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Study of interrelation between faults and folded structures in the hinterland of NW
Caucasus based on strain value estimations
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Defining the main geometric parameters of a folded
structure at large depth is one of the ongoing issues of tec-
tonics. The multirank strain analysis, developed in the last
years (YAkovLev 2008), has allowed solving a number of
problems in this field. Input data for this analysis are de-
tailed structural sections, which were constructed during
specific field works (GIORGOBIANI & ZAKARAYA 1989; SHOLPO et al.
1993).

Calculation of the position of basement tops. Exact
knowledge of the structure of folding and of measured main
parameters of its deformation allows restoring a pre-folded
state of a section. In the beginning, the structural section is
split into numerous domains (0.5-2 km wide), which are ag-
gregating folds with an almost equal morphology. Three pa-
rameters are estimated in each domain, i.e. axial plane dip,
envelope folds plane dip, and shortening value of folds in a di-
rection perpendicular to the axial plane. Thus, the description
of deformation of this domain (Y AkovLev 2009) is equal to the
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determination of the strain ellipsoid (ellipse). Kinematic pro-
cedures of rotation, simple horizontal shearing, elongation
regarding these parameters, and segment of section line allow
restoring the initial length and inclination of the segment of
the section line to horizontal bedding. The fault plane is con-
sidered as the boundary of the domain and its dip is estimated.
The pre-folded inclination of the fault plane is restored by the
same three procedures. Each domain has exact positions of
bedding in the sedimentary succession. The difference of posi-
tion of bedding on the opposite sides of the pre-folded fault
plane gives the vertical displacement. Horizontal displacement
is calculated based on the vertical displacement and on the
fault plane dip. The total pre-folded structure is obtained by
the aggregation of the pre-folded states of domains including
fault displacements. The next step was the aggregation of sev-
eral sets of domains into structural cells (pre-folded width of
the cell is approximately equal to the total sedimentary cover
thickness). For NW Caucasus we studied 11 sections, 244 do-
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Fig. 1. Statistic diagrams of fault parameters. A — Histogram of fault plane dips, B — Histogram of fault displacement magnitudes; some
values are out of range, C — Diagram of distribution of fault plane dips across the structure (along sections); the grey ellipse shows part of
faults that have a southern vergence. The structure with monovergent thrusts should show only thrusts and only in the area around the grey

ellipse
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Fig. 2. Typology of hinterland faults; all pictures have the same horizontal and vertical scales. A — Types for the case of a continuous sedi-
mentary succession; a — “computer” model constructed by PC-program after measurements in natural sections, b — the same structure after
retro-deformation by PC-program. A1 — thrust, A2 — normal fault, A3 — normal faults (complicated case), A4 — “short-cut”, Adc — scheme of
“short-cut” development. B — Types for different sedimentary successions on large fault sides; a — initial stage, b — after shortening and over-
thrusting, ¢ — natural structure example. B1 — false large scale overthrusting, B2 — false normal fault

mains, and 42 structural cells. The shortening values were
calculated for the sections and the structural cells. The average
shortening value was 35%, and the thrust-related part of short-
ening was 0.1 of the total average shortening.

The depth of the top of the basement was calculated for
each structural cell based on the initial thickness of the sedi-
mentary cover, shortening value, and vertical position of out-
crop bedding in the stratigraphic column. The method allows
us to construct a quazi-3D model of the basement top for the
recent state of a structure. The distribution of depths (in 42
points) has formed a complicated, although regular, surface
and its mean value was about 13 km (varied from 2—5 km to
25-30 km). We did not find the possibility to outline the gen-
tle detachment based on these depths. Thus it was determined
(YakovLEv 2009) that a typical A-subduction scheme (RoBIN-
soN et al. 1996) was not confirmed for the area.

Mechanical properties of the hinterland basement. The
structure of the transition zone (Transcaucasian Massif/Great-
er Caucasus) was studied based on structural materials of the
Chiauri zone (South Ossetia) using the same method (YAKOv-
LEV 2006). It was shown that the Racha-Lechkumi fault on this

boundary is a normal fault. The displacement magnitude (hin-
terland subsidence) for the basement top level is 12-15 km.
The supposed scheme of the common structure includes thrusts
as local structures in its upper part. Based on this fact we can
state that the shortening value of the basement in the Chiauri
zone was the same as the shortening of the folded sedimen-
tary cover. Thus, the basement of the hinterland is not rigid,
and the existence of the common detachment (DoTtpuev 1987)
is not possible.

