shear zone. The garnet
zoning profile (flat Fe/(Fe+Mg) line, Fig. 2 a)
however, do not support such an interpretation.
It is more consistent with isothermal decom-
pression followed by cooling during matrix
retrogression.

Matrix retrogression occurs below the
water-saturated solidus (650°C / 4.5-3 kbar)
trending to lower temperatures (560°C / 3.8—



2.8 kbar) in chlorite stability field. Sillimanite
crystallized after leucosome segregation when
considerable fluid release by crystallizing melt
was possible. As shown by Musumeci (2002)
sillimanite growth is strongly favoured by fluid
action at the grain scale along pre-existing
planes of weakness. Such processes are well
understood in retrograde shear zones under
greenschist and amphibolite facies conditions
(Bell, Cuff, 1989; McCaig, 1987). We should
assume an operation of back reaction between
melt and restitic phases

Ms + Qtz + melt = Kfs + Sil + H,0O (5)
at 670-640°C / 3.5-3.2 kbar (Fig. 4) as some
pressure values are low enough. Microstructure
features however, show sillimanite growth
replacing biotite, and quartz and white
hydromicas as product phases in association
with sillimanite. Several authors have proposed
metasomatic reactions due to base-cation
leaching of biotite by hydrogen metasomatism
(Vernon, 1979)

2K(Mg,Fe);AlSi;0,o(OH), + 14H" = AL,SiOs +
58i0, + 2K + 6(Mg,Fe), + 9H,0,

or acidic fluid circulation (Kerrick, 1987; Digel
etal., 1998)

2K(Mg,Fe);AlSi;0,9(OH), + 14HCI1 = Al,SiOs
+ 5Si0, + 2KCl1 + 6(Mg,Fe)Cl, + 9H,0

in a system open to non-volatile components
(Wintsch, Andrews, 1988). The authors cited
emphasise the absence or low abundance of
quartz and K-bearing minerals as product
phases assuming metasomatic transfer and loss
of cations. In our examples the occurrence of
Fe and Mn hydroxides along the foliation
planes and small extensional faults corrobo-
rates cation leaching during fluid circulation.
The components have not been completely
removed. The white hydromicas and quartz
may have provided a local sink for K and Si
released from biotite decomposition.

The association of sillimanite-bearing
rocks with migmatites may be significant in as
much as associated aqueous solutions of mag-
matic origin may have been involved in the
reactions (Vernon, 1979). Sillimanite growth
late in the metamorphic history and restricted
close to the shear zone brings to mind the
positive relationships between mineral occur-

rence, extensional deformation and fluid rele-
ase along the shear zone.

It is worth noting that some results for the
matrix approximate cordierite stability field
marked by the reaction
Bt+Ab+Sil+Qtz=Crd + Grt + Kfs + melt ~ (6).
Nevertheless cordierite has been not found in
sillimanite-bearing schists, cordierite-and anda-
lusite-bearing pegmatites that cut the meta-
morphic rocks are well known (Kostov, 1954)
in the locality Dyavolski Most. Their formation
is thought to be due to the action of fluids
which have caused a mobilization of consti-
tuents from the crystalline series.

The estimates of P-T conditions chara-
cterize the Kanarata extensional shear zone
metamorphic path. The formation of the zone
followed the thermal peak of migmatization in
both footwall and hanging wall of the section.
Decompression path described above corres-
ponds to depth change of more than 10 km
(Fig. 4). Garnet core assemblage formed in
deeper crustal level between 25 and 28 km.
Matrix assemblage formed in shallower level
between 20 and 15 km at high-temperature
conditions above the water-saturated solidus.
Matrix retrogression occurred at a depth of 15—
10 km and decreasing temperature from 650 to
560°C. Fluid-assisted deformation within the
extensional shear zone produced sillimanite as
a component of the matrix retrogression assem-
blage in amphibolite facies conditions

The results do not allow to calculate reli-
able thermal peak of melting during migmati-
zation, nevertheless several possible melting
reactions including dehydration melting one
have been proposed. Additional investigations
on the schists outside the shear zone should
help to clarify the conditions of garnet core
assemblage formation, which strongly affect
the P-T path trajectory.

Sillimanite appearance in the shear zone
rocks both schist and alternating migmatitic
gneiss supports an interpretation of open sys-
tem process that seems consistent with the
assumption of Sarov and Gerdjikov (2002) for
schists “derived at the expense of host migma-
tized metagranitoids”. However, numerous
observations support sedimentary protolith
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origin namely: the schists outside the shear
zone have similar mineral assemblages; gra-
phite is a common compound; sillimanite-
bearing schists closely associate with marbles.

Conclusions

The metamorphic P-T path of the Kanarata
shear zone is consistent with extensional
decompression at high temperature amphibolite
facies conditions and a depth change of about
10 km. Sillimanite-bearing schists mineral
assemblages display changing metamorphic
conditions: from kyanite stability field 620-
640°C / 7-8 kbar for garnet core assemblage
formed in deeper crustal level to sillimanite
stability field 680-560°C / 6-3 kbar for
fibrolite-bearing matrix assemblage formed in
shallower level during continuous ductile and
brittle-ductile deformation and fluid circu-
lation.
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