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STRESZCZENIE

Zaburzenia konwolutne powstajg najczesciej w nastepstwie pionowych
ruchéw w osadach laminowanych o niestatecznym warstwowaniu ge-
stosclowym. Zaburzenia tego rodzaju moga ukladaé sie w regularne wzo-
ry konwekcyjne, jesli spelnicne bedg ku temu okre§lone warunki. Jed-
nym z nich jest dwudzielno$¢ lawicy konwolutnej (skorupowej), to
znaczy wystepowanie w niej dwu czlonéw, z ktérych dolny ma mniejsza
gestosé. W lawicach o jednolitym skladzie litologicznym taka dwudziel-
nos¢ moze zaistnie¢ w przypadku réznic w upakowaniu ziarn. Innym
warunkiem, niezbednym do pojawienia sie regularnych wzoréw kon-
wekeyjnych w odksztalceniach konwolutnych, jest statystyczna jedno-
rodno$¢ cztondéw pod wzgledem strukturalnym. Warunek ten wymaga,
by wymiar czionéw biorgcych udzial w odksztalceniu byt dostatecznie
wielki w poréwnaniu z istniejgcymi w nich nieciggloéciami struktural-
nymi. Te ostatnie powinny réwniez by¢ dostatecznie blisko siebie roz-
mieszczone, tak aby w skali danego czlonu tworzyly zbioér gesty.

Konwolucje o regularnym uporzadkowaniu przestrzennym przedsta-
wione na przyktadach dwudzielnych tawic z fig. 1—4, tabl. XXXVII—
—XXXVIII mogtly sie dopiero woéwczas utworzye, gdy migzszosé ich gor-
nych czlonéw wzrosta, i to do tego stopnia, iz czlony te staly sie staty-
stycznie jednorodne. Tam gdzie gérnym czlonem byla warstwa zbudo-
wana ze zmarszczek piaszczystych, warunek jednorodno$ci, a zarazem
warunek powstania samorzutnych i regularnych odksztalcen konwolut-
nych zostat spelniony dopierc wowezas, gdy rozmiary zmarszezek zmalaly
w poréwnaniu z migzszoScia warstwy riplemarkowej. Pokrywa sie to
z wnioskiem wyplywajacym z do$é duzych $rednic pograzéw o ksztalcie
komér konwekcyjnych (fig. 1; tabl. XXXVII fig. 1), o ktérych skadinad
wiadomo, iz sg proporcjonalne do migzszosci warstw (czlonéw) objetych
ruchami gesto$ciowymi.

W osadach o niestatecznym uwarstwieniu gesto$ciowym, w ktérych
pojawia sie szereg ukladéw dwudzielnych, lub nieciaglo$ci, wzglednie
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nieréwnosci, w obrebie poszczegdlnych czlonéw sg w poréwnaniu z migz-
szoScig tych ostatnich znaczne, nie dochodzi do utworzenia sie samo-
rzutnych i regularnych odksztalcenn konwekeyjnych. Nieciggtosci takie
wplywaja bowiem w spos6b istotny na przebieg zaburzen konwolutnych
i rozstrzygaja zaréwno o ksztalcie, jak i miejscu tworzenia sie pograzow
oraz weisnie¢ 1zejszego osadu. W takich przypadkach moze sie wprawdzie
pojawié regularnos¢ w ukladzie zaburzen konwolutnych, ale bedzie ona
jedynie odzwierciedleniem pewnych prawidlowosci w ksztalcie lub w roz-
mieszezeniu niecigglosei. Tak bywa, miedzy innymi, w przypadku kon-
wolucji powstatych w wyniku grzeZniecia odosobnionych zmarszczek
piaszczystych lub grzeznigcia cienkiej warstwy riplemarkowej w lami-
nowane podloze o mniejszej gestosci, (nieréwnosci w stropie cienkie]
warstwy riplemarkowej sg duze w poréwnaniu z jej migzszoscig). Jest
to jednak regularnos¢ nie samorzutna, ale wymuszona i zdeterminowana,
poniewaz pograzy wystgpia pod grzebietami zmarszezek, a wycisniecia

pomiedzy nimi.
*
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Abstract Convolute structures may show patterns identical with those
produced by instability in density stratification in fluids, provided that the layers
involved in deformation are structurally homogeneous in a statistical sense. Non-
-penetrative discontinuities on the other hand may, if present, control the defor-
mation and determine the pattern of convolute structures.

