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KAROL SIEGĽ 

THE FABRIC OF MESOSCOPIC FOLDS OF DIFFERENT STRUCTURAL 
REGIMES FROM METAMORPHITES OF THE WESTERN PART OF 

LOW TATRA Mts. (WEST CARPATHIANS) 

(Fig. 1-34) 

A b s t c a c 1: The fabric of two mesoscopic folds of diverse age and structural 
level lias been studied by means of ac-section morphology, time and space rela­
tions of crystallization to the deformation of rock forming minerals and of 
biotite and quartz subfabrics. The differences between fold fabrics are regarded 
to be the consequence of diversity of the Variscan and Alpine structural 
regime. 

P e 3 i o M e : BHyTpeHHee crpoemre ABVX MajiMx CKJiaaoK pa3jin<iHoro B03pacTa 
H CTpyKTypHoro 3Ta«a H3y<ieHo nocpeACTBOM Mop<j>ojiornn ac ceqeHHH, BpeMeHHbix 
H npocTpaHCTBenHbix OTHOUienHH KpHCTa^^H3auHH K jtecj)opManHH nopojioo6pa3y-
IOUHHX MHHepajlOB H HaCTH«IHMX BHyTpeHHHX CTpoeHHH ÔHOTHTa n KBapua. Pa3HHlta 
Me>Kny BHyTpeHHHM crpoeHHeM CKJiaaoK noaTBepjKaaeTca pe3yjibTaTaMH pa3HnuH 
BapHCKoro H ajihnHHCKoro CTpyKTypHoro pOKHM3, 

Introduction 

The western part of the Low Tatra Mts. is built up by the Ďumbier crystalline 
complex of the core-mountain type. Paragneisses with amphibol i te intercalations and 
migmatite make up the mantle of granites and granodiorites. The crystalline complex 
is overlain by an autochthonous Mesozoic envelope and nappes. 

Absolute ages (.). K a n t o r 1959, 1961) and structural relations (K. S i e g I 1970) 
give evidence for the Variscan d y n a m o t h e r m a l m e t a m o r p h i s m of the crystalline com­
plex. The effects of Alpine retrograde metamorphi sm in the level of recent denudat ion 
are local, closely related to the tectonogenesis. The folding of the crystalline complex 
took place during four phases — two Variscan and two Alpine phases. 

From the causes determinat ing the diverse character of the folds the structural level 
is of special importance. Two cm-folds in gneisses were analyzed in order to elucidate 
their formation as function of structural level and regime (Fig. 1). The fold F l origi­
nated by Alpine deformation of two-mica paragneisses in the u p p e r structural level. 
The fold F2 generated dur ing Variscan deformation of banded gneisses in a deeper 
structural level. 

The geometrical analysis and. state of strain in the folds 

Both folds differ by geographical, orientation and position of the fold axis and 
surface. Fl is a subhorizontal fold with moderately to steeply inclined axial surface. 
F2 is a moderately plunging recumbent fold. Both are parts of higher order fold struc­
tures. Within the outcrop domain they are assymetric and cylindric. 

The utilized geometrical classification is based on the description of folded surfaces 
on the ac-section by means of orthogonal thickness (J. ( i . R a m s a y 1967), The 

RNDr. K. S i e g I, CSc, Department of Petrography, Faculty of .Natural Sciences of the 
Cnmenius University, Bratislava, Gottwaldovo nám. 2. 



206 SIEGL 

Fiji. I. Folds F l am! F2. 

variation in ť = witli the angln a was constructed geometrically for the indi-

to 
vidual layers of both folds (Fig. 2 and 3). 

F o l d Fl 
Two relations are evident from the diagram ť a (Fig. '\)\ the increase of orthogonal 

thickness towards the hinge and the different increase in the competent and incom­
petent layers on behalf of (be latter. F l is a complex fold in which the individual 
layers were diversely folded. Quartz-plagioclase layers b, bb belong in R a m s a y ' s classi­
fication to the subclass 1C — folds with weakly convergent, isogons (t'a < 1 ; t 'a > cosa). 
liiolile layers c, cc rich in quartz belong partly also to this group. These and the layer 
a are close to the class 2 — folds with parallel isogons (t'a = cosa). To the class 3 — 
folds with divergent isogons. belongs one part of the liiolile layer aa near the fold core 
(() < t'a < cosa). To this class should belong also the strongly retrograde metamorpho­
sed uncalculated layer of the outer arc. 

