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Tre$é: Stwierdzono metasedymentacyjng i wczesnodiagenetyczng -geneze opi-
sywanych deformacji. Wydzielono cztery typy genetyczne faldoéw kolankowych.
Faldy kolankowe utworzone zostaly przez lepkoplastyczne plyniecie nieskonsolido-
wanego osadu. A

INTRODUCTION

~Kink folds are characteristic of densely bedded rocks (Paterson,
Weiss 1968). Their development is determined primarily by the degree
of anisotropy of the medium and the ability of slip displacements along
the planes of foliation (Ghosh 1968), but the angle between the planes
of anisotropy and the axis of compression (Cobbold et al. 1971, Dewey
1965, Donath 1968) as well as the confining pressure (Paterson, Weiss
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1962, 1966, 1968; Weiss 1968) also play a significant role in their for-
mation. In view of the possibility of formation of kink folds by way
of transformation of the originally different structures, the geometry
of foliation seems to be important as well (Jaroszewski 1974). Kink
folds frequently owe their origin to monoclinal flexuring (Johnson,
Ellen 1974; Johnson, Honea 1975; Reches, Johnson 1976). The most
commonly presented examples of the structures in question originate
from siltstones, clays and metamorphic schists.

There are very few papers dealing with the occurrence of kink
folds in unconsolidated sediments. A few examples of these structures,
yet referred to under different names, can be found in some papers
concerning the glacitectonics (Chrzanowski, Kotowski 1977). They have
been observed also as features accompanying other structures (Kowal-
czyk 1974; Van Loon, Wiggers 1975, 1976; McKee, Bigarella 1972) 1

CHARACTERISTICS AND STRUCTURAL INTERPRETATION OF KINK FOLDS

Structural studies of the Quaternary sediments of Lower Silesia
involved the analysis of a large number of kink folds formed in sands,
silts and sandy clays. The folds in question occur in zones of meta-
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Fig. 1. Diagrammatic location of outcrops with kink folds in the Lower Silesian
Quternary sediments )
Fig. 1. Schematyczna lokalizacja stanowisk obserwacyjnych fatdéw kolankowych
w osadach czwartorzedu dolnos$laskiego

1 The authors do not take into account in this paper the microstructures
accompanying the linear shear zones in clays, described by Tchalenko (1968, Tecto-
nophysics, vol. 6 no. 2). '
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sedimentary, cryogenic and early — diagenetic disturbances. Sometimes
they also accompany zones of glacitectonic disturbances (Fig. 1). As
a result of the our studies, four groups of kink folds, formed under
some — what different conditions, have been distinguished.

Group I

A nearly 5-m section of sediments representing a glacilimnic de-
positional environment of the Odra (Drenthe) stage of the Middle —
Polish Glaciation (Brodzikowski 1979) was investigated in an outcrop
at Wlostow (Wysoczyzna Zarska — Fig. 1). The sediments consist of
three layers (parts). The bottom part (A) is made up of sands with an
admixture of silts, the middle part (B) consists of silty — clayey, locally
sandy, sediment with distinct lamination, whereas in the upper part (C)
fine — grained sandy sediment prevails, locally laminated with silts.
A1l these sediments are intensely disturbed. Two basic generations of
deformation structures have been distinguished: an older generation
metasedimentary deformations (present mainly in the layer C), and
a younger one of early-diagenetic deformations 2 (comprising the whole
section). The younger generation is represented by a set of disjunctive
structures cutting the layers C and B, single kink folds occurring only
in the layer B, and by disharmonic flow folds found in the layer A
(Fig. 2).

Kink folds from the layer B belong to the group of normal, high-
-angle structures? (ax 65°). They all represent dextral structures of
triclinic symmetry. The width of the kink zone “L” acc. to Fyson, 1968
varies from 4 to 7 cm whereas the thickness of the kinked layer is
50—70 cm, which makes up about 2/3 of the B layer thickness (PL I,
Fig. 1). The kink zones are located in the ares of anticlinal flexuring of
the layer B. These flexures presumably formed in early stages of the
melting of ice in the basement, this hypothesis being corroborated by
their relation to the two generations of deformation structures (Fig. 2).

The development of the kink folds was presumably synchronous with
the formation of the whole younger system of disturbances. After the
general tectonic pattern of the section studied was formed (undulation
of the layer B), the sediment was subject to partial surface dewatering
due to the partially melting of ice in the basement. The yaer B, made
up of cohesive sediments, was a filtration screen for gravitational water.

2 Early-diagenetic processes operate in a sediment from the moment of its
deposition to the time of complete consolidation. Their development involves comp-
action, drying up and filtration phenomena. Early-diagenetic processes give rise
to a variety of deformation structures.

3 The criterion of the value of a (between oy and the surface of foliation) was
introduced by Dewey (1965). According to this author, high-angle structures are
folds in which o is greater than 60°.