1, INTRODUCTION

The present paper is concerned with one aspect only of density
controlled convolutions, namely, their patterns in three dimensions.
Broader questions concerning the varieties, environments and details of
formation of convolute lamination, fall outside the scope of the present
article. The reader is referred to the voluminous literature listed in
publications by Einse le (1963) and Davies (1965).

Field evidence has shown that where convolutions involve a system
of two structurally homogeneous members (which may consist of a num-
ber of layers), their pattern is identical with that of density controlled
deformations in unstable plastic or liquid media. Before proceeding with
this question it is desirable to define some terms already used in structural

analysis of tectonites.

According to Patterson and Weiss (1961, p. 854) a body is
considered as ,,statistically homogeneous on a certain scale when the
average of the internal configuration in any volume element is the same
for all volume elements with dimensions not smaller than the scale of
consideration”. Thus a rock, or a sediment, which is heterogeneous on
a small scale may be homogeneous on a large scale with respect to
certain properties. Structural homogeneity in a statistical sense demands
that the discontinuities which may occur in a given body should’ be
,,penetrative”, 1i.e. small on the scale of the body and ,repeated at
distances so small” that they can be ,,considered to pervade it ...uniformly
...at every point” (Turner and Weiss, 1963, p. 21). Discontinuities
which are non-uniformly distributed or are large on the scale of the
member are non-penetrative and members in which they occur may be
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regarded as heterogeneous. Viewed from the point of structural homo-
geneity, the patterns of convolutions may be determined by the presence
of non-penetrative discontinuities while, spontaneous convective patterns
will occur only where the structural discontinuities are penetrative in
the sense of Turner and Weiss (1963).

A. REGULAR CONVECTIVE PATTERNS

2. CONVOLUTIONS PRODUCED IN THE ABSENCE OF UNIDIRECTIONAL
HORIZONTAL SHEAR

2.1. The first case to be discussed is that shown in Fig. 1 and PL
XXXVII, Fig. 1. In this, the deformations affect a bed of fine grained
sandstone which consists of two members; the lower one with parallel
lamination, and the upper, composed of a multitude of crumpled ripples.
The pattern of deformation is that which arises from vertical down-
-sinking of a plastic or fluid layer of high density into a soft sub-stratum
of lower density, provided the ratio ki/k, <<1 (where k; and k, are
kinematic viscosities of the upper and lower members respectively).
Patterns of this kind have been repeatedly described from experiments
on instability in density stratification in fluids (Benard, 1801; Hu-
dino, 1933) and sediments (Artyushkov,1965; Dzulynski, 1966),
in the absence of horizontal shear.

Fig. 1. Wzo6r przestrzenny struktur konwolutnych w dwudzielnej tawicy utworzony

przy catkowitym braku przemieszczenia miedzy czlonami. k; <k, (k; — lepko$S¢

kinematyczna gérnego czlonu z riplemarkami, k, — lepko$§¢ kinematyczna dolnego,
rownolegle laminowanego cztonu)

Fig. 1. Pattern of convolution produced in a two-member system in the absence of
horizontal shear. k; <k, Top member rippled. Three dimensional picture of the
structures shown in Pl. XXXVII fig. 1

Development of a pattern of more or less, polyhedral structures is
however, possible only under conditions of structural and statistical
homogeneity of the layers involved in the deformation. In the system
under consideration both members conform to these conditions. The
ripples and the laminations are small and evenly distributed throughout
the members in which they occur i. e. they are penetrative discontinuities
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on the scale of the members. They are also penetrative on the scale of
the deformations.

The size of polyhedral structures is known to be proportional to the
thickness of the members involved in density controlled deformation.
It can be seen therefore, that the convolute deformations shown in fig. 1
could not have started until the greater part of the member had been
deposited. ‘

Although the members display no apparent difference in lithology or
texture, it is suggested that the reverse density gradient was due initially
to a difference in packing.

