BBITAPCKA AKAJEMMsI HA HAYKHUTE e BULGARIAN ACADEMY OF SCIENCES

TEOXVIMUM S, MUHEPAJIOTHA U ITETPOJIOT'HA e 35 ¢ COPUS e 1998
GEOCHEMISTRY, MINERALOGY AND PETROLOGY e 35 e SOFIA e 1998

Heterogeneous deformation in the Radovets body
of Lessovo gneiss-granites

Ivan Dimitrov

Abstract. Investigations in Lessovo gneiss-granites showed that the rock suffered intense solid-state deformation. The
microstructural association indicates for grain-boundary rotation recrystallization, grain-boundary migration recrys-
tallyzation and static recrystallyzation. Operation of the deformation mechanisms and intensity of deformation vary in
space. Four grades of deformational reworking of the rocks are described and their spatial distribution is shown on the
map of the intrusion. Analysis of mesostructures revealed variations of the shear and dilatation components of defor-
mation indicating for a possible volume change. Variation of the foliation orientation and intensity of deformation
together with evidences for heterogeneous distribution of the shear component indicate for a partitioning into zones of
predominantly coaxial and noncoaxial deformation. Strain state in the Radovets body is assessed and three dimensional
features of the strain ellipsoids are shown.
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Wscnenpauusara B JleCOBCKUTE THAiC-TPaHATH NOKaszaxa, Y€ ¢KaldaTa ¢ IPeTbpndita HHTCH3MBHA TBBPRO(dasHa
nedpopmanns. MHKPOCTPYKTYDHaTa acOUMalHd AHIWKUPA 33 OPEKPHCTANU3aUHg Ype3 poranus Ha cyO3bpHa,
MHrpalus Ha MEXIy3bPHOBMTE TPaHMLM ¥ 32 CTATHYHA NpeKpucTanuzauui, JehOpMalMOHHHTE MEXaHM3IMH H
WHTEH3MBHOCTTZ Ha HedhopMauMs BapHpAT B MPOCTPAaHCTBOTO. ONHCABHM C& YETHUPH CTENeHH Ha JnehopMaloHHA
npepaboTKa HA CKalaTa ¥ TAXHOTO NPOCTPAHCTBEHO PasnpeneieHue e I0Ka3aHO HA KapTaTa HAa HHTPY3HATA. AHATHIET
HA ME30CTPYKTYPUTE pa3KpHBa BapHalLMd Ha CpA3BalllMsd M HHUNATALHOHHHMA KOMIOHEHT Ha aedopManusra,
HEIMKHpAlll 33 BEPOATHA NpPOMsHa Ha oBema. BapHauuara B OpHEHTALMAT2 Ha GONMANMATA H HHTEH3MBHOCTTA Ha
IehopManus, 3aea40 € YKa3aHHATA 33 XeTePOTeHHa IPOABa Ha CPA3BAINKA KOMIIOHEHT, HEAMKUPAT 33 Ou(epeHIHpano
pa3sBMTHE Ha 30HH, NPETHPNENH MpeobnanaBalio KOAaKCHAIHa M HEKOakcMaiaHa aedopmanusa. Hacnemsanu ca
TPHU3MEPHHTE OCO0EHOCTH Ha AehOopMalHOHHATE eNHICOMAH ¥ ca NOKAa3aHH Ha KxapTaTa Ha Pajgosenxoro 1410,

Kawuosu nymu: rpasuTH, JedopManus, MAKPOCTPYKTYpPa, JANATamus
Agnpec: Bpirapcka akageMus Ha HaykuTe, Feonorudecku mHCTHTYT, 1113 Cobud

