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In our paper (Jurewicz and Stepien, 2012) we proposed a
simple method for extension magnitude estimation and we
demonstrated the presence of an anticline to the south of the
Rzepka Syncline. Mastella et al. (2013) challenge our newly
found outcrops of Cambrian rocks and their interpretation.

Cambrian rocks at point “B” (Jurewicz and Stepien 2012:
fig. 2A), which could indicate the location of the anticline axis,
were uncovered in earthworks excavated during the fencing-off
of a gas station by the E7 motorway in 2006. Notwithstanding
two tiny dip symbols pointing to south-dipping Devonian strata,
can be seen in Czarnocki's (1938) map south of Rzepka with
help of a magnifying glass. This map had been produced before
stone began to be exploited in Korzecko Quarry at Rzepka Hill
— thus when numerous Devonian exposure were scattered
across the area. Both Mastella et al. (2013) and many others
before them (e.g., Hakenberg, 1973; Konon, 2006; Jurewicz
and Stepien, 2012) have not noticed these dip symbols on
Czarnocki's (1938) map.

Another problem is a gap in Devonian outcrops between
Rzepka and Sosnéwka. Triassic outcrops shown on photo-
graphs in Mastella et al. (2013) indirectly point to the absence of
Devonian, because the latter would form positive morphology.
Those photos thus would support the idea that Triassic
palaeomorphology has been uncovered, with Triassic filling
natural depressions created due to e.g., underlying soft Cam-
brian rocks — a phenomenon commonly seen in this area.
Moreover, Mastella et al. (2013) do not attempt to explain the
presence of Cambrian rocks that they found (fig. 1C). 30-50 cm
thick Cambrian regolith overlying weathered Triassic rocks and
extending over several hundreds of square metres cannot be
explained as glacial origin. We suggest that the reason is a peri-
odically open fault fissure along which Cambrian could have
flowed to the surface both in the past and at present. It may
have pierced thin Buntsandstein deposits. In 2008 we were
lucky enough to find exactly the place where this Cambrian
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emerges at the surface. We are conscious that we have no final
proof, but we do have a consistent hypothesis.

The answers to the remaining objections articulated in
Mastella et al. (2013) have been organized by themes.

DIAPIRIC FOLDING, STRATA ATTITUDES
IN CHECINY ANTICLINE LIMBS
AND THE CROSS-SECTION ACROSS
THE CHECINY ANTICLINE

It seems that the Checiny Anticline, the limbs of which are
made of 600 m thick (Hakenberg, 1973, 1974; Filonowicz and
Lindner, 1986, 1987), Middle and Upper Devonian massive and
reef, limestones and dolostones, mainly thick-bedded, suffered
axis-parallel fracturing. This apparently caused both release of
Cambrian deposits trapped in the anticline hinge and also al-
lowed rainwater infiltration resulting in the swelling of clay miner-
als. The two phenomena provoked diapiric-like flow and shifting
of mass from synclinal hinges towards the cores of the anticlines
(see Stewart, 1996). Overturning of Devonian strata may be
achieved only if fold limbs were strongly uplifted. When fold am-
plitude is sufficiently great (more than the thickness of fold limbs)
strata may be the “fall over” (Fig. 1). As seen in the map and in
the block diagram based on it, such a configuration is most easily
achieved in up-thrown blocks, e.g. block 4 (Jurewicz and
Stepien, 2012: figs. 2B and 4). Block 5 (Sosnéwka) is located so
close to Zegzela Hill, that it is difficult to say whether overturned
strata are related to structural complications due to replacement
of the Rzepka structure by reverse faults or whether they are due
to diapiric flow. Mastella et al. (2013) show pictures of overturned
strata in their figure 2A—C — which is inconsistent with what they
show in the cross-section where they locate these pictures
(Mastella et al., 2013: fig. 2D). They claim that pictured strata atti-
tudes (overturned strata) are representative for the area depicted
in the cross-section. However, both at Zamkowa and at Zelejowa
hills normal strata attitudes predominate (e.g., Czarnocki, 1938;
Kotanski, 1959; Hakenberg, 1973). In order to be consistent with
their model, one should draw Checiny Anticline as a box-fold. We
would also like to underline that the cross-section in figure 2D
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Fig. 1. Chart showing possible structural-geometrical
remodelling of the Checiny Anticline due to diapiric flow
of ductile Cambrian strata

A —initial stage; B — development of extensional fractures and con-
current erosion cause release and flow of shales trapped in anticline
core and outward movement of anticlinal limbs; C — continuing ero-
sion causes flow of ductile rocks from syncline hinges towards
anticline hinge and may result in overturned strata

(Mastella et al., 2013), marked in their map without scale (fig. 3),
does not run through Sosnéwka Hill (where the pictures in fig. 2A
were taken). Thus locating those pictures in the cross-section is
erroneous. According to the original Konon's (2006: fig. 4A)
work, this cross-section runs through Zamkowa Hill. Overturned
strata on Zelejowa Hill, shown in figure 2C (Mastella et al., 2013),
strike 50° and are oblique to the regional trend. Thus, these
strata dips cannot be judged representative, but instead should
be considered untrustworthy. Remarkably, they have not been
taken into account in Konon's (2006: fig. 4A) cross-section either.