The material which has been squeezed up from below to form poly-
gonal ridges displays in some instances, mushroom-shaped terminations
at the junction between three neighbouring pendent lobes. Elsewhere,
these terminations show a marked lateral spreading over the top surface
of the rippled member, showing a vaguely defined, polygonal pattern
where they come into mutual contact. The absence of truncated laminae
in these structures implies that they developed within a sediment
envelope since, it is unlikely that coherence could have been maintained
at the sediment-water interface. Their development over the top-most
ripple surface is an indication that deformation continued after the last
ripples were deposited.

2.2. Configurations identical with those described in 2.1. are known
to occur where both members are laminated (at least within the range
of deformation). In such cases, the interface between the members is
not clearly defined, furthermore, the cause of the initial reverse density
gradient is even less evident than in the type discussed above, although
it is probably due to similar reasons.

3. CEFGRMATION IN THE PRESENCE OF HORIZONTAL SHEAR

3.1. The convolutions shown in Figs. 1, 2, and Pl. XXXVII, Fig. 2.
involve a system which also consists of two members with the rippled
one on top. As in the case discussed in 2.1, both the ripples and the
laminations are penetrative features and the members may be considered
as structurally homogeneous. The pattern of the interface is, however,
different in that it consists of parallel, relatively narrow ridges, which
trend in the direction of current flow as inferred from associated
directional structures. Such a pattern is indicative of horizontal shear
between the two members, and is analogous to the pattern produced by
a flow of heavy suspension on a soft substratum (compare Dzulynski
and Simpson, 1966). The pattern shown in fig. 1 and 2 cannot, how-
ever, be explained simply in terms of a suspension flow, since defor-
mation must have started only after the first ripple layer at least, was
formed, otherwise, the condition of structural homogeneity displayed
by the member, could not have been achieved (see p. 403, 405).

Two possibilities may be invoked to explain the pattern; 1 — The
ridges were already present as incipient current forms before the arrival

of the ripples, and then grew up by differential compaction as the ripple
layer increased in thickness.

9 — There was a horizontal shear along the interface between the
two members.
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The first possibility is difficult to reconcile with the close correspon-
dence between the wave length of the deformation and the thickness of
the upper member since, it appears, from experiments on »Striped soils”
Dzutynski, 1963, Butrym et al., 1964.), that with large wvalues
of viscosity, the wave-length of convective shear ridges increases rela-
tively to the scale of the unstable system. Moreover, such ridges are
formed in the presence of a very small horizontal translation between
the members involved in the deformation. It is suggested therefore that
the convolution pattern depicted in Fig. 2 and 3 resulted from down-

Fig. 2. Wzér przestrzenny struktur konwolutnych w dwudzielnej lawicy przy nie-
wielkim przesunieciu poziomym miedzy czlonami, k,~k,. Gorny czion zlozony ze
zmarszczek piaszezystych, dolny — laminowany réwnolegle. Poréwnaj z fig. 2
Tabl. XXXVII
Fig. 2. Pattern on convolutions produced in the presence of horizontal shear. k, ~ k,.
Top member rippled. Compare with Pl. XXXVII tig. 2
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Fig. 3. Wzor przestrzenny konwolucji w dwudzielnej tawicy utworzony przy nie-

wielkim przesunieciu miedzy cztonami. k, <K k,. Poréwnaj z fig. 3 Tabl. XXXVIII

Fig. 3. Pattern of convolutions produced in the presence of horizontal shear.
k; <k, Compare with Pl. XXXVIII, Fig. 3 :




— 406 —

-sinking of the rippled layer combined with a slight horizontal displa-
cement. The displacement was most probably caused by the shearing
effect of current-drag, and facilitated by partial liquefaction of the
sediment underlying the rippled layer.

3.9. The convolute deformation shown in fig. 4 resulted from the
same process as that discussed above. In this instance however, both
members show parallel lamination.