5 — Rocznik PTG 51/1—2
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As a result of earlier undulation, the moisture content in its top part
varied from place to place and gravitational water accumulated in
synclines. Layer A owing to its direct contact with the melting ice, A was
saturated with water, and could undergo complete liquefaction. Due to
the high lability of the layer A caused, among other factors, by the
varying rate of ice melting (cf. Dostovalov, Kudriavcev 1967; Young,

Fig. 2. Geological setting of the Wilostow outerop. A — Geological structure of the
scarp, 1 — glacial till, 2 — fine-grained sandy sediment with silt admixture,
3 — silty-clayey sediment of the marginal lake, sandy in the top, 4 — fluvioglacial
sands, locally silts; B — synthetic profile of sediments (A, B, C — symbols of
layers used in the paper), C — Geological setting of layers used in the paper),
C — Geological setting of deformation structures
Fig. 2. Sytuacja geologiczna odstonigcia Wiostéw: A — budowa geologiczna skarpy,
1 — gliny glacjalne, 2 — osad drobnopiaszczysty z domieszka mutku, 3 — osad
zastoiskowy, mutkowo-ilasty, w stropie zapiaszczony, 4 — piaski fluwioglacjalne,
lokalnie mutki; B — Syntetyczny profil osadéw (A, B, C symbole warstw stoso-
wane w opisie), C — Sytuacja geologiczna obserwowanych struktur deforma-
cyjnych

Warkentin 1975), the overlying sediments were subject to gravitational
displacement which were responsible for the formation of a dense net
of shear zones showing the normal arrangement. Depending on the type
of sediment, the water content and the pre-existing deformations, the
shear zones developed either as normal faults or kink zones. The nature
of earlydiagenetic processes (ice melting, 'compaction, etc.) was such that
the upper parts of the profile, mainly the layer C and the top part of the
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layer B, were subject to a slight tension which seems to have been
responsible for the propagation of fractures and faults from the to part
of the profile downwards. An obvious regularity has been observed in
the location of kink zones in the layer B. It has been found that they
occur, at points where bundles of fissures in the layer C coincide with
axes of anticlinal bends (Fig. 3). In consequence, a continuation of
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Fig. 3. Hypothetical cycle of development of kink folds of the group I
Fig. 3. Przypuszczalny schemat rozwoju faldéw kolankowych grupy I

a dislocation zone from the layer C into the underlying layer through
the kink zone of a kink folds is visible. The above facts testify to the
synchronous development of kink folds and the normal fault net and
allow to include these two groups of structures into the younger gene-
ration of deformations.

Group IL

Near Jaroszéw (Fig. 1 — outcrop S) deformation structures occur in
glacial sediments of the younger stage of the South-Polish Glaciation.
The sediments in question consists of two complexes. The lower one is
represented by glacial till. The upper complex, is made up of sediments
of the deglaciation period. They are represented by coarse- and medium-
-grained fluvioglacial sands shoving trough cross-bedding (layer A),
laminated sands and muds developed in overbank facies, testifying to
B*
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the existence of local ice- damm lakes (layer B), and medium-grained
sands showing wedgeshaped sets of cross-lamination (upper layer C)
Brodzikowski 1979; Brodzikowski, Van Loon 1979).

Two generations of deformation structures have been distinguished.
The older generation forms large-scale metasedimentary disturbances
(load structures with an amplitude up to 30 m) accompanied by a rich
assemblage of small continuous and disjunctive structures. To the
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Fig. 4. Geological setting of the S Jaroszéw outcrop. A — Geological structure of
the scarp, 1 — Tertiary clays, 2 — marginal dammed lake silts, 3 — lower glacial

till, 4 — fluvioglacial sediments of the marginal lake, 5 — coarse grained fluvio-
glacial sediments, 6 — upper glacial till; B — Synthetic profile of sediments,
(A, B, C — symbols of layers described in the paper), C — Geological setting of
kink folds
Fig. 4. Sytuacja geologiczna odstoniecia Jaroszéw S: — A — budowa geologiczna
skarpy, 1 — ily trzeciorzedowe, 2 — mulki zastoiskowe, 3 — gliny glacjalne dolne,
4 — osady fluwioglacjalne zastoiskowe, 5 — osady fluwioglacjalne grubofrakeyjne,
6 — gliny glacjalne gbérne; B — syntetyczny profil osadéw (A, B, C symbole
warstw stosowane w opisie), C — sytuacja geologiczna obserwowanych faldow
kolankowych

younger generation belong earlydiagentic deformations represented
mainly by faults and fissures. Inside the largest (first order) load casts,
on the contact between the layers B and C, well-developed load structu-
res of the second order with amplitudes not more than 1 m have been
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noted. A complex of kink folds has been found to occur in the cores of
second-order load structures (Fig. 4; PL I, Fig. 2; Pl II, Fig. 1). These
are monoclinal, sinistral kink folds of triclinic symmetry, representing
the group of reversed structures*. The value of a varying in the range
of 35—40° places them in the group of low-angle folds (acc. to Dewey’s
‘criterion, 1965). The width “L” of kink zones varies from 2 to 5 cm
whilst the length of kink saverages 50—70 cm.
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Fig. 5. Hypothetical cycle of development of kink folds of the group 11
Fig. 5. Przypuszezainy schemat rozwoju fatdow kolankowych grupy 11

Earlier studies (Brodzikowski — in press) have revealed that the
first and second order load structures, formed simultaneously. Thus the
kink folds occurring inside the second order load structures are to be
included in the same generation of disturbances (cf. Brodzikowski, Van
Loon 1979).