Introduction goal of the study is to propose a material for

a broader correlation of the metamorphic
There is a little data available about the defor- rocks in Sakar region. Although good works
mation of Lessovo gneiss-granites. The pres- on the microstructural reworking of quartz-
ent paper aim to bridge this gap. The other feldspatic rocks are available (Hanmer, 1982;
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Simpson, 19835; Pryer, 1993, etc.) some of the
researchers (Dutruge, Burg, 1997) prefer to
use predominantly field criteria in order to
map the grades of deformation (deformation
facies). Mesostructures give good but not
complete data about the intensity of deforma-
tion. That is why the author has chosen the
more commonly applied approach and has
estimated the intensity of deformation on the
basis of associations of microstructures visible
in the metagranitoids. The map of deforma-
tion facies was composed by examination of
75 thin sections. Shear structures in the rock
are better visible in the XZ plane of the strain
ellipsoid because of which oriented samples
were collected and cut in three directions. The
following microstructural criteria were taken
into account: shape and internal structure of
mineral aggregates; fracture and shear planes
in grains; size of mineral fragments; intergran-
ular angles; preferred orientation of the long
axes of grains, degree of conservation of min-
eral shape. Some disputed structural features
like metamorphic myrmekites (Simpson,
1985; Simpson, Wintsch, 1989) and perthites
with supposed relation to the deformation
(Pryer, 1993) are also included in the scheme.
Reconstruction of the strain state have been
done by integration of random section: of
amphibolitic xenoliths (Dimitrov, Ivanova in
print). As a subsidiary techniques the center to
center method (Fry, 1979) and inverse thick-
ness method (Lisle, 1992) have been used.

Geological setting

The Lessovo gneiss-granites (LGG) are
exposed as two relatively big bodies common-
ly referred to as Izvorovo and Radovets bod-
ies. They are located in the southern slope of
the Sakar Mt. and occupy more than 300 km?.
The Radovets body has pronounced dome-
like structure marked by ubiquitous foliation.
The hinge line of the dome can be traced to
the southeast with an azimuth of 110 - 120°
that complies with the general trend of the
macrostructures in Sakar and Strandzha.
According to the map proposed in Chatalov
(1992), based on the map of Turkey on a scale
1:500000, the metagranites continue from the
Bulgarian border more than 100 km to the
southeast. L.GG were introduced in the
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Bulgarian geological literature as an inde-
pendent magmo-tectonic unit by Boyanov et
al. (1965) and more thoroughly described in
Kozhoukharova and Kozhoukharov (1973).
Later they were included in a regional corre-
lation scheme (Kozhoukharova et al.,, 1988;
Kozhoukharov, 1988) according to which
LGG are Precambrian granitoids injected
during the final phase of the Prarhodopian
epoch, and later metamorphosed at amphibo-
lite facies grade in Rhodopian time.
According to the above authors the main
metamorphic  events  took place in
Precambrian time. The rubidium-strontium
data for the metagranites on the Turkish side
(Aydin, 1974) have shown intrusion age of 244
million years and metamorphic age of 150
million years. Bulgarian K/Ar data (unpub-
lished analysis performed by Bulgarian Rare
Metals Corporation) indicate a Jurassic age
and have been interpreted (Kamenov et al.,
1986) as a result of a later metamorphic event
that recharged the isotopic system. The origin
of the solid state metamorphic transformation
also needs clarification. Recent work on the
structural features of these rocks (Dimitrov,
unpublished data) has shown that they were
reworked in two major events, first of them
being more intensive and was responsible for
the formation of the foliation and the dome-
like structure. Although it has been found that
the main deformation occurred after the
emplacement of the aplitic and dioritic dikes,
a possible operation of ballooning as a driving
force for deformation may not be excluded.

Deformation facies

The petrochemical investigation of LGG
(Kamenov et al., 1986) has shown that inside
the Izvorovo and Radovets bodies metagran-
ites, metagranodiorites and metaquartzdior-
ites can be distinguished as well as aplites and
dikes of diorite porphyrites, also metamor-
phosed. Pegmatites have not been found. In
the mentioned rock varieties four grades of
deformation have been recognised (Fig. 1)
based on the reworking of K-feldspars, plagio-
clases and micas. The intensity of deformation
roughly correlates with the intensity of folia-

tion development visible in hand specimen
(Fig. 2).
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Fig.1. Map of the deformation facies in the Radovets body of Lessovo gneiss-granites.
dur.l. KapTa Ha nedhopmannonnrTe pausecn B PanosenkoTo Tan0 Ha JlecoBCKHTE rHalc-rpaHHTH.
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Fig. 2. Four stages of development of the foliation in LGG: A - magmatic texture - no foliation is visible; B - foliation

expressed by planar arrangement of minerals; C - incipient development of two foliations; D - mylonitic texture.