Fig. 4. Wz6r przestrzenny konwolucji w warunkach jak na fig. 3. Obydwa czlony
réownolegle laminowane. k; <Kk,
Fig. 4. Pattern of convolutions produced in the presence of horizontal shear. Both
members laminated. k; XKk,

3.3. Conical structures which occur intermittently on the crests of
the ridges, represent diapiric intrusions formed after the shearing effect
along the interface had disappeared. This is shown by the fact that the
cones stand vertically. In some instances however, the apices are deflected
in a down-current direction, indicating that their rate of growth was
sufficient to reach a level where current-drag was still effective. The
development of the diapires probably expresses the establishment of
incipient ,,convective cells” within the troughs on the cessation of shear.
The distribution of the cells would however, be controlled by the ridges,
which represent non-penetrative features with regard to the system.
Since the rise of existing elevations on the surface of low density material
in an unstable system is a well-established fact, this would determine
the preferred position of the cones on the ridge crests. It is realised that
the latter also, may continue to grow upwards. The cones, once produced,
create ideal conditions for ,,differential loading” and thus provide the

easiest route for low density sediment to assume a higher and more
stable position.

Conical structures, from the Krosno beds, have hitherto been inter-
preted as due to the sucking action of eddies on a hydroplastic substratum
(Dzutynski and Smith, 1963.). In the light of present experimental

data, this interpretation seems rather improbable and necessary of
revision.
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B. PATTERNS CONTROLLED BY NON-PENETRATIVE
DISCONTINUITIES IN THE MEMBERS INVOLVED IN DEFORMATION

4.1. The patterns of convolutions discussed above, conformed more
or less to convective patterns in homogeneous layers with a reversed
density gradient. The regularity of such patterns is broken when one, or
both, of the members shows non-penetrative discontinuities. The presence
of such features may control the vertical readjustment movements
within the system to the extent that the pattern of deformation is entirely
dependent upon their shape and distribution.

An example of convolutions which are dependent on non-penetrative
discontinuities, is provided by ripple load convolutions which result
from down-sinking of ripples into a soft substratum (Einsele, 1963;
Dzulynski and Slgczka, 1964; Davies, 1965). The ripples,
whether isolated (incomplete) or in the form of a thin rippled layer,
exert a differential pressure on the substratum with a maximum beneath
the crests. With the onset of liquefaction, the lower density material of
the substratum moves upwards into the low pressure areas between the
crests of the ripples. The ripple structure therefore, inhibits the deve-
lopment of regular convective cells. It should be noted however, that
if the non-penetrative features are regularly distributed, the pattern of
deformation may display an ,,inherited” regularity.

In contrast to homogeneous systems where the distribution of domes
and down-sinking lobes is undetermined, the initial distribution of non-
-penetrative elements controls the position of diapiric injections and down
sinking of high density material (see p. 403). Non-penetrative features
may be erosional or depositional structures, or due to variation in texture.
They may also result from different degrees of liquefaction.

It will be obvious from the above discussion that even in simple two-
-member systems, a complex transitional series may exist between regular
convective patterns and those determined by non-penetrative features.
Convolute beds frequently represent multi-member systems in which
the sequence of deformation may be even more complex. In such systems,
deformation may occur at several levels within a sediment pile which is
itself then involved in deformation on a larger scale. The low rank
(earlier) structures may respond either as penetrative or non-penetrative
features during the formation of high rank (later) structures. Multi-
-member systems may also develop when deformation progresses more
or less concomitantly with deposition.

‘CONCLUSION

It would appear that the concept of statistical and structural homo-
geneity as applied to sedimentary deformations may serve to clarify the
question of patterns as observed in some types of convolutions. Regular
convection patterns of convolute structures are possible only under
conditions of structural homogeneity of the members involved in the
deformation. Otherwise the patterns are controlled by non-penetrative
features. It is realised that the term, convolutions, covers a variety of
structures which may form under different conditions and represent
genetically different structural types. A large group of convolutions
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belong however, to deformational structures resulting from instability
in newly laid, water saturated sediments. The types discussed in this
paper fall within this group. They are furthermore, closely related to
some ,,patterned” load deformations occurring on the bottom surfaces
of current deposited sediments and to a number of structures commonly
classed as ,,involutions”. '

g

Ba . .

ACKNOWLEDGEMENTS

This work was carried out in the Geology Department of the Jagiellonian
University. Krakow. The authors wish to express their appreciation to the head
of the department Professor M. Ksigzkiewicz for providing all facilities.
The first author wishes to acknowledge a Research Travel Grant from the University
of Manchester which enabled him to wvisit Poland.

J. M. Anketell © S. Dzutynski
Dept. of Geology Instytut Geografii PAN
University of Manchester Zaktad Geomorfologii
Great Britain Gor i Wyzyn

Krakow

Geographical Institute
Dept. of Geomorphology
Polish Academy of Science
Krakow.