The development of the kink folds was initiated as soon as the
process of loading began. It is interesting to note that inside the load
casts the sedimentary structures remain virtually undisturbed, the de-
formations being confined to a thin (5—10 cm) near-contact layer only.
This fact suggests that the near-contact zone presumably due to satura-

1 Dextral (right-sided) and sinistral (left-sided) are used to define the turn of

movement along the kink plane of a kink fold, assumung that the fold axis is
inclined from the cbserver.
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tion with water, was more readily deformed than the overlying sedi-
ment. The material of layer B was squeezed off around the load casts
which were subject to horizontal compression, at an angle to the bedding
planes. Simultaneously the pore water pressure increased at points of
synclinal bends of the impermeable top of the layer B. The above
agents created favourable conditions for the location’ of initial shear
zones inclined at an angle of about 50° to the bedding planes. The
proceeding loading, prevented most likely the formation of faults in
the initial shear zones, replacing them by kinks (with strike) concordant
with the strike of these zones. This was caused by the rotation of folia-
tion (bedding) relative to the axis of the maximum main stress. Further
loading brought about the progress of rotation and was responsible not
only for the reversal of the originally normal kink zones but also for
the flexuring of kink surfaces. This flexuring resulted in the zonal
decrease in the value of o (Fig. 5).

Group III

A different group of kink folds has been encountered within the
discussed complex of large-scale metasedimentary disturbances near
Jaroszow (Fig. 1, outcrop N). These structures occur in the layer B of
the upper complex, (cf. Fig. 4). In the N outcrop this layer is developed
as fine-grained sands with an admixture of silts (sporadically of coarser
grains), laminated by silts. The kink folds in question occur in the
marginal parts of first order load structures (Fig. 6). The majority of
folds is monoclinal, dextral, of triclinic symmetry. The folds are
generally reversed, with the values of o ranging from 30—35°. The
width of the kink zone “L” is 2—4 cm, the length of kinks varying
from 30 to 70 cm. The few sinistral folds are of the high-angle type
(o = 80°). Their characteristic feature is that the kink zone width “L”
is twice to three times greater while its length is on the average smaller
by a half than in the dextral folds. The latter feature prevents them
from forming conjugations with dextral folds.

The development of folds was in intimate connection with the
process of metasedimentary deformations. During the slow loading,
sediments of the layer B were subject to gravitational flow towards
the synclinal bend of the load cast proceeding along the flanks of
upheaved diapirs made up of glacial till of the lower complex. The
flow proceeded under the sedimentary cover and could have been
assisted by drag on the contact of media, which can be inferred from

5 The location of initial shear zones is understood to mean the linear accumula-
tion of strain energy with the run corresponding with the axis of shear stress. In
reality, the position of shear zones deviates somewhat from the theoretical initial
" zone due to the anisotropy of sedimentary layers (the existing structural planes).
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the flexures and folds in the overlying layers. The layer B was displaced
by way of slip on the contact with the underlying tills and by intra-
formational slips developing along silt laminae. However, in view of
the inconsiderable number of decollement-like microstructures of thrust
faults within the silt laminae, the movement of the whole layer was

Fig. 6. Geological setting of the N Jarosz6w outcrop (explanations as im Fig. 4).
A — Geological structure of the scarp, B — Geological setting of kink folds,
C — An example of accompanying structures
Fig. 6. Sytuacja geologiczna odstonigcia Jaroszéw N (opis przy Fig. 4 — A — bu-
dowa geologiczna skarpy, (opis przy fig. 4), B — sytuacja geologiczna obserwowanych
fatdéw kolankowych, C — przyklad struktur towarzyszacych

most likely determined by the slip on the contact with the till. As
a result, buckling took place in the bottom parts of the layer B, which
were at the same time nearest to the load cast bend. There formed fine
buckle folds modified by drag, with an amplitude up to 10 cm inside
the layer and somewhat greater (up to 60 cm) on its contact with the
overlying layer C (Fig. 6). The buckling developed presumably in the
final stages of loading. This is evidenced by the location of buckle
folds close to the load cast bend, as well as by local undulations follow-
ing the course of fine buckles, which were noted on the contact of
the layer B with the till of the lower complex.
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In the process of buckling, bend decollements were formed on the
contacts of silt and silt-sandy laminae. From that point on, early dia-
genetic processes alone, mainly compaction, were resposible for the
further development of the structures in question. The rate of sub-
sidence of the decollement zones was more rapid that of the surro-
undings. Due to this, the eastern flanks of buckle folds were subject
to greater volume deformation than the western ones, and this tendency

