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Introduction

The Plana pluton is a part of a NW-SE elongated
Upper Cretaceous magmatic complex (Plana, Guts-
al, Varshilo, Elshitsa-Boshulja etc.), that borders on
the Srednogorie zone to the north and the Rhodop-
ian massif to the south. All the plutonic bodies from
the complex are interpreted in literature as fracture
intrusions controlled by the Maritsa shear zone struc-
tures (Dabovski, 1980; Dabovski, 1988; Georgiev,
Lazarova, 2003). The pluton intruded mainly high-
grade metamorphic rocks and partially the Diabase-
Phyllitoid Complex and Mesozoic sediments and
andesites (Boyadjiev, 1971). It provoked contact
changes in the country sedimentary rocks, produc-
ing Px-hornfelses. First information about the Plana
pluton gives Nikolov (1921). Boyadjiev (1971) makes
detailed characteristics of the intrusive rocks.

The field observations show gradually ranging in
composition from the periphery to the core of the
pluton rock types, from gabbro-pyroxenite (GbPxt),
gabbro (Gb) and subalkaline Gb, through quartz-
diorite (Qd), monzodiorite (Md), quartz-monzodior-
ite (Qmd), granodiorite (Gd) and granite (Gr). Maf-
ic to mesocratic dykes and abundant pegmatite-aplite
veins cut the plutonic body. Processes of magma
mixing in the pluton were recorded (Georgiev, 2003;
Georgiev, Lazarova, 2003) but not studied. The lat-
est field research shows the presence of melanocrat-
ic to mesocratic microgranular enclaves, indicating
such phenomena (more detailed petrographic char-
acteristic and mineral composition definition for the
different rock types in Bidzhova, Nedialkov, 2006).

Brief characteristics of the amphiboles
from the different rock types

As good indicators of crystallization environments
and being almost omnipresent in the rocks of the
Plana pluton, amphiboles (Amph) are of particular
interest for the interpretation of magma evolution-
ary history.

In the porphyritic Gb (GbP) and GbPxt, amphib-
oles were found as subhedral to anhedral and rare

euhedral crystals with clear pleochroism. They mostly
replace and form overgrowths on pyroxene crystals,
and sometimes enclose smaller plagioclase grains.
Their composition corresponds to tschermakite
(Tsch) with Mg# 0.77—0.84 and magnesiohorn-
blende (MHb) with higher Mg# (0.79—0.83) for the
GbPxt and lower (0.6-0.63) for the GbP (table 1 and
fig. 1a). The silica content increases in general from
the core to the periphery of the grains. Regarding
the pressures estimated (see bellow), it seems that Tsch
crystallized early in depth (and was cumulated af-
ter the magma emplacement in the outer parts of
the magmatic chamber), while later “in situ” crys-
tallization produced MHb.

With the progressing magma differentiation, af-
ter the emplacement of the melt in the magmatic
chamber, Amph crystallization increases at the ex-
pense of clinopyroxene growth. Further differentia-
tion led to a gradual decrease in Amph content along
with the raising silica in the melt. In the intermedi-
ate rocks, Amph are small subhedral to anhedral
MHD crystals, which often replace and form over-
growths on clinopyroxene. Where no pyroxene oc-
curs, as well as in the more evolved rocks (Gd and
Gr), euhedral to subhedral MHD crystals were estab-
lished. The Mg# for these Amph is within 0.62—0.84
increasing towards the more evolved rocks. (fig. 1a).

Amph richer in sodium were found in most of
the enclaves (table 1), which is consistent with their
relatively raised alkalinity. They mainly plot as MHb
and edenite (Ed) with transitions to ferroedenite,
magnesiohastingsite (MHas) and pargasite (Parg) in
one of the enclaves (fig. 1b). More Na-rich clinopy-
roxene was also found in the later. Comparatively to
Amph from the main rock types, some of the en-
claves are relatively more ferrous (fig. 1a, b), which
corresponds to the high iron content in those sam-
ples. The Amph is fine-grained to medium-grained
and vary in size within a single enclave. Euhedral to
subhedral Amph with clear pleochroism was estab-
lished, but also skeletal crystals indicating rapid
crystal growth as a result of the fast cooling of in-
jected more primitive and hot mafic magma.
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Fig. 1. Classification diagram after Leake et al. (1999) for the amphiboles in the Plana pluton. Parameters for a) Cag >
1.5; (Na + K), < 0.5; Ti < 0.5; b) Cag > 1.5; (Na + K), > 0.5; Ti < 0.5. Abbreviations: GbP, porphyritic Gb; QdE,

quartz-diorite near the contact with an enclave

Significant variations of the Mg/(Mg+Fe?*) ra-
tio (possibly indicating interaction processes between
the two different melts) were recorded in the enclaves
(0.52—0.74), but the range within a single enclave
does not vary a lot.