Assuming the competent layers were buckled into parallel folds and subse­
quently modified bv flattening into similar folds — flattened parallel folds, il 

is possible lo determine from t'« = (cos2 a -f- — sin- a) <- the amount of supe-
A l 

[•imposed compressive strain (.1. G. R a m s a y L962). The ratio of the principal 
quadrat ic extensions A, and A2 (parallel and normal to the axial surface), as it has been 

read From the diagram of t'a values with variations i n — - = — in flattened parallel folds 
Ai 
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is as follows: for pails dose to the liingc of the layer b.bb ] / — - = 0,9 up to 0.7. 

l l " ' l l l r lity'1 ' c-cc V 7 = , )- / | "l> h> O-1- The modification of incompetent layers 

is distinctly stronger. Owing lo the tangential longitudinal strain it is impossible lo 
determine the total compressive strain, ll is indicated by the low value of ť In the fold 
limbs and by considerable variations in the particular layers. The general trend of 
modificali f the fold F.I by homogenous strain follows from the subclass I B 
towards the class 2. 

1 l l ( ' incompetent layer of the outer fold arc (uncalculalcd) lias been deformed u n d e r 
formation of shearing cleavage. The curved course of cleavage is due to variation of 
compress strain in the contact zone of diverse competence layers. Towards the bin»e 
the shear planes arc convergent, as it is characteristic for incompetent layers. Tins part 

hnpc of ar-scct Fl. Thick lines mark calculated parts nf layers, domain of retro­
grade inetaniorphism is dolled. 
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of the fold suffered by maximal componental movements allied with retrograde 

rcerystallization. . . 
A slip parallel lo the boundary as it has been deseribed from plexural slip lolds (ľ . A. 

I) o n a t h 1962), was found between the layers of the outer arc. 

I'' o I d F2 
In regard to lbe idealization of biolite-rieb layers dispersed by creep in the hinge. 

Ihe geometrical analysis of this fold is tentative. Only a part of the antiform beside 
I lu> decollement was calculated. 

Plots of t'a (Fig. 5) constructed from the cross section of the antiformal and syn-

ll 

n m a l parts indicate variations of the fold style not only for individual but even in 
ic same layer. So Sb, Sbb for example has strongly convergent {Sb in the subclass 1A), 

„ ) Shape of ac-scction F2 with orthogonal thickness in the hinge (to) and in the limb of 
« ni'iliform (I,). Thick lines mark calculated parts of layers, domain of retrograde im ta-

morphism is dotted. 
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bul also divergent dip isogons in the synform (Sbb in class ,'!). A considerable part of [he 
cross section shape has weakly convergent dip isogons — subclass If!. Modification by 
heterogenous shear parallel to the axial surface is frequent. 

In the upper anli form limb and in the synform core structures complicating the fold 
shape arc developed. T h e y generated owing to different rhcologic properties of adjacent 
layers and owing to space reduction in the flexure of the more competent of them. The 
llexure ampl i tude in the limb of the antiform decreases Inwards the core and in the 
innermost quartz layer three parasitic folds oceure. This layer is relatively the most 
thin and the less competent. Between the layers Sti and Sb a decollemenl is originating. 
The final stale of strain in this limb is however similar to that of the whole anliform — 
dimensional orientation of biotite is identic. 

In the synform core deformation effects due tu extreme buckling of the quartz-
feldspar layer were also observed. Its material is impressed into the biotile-rich core. 
The lobate form of the contact is typical for diverse viscosity materials In compression. 
During the buckling period the quartz-feldspar layer ought to be competent enough to 
retain creep ol the less competent synform core towards the hinge. 

ľhe differences In the hinge formation of the anliform and synform of the fold F2 
are due to the sequence of the competent layers, their thickness and to the Flexure 
ampli tude of the thickest of them. 

1.5 I r 1.5 

a a 
I'ig. 4. Piet t, of K I. Fig. 5. Plot t2 of F2. 