it
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Fig. 7. Hypothetical cycle of development of kink folds of the group III
Fig. 7. Przypuszczalny schemat rozwoju faldow kolankowych grupy III

was promoted by the eastward inclination of the whole layer B. In
consequence, the original internal structure of sets of laminae was
completely desturbed, yet distinct boundaries between the sets were
preserved. The result was that the deformation yielded a picture bearing
close resemblance to the rotation of the eastern flanks of buckle folds
towards the load cast bend. The overburden loading was probably
responsible for the sharpening of the originally genetly rounded crests
of folds. In this way they could have become similar to classical kink
folds. This hypothesis was confirmed by detailed investigations of the
kink zones of these folds, which showed that foliation within kink zones
was intensely folded or completely destroyed. The hypothetical cycle
of development of the structures discussed is presented in Fig. 7.




Group IV.

The Trzebnica outcrop (Fig. 1) exposes Quaternary sediments showing
glacitectonic disturbances (Fig. 8). The investigations (Brodzikowski
1979) have revealed that the glacitectonic structures found in the out-
crop belong to a younger generation than large-scale disturbances of
the whole Kocie Gory belt. This is evidenced by the angular discordance
between the deformed surface sediments (down to a depth of 29 m)
and the deeper Lower Pleistocene and Tertiary disturbances. The mono-
clinal structures observed in the outcrops are fragments of the flanks
of glacitectonic thrust folds. The disturbances in question are presum-
ably of Wartanian age.

Besides glacitectonic disturbances, two distinct generations of de-
formation structures have been noted in the outcrop. The generation
older than the glacitectonic structures is represented by small meta-
sedimentary disturbances which are easy to trace in silt-clay beds.
The younger generation of deformations is represented by cryogenic
disturbances. They occur in the upper part of the outcrop, extending
over a layer with a thickness of 2.5—3.0 m, and can be seen in all the
sediments making up this horizon, irrespectively of their lithology
(Fig. 8).

The basic tectonic features are thrust structures. The tectonic pattern
was reconstructed owing to the pronounced recurrence of sedimentary
sequences in the section N—S normal to the strike of monoclinal struc-
tures. Two layers of glacilimnic sediments (silts and laminated clays)
together with a layer of fluvioglacial sands separating them, were
subject to thrusting. The silt-clay layers are about 1.5 m thick whereas
the thickness of medium- and coarse-grained sands varies from 1.5
to 2.5 m. The decollement zone is located in the bottom parts of the
lower layer of glacilimnic sediments.

A set of monoclinal kink folds have been found to occur within
sands. Their vergency is concordant with the vergency of the primary
monoclinal structures. The folds are located in the top parts of sand,
occurring at a depth of 1—2.5 m under the ground surface. They re-
present dextral structures of triclinic symmetry. The value of a, ranging
from 70—80°, places them in the group of high-angle folds. Most of
them are reversed folds. The width of kink zones (”L”) varies from
1 do 5 m whereas the length of kinked layers does not exceed 1 m.
The kink zones are wavy, locally passing into shear zones (Pl II, Fig. 2;

Pl III, Fig. 1).

The occurence of well developed kink folds exclusively in a layer
in which cryogenic processes have led to partial obliteration of the
older structures, suggests that these folds were contemporaneous with
the cryogenic generation of disturbances. This thesis is further sub-
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stantiated by the position of folds relative to the primary structures.
Attempts at the reconstruction of the position of bend parts, now
intensely degraded, have shown that the folds in question are located
in the central part of the flanks of glacitectonic thrust folds. They do
not appear elsewhere although the arrangement of layers, thickness
and lithological sequence does not change at all. Below the layer subject

Fig. 8 — Geological setting of the Trzebnica outcrop. A — Geological structure of

the scarp, B — Synthetic profile of sediments: 1 — fluvioglacial gravels, 2 —
lower marginal lake sediments, 3 — fluvioglacial sands, 4 — upper marginal lake
sediments, 5 — fluvioglacial sands with till, structural discordance, 6 — glacial

till, 7 — loess; C — Geological setting of kink folds
Fig. 8. Sytuacja geologiczna odstoniecia Trzebnica: A — budowa geologiczna skar-

py, B — syntetyczny profil osadéw, 1 — zwiry fluwioglacjalne, 2 — osady za-
stoiskowe dolne, 3 — piaski fluwioglacjalne, 4 — osady zastoiskowe gbérne, 5 — za-
glinione piaski fluwioglacjalne, niezgodnoéé tektoniczna, 6 — gliny glacjalne,