WYKAZ LITERATURY
REFERENCES

Artyushkov E.V. (1965), Convective deformations developed in feefbly lithified
sedimentary rocks (in Russian). Izviest. Akad. Nauk. USSR, ser. ‘geol., n. 12,
pp. 79—101, Warszawa.

Benard H. (1901), Les tourbillons cellulaires dans une nappe liquide transportant
de la chaleur par convection en regime permanent. Ann. Chimie Phys., 23,
ser. 7, p. 62—144,

Butrym J., Cegla J, Dzulynanski S, Nakonieczny S. (1964), Nowa
interpretacja ,struktur peryglacjalnych”. New Interpretation of ,,periglacial
structures”. Folia Quaternaria, 17, p. 1—34, Krakéw,

Davies H.G. (1965), Convolute lamination and other structures from the Lower
Coal Measures of Yorkshire. Sedimentology, 5, pp. 305—325.

Dzulynski S. (1963), Polygonal structures in experiments and their bearing upon
some periglacial phenomena. Bull. Acad. Pol. Sc., Sér. sc. géol. géogr., 11, no. 3,
p. 145—150 (for plates see ibid., no. 4).

Dzulynski S. (1966), Sedimentary structures resulting from convection-like
pattern of motion. Rocz. Pol. Tow. Geol. (Ann. Soc. Geol. Pol.)), 36, p. 3—21,
Krakow.

Dzulynski S, Simpson F. (1966), Experiments on interfacial current
markings. Geologica Romana, 5, p. 197—214. v

Dzutynski S, Slgczka A. (1958), Sedymentacja i wskazniki kierunkowe
transportu w warstwach kros$nienskich (Directional structures and sedimen-

tation of the Krosno beds), Rocz. Pol. Tow. Geol. (Ann. Soc. Geol. Pol.), 38,
p. 205—260, Krak6w. '

i




e

— 409 —

Dzulynski S, Smith A. (1963), Convolute lamination its origin, preservation
and directional significance. J. Sed. Petr., 33, no. 3, p. 616—627.

Einsele G. (1963), ,Convolute bedding” und ahnliche Sedimentstrukturen im
rheinischen Oberdevon und aderen Ablagerungen. N. Jb. Geol. Paldont. Abh.
116, p. 162—198,

Patterson M.S., Weiss IL.E. (1961), Symmetry concepts in the structural
analysis of deformed rocks. Geol. Soc. America Bull., 72, p. 854.

Turner F.J, Weiss L.E. (1963), Structural analysis of metamorphic tectonites.
Int. ser. Earth Sciences, McGraw-Hill.

OBJASNIENIA TABLIC
EXPLANATION OF PLATES

Tablica — Plate XXXVII

Fig. 1. Gérna powierzchnia lawicy z konwolucjami. Warstwy Inoceramowe, Koninka.
Poréwnaj z ilustracja fig. 1 w tekScie

Fig. 1. Top surface of convoluted bed. Inoceramian beds, Upper Cretaceous. Ko-
ninka — Polish Carpathians. Compare with text fig. 1

Fig. 2. Przekr6j prostopadly przez dwuczionowa lawice z konwolucjami. Warstwy
Kro$nienskie, Mymon. Poréwnaj z ilustracjg fig. 2 w tekScie

Fig. 2. Vertical section through convolutions. Krosno Beds, Oligocene. Mymon —
Polish Carpathians. Compare with text fig. 2

Tablica — Plate XXXVIII

Fig. 1. Fragment ,leku” zaburzen konwolutnych wyjely z miejsca zaznaczonego
literg X na fig. 2 tablica XXXVII

Fig. 1. ,,Synclinal” fragment of convoluted rippled layer showing deformed ripples.
Specimen taken from place indicated by X on Fig. 2 PlL. XXXVII

Fig. 2. Grzbiety i struktury stozkowe na stropowej powierzchni cztonu podsciela-
jacego ,warstwe” z riplemarkami. Warstwy Kroénienskie, Mymon

Fig 2. Ridges and cones on the interface between rippled and laminated member.
Krosno Beds, Mymon — Polish Carpathians
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