14 
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Mineral conijxjsition and its relation In the deformation 

The composition of deformed rocks is pr imary inhomogenous. The state of strain in 
studied folds is closely related with this feature. Crystallization and recrystallization 
; m . eonlroled by the original coinposition, as well as by the stale of strain. In both 
folds mineral assemblages were Found, with different crystallization-deformation rela­
tions, belonging to prograde and retrograde metaniorphism. In the ideal case the total 
deformation may be divided into three parts — l ) : . D 2 , D 3 . In both folds only I) ! can 
be temporari ly parallelized. A conspicuous discontinuity exists only in Fl between Dj 
and I K 

b o I d F I 
Within the sample domains of a mineral assemblage with predominat ing prograde 

(I'M I)) and retrograde ÍRMD) metamorphism can be distinguished. The older assem­
blage belongs to the garnet amphibol i le facies, the younger one to the greenschisl I'acies. 
I',MI) are limited In sites of maximal creep, like the incompetent mica-rich layer ol the 
outer arc. 

The following minerals were identificated: quartz, biotite. oligoclase. K-feldspar. 
albite. museovite. chloriles, garnet, apalite. zircon, zoisile. leuroxone. carbonate. Quartz. 
museovite and chloriles are represented by several generations. 

() u a r I./. I forms xcnoblasts '0.1— 0,5 nun arangod in places into glomeroblasts or ban.Is 
„f up i,, I..", mm thickness. The. shape of isolated blasts depends on the position and thus 
,.,|SI1 ,,,, pi,,', poslerystallinc deformation. In ľ.MI) quartz-feldspar layers is lease-shaped, in 
micaceous layers it i> lathy, ľndalose extinction is common due to postcrystalhnc deforma­
tion I),. 

( J u ä ľ l z '-! appears in I'M I) in lease-shaped glomeroblasts with straight gram boundaries. 
I.N I i nelili 11 is normal. . 

O u a r l z :Í fills up sometimes with carbonates minule fissures. Weak undulose extinction 
proves foe lbe strain along lbe fissures. 

15 i o t i i ,. is a substantial component of mica-rich layers. Unlike its appearance in quartz-
ľcldspar layers il is bigger fup to 3 mini with a reddislibrown pleochroism •;. It is often chlo­
rit ized and sagenilized. in HMD only its relics occur. 

Fig (i. Retrograde mineral n»»emblage ol I" I. 
Magn. !),'! X, N //. Foto L. O s v a l d. A -
albite, C — clinnrhloľ. rhipidolite. I. — leuco-

xcue, Qo — quartz 2. 
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O I i g n c 1 a s c Aii.) i r^ is abundant in quartz-feldspar layers. It encloses micas and quartz 1. 
It is mostly sericitized and postcrystallinc deformed. 

K - ť e 1 d s p a r was Found sporadically in PAID, H carries micas and quartz. 
A I h i t e together with Mg-chlorites and sericite forms cumuloblasts in RAID. Sporadically 

synki nemalir crystallization "̂v" 1111 cldorites in si is observable, more often il is postkincmatic. 
M u s c o v i t e f is more scarce than biolite with whicli it appears together. One part 

originated by baueritization. 
M u s c o v i t e 2 (sericite) is tlie product of feldspar alteration. By cumulation of minute 

flakes Mess than D.I mm) cumuloblasts originate in IL.MI). filling up the place oiler plagio-
clase. 

C h l o r i t e s generated in PAID by biotite and garnet chlorilization — penninc, hut also 
by plagioclase and biotite alteration in KM I) — clinochlor and rhipidolitc. The latter form 
»vith sericite, albite and leukoxene characteristic lenseshaped cumuloblasts (big. (J). 

G a r n e t was found scarely in the hinge of the layer a. nrt. 

The time relations of crystallization of the substantial components to deformation in 
F l are represented on the left part of Fig. 7. The m a x i m u m of l) | deformation lies in 
the range of biotite and museovite 1 crystallization. The younger deformation Do 
culminated before the main crystalizalion of museovite 2. quartz 2. albite and cldorites. 
During D| the parallel fabric of gneiss folded during Do generated. Folding was accom­
panied b y direct eomponental movements and b y posleryslalline deformation of the 
components crystallized before Do. In layers of suitable mineral composition and thus 
also with maximal action of Do, a younger crystallization has been induced. The youn­
gest deformation D;> shows the character of brittle failure. 

ľ o I d ľ 2 
In the fold sample mineral assemblages and textures of polyinolamorphism were 

found again. Plagioclascs are always altered into a fine-grained scricite-cblorite mass. 
in the core of the synform garnet and younger biotite 2 originated at the same lime. 
The ar rangement of garnet, accumulat ions in the strike of the axial surface proves for 
I he alliance of its blastesis with the fold formation. 

