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KAROL SIEGLS

THE FABRIC OF MESOSCOPIC FOLDS OF DIFFERENT STRUCTURAL
REGIMES FROM METAMORPHITES OF THE WESTERN PART OF
LOW TATRA Mts. (WEST CARPATHIANS)

(Fig, 1—34)

Abstreact: The fabric of two mesoscopic folds of diverse age and stractural
level has been studied by means of ac-section morphology, time and space rela-
tions of erystallization to the deformation of rock forming minerals and of
biotite and quartz subfabrics. The differences between fold Fabries are regarded
to be the consequence of diversity of the Varisean and  Alpine stroctural

Peswe: Buyrpeusee cTpoeHire IBYyX Majbix CKJIANOK PAaJHYHOLO BO3IPACTA
H CTPYKTYpPHOIO 3Ta)Ka M3Y4eHO MOCPEncTBOM MOPPOJSOTHH ac CedeHHd, BPeMEHHbIX
¥ [POCTPAHCTBEHHBIX OTHOWEHHH Kpuctannusauuu K aedopmannu nopomoobpasy-
IOUIMX MUHEPANOB H YAaCTHYHBIX BHYTPEHHHX CTpoeHui OuoTiTa W ksapua. Pasuuua
MEKIY BHYTPEHHMM CTPOSHHMEM CKIAN0OK TMOATBEDIKIACTCA pPE3YJIbTATAMM PadHUIL
BAPHCKONO H aJbIIHHCKOTD CTPYKTYPHOTO pPeXMMa,

Introduction

The western part of the Low Tatra Mts. is built up by the Dumbicr cryvstalline
complex of the core-mountain type. Paragneisses with amphibolite intercalations and
migmatite make up the mantle of granites and granodiorites. The erystalline complex
is overlain by an autochthonous Mesozoie envelope and nappes.

Absolute ages (). Kantor 1959, 1961) and structural relations (K. Sicgl 1970)
give evidence for the Variscan dynamothermal metamorphism of the erystalline com-
plex. The effects of Alpine retrograde metamorphism in the level of recent denudation
are local. closely related to the tectonogenesis. The folding of the erystalline complex
took place during four phases — two Varisean and two Alpine phases.

From the causes determinating the diverse character of the folds the structural level
i5 of special importance. Two em-folds in gneisses were analyzed in order to elucidate
their formation as function of structural level and regime (Fig. 1). The fold Il origi-
nated by Alpine deformation of two-mica paragneisses in the upper steuctural level,
The Told F2 generated during Varisean deformation of banded gneisses in o deeper
structural level.

The geometrical analysis and state of strain in the folds

Both Tolds differ by geographical, orientation and position of the Told axis and
surface. Il s a subhorizontal Told with moderately 1o steeply inclined axial surface.
12 is o moderately plunging recumbent fold. Both are parts of higher order fold strue-
tures. Within the outerop domain they are assvmetric and evlindrie.

The utilized geometrical elassification is based on the deseription of Tolded surfaces
on the ac-section by means ol orthogonal thickness (). G, Ramsay 19670 The

T RANDre Ko Siegl, CSe, Department of Petrography, Faculty of Natural Sciences of the
Comentus Paiversity, Bratislava, Gottwaldove nim, 2.
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Fig, Lo Folds L oand 172,
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varinlion in 1" = with the angle @ was constructed geometrically for the indi-
lo

vidual lnivers of hoth Tolds (Fig. 2 and 3).

Fold FI

Two relations are evident from the diagram Ve (IFig. 4): the inerease of orthogonal
thickness towards the hinge and the different inerease in the competent and incom-
petent lavers on hehall of the latter. FL s o complex: fold in which the individual
layvers were diversely Tolded. Quartz-plagioclase layers bbb belong in Ramsay’s classi-

fication 1o the subelass 10 — Tolds with weakly convergent isogons (Ve < 11 Ve > cosel,
Biotite lavers e. ee vich in quartz helong partly also 1o this group. These and the layver
a are close 1o the elass 2 — Tolds with parallel isogons (Ve = cosa). To the class 3 —

folds with divergent isogons. belongs one part of the biotite laver aa near the fold core
() = Ve = cose). To this elass should belong also the strongly retrograde metamorpho-
sed unealeulated Taver of the outer are.