7 — lessy; C — Sytuacja geologiczna obserwowanych faldéw kolankowych

to cryogenic disturbances the structure of sand is preserved from before
the period of glacitectonic deformations 8. In the light of all these facts,
the authors are of the opinion that the possibility of glacitectonic
genesis for the kink folds under study can be definitely discounted.
The glacitectonic disturbance of sediments was followed by a period
of intense denudation. The anticlinal bends of thrust folds were nearly
mural observations provide evidences to suggest that the process of gla-

citectonic deformations has not resulted in any disturbances of the primary sedi-
mentary surfaces in this locality.
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completely destroyed. The denudation surface that formed was covered
with a layer (0.5—4.0 m in thickness) of loess. During the sedimentation
of loess, which took place in the period of North-Polish glaciation
(Vistulian), the area under study was within the periglacial environment.
The basement was than subject to freezing (Jahn 1976) during which
the sediments were loosened due to ice crystallization. Ice formed in
intergranular spaces, particularly in the vicinity of bedding surfaces
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Fig. 9. Hypothetical cycle of development of kink folds of the group IV
Fig. 9. Przypuszczalny schemat rozwoju faldow kolankowych grupy IV

(Dostovalov, Kudriavcev 1967; Young, Warkentin 1975). During the slow
melting of the permafrost, the medium collapsed, i.e. it underwent
compaction. In this process the water pressure in pores (neutral pressure)
increased substantially. Such conditions promoted the development of
slips along the bedding planes (specifically along the contact with the
underlying silt layer) and gravitational displacements of groups of strata.
That moment seems to have initiated the development of kink struc-
tures. The displacements were attended by the shearing in the bottom
of thawed sediment, due to which the displaced strata were rotated
(Fig. 9). Rotation led to the buckling of layers (foliation), owing to
pressure between the sets of strata. In the bends of buckle folds kinking
occurred, developing towards the surface. Further collapsing resulted




— 76 —

in the rotation of kink zones and their flexuring. Reversed kink folds
were formed. When the advancing rotation brought about the disruption
of the strata continuity in the kink zone (the destruction of foliation),
this zone was transformed into a fault (Fig. 9).

DISCUSSION

The kink folds studied were formed in metasedimentary (groups II
and III), early-diagenetic (group I) and cryogenic (group IV) processes.
In all these groups the stress system which was responsible for kinkink
was characterized by vertical orientation of the maximum main stress
(0;). All the observed kink folds represent small structures showing
triclinic symmetry of the kink plane. High-angle folds (acc. to Dewey’s
criterion, 1965) are more common than low-angle ones. Their vergency
has been found in all cases to be closely related to the vergency of
primary structures. However, a dozen or so structures studied so far
do not allow the authors to explain the nature of this relation. It would
also be premature to express an opinion on the effect of the sediment
lithology on the process of formation of kink folds. The data collected
to-date have only shown that reversed structures generally form in
sediments with a low content of fine fractions, the lack of clay fraction
is typical of low-angle reversed structures, whilst high-angle folds form
in silt-sandy sediments. It has also been found that the degree of sorting
affects the development of kink folds. A well-sorted sediment promotes
considerable reversal of structures and a reduction in o, whereas in
poorly sorted sediment even the slight reversal of the originally normal
folds and the insignificant reduction in a causes the destruction of
foliation (bedding or lamination) in kink zones and gives rise to a slip
zone.

The results of studies carried out to-date have a qualitative cha-
racter. It has been found that bedded sands or laminated sandy silts
create conditions particularly suitable for the formation of kink folds.
High cohesion does not favour kinking, even if the foliation is very
distinct. This means that intergranular movements within the laminae
and layers play a more significant role in the development of kink
structures in unconsolidated sediments than slip movements utilizing
the lamination (foliation) planes. The investigated kink folds were
formed in sediments having high moisture content. It has been found,
however, that the substantial increase in pore water pressure prevents
their formation. Sediments saturated with water are more frequently
subject to plastic flow or dislocation. These processes depend on the
degree of reduction in the internal friction angle, i.e. on granulation.
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L. E. Weiss of University of California (Berkeley) for the discussion,
and for interesting photographs of natural and experimental kink folds.

translated by H. Kisielewska
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STRESZCZENIE

Faldy kolankowe sa charakterystyczne dla skal gesto utawiconych.
O ich wyksztalceniu decyduje stopienn anizotropii osrodka oraz zdolno$c
przemieszczen wzdluz powierzchni foliacji (Ghosh 1968, Paterson & Weiss
1968). Faldy te mogg by¢ formowane przez przeksztalcanie pierwotnie
odmiennych struktur (Jaroszewski 1974). Duzg role w procesie ich roz-
woju odgrywa ci$nienie otaczajgce (Weiss 1968) oraz orientacja osi dzia-
lania najwiekszego naprezenia glownego w stosunku do powierzchni
foliacji. Najczestsze przyklady faldéw kolankowych opisywano z mu-
lowcow, tupkow ilastych i metamorficznych. W osadach nieskonsolido-
wanych spotykano tego typu struktury, lecz nie stosowano do nich
przyjetej nomenklatury tektonicznej (Kowalczyk 1974).

