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Ap par ent con tra dic tion be tween tec ton ics and de po si tion in over turned strata — 
a case study from the “Moravian Culm” (Czech Re pub lic)
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An ap par ent con tra dic tion be tween struc tural and sedimentological in di ca tions com monly used for dis crim i na tion of the over turned and
non-over turned beds dur ing geo log i cal map ping was found at Paršovice, a site sit u ated in the east ern most part of the Eu ro pean
Variscides. An out crop of folded Lower Car bon if er ous siliciclastic rocks  of the “Culm fa cies” lies on the NE mar gin of the Bo he mian
Mas sif, in the SE part of the Maleník Block (Moravia, Czech Re pub lic). Flute casts in the steep over turned limb of a tec tonic fold dem on -
strate the nor mal strati graphic po lar ity of the bed. At the same site, a slump-re lated iso cli nal fold was found. The ap par ent con tra dic tion
be tween struc tural (re la tion of cleav age and bed ding) and sedimentological (flute casts on bed soles) in di ca tions is ex plained by a com bi -
na tion of suc ces sive phases of slump- and tec toni cally-re lated fold ing.
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INTRODUCTION

The area stud ied is sit u ated at the east ern most mar gin of
Eu ro pean Variscides and, no ta bly, lies at right angles to the
trend of the main belt of Rhenohercynicum (South ern Wales–
Germany–Southern Po land). The base ment be longs to the
Brunovistulicum.

The strati graphic po lar ity of sed i men tary lay ers is an im -
por tant prop erty that is in ter preted as re corded dur ing geo log i -
cal map ping. Var i ous in di ca tors of the strati graphic po lar ity of
beds (nor mal ver sus over turned po si tion) are used in prac tice.
Flute casts oc cur ring at the bot toms of thick sand stone beds be -
long among the com mon sedimentological in di ca tors. An other
in di ca tor is known as “nor mal graded bed ding” when sand -
stone in one bed fines up wards. In folded strata, struc tural in di -
ca tors are com monly used. The re la tion ship be tween ax ial
cleav age and bed ding rep re sents a widely used in di ca tor for
dis crim i na tion of over turned ver sus non-over turned fold limbs
(for in stance Ramsay and Huber, 1987). Gen er ally there are al -
ways steeper dips of strata than those of cleav age within the
over turned limb of a fold. When the dip of cleav age is steeper

(or dips in the op po site di rec tion) than that of bed ding, this typ i -
cally in di cates the non-over turned limb of a fold. 

Dur ing geo log i cal map ping on the NE mar gin of the Bo he -
mian Mas sif, an ap par ent con tra dic tion be tween struc tural and
sedimentological in di ca tions of the strati graphic po lar ity of the
strata was found at Paršovice, sit u ated in the SE part of the
Maleník Block (Fig. 1). The aim of this ar ti cle is to ex plain this
ap par ent con tra dic tion, and to point out its wider significance.

STRUCTURAL AND SEDIMENTOLOGICAL
OBSERVATIONS

Up per Viséan de pos its of the Culm fa cies are ex posed at
Paršovice. Dur ing the Variscan orog eny, the strata were folded
by kilo metre-scale asym met ri cal folds of east ward vergency.
The fold axes are pre dom i nantly NNE–SSW, and cleav age
planes pre dom i nantly dip to the WNW (Kumpera,1983;
Dvoøák, 1994; Grygar and Vavro, 1995; Havíø et al., 2003).

In the cen tral part of the quarry face, the antiform of a tec -
tonic fold verg ing to the east is pres ent (Fig. 2). The fold axis is
sub-hor i zon tal and its ori en ta tion is NE–SW (plunge of axis
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Fig. 1. Geo log i cal scheme and sit u a tion of Paršovice 

A — lo ca tion of the Maleník Block, where the Paršovice lo cal ity is sit u ated, on the east ern mar gin of the Bo he mian Mas sif (geo log i -
cal map com piled and mod i fied af ter Kodym et al., 1967 and Mahe¾, 1973); B — lo ca tion of the Paršovice lo cal ity in the Maleník
Block (geo log i cal map af ter Roth, 1990, sim pli fied)

 

Fig. 2. Scheme of the ob served con fig u ra tion at Paršovice



37/4). The west ern fold limb is flat, the east ern limb is steep and
over turned. In the flat limb, the cleav age planes have a higher
an gle of dip than has the bed ding. This re la tion ship be tween ax -
ial cleav age and bed ding in di cates a non-over turned limb. In the
steep limb, the cleav age planes have lower an gle of dip than the
bed ding. Thus, the re la tion ship be tween ax ial cleav age and bed -
ding is con sis tent with the ob served over turn ing of the steep fold
limb (see Ramsay and Huber, 1987) and cor re sponds to the ob -
served ge om e try of the tec tonic fold. Nev er the less, flute casts
dem on strat ing a nor mal (“non-over turned”) strati graphic po lar -
ity were ob served on the lower (east ern) bed ding planes in the
steep over turned limb of the tec tonic fold. This means that,
“non-over turned” strati graphic po lar ity was found in the over -
turned fold limb (see Fig. 2). This ob ser va tion rep re sents an ap -
par ent con tra dic tion be tween the struc tural (re la tion ship be -
tween cleav age and bed ding) and sedimentological (po si tion and 
shape of the flute casts) in di ca tions com monly used for dis crim i -
na tion of over turned ver sus non-over turned beds.