Assuming the competent lavers  were buekled into parallel folds  and  subse-
aquently modified by Tlattening into similar Tolds - — [lattened  parallel Tolds.

Ao
i possible 1o determine from Ve = (cos? e + ——— sin? ) !
i |
rimposed compressive steain (L Go Ramsay 19620 The ratio of the principal

* the amount of supe-

quaddeatic extensions A and Ay (parallel and normal to the axial surface), as it has been
)l‘l 2

vead Trom the dingram of Ve values with variations ||I—A“— in [attened parallel Tolds
1
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o . o Ay .
is s Tollows: Tor parts elose 1o the hinge of the laver b. bb l/—l“ = 0.9 up 1o 0.7,
i |

I3
. [ A1 o i i =
for the Taver e, e ]/ = 0 up o 0. The modification of incompetent layers

Ay

15 distinetly stronger, Owing 1o the tangential longitudinal steain it is impossible 1o
determine the total compressive steain, s indieated by the low value of 17 in the Told
limbs and by considerable variations in the particular layers. The general trend of
modilication of the Told L by homogenons  steain Tollows  from the  subelass 113
towards the elass 2,

The incompetent Tayer of the outer Told are nealeulated) has been deformed under
formation of shearing eleavage. The cueved course of eleavage is due o variation of
compress strainin the contact zone of diverse competence lavers. Towards the hinge

the shear planes are convergent. as it is charaeteristic Tor incompetent lavers, This part

\

bb

cc

Fig, 20 Shape of aceseetion: FLThick Hues mark ealeulated parts of Tavers, domain of vetro-
arade metmmorphism is dotted.
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of the fold sulfered by maximal componental  movements allied  with retrograde
recryslallization.
A slip parallel to the boundary as it has been deseribed from plexural slip folds (1. AL

Donath 1962, was found between the layers of the outer are.

Fold K2

In regard to the idealization of biotite-rich layers dispersed by ereep in the hinge,
the geometrical analysis of this fold is tentative. Only a part of the antiform beside
the decollement was ealeulated.

Plots of te (Fig. ) constructed from the eross section of the antiformal and syn-
formal parts indicate variations of the fold style not only for individual but even in
the same layer. So Sb. Sbb for example has strongly convergent (Sh in the subelass TAL

e

Sa
Sb
i, 3 Shape of ae-section 2 with orthogonal thickness in the hinge (to) and in the limb of

the antiform (1), Thick lines maek ealeulated parts of lavers, domain of retrograde meta-
morphism is dotted,
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hut also divergent dip isogons in the synform (Shh in elass 3). A considerable part of the
cross section shape has weakly convergent dip isogons — subelass 10, Modification by
heterogenons shear parallel to the axial surface is Trequent.

[n the upper antiform limb and in the synform core structures complicating the fold
shape are developed. They generated owing to different rheologic propertios of adjacent
livers and owing to space reduction in the flexure of the more competent of them. The
flexure amplitude in the Timb of the antiform decreases towards the core and in the
innermost quartz layver three parasitic folds ocenre, This layer is relatively the most
thin and the less competent. Between the layers Sa and Sboa decollement is originating.
The final state of steain in this imb is however similar to that of the whole antiform —
dimensional orientation of biotite is identie,

In the syolorm core deformation offects due tn extreme buekling of the quartz-
feldspar laver were also observed. Tts material is impressed into the biotite-rich core.
The Tobate Torm of the contact is typical Tor diverse viscosity materials in compression.
During the buckling period the quartz-feldspar layer ought 1o be competent enough to
retain ereep ol the less competent synform core towards the hinge.

The differences in the hinge Tormation of the antiform and svaform of the Told 152
are due 1o the sequence of the competent lavers, their thickness and 1o the Tlexure
amplitude of the thickest of them.