Badania strukturalne nad osadami czwartorzedowymi Dolnego Slaska
pozwolitly na analize szeregu przykladow faldow kolankowych, utworzo-
nych w piaskach, mutkach i itach piaszczystych. Faldy te wystepuja
w strefach zaburzen metasedymentacyjnych, kriogenicznych i wczesno-
diagenetycznych. Czasami towarzyszg strefom deformacji glacitektonicz-
nych (fig. 1). W wyniku przeprowadzonych badan wydzielono cztery
grupy faldow kolankowych uformowanych w nieco odmiennych wa-
runkach.

Grupa 1. W odstonieciu we Wlostowie (Wysoczyzna Zarska) zba-
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dano 5-metrowy przekroj osadéw glacjalnych (w tym glacilimnicznych)
stadialu maksymalnego zlodowacenia $rodkowopolskiego. Osady te sa
intensywnie zaburzone. Wydzielono w nich dwie generacje struktur
deformacyjnych: starsza genezy metasedymentacyjnej i mtodszg, ztozong
gléwnie ze struktur dysjunktywnych, genezy wczesnodiagenetycznej.
W obrebie tej ostatniej napotkano faldy kolankowe. Sa to normalne
struktury wielkokgtowe (a=>65°), dekstralne (prawostronne). Charakte-
ryzuje je tréjskosna symetria. Szerokosé strefy zalomowej (L — wg Fy-
sona 1968) waha sie od 4 do 7 cm. Migzszo$¢ warstwy zalamanej wynosi
okolo 50—70 cm (fig. 2).

Rozw6j faldow kolankowych przebiegal prawdopodobnie nastepujaco:
po utworzeniu generalnego rysu tektonicznego analizowanego przekroju
wskutek wytopienia lodu z podloza nastgpil cykl przemieszczen grawi-
tacyjnych osadéw. W spagowych, przesyconych woda partiach docho-
dzilo do faldowan dysharmonijnych, wyzej w materiale czesciowo od-
wodnionym formowana byla sie¢ normalnych uskokéw kompakeyjnych.
Owe strefy uskokowe w zaleznosci od odmiany osadu, stopnia odwod-
nienia oraz wecze$niejszych struktur deformacyjnych reprezentowane
byly albo przez pojedyncze $ciecia, albo przez strefy zalomowe (kolan-
kowe). Zaobserwowano wyrazng prawidlowosé w lokalizacji stref zalo-
mowych i faldéw kolankowych. Towarzyszg one zwykle nizejleglym
przegubom antyklin, z ktérymi zwigzane sg najgestsze sieci spekan
i uskokow (fig. 3).

Grupa II. W okolicach Jaroszowa wystepuje zespdt struktur de-
formacyjnych obejmujgcych osady mlodszego stadiatu zlodowacenia po-
tudniowopolskiego. Tu réwniez wydzielono dwie generacje zaburzen.
Starsza reprezentuje deformacje metasedymentacyjne, mlodsza za$ de-
formacje wezesnodiagenetyczne (fig. 4). Wérdéd zaburzen metasedymen-
tacyjnych zaobserwowano struktury pograzowe I rzedu o amplitudzie
dochodzacej do 30 m, oraz w ich obrebie pograzy II rzedu o amplitudzie
nie przekraczajacej 1 m. We wnetrzach tych drobnych struktur pogra-
zowych napotkano zespoly faldéw kolankowych. Sa to faldy sinistralne
(lewostronne) o trojskosnej symetrii. Reprezentujg grupe struktur od-
wréconych, niskokatowych (wg kryterium Deweya 1965). Szerokos$¢ stref
zalomowych waha sie od 2 do 5 cm, dtugos$é zalamania za$ nie prze-
kracza 70 cm. Polozenie tych faldéw oraz ich geometria wskazujg na
fakt, iz rozwijaly sie one w czasie formowania pograzéw II rzedu. Wy-
ciskanie materiatu po obu stronach pograzéw doprowadzalo do &ciskania
pakietow warstwowanych piaskéw, w osi poziome]j pomiedzy formowa-
nymi po obu stronach diapirami z glin glacjalnych. Powyisze czynniki
stworzyly sprzyjajace warunki do lokalizacji inicjalnych stref S$cie¢
w plaszczyznach nachylonych pod katem okolo 50° do powierzchni fo-
liacji (warstwowania). Postepujace grzezniecie piaskéw uniemozliwito
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prawdopodobnie uformowanie uskokow zastepujac je zalamaniami
o przebiegu zgodnym z przebiegiem inicjalnych stref Scie¢. Przyczyng
bezposrednia musiala tu by¢ rotacja foliacji, ktora w dalszych etapach
grzezniecia doprowadzila do odwrécenia struktur (fig. 9).