Location Dar Kaa

®ur. 2. Yetnpu crenesyu Ha pasButde Ha donamanusra B JIIT: A - marmarHuHa cTpyKkTypa - He ce Habmopasa
tdoananus; B - (onuanms, H3paseHa B IUJaHAPHO NOApExOaHe HAa MHHepanuTe; C - 3apONMIIHO Pa3sBHTHE Ha OBE

donanapun; D - MunornTHA cTpykTypa. MectHocT Hap Kaa

First grade of deformation

It comprises rocks containing less than 10%
of deformation-extracted products. The tex-
ture retains the features of undeformed gran-
ite or granodiorite (Fig. 3, A) The K-feldspars
are platy. Some initial disintegration took
place leading to big (more than 1/3 the size of
the primary grains) fragments that are not dis-
placed far from their original position. Along
rough fractures inside them sericite and epi-
dote are developed. Microperthitic varieties
are common. The microclinic lattices of some
grains are stressed leading to week undulatory
extinction. The most common type of defor-
mation is the sliding along the crystallograph-
ic cleavage (Fig. 3, B). Oligoclase shows the
same kind of occasional fragmentation and
undulatory extinction as K-feldspars. Some of
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the primary plagioclases exhibit thin zones of
more acid plagioclase along their margins.
Epidote minerals are visible as tiny needles
and earthy masses, sometimes pronouncing
the original magmatic zonation of the grains.
There is no arrangement of micas along con-
tinuous films. Muscovite is seen only in meta-
granites and sometimes forms star-like aggre-
gates in the pressure shadows between the big
feldspars. Biotite is developed in randomly
oriented, generally undeformed packages. The
mineral most affected by the deformation is
quartz. Many grains show undulatory extinc-
tion. The big ones are fragmented, fragments
preserving the undulatory extinction of the
primary grains. Around the margins of the
fragments small polygonized grains are devel-
oped by the process of dynamic recovery, thus
forming mortar structure.
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Fig. 3. A - K-feldspar grain with preserved shape. An echelon arrangement of brittle fractures is visible in the lower right angle.
Crossed polars. Base 4 mm; B - rough fracture along the crystallographic cleavage of a feldspar grain; Arrow (1) shows grain
of more acid plagioclase. Arrow (2) shows dark (strained) zone formed by the dragging resulting from the shear along the frac-
ture. Crossed polars. Base 2 mm; C - development of subgrains and new grains in K-feldspar. Arrow (1) points towards a
deformation zone. Arrow (2) shows a clear area between two deformation zones. Arrow (3) marks a zone of new grains.
Crossed polars. Base 2 mm