1A 1A

0 30 60 a0 0 30 60 90
a a

e, 40 Pl by of 171, Fig. 5. Plat s of 12,
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Mineral composition and its relation to the deformation

The composition of deformed rocks is primary inhomogenous, The state of strain in
staddied Tolds s elosely related with this Teatare, Ceystallization and reerystallization
are conteoled by the original composition. as well as by the state ol steain. In hoth
Folds mineral assemblages were Tonnd. with different ervslallization-delormation vela-
Hons. belonging to prograde and retrogeade metamorphism. Tnthe ideal case the 1otal
deformation may be divided into theee parts — Dy Do Dy In hoth Tolds only Dy ean
be temporarily paeallelized. A conspicions discontinuity exists only in 1 between Dy
aned e,

Fald 111

Within the sample domains of o mineral assemblage with predominating prograde
(MDY e retrogeade (RMD) metamorphism can be distinguished. The older assenm-
Blage belongs to the garnet amphibolite Tacies, the vounger one 1o the greensehist facies,
PALD are limited o sites of maximal ereep. ke the incompetent micasvich layer of the
ouler are,

The following minerals were ddentilieated s quartz. biotite. oligoclase. WK-Teldspar.
albite, museovite, ehlorites. giamel, apatite. zivcon. zoisite, leucoxene. carbonate. Quartz.
ninseovite and ehlorites are represented by several generations.

Quartz | forms senoblasts (00 —005 mm aringed in places into glomeroblusts or hands
of up 1o LA e thickoess, The shape of isolated Blasts depends on the position and thus
also on the postervstalline deformation, Tn PNID quartz-feldspar: Tayers is lense-shaped, in
mieneeons lavers 1l
tion 1.

Ouwaetz 2 appears o PMD a0 Tensesshaped glomeroblasts with steaight weain houndaries,
Fxtinetion is .

Qs tz 3 fills up sometimes with eavhonates minute fissures. Weak undulose extinetion
proves Tor the steain along the lissures.

= lathss Podualose extinction is common duae 1o |:1::~I|'J'_\.-E:|||i1|t' deforma-

Biotile i< substantial component of mica-rich lavers. Unlike its appearance in quartz-
Feldspae Tavers it is higgee fop o 3 with o veddishbrown pleochroism v It is often chlo-
Fitized sl sienitized, in BN only s velies ocear,

i, 6. Retrogeade minera assemblage of L

Mawn, 90 N, N I."'}r'_ Foto . hsvald, A —

albite, € clinochlor, chipidolite, 1L — leneo-
xene, (1 — quartz 2,
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Ol oelase Mugar is abundant i quartz-feldspae lavers, It encloses micas and quartz 1.
It is mostly secicitized and postervstalline deformed.

Wo=Teldspar was foonod sporadically in PMD, iU caveies micas and quartz,

A hite ogether with Me-chlovites and sevicite Torms comuloblasts in BND. Sporadieally
svishinematic eevstallization with ehlovites inosiois observable, more often it is postkinematie.

Muscovite |is more searee than biotite with which it appears together. One part
oricinaled by baneritization.

Muscovite 2 (sevicite! i< the ]ll'nr[lll'l ol h»l:l_\-pm- alteration, ”_\' crmulation of minate
Makes Tess than 0.0 mm? comoloblasts orviginate o BMD, Tilling up the place oltee plagio-
clase,

Ch

srites wenerated i PAD by biotite and garnet ehlorit i — peonnine, but also
I|i|I|| i]l ]'I.\ll) Lo {'linl“'lilll]' -'l“‘l |'|I|]]il|l|‘|i|l‘. Il.IH‘ |-'ll|i‘|' rlli'”l
ite, albite and leukoxene ehavactervistio lenseshaped comuloblasts (Fig, G,

Gavnet was found searvely in the hinge of the laver e, we.

ioclase and biotite alte
it

The time relations of ervstallization of the substantial components o deformation in
'L aee vepresented on the left part of Fig. 7. The maximuom of Dy deformation lies in
the range of biotite and muscovite | oervstallization. The vounger delformation Dy
culminated before the main cevstalization of muscovite 2. quartz 2. albite and ehlorites.
During Dy the paradlel Tabreie of gneiss Tolded during Dy gencrated. Folding was accom-
panicd by direet componental movements and by posterystalline deformation of the
components ervstallized hefore Do In lavers of suitable mineral composition and thus
also with maximal action ol Do o vounger eryvstallization has been induced. The voun-
gest delformation Dy shows the eharacter of hrittle Tailure,