An im por tant phe nom e non was ob served in the west ern
part of the site. In the flat limb of the tec tonic fold, an iso cli nal
slump fold was found (Fig. 2). Sim i lar slump tex tures were
ob served by Dvoøák (1987) in the Drahany Culm fa cies de -
pos its near Šošùvka (Drahany Up land) in the SE part of the
Bo he mian Mas sif. The graded bed ding of the greywacke bed
dem on strates the nor mal strati graphic po lar ity of the lower
limb and the over turned strati graphic po lar ity of the up per
limb in the case of iso cli nal slump fold at Paršovice. The over -
turned limb of the slump struc ture con tin ues across the hinge
of the tec tonic fold.

In the east ern part of the site, gently dip ping bed ding was
ob served (the an gle of dip is lower than 10°). West wards, close
to the cen tral area where the steep fold limb dip ping to WNW is 
ex posed, the an gle of dip in creases and bed ding dips mod er -
ately to the ESE. There is a sharp
bound ary formed by a nar row zone
be tween the east ern area of strata
gently to mod er ately dip ping to the
ESE (the an gle of dip var ies from 7
to 40°) and the cen tral area of steep
beds dip ping to the WNW (an gle of
dip var ies from 69 to 80°). We sug -
gest that a west-dip ping fault
separates these two ar eas.

INTERPRETATION

We in fer the fol low ing suc ces -
sion of steps (events) ex plain ing the
ob served con fig u ra tion at Paršovice
(Fig. 3):

1. De po si tion of the sed i ment and 
formation of the flute casts on the
lower part of the de pos ited lay ers.
The position of the flute casts in di -
cates nor mal strati graphic po lar ity.

2. For ma tion of the slump struc -
ture rep re sented by the iso cli nal
non-tec tonic fold. The up per limb of

the iso cli nal fold is over turned to the east (Fig. 4). The po si tion of 
the flute casts in di cates a neg a tive strati graphi cal po lar ity in the
up per limb of the slump struc ture. 

Steps (1) and (2) took place in a soft, non-con sol i dated state 
of the sed i ment fol lowed by diagenesis. The fur ther his tory
comprised:

3. The Variscan fold ing of the Culm fa cies deposits. The
tec tonic antiform with its steep over turned east ern limb re -
cently ex posed at the Paršovice quarry was formed. In the steep 
limb of the tec tonic fold, the up per limb of the slump tex ture
was sec ondarily over turned. That is why the po si tion of the
flute casts in di cates a nor mal strati graphic po si tion, in spite of
the fact that they are sit u ated in the over turned limb of the tec -
tonic fold (Figs. 2 and 5).

4. Fault ing in the steep fold limb. The move ment along the
fault cut ting the steep limb com pletes the sce nario that was re -
cently ob served at the ex po sure.

The re la tion ship be tween ax ial cleav age and bed ding cor -
rectly in di cates the over turn ing of the steep limb of the tec tonic
fold. The strata were over turned only ones dur ing the tec tonic
de for ma tion con nected with the Variscan fold ing. But in the up -
per limb of the slump struc ture, the strata had been al ready over -
turned be fore tec tonic de for ma tion, dur ing slump ing on the in -
clined slope of the Culm ba sin. Thus, the strata in clud ing the
formed flute casts were over turned twice in this part of the slump 
struc ture and that is why the po si tion of the flute casts cor rectly
in di cates the nor mal strati graphic po lar ity of these lay ers.

CONCLUSION

The ob ser va tion car ried out at Paršovice shows that the in -
di ca tors which are com monly used for dis crim i na tion of the
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Fig. 3. The scheme of the suc ces sion of events ex plain ing the main steps of for ma tion of the ob -
served con fig u ra tion at Paršovice



over turned ver sus non-over turned beds dur ing geo log i cal map -
ping can some times ex hibit ap par ent con tra dic tion. The cause
of this ap par ent con tra dic tion can be the com bi na tion of a
slump struc ture and the tec tonic struc ture as fol lows from the
in ter pre ta tion above. Such a com bi na tion should be borne in
mind when in ter pret ing in di ca tors of the strati graphic po lar ity,
par tic u larly so in ter ri to ries where both tec tonic (cleav age,
fold ing) and slump phe nom ena oc cur, for in stance in the Culm

ba sin sit u ated at the east ern mar gin of the Bo he mian Mas sif.
The dis tin guish ing of slump struc tures from tec tonic folds has
been re cently de scribed by Debacker et al. (2001) from the
Lower Pa laeo zoic An glo-Brabant fold belt.

Ac knowl edge ments. This work was sup ported by map ping
pro ject of the Czech geo log i cal sur vey 6207 and by re search pro -
ject MSM0021622412 of the Czech Min is try of Ed u ca tion.
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Fig. 4. A slump structure in coarse-grained greywackes with graded
bed ding

Fig. 5. Flute casts at bot tom of a bed ding plane in the steep limb of a
fold. Note the re la tion be tween cleav age and bed ding