®ur. 3. A - 3ppHO oT K-dennmnat cue crxpanesa dopma. B nomaus g8 Brij ce Habmonapa emenosHa nogpenda Ha Kpexku
nykHaTuaH. Kpberocans nmukonu. OcHosa 4 mm; B - rpyba dpakTypa 1o nocoka Ha KpHcrasorpajckara HenMTeNHOCT Ha
tdenmumaropo 3upHO. CTpenka (1) moka3sa 3bPHO OT NO-KHUCEJ IIarknoxias. CTpeika (2) nokassa TbMHA (HamperHara) 30Ha
(opMHpaHa npH BJIAYEHETO B Pe3yNTaT Ha CpsA3BaHe MO MmykHaTuHaTa. Kpberocany Hukomd. Ockopa 2mm; C - pa3BUTHE Ha
cyb3npHa 1 HOBM 3bpHa B K-dennumar. Crpenxa (1) coun no nocoka Ha nepopmanuoHnHa 3oHa. Ctpenka (2) nokasea buctpa
obnact Mexmy ase nedopmaudoHEM 30HE. Cpenka (3) Mapkupa 30Ha OT HOBH 3bpHa. Kpbcrocanu Hukoiu. OcHopa 2 mm
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Fig. 4. A - fracture in K-feldspar inclined at 45° to the mica film (lower left) that delineates the C plane of S-C fabric. The
lower left part of the fracture has a funnel-like opening. It represents a “V-pull-apart” microstructure (Hippert, 1995). The
sense of shear is dextral. The fracture is filled by quartz, epidote and acid plagioclase. The arrow shows myrmekites of
deformation origin formed after creation of the fracture and oriented towards the strongest stress direction. Numbers (2)
and (3) also mark deformation myrmekites. Crossed polars. Base 4 mm; B - subrounded core of deformed K-feldspar
grain. The arrow shows knew (regenerated) K-feldspar grains developed from the core. At the upper left of the core a sub-
grain is seen. Crossed polars. Base 4 mm; C - sheared biotite package. The photograph represents part of a “mica fish”
microstructure. Arrow (1) shows microfault synthetic to the general shear (sinistral). Arrow (2) shows basal planes strained
by the dragging along the boundary of the package. Crossed polars. Base 2 mm

@ur. 4. A - dpaxtypa B K-denmunar opueHTHpaHa noj sreia oT 45° cnpsMo cinrofeHus GuaM (HoJHAa asBa 4acT Ha
doTorpadusTa), kofito oueprara C nopspxuunaTa Ha S-C crpoex. [lonHaTa Ma8a yacT Ha dpakrypara uma GyHHeBHIEH
otBop. Habnronasanara MEKPOCTPYKTYpa € OT Tuna ,,V-suaHo pastsarade” (Hippert, 1995). Tlocokara Ha cpsa3BaHe e OT
JNABO Ha aAcHO. PpakTypaTa € 3ambiHeHa ¢ KBapl, eMHIOT M KHACeN IUiarnokias. Crpenkata COYH MHUPMEKHTH C
nedopmanuoned npousxon (Te ca gopmupanu cien o6pasyBaHeTo Ha (pakTypaTa M ca OPHEHTHPAHH IO NOCOKATa Ha
makcumanuus crpec). Ludpure (2) 1 (3) cpio MapkupaT aedopmanuoHay MupMexuTi. Kpbecrocanu nukonu, OcHosa
4 mm; B - opanuo anpo ot gedpopmupad K-denqmumnar. Crpenkara coud pereHepupano 3pHO oT K-denpunar, passuto
BBPXY sSOpoTo. B ropHaTa nsBa yacT Ha AOpoTo ce Habmomasa cyb3mpHO. Kphecrocanu Hukomu. OceoBa 4 mm; C -
cpsizaH OuoturtoB maker. PortorpadmsaTa mpEeACTaBs yacT OT CTPYKTypa ,cmozeHa puba“. Crpenka (1) mokassa
MUKpPOpAa3/IOM, CHHTETHYEH Ha o0moTo cps3paHe 3a obpaseua (or mscHo Ha asBo). Crpenxa (2) nokaspa Gasanuu
TIOBbPXHHHH, HANPErHATH BCJIEICTBHE HAa BIaYEHETO NO I'paHMNaTa Ha nakera. Kpbcrocanu Hukoau. OcHoBa 2 mm
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Second grade of deformation