IFold K2

In the Told sample mineral assemblages and textures ol polvmetamorphism were
found agiin. Plagioclases are alwavs altered into a fine-grained sericiie-chlorite mass.
in the core of the svnform garnet and younger biotite 2 originated at the same time.
The arrangement of garnet accumulations in the steike of the axial surelace proves for
the allinnee of its blastesis with the Told formation.

The Tollowing minerals have been identificated : quartz. biotite. muscovite. sarnel.
chlorites. stanrolite. apatite. zivcon. carbonates, Quartz and biotite appear in lwo gene-

ralions,

biotite O
muscovite | 7T | -—zZB> 722>
-t

oligoclase 2 2

ey i e e
albite | —z2>

I va e O B e
quartz —W T <> R B2
chorite | <> | e |
garnet -z T <>

i, 7. Sketeh ol covstallization=delormation velations in L and 2,
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Quartz | forms in quartzerich layers xenoblasts (ess than 7 mm) clongated o the
divection of sehistosity. Theiv size deereases towards the hinge, Inosi it contains totally seriei-
tized Teldspaes, minute idiomorphie biotite Makes and gaenet, In biotite-vich Tayers it is smaller
(ess than 5 mm)

} sometimes it makes up lense-shaped elomeroblasts, The grain boundaries
in the Told limbs are steaight in the flexures sutureed,

Quartz 2 originated by reerystallization of quartz | in the vicinity of the fissures.

Biotite | isin biotite-rich layers on the fold Timbs dimensionally oriented in the plane
of schistosity. The deviation of smaller flakes Trom this diveetion in the hinge domains is in
the vule larger owing o dircel and indivect componental movements, Tnothe antiforim two
wencrations of biotite 1 are distinguishable — o prekinematic and o« svinkinematic (Fig, 8).
In quartz-rich layers biotite is smaller (less than 1 ommo, worse oriented and ol weaker
posterystalline deformation,

Biotite 2 ocenrs sporadically in the core of the synform o in the vicinite ol the
central limb. Poi xenoblasts (more than 0.5 mmo ervstallized post kinematicallv, they
carey quarlz and dcite. They appear in the rule together with waenet and ehlorite and
muscovite aggresates in domains of wtal plagioelase transformation (Fig, 1.

Muscovilte originated by plagioclase alteration, 1t lias not been Tound in the primary
form.

Garnet in the mentioned assemblage is not chloritized and  posterystalline deformed
wnlike che adjucent biotite 1. Tn times it is atol-like with normal extinetion quartz in the
cenlre.

Chlorites are the product of biotite alteration (pennine and plagioclase translorma-
tion (elinochlor) .

Caleite fills up fissures in the lmb of the antiform Gin the maximal stress direction)

and synform (in the direction of the convergent eleavage Tant.
From the other indentified minerals Tound in aceessory amount stanvolite is of
close spatial relation o the biotite 2 — warnet assemblage.

The earlier deformation Dy is homotataetic with schistosity formation in the fold Timbs
and with o part of buckling, It s tracable by relations 1o biotite 1 ervstallization
(Fig. 7). The najority of minerals is to the culmination of Dy postkinematic. their erys-
tallization was indueed by the vounger Do, Final offects of Da are observable mainly
on one part of quartz 1. During Dy the folding proceeded, in the hinge zone of the anli-
lorm distinet creep traces were found. Fissures filled up with quartz 2 and ealeite
aenerated in the state of brittle failure of Dy,

Fie, 8 Faliie ol biotite o F2oantiform, i, 90 Gaenet and biotite 2 i the velrowrede
Magn, FENCN L Foto T D svald, metimorphisme domain of 20 Magn, A0 N
N. Fote Ll O svald,
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Subfabrics of biotite

Preferred orvientation of biotite has been studied in PNID ol both folds by statistical
evaluation of normals 1o {001} cleavage eracks, measured on thin sections [rom the ac-
section (Fig. 10). On 2 both generations of biotite 1 were measured, but not the
scarcely appearing biotite 2. The homotaxis of biotite sublabries with si. as well as the
gracle of their tropie varies in both folds in dependence on the position.