Grupa III. W obrebie omawianego uprzednio zespotu wielkoskalo-
wych zaburzen metasedymentacyjnych w okolicach Jaroszowa napotkano
odmiennie wyksztalcong grupe faldow kolankowych w osadach piasz-
czystomutkowych. Towarzysza one tym samym ogniwom sedymentacji
plejstocenskiej co struktury grupy II. Przewazajgca liczba faldow jest
monoklinalna (dekstralna), o tréjskosnej symetrii. Faldy zwykle sa od-
wrécone. Szerokoéé zalaman waha sie od 2 do 4 cm, a dlugos¢ ich do-
chodzi do 70 cm. Nielicznie reprezentowane faldy sinistralne sg wielko-
katowe. Ich cechg charakterystyczng jest dwu do trzykrotnie wieksza
szeroko$e stref zalomowych (“L”) oraz znacznie mniejsza dtugose strefy
zalamania. Ta ostatnia cecha uniemozliwia im tworzenie sprzezen z fal-
dami dekstralnymi. Rozwéj struktur byt $cisle zwigzany z formowaniem
zaburzen metasedymentacyjnych (fig. 6). W czasie powolnego grzeznigcia
w obrebie pakietu mulkowo-piaszczystego doszlo do tworzenia szeregu
drobnych fluidalnych zaburzen, z ktérych czes¢, zwlaszcza zlokalizowana
w poblizu kontaktu z gliniastym podtozem przybrala charakter struktur
ciagnionych i zmarszezeniowych. Struktury zmarszezeniowe towarzy-
szyty zwlaszcza przyprzegubowym partiom pograzu. Marszczenie osadu
laminowanego doprowadzalo do tworzenia na kontaktach lamin zluznien
strukturalnych (np. odspojen przegubowych), ktoére po zakonhczeniu pro-
cesu deformacyjnego przyczynity sie do przyspieszenia osiadania warstw.
Osiadanie to doprowadzilo prawdopodobnie do zmiany ksztaltu fatdow
zmarszezeniowych, poprzez wytworzenie zataman w przegubach ich
antyklin. Struktury przybraly wyglad typowych faldow kolankowych
(fig. 7).

Grupa IV. Odslonigcie Trzebnica ukazuje osady czwartorzedowe
zaburzone glacitektonicznie (fig. 8). Przeprowadzone w te] strefie bada-
nia (Brodzikowski 1979) wykazaly, ze struktury glacitektoniczne obser-
wowane w odstonieciu naleza do mlodszej generacji niz wielkoskalowe
zaburzenia catego walu Kocich Gér, a ich wiek jest prawdopodobnie
warcianski. Zaburzeniu uleglty tu osady glacilimniczne rozdzielone war-
stwg piaskéw fluwioglacjalnych. Précz deformacji glacitektonicznych
stwierdzono tu wystepowanie mlodszych od nich zaburzen kriogenicz-
nych oraz starszych — metasedymentacyjnych. O ile zaburzenia meta-
sedymentacyjne wystepuja w calym odstonietym przekroju, o tyle
struktury kriogeniczne wystepuja wylacznie w warstwie stropowej do
glebokosci 3 m. W tejze warstwie, w monoklinalnie ustawionych pakie-
tach piaszczystych zaobserwowano faldy kolankowe. Przytoczone fakty
oraz szereg szczegbtéw budowy strukturalnej osadow wskazuja na to,
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ze faldy kolankowe sa zwigzane genetycznie z generacja zaburzen krio-
genicznych. S3 to faldy prawostronne (dekstralne) o trojskosnej symetrii.
Naleza do struktur wielkokatowych, przewaznie odwréconych. Szero-
kosé stref zalaman nie przekracza 5 cm, ich diugo$¢ za$ dochodzi do
1 m. Geneza faldéw zwigzana jest prawdopodobnie z procesem wytapia-
nia wieloletniej zmarzliny, ktéra objete byly osady w okresie zlodowa-
cenia polnocnopolskiego. Warunki jakie zaistnialy w czasie wytapiania
lodu gruntowego wywolaly rozwoj $lizgow wzdiuz powierzchni war-
stwowan i przyspieszone osiadanie pakietu. Z uwagi na fakt, ze wy-
tapianie zachodzilo nieré6wnomiernie (ze wzgledu na anizotropie osadu)
osiadanie wspomagane bylo czesta rotacja odmarznietych i odklutych
fragmentéw. Rozwijaly sie faldy zmarszczeniowe i ciggnione, ktére w
czasie osiadania przemodelowywane byty w faldy zalomowe. Postepu-
jaca rotacja doprowadzata do odwrocenia struktur, a niekiedy do caltko-
witego zniszezenia foliacji w strefach zataman.