The group comprises samples containing
between 10 and 30% of recrystallization and
deformation products. The rocks show initial
foliation expressed by mechanically oriented
micas. K-feldspars are intensely disintegrated
with sizes of the fragments less than 1/3 those
of the initial grains yet not uniformly distrib-
uted, as some very small fragments are
encountered together with larger ones. The
microclinic lattice is strongly deformed, and
internal sliding and rotation of the domains of
the crystal have produced subgrains inside the
primary crystal (Fig. 3, C). Towards the mar-
gins of the primary grains the subgrains are
entirely detached and transformed to clear,
regenerated new grains tending to exhibit
equilibrious (120°) boundary angles. Larger
perthites are visible bisecting the angle
between the two directions of the microclinic
lattice. Myrmekites with worm-like shape are
common and around the margins of the host
plagioclases fine rim of acid plagioclase is
developed. Albite tends to replace the K-
feldspars along crystallographic cleavage. The
primary oligoclase is clouded by epidote min-
erals and white mica. Mechanical twinning is
seen in the polysynthetic primary plagio-
clases. Some of the biggest grains of K-
feldspars and plagioclase are fractured and
the fractures show funnel-like openings (Fig.
4, A) filled with neoproducts - a ,,pull-apart”
microstructure (Hippert, 1995). Some of the
micas are kinked, biotite being commonly
more deformed than muscovite. Quartz is
generally recrystallized and clear (no undula-
tory extinction is visible). Mortar structures
are occasionally found but as the new grains
are larger and tend to develop equal-angle
boundaries it is of transitional type and, at
some places, only aggregates of polygonized
grains are present.

Third grade of deformation

This group contains between 30 and 50% of
deformation products. The rocks exhibit min-
eral foliation well visible with naked eye. All
minerals contribute to the formation of the
foliation. Micas form continuous films
extending along the boundaries of the big

feldspatic relics. The ubiquitous structure of
the feldspars is ,,core and mantle® (Hanmer,
1982). It is composed of a feldspathic core
(Fig. 4, B) surrounded by uneven marginal
zone of subgrains and new grains extracted
from the same primary grain. The boundary of
the core is uneven because of the indentations
due to the entering parts of subgrains. The size
of the grains in the mantle is not uniform. The
mica film is developed on the external side of
the mantle and the micas form a long pathway
that surrounds several feldspars. At pressure
shadows star-like mica aggregates are devel-
oped together with large spherical grains of
clear quartz. In the most intensely deformed
samples of this group the ,,core and mantle“
structures disappear passing into a semi-
spherical core with an even boundary coated
by a thin film of white mica. The mica film
surrounds nearly the entire core, the pressure
shadow area being very small. On the external
part of the film, matrix of feldspar and sericite
is present, the grains of the matrix being
equally sized. Small quartz grains tend to be
absent from the matrix, and aggregates built
by polygonal grains mainly (ribbon structure)
are present. Some randomly oriented,
postkinematic biotite flakes overgrowing the
matrix are visible. The rocks of that group
expose a variety of microstructures that may
be interpreted as kinematic indicators
(Hanmer, Passchier, 1991). , Tilling struc-
ture”, ,pull-apart structure“ and ,mica fish
structure” (Fig. 4, C) have been indentified in
the thin sections. Some of the samples expose
S-C fabric (Berthe et al., 1979, Lister, Snoke,
1984). The S planes are marked by platy
feldspars, big biotite packages and quartz
grains with straight boundaries and the C
plains are marked by biotite and muscovite
films and arrangement of rectangular quartz
grains.

Fourth grade of deformation

Samples with more than 50% of deformation
products are grouped here. The structure of
the rock satisfy the classification requirements
and may be called mylonitic (Passchier,
Trouw, 1996). The matrix is generally
equigranular with grains less than 1/10 the size
of the relics. The texture is dominated by
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spherical feldspathic relics (Fig. 5, A) with
marginal films of white mica that entirely sur-
round them. The matrix is composed of
feldspars and white mica, both K-feldspars
and plagioclases being affected by grain
boundary migration. New postkinematic mus-
covite and biotite are developed independent-
ly on the early mineral foliation often over-
growing the feldspar relics (Fig. 5, B). Inside
the matrix epidote and chlorite are developed.
Quartz is concentrated in elongated ribbons
the grains of which sometimes show undula-
tory extinction, thus indicating a tectonic
action after the stage of recrystallization. The
microstructures present indicate intense flow
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Fig.5. A - advanced stage of deformation. At the lower
right corner of the picture a spherical feldspar relic is
seen. The arrow shows a film of white mica at the
boundary of the relic. The rest of the picture is occu-
pied by matrix composed of feldspars, white mica,
biotite and rare quartz. At the upper left a clear quartz
grain is visible. Crossed polars. Base 4 mm; B -
advanced stage of deformation and metamorphic
replacement. At the centre pseudomorphosis of quartz
and biotite is seen. Number (1) is over a feldspar relic.
Crossed polars. Base 4 mm; C - drawing after a pho-
tograph. Spherical feldspar relics (1) - markers with
low aspect ratio. Elongated feldspar relics (2) - mark-
ers with high aspect ratio. Clear (postkinematic)
quartz grain in the pressure shadow between the
feldspar relics (3). Coarse grained matrix (4). Films of
white mica (5). The inferred sense of shear is sinistral.
Base 10 mm