I‘\ o
L W
o

F1

Fig. 10, ac-sections of FL and F2 with thin section domains of biotite and quarlz measure-
nenls.

Fold IF1

The homotaxis of the biotite sublabric with sy decreases proportionally to the incom-
petence of the sampled layer and 1o the distanee of the hinge. This funetion is represen-
ted by the migration of the maxima on diagrams from the position nearly normal Lo s; Lo
the position when they include a sharp angle (< M A s) = 86°—26°: Fig. 11 to 14).
Biotite in the fold hinge is heterotactic with s — in the direction normal to s; the

x

Fig, 11 Biotite, F1-1, 200 poles of JO01], i, 120 Biotite, F1=2, 200 poles of ;ﬂ“”.
D—=]=2_35—10 < “jt]- O—1-—-2—5-10) « “I'"'
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density s less than 1% On the thin section from the Timb biotite is only weakly
posterystalline deformed and reoriented from the position parallel with s, Tt is not
strictly parallel with it. the fabric svmmetry is only pyvramidal thombic, Biotite reorien-
tation in the hinges of biotitie layvers proceed by bending. slippage on 10011 and by
potation in the conrse of diveet componental movements during posteryvstalline deforma-
tion e,

Comparing the steain orientation in the fold and the dingrams of dimensional orien-
tation of biotite its dependence on the direetion of maximal stress is evident, The maxi-
mum of the norngals to 10011 of biotite on the individual thin seetions and in the whole

R

Fie, 13, Biotite, F1=3, 200 poles of {001, Fiw. 14, Biotite, F1—4, 200 poles of {001
U—1—2—5—10 < Y. O0=1—=2—5-10 < %y

e, 10 Biotive, 12—1, 187 poles of 001 Fige, 10, Biotite, F2—=202209 poles of 0L
I I I

0—1=2—5-10 < Y. 0—1—2—-5—10 < %,
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fold (g, 200 Ties in the divection of the N-axis of the steain elipsoid. i, o the flakes aree
reoriented in the hinge into the YZ-plane.
Fold F2

The orientation of biotite on svnoptic diagrams of hoth Tolds is appearantly similar
(Fig. 20 and 21). More detailed vevise showed the presence of biotite 1 subfabric homo-

tactic and heterotactic with s in 72, The heterolactic sublabric originated by direct,
as well as by undirect componental movements. Heterotaetie biotite | did cither cryvstallize
in the direetion of the antiform axial surface, or it was later rotated into it alter ceystalli-
zalion. Doth cases are conspicuous on the right and leflt part of Fig, 8.

[eterotactic

e, 13, Biotite, 1F2—5, 116G poles of :““”‘
0—1—2—5-10 < 0,

x

Fig. 19. Biotite, 1"2—6, 134 poles of {001},
0—1—=2—5-10 < 0/,

Fie, 200 Biotite, Fl—1 10 4, .\"\'IHF[)tII‘ {“.'Ij_',‘l':lnl.
of 505 isolines, 800 poles of [001].
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Biotite 1 ervstallized thus only partly synkinematically with the Tolding of antiform.

The biotite 1 subfabric in the narrow hinge zone of the antiform was generaling
similarly as in the 'L — by direel componental movements. In the case of the anti-
form 12 the genesis of both types of heterotactie subfabries is a linked process, where
the direet componental movements reflect changes of the deformation conditions,

The differences in biotite subfabries of hoth Tolds are evident also in domains of the
fold knee. where the original fabric sy is best preserved. On both limbs of the
antiform 12 in addition to biotite 1 parallel with the plane s, also biotite normal 1o
this plane was found (1 0/ isoline at Y and 2% isoline at Z on [Fig. 15 and 17). In
spite ol the position it cannot be pegnrded Tor o tvpical posttectonic cross-mici as
biotite 2.

| .I
v hz
\ 'l
.\..
Fig. 21 Biotite, F2—1, 2, 13, 5, 6, syvnoptic Fig. 22, Quartz, F1—1. 200 0001,
dingram of 50 isolines, D16 poles of 00T 0—1—-2-3 < %,

I, 2000 Ouartz, 191202000 (0001, Fie, 24, Quartz, F1—3, 200 00017,

e[ —2—3 < 0}, o B O o
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In the synform 2 posterystalline deformation of biotite | has not heen observed.