Zbadane przyklady faldow kolankowych uformowane zostaly w pro-
cesach deformacji metasedymentacyjnych (grupa III i II), wezesnodia-
genetycznych (grupa I) i kriogenicznych (grupa 1V). Wszystkie zaobser-
wowane faldy naleza do drobnych struktur o tréjskosnej symetrii po-
wierzchni zalamania. Czesciej obserwuje sie faldy wielkokatowe niz
niskokatowe (wg kryterium Deweya 1965). Wergencja zataman we
wszystkich przypadkach byla $cisle zwigzana z wergencja struktur nad-
rzednych. Zaobserwowano, ze struktury odwrocone powstaja w osadach
o mniejszej zawartoéci frakeji drobnych. Brak frakcji pylowej w osadzie
umozliwial formowanie niskokatowych faldow odwroconych. Stwierdzo-
no réwniez wplyw stopnia wysortowania osadu na rozwoj zalomoéw.
Osad dobrze wysortowany umozliwial znaczne odwrocenie struktur
i zmniejszenie kata a. W osadzie réznoziarnistym juz przy niewielkim
odwréceniu faldow i lekkim zmniejszeniu kata o foliacja w strefach
zalomowych ulegala zniszczeniu i nastepowalo przejécie od strefy zala-
mania do strefy $§lizgowej. W oparciu o przesledzonych kilkanascie przy-
kladow faldéw kolankowych mozna stwierdzi¢, ze szczegblnie sprzyja-
jace warunki do ich powstawania panujag w warstwowanych piaskach
lub laminowanych mulkach piaszczystych. Duza sp6jno$c osadu nie
sprzyja tworzeniu zalaman. Oznacza to, ze W rozwoju fatdow kolan-
kowych w osadach nieskonsolidowanych, w badanych przypadkach,
wiekszg role odgrywaly ruchy intergranularne w obrebie oddzielnych
warstw i lamin, niz ruchy $élizgowe wykorzystujace powierzchnie foliacji
{laminacji lub warstwowania).

W zakonczeniu autorzy pragng zlozy¢ serdeczne podziekowania Prof. dr L. E.
Weiss z Uniwersity of California w Berkeley za dyskusje genezy prezentowanych
w artykule struktur zalomowych oraz za udostepnienie w celach poréwnawczych
szeregu interesujacych fotograméw tych struktur z fyllitéw oraz z materialdow za-
stosowanych do eksperymentalnych badan laboratoryjnych.
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EXPLANATION OF PLATES — OBJASNIENIA PLANSZ

Plate — Plansza 1

. Kink fold in glacilimnic clayey-sandy sediments, vicinity of Wlostéw (Wy-
soczyzna Zarska).

. Overturned kink fold inside a second-order load structure in sandy sedi-
ments, Jaroszéw.

1. Fald kolankowy w glacilimnicznych osadach ilasto-piaszczystych z okolicy

2.

Fig. 2

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Wiostowa (Wysoczyzna Zarska).
Obalony fald kolankowy z wnetrza pograzu II rzedu w osadach piaszczy-
stych z Jaroszowa.

Plate — Plansza II

. Kink folds inside a sandy load structure. Fluvioglacial sediments, Jaroszéw.

. High-angle kink folds passing into shear zones. Fluvioglacial sediments,
vicinity of Trzebnica.

. Zespé! faldéw kolankowych z wnetrza pograzu piaszczystego. Osady fluwio-
glacjalne — Jaroszow.

. Zesp6l wielkokatowych faldéw kolankowych, przechodzacych w strefy Scie-
ciowe z osadéw fluwioglacjalnych okolic Trzebnicy.

Plate — Plansza III

. Kink folds in fluvioglacial sediments, Trzebnica.

. Kink folds in sandy-silty sediments, Jaroszow.

. Zespét fatdéw kolankowych z osadéw fluwioglacjalnych w okolicach Trzeb-
nicy.

. Faldy kolankowe w osadach piaszczysto-mulkowych w okolicy Jaroszowa.

Plate — Plansza IV

. Reversed kink fold formed by compaction remodelling of a buckle fold.
_Sandy-silty sediments, Jaroszéw. (A fragment of Fig. 2).

. Kink fo‘]ds deformed by faults and early-diagenetic fissures. Fluvioglacial
sediments, vicinity of Jaroszow.

. Odwrécony fald zatomowy uformowany wskutek kompakcyjnego przedmo-
delowania faldu zmarszczeniowego w osadach piaszezysto-mutkowych w Ja-
roszowie (Fragment fig. 2).

. Zesp6! fatdéw kolankowych wtérnie zdeformowanych uskokami i spekania-
mi weczesnodiagenetycznymi. Osady fluwioglacjalne z okolic Jaroszowa.
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