®ur.5. A - sanpenHan cTtamui Ha nedopmauus. B
DOJHaTa MOscHAa 4acT ce Habmiomasa cdepHueH
dennmnaToB penukr. CTpenkara coyu GunM ot bsama
CIOOA HO rpaBHuaTa Ha peiukTa. OcTasanaTa 4Yact
OT CHHMKATA € 3aeTa OT MaTpPHKC oT denqunar, Hana
cnrona, OMOTHT M Majako KOJHYECTBO KBapu. B
ropHaTa nsBa YacT ce Habmrogasa GUCTPO KBapLOBO
3ppHO. Kpbcrocauw Hukonu. OcHoBa 4 mm; B -
HanpenHaJ cTaguii Ha gedopmanus U MeTaMopdHO
3amecTBaHe. B nueHTnpa Ha dororpadusATa ce BHKIAA
ncesnoMopdosa ot xeapu ¥ 6uorut. Yucnoro (1) e
BBpXYy OenamnaToB peaukT. KpbhCTOCaHH HHKOJM.
OcHora 4 mm; C - 3apucoeka no ¢pororpadus.
Coepuunn ¢enmunaroBu peiaudktH (1) - Mapkepn ¢
HUCKO OTHOLIEHHME HA JBJTa KbM KbCa OC. YIBIIKEHH
dennmnaTtoBd peaukTH (2) - MapKepu C TOJAMO
OTHONIEHME HAa HObIra KbM KbCa OC. BHCTBHp
(nocTkMHEMaTHYEH) KBapll B CSHKATa Ha HandraHe
Mexny oBanuuTe penukTé (3). Enpo3bspHect MaTpuke
(4). ®unamu ot Oana cmwopa (5). Ilocokara Ha
cps3BaHe € OT A4CHO Ha JaB0. Ocuosa 10 mm

of the rock, the matrix acting as ductile medi-
um protecting the relics from further grinding
(Tullis, 1983; Gapais, 1989). The interpreta-
tion of the structure shown on Fig. 5, C is of
special interest for the kinematics of the flow
in the rock. Intense flowing of the rock parti-
cles occurred during the deformation. The
matrix acted as ductile medium and the
feldspar relics (1,2) as rigid particles. Because
of their low aspect ratio (Hanmer, Passchier,
1991; Passchier, Trouw, 1996) the spherical
relics rotated with higher speed but had not
been displaced considerably. The relics with
high aspect ratio had been transported until
they rested on the right side of the spherical



Microstructures and metamorphic Grades of deformation
minerals {Deformation facies)