The Tlakes are situated in sp — the 29 isoline forms a pattern similar to B-tectonite,
1
and sporadieally in sy — the maxima in direction N (Fig. 18).

Subfabrics of quarts

The orientation of the optie axes of quartz 1 was measured on the same thin sections
of both Iolds as the orientation of biotite. The orientation of the strain elipsoid axes was
marked Trom the relevant diagram of biotite subfabric. The measured quartz 1 shows
in both folds diverse time relations of erystallization 1o deformation.

i, 20,0 Quartz, F1—4, 200 (0001), Fig. 26, Quartz, F2—1, 200 (0001),
0—1-2-3 < 1, 0—1—2—3—4 < 9.

3200 (0001,

0—1—2—3—4% < 0,

i, 270 Quarte, 172220 165 (0001 ), Fig, 28, OQuarte, 112

D= =2
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In 11 quartz underwent deformation crvstallizing oviginally during the fTormation of
sp sublabric. or even during carly stages of buckling. Tts Tinal Tabric is the product of
Dy However the subordinate participation of relie [abries cannot be eliminated.

In 2 quartz has been measured, which was crystallizing mainly synkinematically
with the Tolding. lts fabrie is primarily vareying in the individual fold domains. The
folding did in places and only unsubstantially overgrow the ervstallization of quartz 1
funlike 1. Tn domains devoid of posterystalline deformation the arain shape proves

For cryvstallization by growth on sides of minimal stress. as it has heen experimentally
established by 1LW. Fairbairn (19500

Fig. 29. Quartz, F2—4, 100 (0001), Fig, 30, Quartz, 125, 99 nont.
' O—1=2—3—4 < . 0—=1—2—3—4 < .

i 31 Quartz, 1726, 52 oo, I, 32, Quartz, FL-1 1o 4, synoptic diagram

0—=1—2—4—6 < Y. of 20 isolines, 800 (0001
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I“old 191

The guartz dingrams (Fig. 22 10 25) have a common leature: the maximal density
ol the optie axes is near o the NZ-plane. The large cirele of the 1% isoline with the
axis in Y oceurs in three of the Tour dingrams. T is intereapted only in the Told hinge
(Fig. 231, The position of the highest maximum to the Z-axis depends on the degree
of preferred orientation of quartz by posterystalline delormation. Tt is proportional to
the actual or apparent homotaxis of both quartz and biotite sublabries. The dingrams
from the hinge and the lower Timb correspond best 1o this rule (Fig, 23 and 25). The
more intensive and homogenous is the effect of Dy on guartz 1. the less are the ma-
ximae which are cummulative and situated nearer o the Z-axis.

Faold IF2

The apparently ireegular distribution of 1he oplic axes maxima reveals alter more
detailed study the Tollowing rule: towards the Fold hinge the maximal concentralions
migrale from the vieinity ol the NZ-plane towards the Y-axis. In diagrams of the anti-
form limb and Trom the centeal limb the maxima lie on N7 (Fig. 26 and 28). In
the lower limb near the core of the synform the highest maximum is in o distance of
429 Trom N7 (Fige 310 in the antiform and synlorm cores it is up to 70° (Fig. 27.
20 and 30). The plot on Fig. 34 represents the position of the highest and other maxima
with regard 1o X7 and 7.