Statistics of the hinterland fault parameters. The col-
lected structural data allow us to check the idea about wide-
spread monovergent thrusting as the main feature of the Great-
er Caucasus structure (Dotpuev 1987; RoBinsoN et al. 1996).
For the NW Caucasus structure, 119 fault plane dips were
analyzed together with their restored magnitudes of displace-
ments. There are 58 thrusts and 61 normal faults. The mean
value of the fault dip was ~80° to the north (southern ver-
gence). However, the distribution of dips was normal and sym-
metric around this value (Fig. 1A). One fifth of the faults (10
thrusts and 13 normal faults) have dips to the south. The mean
value of the magnitudes of horizontal displacements was
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~1838 m for thrusts and ~788 m for normal faults (Fig. 1B).
The distribution of dips of fault planes across the total structure
shows a weak divergence (Fig. 1C). A few thrusts having
maximal displacements belong to the central and southern parts
of the structure. Thus, the monovergence of thrusting is not
confirmed by statistics.

Hinterland faults typology. The experience of restoration
of faults allows us to suppose several main types of faults for
cases of identical and different sedimentary successions in ad-
jacent domains. The simplest structures for the constant sedi-
mentary cover succession are thrusts and normal faults. They
are restored for domains with subvertical axial planes by the
difference in depths of beds on the opposite sides of the fault
(Fig. 2A1, 2A2). A more complicated case occurs when the
dip of the fault plane is steeper than the inclination of the
axial plane. In this case, a formal thrust (older sediments in
hanging wall) can be restored as a real normal fault (Fig. 2A3).
Well-known «shortcut» structures also occur in multi-scale
folded structures (Fig. 2A4). In the first stage under exten-
sional regime, a normal fault develops with a dip about 70°.
In the second stage during shortening, a thrust develops as
a new plane with a dip about 45°, This thrust penetrates from
the hanging wall to the footwall and cuts a wedge, which has
the length of about several kilometres along the section line.

A complicated structure appears if the fault occurs at the
boundary of a sharp change in the thickness of units of the

sedimentary cover. Let us assume that in the northern block
during the initial stage, Upper Jurassic beds are 3 km higher
than beds of the same age in the southern block, because the
Cretaceous and Palaesogene units have different thicknesses. In
the case of gentle thrusting to the south, the Upper Jurassic is
in contact with the Upper Cretaceous. We may calculate the
magnitude of displacement based on the level of the northern
unit (this is correct), or on the level of the southern unit
(Fig. 2B1). The magnitude will be about 2 km in the first case
and almost 15 km in the second case (this is an error). An-
other situation occurs if the block having a larger thickness of
the sedimentary succession was overthrusted. Thrusting from
the north to the south leads to the contact of the Lower Creta-
ceous (hanging wall) with the Middle Jurassic (Fig. 2B2). For-
mal analysis of the structure based on the ages of beds gives
us the erroneous solution of the “normal fault”. In the analysis
of such complex cases, we offer to use exact stratigraphic suc-
cessions with numerical indications of the depths of particular
beds. Thus, based on the differences of depths the vertical and
horizontal displacements can be found easily. The ages of beds
will be ignored in this case.

Conclusions. The presented special studies of folded struc-
tures using estimation of fold-related shortening allow us to
determine the real properties of fault structures. The results
can confirm or disprove widespread opinions on these compli-
cated objects.
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Deformed terraces in the Polish Carpathian river valleys as indicators
of young tectonic movements
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2Galicia Tectonic Group

In the Pliocene and Quaternary the Polish Carpathians wit-
nessed differential vertical and some remnant horizontal move-
ments, resulting in the formation of elevated and subsided
areas. Evidence for Quaternary faulting in the Polish Carpathi-

ans is far from sufficient. Few examples have been document-
ed, more or less convincingly, from the Orawa—Nowy Targ
Basin, Podhale region, Pieniny Klippen Belt, Jelesnia Basin,
NW margin of the Nowy Sacz Basin, southern part of the