1 11 201 1V

Feldspars

Microfaulss

i. Random

2. Synthetic

3, Antithetic

Microfractures

1. Conjugate —————

2. Random

Undulatory extinction s

Deformation twins

Kink bands

1. Sharp boundaries I —

2. Diffuse boundaries

Perthites

1. Tiny, lens-like

2. Large, branching

Myrmekites

1. Worm-like

2. Bean-like

Subgrains

S-C fabric

Core and mantle

1. External mica film

2. Internal mica film

Quartz

1. Ribbon structure

2. Mortar structure

3. Brick wall arrangement

Biotite

1. Subgrains

2. S-like crystals

3. Kink-bands

Muscovite

1. Star-like aggregates

2. Long films

3. Structured aggregates

4. Tiny-grain aggregates with

random orientation of the flakes

Size of the grains in the matrix

1. > 1/3 of the primary

2. between 1/3 and 1/10

3.< V10

Epidote - frequency

Chlorite

Muscovite

Albite

Metamorphic biotite

Metamorphic K-feldspar

Fig. 6. Deformation facies in Lessovo gneiss-granites
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relics. After the formation of the structure,
migration of the grain boundaries occurred in
the pressure shadows, thus forming coarse
grained matrix. The mica film around the
microstructure (5) can be examined as a sur-
face dividing two different types of flow - sep-
aratrix (Passchier, Trouw, 1996). The inferred
sense of shear is sinistral. Base 10 mm
Comparison of samples (Fig. 6) shows that
biotite with supposed metamorphic origin

appeared at the second grade of deformation
and the metamorphic micas are common at
the third and fourth grade. Relatively large
grains of recrystallized K-feldspar and oligo-
clase are visible only at the fourth grade.
Epidote, chlorite and partly acid plagioclases
- albite as well as sporadic calcite are distrib-
uted independently of the general grade of
alteration of the samples.

Fig. 7. Undulatory pattern of the foliation in the metagranitoid: a - strike and dip of the foliation planes at the loca-
tion ,,Sriazan kamak® around 4 km southeast from the village of Radovets; b - stereographic projection of the normals

to the surfaces of the foliation

Our. 7. BeasooOpasHo passuTee HA (OMHALMATA B METATPAHUTOMAMNTE: a - NOCOKAa M BIBJ HA HAKIOHA HA
(OMMALHOHHNTE NOBBPXHHHE OT MECTHOCTTA ,,Cps3aH KaMBK“, PasNONOKEHA HA OKOJIO 4 XM IOrOM3TOYHO OT C.
Panosen; b - crepeorpadcka mpoeKuya Ha HOPMalUTE KbM NOBbPXHAHUTS Ha DOIHAIHATA
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Fig. 8. Values of the strain in the Radovets body of LGG: 1 - strain by randomly oriented sections of xenoliths; 2 -
strain by Fry method; 3 - strain by combination of methods; 4 - orientation of the axes of ellipsoids; 5 - strain on a

Flinn graph; 6 - exposed boundary of the intrusion

®ur. 8 CroiéisocTe Ha gedopmanudra B Pamoseuxoro Tano Ha JIIT: 1 - nedopmaunus onpenenena 4pes cayuaiHo
OpHEHTHPAHM CeYeHHS Ha KCEHONHTH; 2 - medopManus oupenenera o Meroja #a Fry; 3 - redopmaiius onpeleneHa
ype3 kOMOUHAHNS OT MeTORM; 4 - OPHEHTALMA Ha OCHTe Ha enuncouay; 5 - IlapaMerpure Ha pedopmanus HaHeCeHH

Ha Juarpamarta sa Flinn; 6 - rpaguny Ha 4HTPY3UATA

Spatial distribution of the deformation
products

On a macroscale, a general decrease of the
deformation grade has been established from
north to south in the Radovets body of LGG
(Fig.1). It is expressed both in the increase in
the amount of recrystallized minerals and in
development of microstructures indicating a
higher rate of deformation. The rocks with
nearly the same grade of alteration are
exposed in zones elongated in the direction of
the culmination line of the dome. Inside these
zones variation in the deformation grade also

occurs with local domains of nearly intact
rock. On a meso-scale such domains have
lens-like shape and are surrounded by more
intensely deformed zones where evidence of
shear and recrystallization of the minerals is
visible. Orientation of the foliation changes in
are regular pattern undulating around the
lens-like domains (Fig. 7). The observed phe-
nomena can be explained by the model of Bell
(1981,1986) for strain partitioning into zones
of predominantly simple shear and pure shear
in a general setting of heterogeneous coaxial
deformation. In accordance with the model a
resistant core, named ,isotropic island“ by
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Fig. 9. Heterogeneous nature of the deformation in the Radovets body of LGG. The graph shows the variations of
dilatation (area change) and of the shear component of deformation as assessed by sheared set of aplitic veins.
Calculations are based on field photographs and measurements. The equations used are explained in Ramsay, Huber
(1987). Southern end of the village of Lessovo