The Tabreie of the quartz oplic axes is in agreement with the diverse state of strain in
the hinge and in the Told limbs. The buckling is aceompanied by an expansion in the
core into the direction of the Told axis (Y). in which the optic axes of quarlz are
geadually reoriented. The synforn core is closest 1o this state, beeause in the antilorm
hinge zone creep set inin direction of the axial surface. On the Told limbs the orienta-
tion of quartz is controlled mainly by tangential longitudinal steain, On the diagrams
from the central and svnformal limb the maximum (or their group) lies in the diree-
tion of the convergent cleavage fan: the angle MAX varies Trom 30° to 50°.

The migration of maxima of the quartz optic axes in 2, fiest of all in the svolorm
hinge zone. reminds the stages leading to the ultimate steadyv-stale paltern as theyv were
determined by I Hara (1971),

The subfabries of quartz were tentatively unfolded in both folds according to the
method of B. Sander (1930, 1950) and
JoLadurner (1950, The reduced ho-
mogeneity ol the majority of sublabries
displaving by several maxima and their
deviation Trom the ac-plane is a handicap.
[t has been partinlly overcome by the
adoption of the highest maximum in the
consteraetion  of  the  g-direction. Under
these conditions 1 and 12 are in the

sense of Sander’s celassiflication unhomo-

i, 330 Ouaretz, 19241 10 GG, svioptic dingram

af 29 dsolines, 815 (0001},
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iz, 34. Relationship between the angle MAYZ and MANZ Tor the highest (triangles) and the
other maxima (points) on the quartz optic axes diagrams in Il oand F2,

senconsly oriented folds without possibility of unfolding. Quartz fabrie in F2 and mig-
ation of the maxima towards Y. recall o quartz phyllite fold from Brixen analvzed
by LShalfler-Zozzmann (19550

Comparison of fold fabrics and their structural regines

By ecometric and microscopic analyses. differences hetween hoth Tolds were found
in the majority of the investigated phenomena. Differences in geometrie features of folds
are coherent 1o the state of steain. which depends on the rheologic properties ol the
deformed rocks. Tn 12 metamorphic differentiation conspicuously separated the biotite
from those of quartz-feldspar layers. unlike of F1owhere the dark lavers are commonly
of composite constitution. In the core and in the hinge zone of 172 antiform the effa-
cement of metamorphic differentiation set in subsequently. due o inlensive ereep.

Compression of the Told are FLis smaller than in 2. as the decollement and ereep in
the antiform. resp. the impress of synform core indicate. The eross section shape ol the
1 quartz-Teldspar layers s more recular than that of 1720 variations Ve ol particular
layer of F2 ave larger than in FLThe biotite Fovers of 12 vedueed by differentiation
cannol be deseribed by orthogonal thicknes, Their deformation is passive. closely related
to the deformation of the quartz-feldspar layers. The Tayers of both folds. or their minor
parts are Trequently Tolded in the subelass 16 wilth weakly convergent isogons,

The differences in mineral composition of the rocks hefore Tolding are unsubstantial.
More important are the differences in grain size influencing the course of recrystalli-
zation and ercep, Grain size of the quartz-feldspar Tayers in 2 s 10 10 50 times Larger
than that of FL. The differences in mineral composition generate geadually with Tolding
in the state of retrograde metamorphims. The ervstallization ol the retrograde mineral
assemblages is induced inoevery Told by another mode. In 1 othese are diveet compo-
pental movements. peneleating most intensely the biotite Tayer of the outer are. where
they pass into indiveet componental movements of retrograde ervstallization. In 172 the
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retrogreade mineral assemblage oceurs Tiestly in the domain of maximal compression
and minimal dircet componental movements (synform core). The direct componental
movements in the antiform are not accompanied by retrograde ervstallization.

The retrogeade mineral assemblage of FIL s lower temperated as in F2. In both
lolds retrograde ervstallization is allicd 10 domains of a particular suitable original
mineral composition and a particular fold seetion. This phenomenon is common in
mesoscopie and macroscopic domains of the Tatroveporide ervstalline complex.