The following minerals have been identificated: quartz, biotite, museovite, garnet. 
cldorites, staurolile. apatite, zircon, carbonates. Quartz and biotite appear in two gene­
rations. 

b i o t i t e 

museovite 

oligoclase 

a l b i t e 

q u a r t z 

chlorite 

g a r n e t 
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Q u u i- i z I forms in qua r t z - r i ch layers xenob las l s (less tlian 7 mm) e longated in llie 
d i rec t ion of schis tos i ty . Tlieir size decreases towards the hinge. In si il con ta ins tota l ly serici-
tizcd fe ldspars , m i n u t e i d iomorph i c biot i te flakes and ga rne t . J n biot i lc-r ich layers it is smal ler 
(less than '.) m m ) , somet imes il m a k e s up lensc-shaped g lomerob las t s . T h e gra in b o u n d a r i e s 
in the fold l imbs arc s t r a igh t in I he f lexures s u t u r e d . 

Q u a r t z 2 o r ig ina ted b y rec rys ta l l i za t ion of q u a r t z I in the v ic in i ty of the fissures. 
B i o t i t e I is in biot i lc-r ich layers on the fold l imbs d i m c n s i o n a l l y o r ien ted in the p lane 

of schis tos i ty . T h e dev ia t ion of smal l e r flakes from this d i rec t ion in the hinge d o m a i n s is in 
the rule larger owing to direct and indirect comp ital m o v e m e n t s . In the an t i fo rm two 
gene ra t ions of biot i te 1 are d i s t i ngu i shab le — a p r e k i n e m a t i c and a synk ine iua t i c (Fig. 8) . 
In qua r t z - r i ch layers biot i le is sma l l e r (less than I m m ) , wors -ieuled and ol weaker 
pos tc rys la l l ine de fo rma t ion . 

B i o t i l e 2 occurs spo rad ica l ly in the core of the synfo rm anil in the vicini ty ol the 
cen t ra l l imb. Poiki l i t ic xenob la s l s (more than 0,5 mm) crysta l l ized post k inemat i ca l ly , they 
ca r ry q u a r t z and ser ici te . T h e y a p p e a r in the rule together with ga rne t and chlor i te and 
muscov i t e aggrega tes in d o m a i n s id total plagioolase t r ans fo rma t ion (Fig. 9) . 

M u s c o v i t e or ig ina ted by plagioclase a l t e ra t ion . It has not been found in the p r i m a r y 
form. 

G a r n e t in the men t ioned as semblage is not chloriti/ .ed and pos tc rys la l l ine de fo rmed 
un l ike the ad jacen t biot i le I. In l imes it is a lol- l ike with no rma l ex t inc t ion q u a r t z in the 
cen t re . 

C h i o r i t e s are the product of biot i te a l t e ra t ion (p line) and plagioclase t r ans fo rma­

tion (c l inochlor) . 
C a l c i t e fills up fissures in the l imb of the an t i form (in the m a x i m a l stress di rect ion) 

and s y n f o r m fin the d i rec t ion of the conve rgen t c leavage fan). 
From ihe oilier indentif ied minera l s found in accessory a m o u n t s t a u r o l i t c is of 

close spal ia l re lat ion to the biot i te 2 — garne t a s semblage . 

T h e e a r l i e r d e f o r m a t i o n l ) | is h o m o l a t a c l i c wil l i s c h i s t o s i t y f o r m a t i o n in llie fold l i m b s 

a n d vvitli a p a r t of b u c k l i n g . It. is t r a c a b l e b y r e l a t i o n s to b i o t i l e I c r y s t a l l i z a t i o n 

(F ig . 7 ) . T h e m a j o r i t y of m i n e r a l s is lo t h e c u l m i n a t i o n of D | p o s l k i n e m a t i c . t h e i r c r y s ­

t a l l i z a t i o n w a s i n d u c e d b y (he y o u n g e r I K F i n a l effects of D 2 a r e o b s e r v a b l e m a i n l y 

o n o n e p a r t of q u a r t z I. D u r i n g D2 t h e f o l d i n g p r o c e e d e d , in t h e h i n g e / .one of l l ie a n t i -

fo rm d i s t i n c t c r e e p t r a c e s w e r e f o u n d . F i s s u r e s filled u p w i t h q u a r t z 2 a n d c a l c i t e 

g e n e r a t e d in t h e s l a t e of b r i t t l e f a i l u re of ]);',. 