Some Amph from host rocks near the contacts
with the enclaves are also more sodium rich. There
are crystals with MHD core and Ed periphery, and
such of thoroughly edenitic composition. The later
possibly crystallized in the enclave and then moved
in the hosting magma, while the first ones may have
nucleated in the host melt and were later influenced
by the enclave magma.

Thermobarometry

On the basis of the total Al content in the Amph
and the existence of amphibole-plagioclase equilib-
rium, the pressures (after Schmidt, 1992) and the
temperatures (after Blundy and Holland, 1990) esti-
mated for the Amph crystallization in the different
rock types are as follows: 230—400 MPa (6—10 km)
and 660—800°C for the main differentiates; 620—800
MPa (17—21 km) and 900—1000°C for Tsch in the
GbPxt (cumulates); 350 MPa (9.5 km) and 850°C
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for MHD in the GbPxt (“in situ” crystallized); 230—
280 MPa (6—7.5 km) and 660—710°C for MHb in
the porphiroid Gb; 260—690 MPa and 710—800°C
for the enclaves (the pressure range within a single
enclave does not vary more than 140 MPa).

Conclusions

The Amph in all of the rock types are calcic. Two
stages of Amph crystallization could be distin-
guished. The first one took place in depth before the
magma emplacement and produced Amph of Tsch
composition at 620—800 MPa (17—21 km) and tem-
peratures within 900—1000°C. The second stage was
after the melt emplacement in the magmatic cham-
ber and produced “in situ” crystallized MHb (230—
400 MPa (6—10 km) and 660—800°C). The Mg# of
the Amph increases parallel to the progressing mag-
matic differentiation as the mafic mineral content
decreases towards the more evolved rock types. More
sodium and iron rich Amph were found in the en-
claves. Their composition is relatively more variable,
due to the interaction between the host melt and the
more primitive injected magma. They crystallized at
pressures within 260—690 MPa and temperatures
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710—800°C. May be some of the Amph crystallized
earlier and were later partially reequilibrated, hence
the big pressure interval for the enclaves.
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AmpuoOoau ot ILlnanckus miayron, bearapus

Jlopa Budincoea, Pocen Heodankos

Pe3rome. AMdpubomuTe ca 9yBCTBUTEIIHU KBM YCJIO-
BHSITA HA KPUCTAJIU3AIUA U 1aBaT Bb3MOXHOCT J1a
Ce OINpeAesAT OCOOCHOCTUTE Ha TPOLIECUTE HA Mar-
MeHa eBomrorus. B Ilnanckus miyTon amMpubdoau
C€ YCTAHOBSIBAT B OYTU BCUYKH CKAJTHU Pa3HOBU/I-
HOCTH (Tabpo ¥ rabpOMMPOKCEHUTH C HOPMAJTHA aJl-
KaJIHOCT, KBapLUOPUTH, MOHIIOJUOPUTH, KBAPII-
MOHIOAVUOPUTH, TPAHOJUOPUTH, TPAHUTH U Mar-
MaTUYHU BKJIIOYEHUs). Te JIMICBAT €JHUCTBEHO B
cybankaiHoTO rabpo. Bcuuku aHanuzupanu ameu-
007 ca xaanueBu. B rabponupoKCeHUTUTE ca yC-
tanoBenu Tsch 1 MHDb, nokaTo B mop¢hupHOTO rab-
po u octaHajiuTe AudepeHnuatd — camo MHD.
IIpennonarar ce nBa craaus Ha aMm(puOOIOBa KpU-
cranuzanus. [IbpBUAT, B 1bJI00YMHA, C KPUCTAIIH-
3arus Ha amdubosu ¢ Tsch chcTaB nmpu Hajssrane
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620—800 MPa u remnepatypa 900—1000°C, a BTO-
pUST C ,,in Situ“ KpUCTAIM3AIMs Ha MarHe3ueB OOUK-
HOBeH am¢pubou mpu 230—400 MPa u 660—800°C.
C HanpenBaHe Ha JUdepeHIUAIUNTA U HAMAJIsBa-
HE KOJIMYECTBOTO HA Ma()UYHU MUHEPAJH C U3KUC-
JISBAaHETO HA TONMUJIKATa, MATHE3MAJTTHOCTTA HA aM-
(ubouTe pacte. [To-BuCOKU Chabpxanus HAa Na u
Fe ce yctanoBsiBaT B aM(puOOJIM OT BKIIOUYCHHUATA.
Te monagat npenumuo B mosietata Ha Ed u MHDb ¢
npexoau kM depoencant, MHas u Parg. Bapuanu-
UTE B ChCTaBa BEPOSATHO C€ IBbJDKAT HA B3aUMO/IEH-
CTBHE MEXJy MHXKEKTHpaHaTa IO-MPUMHUTUBHATA
TONWIKA U BMecTBamara marma. OT4yeTeHuTe Ha-
JISSTaHWS 32 BKJIOUEHUSATA Ca B TOJISIM HANAa30H
(260—690 MPa) a TemnepaTypaTa Ha KpUcCTaJu3a-
nus e 710—800°C.