The differences in biotite subfabries of hoth Tolds are evident in the hinge zone. In
Il biotite 1 subfabrie has been Tormed by diveet componental movements. in F2 by
indireet componental movements, In RMD of 12 in addition eross biotite 2 ervstallized.
[ both folds the older planar Tabric s has been deformed by a mode adequate to the
structural vegime, Biotite subfabries indicate not only the diverse Tormation of hoth
folds. but also the dilferent Tormation of the antiform and svnform of F2. The [abrie
ol the 12 svalorm originated likely in o deeper level and earlier as the fabric of the
hinge zone of the antiform. The succesion of deformation in I'2 is proved in this sense
by the mesoscopically observed [lexure of the axial surface.

Dilferences in guartz sublabries of both folds are again most conspicuous in the hinge
zones. They are characterized by the position of the optic axes towards the axes of the
steain elipsoid. While in I'l the highest density of the oplic axes is in the NZ-plane and
near the Z-axis. in F2 00 is far of N7, implicating a small cirele with the axis Y.

The mentioned differences in Tabrie of the investigated folds are due to the deforma-
tion during diverse structural vegimes. The structural regime is o resull ol several
lactors, Trom which temperature. strain. time. chemical constitution of rocks and the
presence of the fluid phase are most important and of mutual interaction. Quantitative
and qualitative variations in the system ol the structural regime induce intensive
changes of the structural stvle. Comparing the deformation mechanism even of an
individual mineral in both folds the complexity of the process is evident. Thus according
to the eriteria of Do FLinn (1965), the lold-lorming deformation of biotite 1 in PMD
of 1 was activated nonthermally. while in I'2 it was activaled thermally and nonther-
mally. The deformation of quartz | in the same domains of FL was activated mostly
nonthermally, of F2 thermally., The deformation of BMD is in both Tolds activated
thermally (recryvstallization). The mechanism of deformation is changing already in the
arain domain and varies commonly in diverse layvers and is always dilferent in various
fold domains. The determination of the stractural regime can be approached by correla-
tion of mesoscopic and microscopie structures with the metamorphic Tacies, as il was
elfectuated by 00 G TTolland and IoSL Lambert (1969). According 1o the
eriteria they determined, 1 originated in regime 2 and 2 in regime 3. The elassili-
calion is only approximale, owing lo variations of mineral composition and steain
variation within time and structure. They induee variations even in the range of the
total regime within the domain of one Told, Tis vesull is the convergeney ol struetural
regimes and corresponding fold stvle. as it is observable in one part of the investizaied
crvstalline complex.

Conclusion
The mode of Tormation of 1wo |ni'r4n.‘4='n[!il' folds in |1|1'I:|Il1nl'|3|li|l's ol Low Tatea NMis.

Dumbicer ervstalline complex was approached by the study of morphology. mineral con-
stitulion and s Tabrie.
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The differences in morphology ol the eross section between both Tolds are vather due
1o degree of recrystallization and metamorphic differentintion during the deformation.

than 1o the original mineral composition. Differences i geometrie: features ol the

individual Tavers of o certain Told arve due 1o the diverse competeney as o function of
mineral composition. The variability of geometrie properties of the fold from shallower
level (1710 s Tower thin in the Told Trom the deeper Tevel (17200 The modifieation of the
fold shape is proportional Lo incompelency.

The fold 11 oviginated by deformation conspicnonsly separated temporarily from
the progeade metamorphisim ol gneiss. while 172 was deformed  simultancously and
closely alter prograde metamorphisn. oo hoth folds the effeets of retrograde meta-
morphism are consequent with the Tolding process. they revealed only in o certain
ctructure domain with suitable mineral composition and state ol strain,

Both folds generated by deformation of planae Tabries. Subfabries of biotite and
quartz characterize the various Lime sections of Tolding, the degree of their geneily
varies with the position in the strueture. The state ol strain and the variations of the
stenetural regime during Tolding demostrate the hiotite and quartz subfabries [rom the
hinge domains. These in a Told from o shallower level are formed Tirstly by direet com-
ponental movements, unlike in the fold Trom the deeper structural level.

The stadied aspeets of Told Tabries point 1o the diversity of structural regimes under
which they originated. Tt is evident that they vepresent onlv a part of the seale of
deformation conditions created i the timesspatial plan ol the Varisean and Alpine

Orogeny.,
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