Fig. 8. Fabr ic of biot i le in F2 an t i fo rm. Fig. II. Garne l and bioti le 2 in the re t rograde 
Mn»n II \ , N / / . Folo I.. O s v a l (I. m e l a m o r p h i s m d o m a i n of F2. Magn. 10 X. 

N. . Folo I.. O s v a I d. 
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Subfabrics of biolite 

Preferred orientation of biotite has been studied in I'M D of botli folds by statistical 
evaluation of normals to jOOi} cleavage cracks, measured on tliin sections from the ac-
seclion (Fig. 10). On F 2 both generations of biotite 1 were measured, but not the 
scarcely appear ing biotite 2. The homotaxis of biolite subfabrics with S|, as well as the 
grade of their tropic varies in both folds in dependence on the position. 

Fig. 1(1. ac-scctions of F l and F2 with thin section domains of biotite and quartz measure­
ments. 

F o 1 d F 1 
The homotaxis of the biotite subfabric with si decreases proport ional ly to the incom­

petence of the sampled layer and to the distance of the hinge. This function is represen­
ted by the migration of the maxima on diagrams from the position near ly n o r m a l to S| to 
the position when they include a sharp angle (< M A Sj = 8G°—26°; Fig. 11 to 14). 
Biotite in the fold hinge is heterotaclic with sj — in the direction normal to sj the 

Fig. II. Biotite, ľ l- l . 200 poles of |00.l|, Fig. 12. Biotite, F l - 2 200 poles of iOOII, 
0 - 1 - 2 - 5 - 1 0 < % . 0 - 1 - 2 - 5 - 1 0 < % . 



2 j /, SIEGL 

density is less than I % . On the lliin section from the limb biolitc is only weakly 
postcrystallinc deformed and reoriented from the position parallel with s,. It is not 
strictly parallel with it. the fabric symmet ry is only pyramidal rhombic . Biotite reorien­
tation in the binges of biotitic layers proceed by bending, slippage on {001} and by 
rotation in the course of direct componcntal movements during postcrystallinc deforma­
tion Dj-

Comparing the strain orientation in the fold and the diagrams of dimensional orien­
tation of biotite its dependence on the direction of maximal stress is evident. The maxi­
m u m of the normals to 1001) of biotite on the individual thin sections and in the whole 

Fig. 13. Biotite, F . I -3 , 200 poles of (001}, 
0 - 1 - 2 - 5 - 1 0 < %. 

„, II Biotite, F l - 4 , 200 poles of !001|. 
0 - 1 - 2 - 5 - 1 0 < %. 

Fig 15. liiotite, F 2 - 1 , 187 poles of (001}, 
0 - 1 - 2 - 5 - L0< %. 

Fig. Id. Biotite, F 2 - 2 , 229 poles of ,001}, 
0 - 1 - 2 - 5 - 1 0 < %. 
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fold (Fig. 20) lies in the direction of the X-axis of the strain elipsoid, i. c. the Flakes arc 
reoriented in the hinge into the VZ-plane. 

F o l d F 2 
The orientation of biotile on synoptic diagrams of both folds is appearanl ly similar 

(Fig. 20 and 21). More detailed revise showed the presence of biotite 1 subfabric homo-
lactic ami heterotactic with si in F2. The hctcrotaclic subfabric originated b y direct, 
as well as by undirect componenlal movements . Heterotactic biotite I did either crystallize 
in the direction of the antiform axial surface, or it was later rotated into it after crystalli­
zation. Both cases are conspicuous on the right and left part of Fig. 8. Heterotactic 

Fig. 17. Biotite, F 2 - 3 , 250 poles of lOOij, Fig. 18. Biotite. F 2 - 5 , f 10 poles „ľ [001), 
0 - 1 - 2 - 5 - 1 0 < % . 0 - I - 2 - 5 - 1 0 < % . 

Fig. 19. Biotite, F 2 - 6 , 134 poles of jOOt), Fig. 20. Biotite, F l - l to 4. svnoptic diagram 
0 - 1 - 2 - 5 - 1 0 < »/0. of 5 % isoliocs, 800 poles of 1001). 
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biolitr 1 crystallized thus only partly synkinemalical ly with the folding of antiform. 
The biotite 1 subfabric in the nar row hinge zone of the antiform was generating 

similarly as in the F l — by direct componental movements . In the case of the anti-
form F2 the genesis of both types of heterotaetie subfabrics is a linked process, where 
Uie direct c< )onental movements reflect changes of the deformation conditions. 