@ur. 9. Xeteporennen xapakrtep Ha medopmaunuara B Pagosenkoro Tsano Ha JII'T. Ha rpadmxara ca noxasamu
M3MEHEHHATA Ha [IOINTA H BapHALUKTE Ha Cpa3Bamara geopMaluHs, OLUCHEHH YPE3 CPsA3aHa CHCTEMA OT AILTHTOBHK
KuH. M3uNCHeHHSTA ¢4 HAanpapeHH BoHPXY TepeHur Gororpaduu. Manonssanrre GopMynd ¢a HaaoxeHd B Ramsay,
Huber (1987). EOxuua xpait Ha ceno Jlecoso
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Hanmer and Passchier (1991), suffering main-
ly pure shear is surrounded by a zone, suffer-
ing mainly simple shear. Another possible
mechanical explanation for the phenomena is
,.the shifting pattern of strain partitioning in a
general shear zone“ examined in details in
Ramsay and Huber (1987). The last model is
less appropriate in our case because the shear-
ing is parallel to the main foliation that delin-
eates the dome and consequently may not be
attributed to a big shear zone but rather to
local plastic instabilities due to strong com-
pression towards the margins of the intrusion.
Evidence in favour of Bell’s model can be
found in some exposures where folded and
stretched aplitic veins coexist. Since it can be
inferred that the veins had been initially per-
pendicular, the above geometrical relation-
ship indicates for a coaxial mode of deforma-
tion. Restoration of the predeformational ori-
entation of rotated diorite porphyry dike has
shown, that during the deformation, the dike
did not change strike but only dip. The men-
tioned way of rotation does not suggest a big
shear zone.

Strain in the Radovets body of LGG

The results of the strain analysis in the
Radovets body of LGG (Fig. 8) may be sum-
marised as follows. Along the profile between
the location Dar Kaa and the village of
Lessovo the intensity of the total deformation,
measured by the XZ ratio of the strain ellip-
soid, increases towards the periphery of the
dome. Near the margins of the intrusion, pro-
late ellipsoid have been found, the Flinn ratio,
K = (Rxy-1)/(Ryz-1), increasing considerably
over 1 at the northern periphery of the dome.
On the south in the valley of river Fisher, {lat-
tened ellipsoids, marked by K values under 1,
have been found. Although the XY planes of
the ellipsoids coincide with the plane of the
foliation, the orientation of the long axes X
varies in that plane.

The reveiled features of the strain state
should be taken with care having in mind the
heterogeneous nature of the deformation on a
mesoscale. The graphs of (Fig. 9) show a spe-
cial case where the dilational and shear com-
ponents of deformation may be measured

‘because it is possible to infer the predeforma-

tional angular relationships of aplitic veins
(Ramsay, 1980; Ramsay, Huber, 1987). In
most of the locations in GG there is no
chance to make such calculations but the het-
erogeneous shear of singular veins implies the
same deformation mechanism.

Conclusions

Deformation of Lessovo gneiss-granites is
highly heterogeneous. Microstructure indicates
for a relatively high-temperature deformation-
al reworking above to boundary of crystal plas-
ticity of the feldspars. Because evidences for
strain partitioning are found it is difficult to
judge to what extend the observed texture is
result of a real variations of the temperature
and to what extend to a differences in the
strain rate. Analysis of sheared set of aplites
and the variations in the strain state serves to
exemplify the very heterogeneous nature of
deformation on a mesoscale, thus completing
the picture of shrinking, expanding and move-
ment of the rock masses on all scales.
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