The differences in biotite subfabrics of both folds are evident also in domains ol the 
fold knee, where the original fabric s, is best preserved. On both limbs of the 
antiform F2 in addition to biotite I parallel with the plane Si, also biotite normal to 
this plane was found (1 % isoline at Y and 2 % isoline at Z on Fig. 15 and 17). In 
spite of the position it cannol be regarded for a typical posttectonic cross-mica as 
biotite 2. 

Fi„- •>:) 0 „ „ , l z Kl - 2 , 200 (0001), Fig. 24. Quartz, FL—3, 200 (0001), 
"' " ' 0 - 1 - 2 - 3 < %. 0 - 1 - 2 - 3 - 4 < %. 
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lii the synform K2 postcrystalline deformation of 1> io l i I o I has not been observed. 
The flakes are situated in S] — the 2 % isoline forms a pat tern similar to B-tectonite, 
and sporadically in S2 — the maxima in direction X (Fig. 18). 

Subjabrics oj quartz 

The orientation of the optic axes of quartz 1 was measured on the same t h i n sections 
of both folds as the orientation of biotite. The orientation of the strain elipsoid axes was 
marked from the relevant d iagram of biotite subfabric. T h e measured quartz 1 shows 
in both folds diverse lime relations of crystallization to deformation. 

Pig. 25. Quartz, F l - 4 , 200 (0001), Fig. 26. Quartz, F 2 - 1 , 200 (000ľ) 
0 - 1 - 2 - 3 < % . 0—1—2—3—4 < % . 

Fig. 27. Quartz, F 2 - 2 , L Go (0001). Fig. 28. Quartz F 2 - 3 , 200 (00011 
0 - I - 2 - 3 - / 1 < u „. I)_ | - 2 - 3 - / J < % . 
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]„ |.'| quartz underwent deformation crystallizing originally during the formation ol 
s, subfahric. or even during early stages of buckling. Its final fabric is the product (.1 
D2 . However the subordinate participation of relic fabrics cannot be eliminated. 

"in F 2 quar tz has been measured, which was crystallizing mainly synkinematical ly 
with the folding. Its fabric is primarily varying in the individual fold domains. The 
folding did in places and only unsubstant ial ly overgrow the crystallization of quart/. 1 
(unlike F l ) . In domains devoid of postcryslalline deformation the grain shape proves 
for crystallization by growth on sides of minimal stress, as it has been experimental ly 
established by II . W. F a i r b a i r n (1950). 

Fig 29. Quartz, F 2 - 4 , 100 (0001), 
0 - 1 - 2 - 3 - 4 < % . 

Fi<r 30 Quartz, F 2 - 5 , 99 (0001), 
0 - 1 - 2 - 3 - 4 < %. 

Fig 31 Quartz, F 2 - 6 , 52 (0001), 
0 - 1 - 2 - 4 - 6 < %. 

Fin- 32 Quartz, Fl-1 to 4, synoptic diagram 
of 2 % isolines, 800 (0001). 
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I ' o I d F I 
The quartz diagrams f Fig. 22 to 2.")) have a common Feature: the maximal density 

of the optic axes is near to the XZ-plane. T h e large circle of the 1 % isoline with the 
axis in ^ occurs in three of the four diagrams. It is interrupted only in the fold hinge 
[Fig. 2.3). The position of the highest m a x i m u m to the Z-axis depends on the degree 
of preferred orientation of quartz by postcrystalline deformation. It is proportional to 
the actual or a p p a r e n t homolaxis of both quartz and biotite suhfahrics. The diagrams 
From the hinge and the lower limb correspond best to this rule (T'ig. 2.'? and 25). The 
more intensive and homogenous is the effect of Do on quartz I , the less are the ma­
xima, which arc cummulat ivo and situated nearer to the Z-axis. 

F o I d F 2 
ľhc apparent ly irregular distribution of the optic axes maxima reveals after more 

detailed study the following rule: towards the fold hinge the maximal concentrat ions 
migrate from the vicinity of [he XZ-plane towards the Y-axis. In diagrams of the anti-
form limb and from the central limb the maxima lie on XZ (Fig. 26 and 28). In 
the lower limb near the core of the synform the highest m a x i m u m is in a distance of 
V2° from XZ (Fig. 31). in the antiform and synform cores it is up lo 70° (Fig. 27. 
2Í) and .'10). The plot on Fig. 34 represents the position of the highest and other maxima 
with regard lo XZ and Z. 

The fabric of the quartz oplie axes is in agreement wilh the diverse stale of strain in 
the hinge and in the fold limbs. The buckl ing is accompanied b y an expansion in the 
core into the direction of the fold axis (Y). in which the optic axes of quartz are 
gradual ly reoriented. The synform core is closest lo this state, because in the antiform 
hinge zone creep set in in direction of the axial surface. On the fold limbs the orienta­
tion of quartz is controlled m a i n l y b y tangential longitudinal strain. On the diagrams 
from the central and synformal l imb the m a x i m u m (or their group) lies in the direc­
tion of the convergent cleavage fan: the angle M A X varies from 30° to 50°. 

The migrat ion of m a x i m a of the quartz optic axes in F 2 , first of all in the synform 
hinge zone, reminds the slages leading to the ul t imate steady-stale pattern as they were 
determined by I. II a r a (1971). 

The suhfahrics of quartz were tentatively unfolded in both folds according lo the 
method of P.. S a n d e r (1930. 1950) and 
J. F a d u r n e r (1950). The reduced ho­
mogeneity of lbe majority of subfabrics 
displaying by several maxima and their 
deviation from the ac-plane is a handicap. 
It has been partially overcome by the 
adoption ol the highest m a x i m u m in the 
construction of the q-direction. ľ ruler 
these conditions FJ and F2 are in the 
sense of Sander 's classification unliomo-

í'"ní. '.)'.'>. Quart/., F2-I lo (I. svniiptic diagram 
of 2 % isolines, 815* (0001). 
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Fig. 34. Relationship between tlie angle MAZ and .MAX/ for the highest (triangles) and the 
other maxima (points) on the quartz optic axes diagrams in FJ and F2. 

goncously oriented folds without possibility of unfolding. Quartz fabric in F2 and mig­
ration of the maxima towards Y. recall a quar tz phyllite fold from Brixen analyzed 
by I. S h a f f I e r - Z o z /. m a n n (1955). 

Comparison o/ fald fabrics and their structural regimes 

lly geometrie and microscopic analyses, differences between both folds were found 
in the majority of the investigated phenomena . Differences in geometric features of folds 
are coherent, to the stale of strain, which depends on the rheologic properties of the 
deformed rocks. In F2 melamorphie differentiation conspicuously separated the biotite 
from those of quartz-feldspar layers, unlike of Fl where the dark layers are commonly 
of composite constitution. In the core and in the hinge zone of F2 antiform the effa-
ecment of melamorphie differentiation sel. in subsequently, due to intensive creep. 

Compression of the fold are F l is smaller than in F2. as the decollemenl and creep in 
the anliform. resp. the impress of synform core indicate. The cross section shape of the 
Fl quartz-feldspar layers is more regular than lhal of F2. variations t'« of particular 
layer of F2 arc larger than in I'M. The biotite layers of F2 reduced by differentiation 
cannot he described by orthogonal thicknes. Their deformation is passive, closely related 
l„ ihe deformation of the quartz-feldspar layers. The layers id both folds, or their minor 
parts are frequently folded in the .subclass LC with weakly convergent isogons. 

The differences in mineral composition of the rocks before folding arc unsubstantial . 
More important are the differences in grain size influencing (he course of recrystalli-
zation and creep. Grain size of the quartz-feldspar layers in F2 is I0 to 50 limes larger 
l | K m ihal of F l . The differences in mineral composition generále gradually with folding 
In Ihe stale of retrograde melamorphi ins . The crystallization of the retrograde mineral 
assemblages is induced in every fold by another mode. In Fl these are direct compo-
nenlal movements , penetrat ing most intensely the biotite layer of the outer arc. where 
they pass into indirect componcntal movements of retrograde crystallization. In F2 the 



TUP. FABRIC OF MliSOSCOl'IC FOLDS 2 2 1 

retrograde mineral assemblage occurs firstly in the domain of m a x i m a l compression 
and minimal direct componental movements (synform core). The direct componenta l 
movements in the antiform are not accompanied b y retrograde crystallization. 

The retrograde mineral assemblage of Fl is lower temperated as in F 2 . In both 
folds retrograde crystallization is allied to domains of a particular suitable original 
mineral composition and a part icular fold section. This p h e n o m e n o n is common in 
mesoscopic and macroscopic domains of the Tatroveporide crystalline complex. 

The differences in biotite subfnbrics of both folds are evident in the hinge zone. In 
F l biotite í subfabrie has been formed by direct componental movements, in F 2 b y 
indirect componental movements . In R M D of F2 in addition cross biolite 2 crystallized. 
In both folds the older planar fabric Sj has been deformed by a mode adequate to the 
structural regime. Biotite subfabrics indicate not only the diverse formation of both 
Folds, b u t also the different formation of the antiform and synform of F 2 . The fabric 
of the K2 synform originated likely in a deeper level and earlier as the fabric of the 
hinge zone of the antiform. The succesion of deformation in V2 is proved in this sense 
by the mesoscopically observed flexure of the axial surface. 

Differences in quartz subfabrics of both folds are again most conspicuous in the hinge 
zones. T h e y are characterized by I he position of the optic axes towards the axes of the 
strain elipsoid. While in Fl the highest density of the optic axes is in the XZ-plane and 
near the Z-axis. in F2 it is far of XZ, implicating a small circle with the axis Y. 

The mentioned differences in fabric of the investigated folds are due to the deforma­
tion during diverse structural regimes. The structural regime is a result of several 
lactors. from which temperature , strain, lime, chemical constitution of rocks and the 
presence of the fluid phase are most important and of m u t u a l interaction. Quant i tat ive 
and qualitative variations in the system of the structural regime induce intensive 
changes of the structural style. Comparing the deformation mechanism even of an 
individual mineral in both folds the complexi ty of the process is evident. Thus according 
lo the criteria of I). F l i n n (1965), the fold-forming deformation of biotite 1 in PM1) 
of F l was activated nonthermal ly , while in F2 it was activated thermally and nonther-
mally. The deformation of quartz 1 in the same domains of F l was activated mostly 
nonthermal ly, of F2 thermally. The deformation of R M D is in both folds activated 
thermally (recrystallization). The mechanism of deformation is changing already in the 
grain domain and varies c o m m o n l y in diverse layers and is always different in various 
fold domains. The determination of the structural regime can be approached by correla­
tion of mesoscopic and microscopic structures with the melamorphic facies, as it was 
effectuated by .1. G. H o l l a n d and l i . St. L a m h c r 1 (1969). According to the 
criteria they determined, I'M originated in regime 2 and \<2 in regime .'!. T h e classifi­
cation is only approximate, owing to variations of mineral composition and strain 
variation within lime and structure. They induce variations even in the range of the 
total regime within the domain of one fold, lis result is the eonvergoncy of structural 
regimes and corresponding fold style, as it is observable in one pari of the investigated 
crystalline complex. 

Conclusion 

I he mode of formation of two mesoscopic folds in metamorphitcs of Low Tatra Mls. 
Ďumbier crystalline complex was approached by the study of morphology, mineral con­
stitution and its fabric. 
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Tlie differences in morphology of ill e cross section between bol h folds nre rather due 
In degree of recryslalli/.alion and metamorphic differentialion dining llic dcformalion. 
than to the original mineral composition. Differences ill geometric features ol the 
individual layers of a certain fold are clue to the diverse competency as a function ol 
mi,,,.nil c position. The variability of geometric properties of the Fold from shallower 
level (T'l) is lower than in the fold from the deeper level (F2). The modification of the 
fold shape is proportional to incompetency. 

The fold hi originated by deformation conspicuously separated temporari ly from 
the progradc metamorphism of gneiss, while F2 was deformed simultaneously and 
closely after progradc metamorphism. In both folds the effects of retrograde meta­
morphism arc consequent with the folding process, they revealed only in a certain 
structure domain with suitable mineral composition and stale ol strain. 

Both folds generated by deformati ľ planar fabrics. Subfabrics of biolilc and 
quartz characterize the various time sections of folding, the degree of their gcneily 
varies with the position in the structure. The stale of strain and the variations of the 
structural regime during folding demoslralc the biotite and quartz subfabrics from the 
hinge domains. These in a fold from a shallower level are formed firstly by direct com-
ponental movements, unlike in the fold from the deeper structural level. 

The studied aspects of fold fabrics point to the diversity of structural regimes under 
which they originated. It is evident thai lliey represent only a part of the scale of 
dcformalion conditions created in the lime-spatial plan of the Yariscan and Alpine 
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