Mastella et al. (2013) suggest diapiric flow while simulta-
neously questioning it, citing facies variability in the Cambrian
and the lack of metamorphism in the Dyminy Anticline. We
agree with the argument regarding the Dyminy Anticline, but
this region has not been the subject of our work. Regarding the
age of diapirism: in the last chapter of our paper we state that
“pre-Triassic uncovering of Cambrian rocks could also have
been responsible for diapiric-like tectonics”. Mastella et al.
(2013) erroneously assign to us the suggestion of an Alpine age
of this phenomenon.

Mastella et al. (2013) interpret the direction of motion along
faults bounding the core of the Checiny Anticline (Jurewicz and

Stepien, 2012: fig. 7A) as normal faulting but in fact it is a
diapiric flow direction, being the result of detachment at compe-
tent/incompetent rock interfaces originated in a compressional
stress field. The cross-section in Konon (2006: fig. 4A) used by
Mastella et al. (2013: fig. 2D) shows listric faults changing updip
from normal to reverse. However, in the cross-sections of
Konon (2006), Devonian strata are in normal position. We hope
that our outline of evolution of the Checiny Anticline, encom-
passing diapiric flow of Cambrian, explains overturned strata
without the need for multiple faults. The evolutionary model
shown in Figure 1 assumes erosion of the anticlinal hinge and
limbs concurrent with diapiric flow towards the anticline core,
which could have pushing the limbs outwards to the point of
overturning the strata.

The present controversy is a good opportunity to revise and
correct the geological cross-section through the Kielce Unit
based on Filonowicz (1973) and Hakenberg (1973), slightly mod-
ified by Konon (2006) — shown by Mastella et al. (2013) in their
figure 2D. We propose to incorporate the Wrzosy Anticline into
the section and to change the fold geometry from that similar in
Konon (2006: fig. 4A) to a concentric fold (Fig. 2). Similar folds do
occur locally in the Devonian of the Holy Cross Mts. but exclu-
sively in fine-bedded strata and at the scale of an exposure, not
at cross-section scale. The considerable percentage of
dolostone and/or massive limestone and shallow deformation ar-
gue strongly in favour of concentric fold geometry. Konon's
(2006) assumption of similar folds results in a difficulty to explain
the increase (by 1/3, what means 170 m) in thickness of Devo-
nian strata in the Rzepka Syncline hinge considering the
lithologies, this is unlikely. The next change that we propose re-
gards the reverse faults cutting the Cambrian and continuing into
the Devonian limbs of the anticline. Konon (2006) based his
cross-section on Kowalski's (1975) model, inspired in turn by
Sanford’s (1959) modelling work. Both Kowalski (1975) and
Konon (2006) did not take into account that this modelling does
not incorporate a fold nor an important rheological contrast,
which is the Cambrian/Devonian boundary. Applying Sanford’s
faults — developed in flat-lying overburden during block-like de-
formation of its basement — into a folded structure results in a
very small angle between faults and bedding within fold limbs.
This brings about two questions: (1) why the slip did not occur in-
stead on either bedding planes or on the detachment between
the two contrasting structural levels (competent/incompetent lay-
ers); (2) how did reverse faults dipping 80°, presented in Mastella
et al. (2013: fig 2D), produced overturned strata dipping at up to
59° (Mastella et al., 2013: fig. 2C)? Konon's (2006) cross-section
also needs to be revised to include the Eemsian outcrop uncov-
ered in 1978 during earthworks close to Checiny (Gtazek et al.,
1981). The next change involves the Silurian which has been
drawn without taking into consideration the structural inheritance
rules and the thickness of which increases towards the anticline
hinge — while according to Gtazek et al. (1981) the Silurian might
be missing in this area. The group of faults at the limit between
the Paleozoic core and the Mesozoic fringe of the Holy Cross
Mts. also needs to be corrected. Two of them, a few tens of
metres away from each other, cut incompetent Cambrian rocks.
A single fault at the limit between competent and incompetent
successions would seem more appropriate here. Likewise, what
crops out between these two faults should be clearly marked.
The patterns used by Konon (2006) suggest that this is either the
Muschelkalk overlying the Cambrian or the over-thick Callovian
overlying the over-thick Upper Triassic (see Hakenberg, 1973,
1974).
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Fig. 2. Geological cross-section through the southern part of the Kielce fold zone based on Filonowicz (1973)
and Hakenberg (1973), slightly modified by Konon (2006) and revised by the present authors

€, — Lower Cambrian sandstones and shales; S — Silurian shales; D; — Lower Devonian sandstones; D, — Middle Devonian dolomites
and limestones; D; — Upper Devonian limestones and shales; C; — Lower Carboniferous shales; P, — Upper Permian conglomerates
and limestones; T, — Lower Triassic sandstones and shales; T, — Middle Triassic limestones; Tz — Upper Triassic shales; J, — Middle Ju-
rassic gaizes and shales; J; — Upper Jurassic limestones; for location of the cross-section see Mastella et al. (2013: fig. 3)

AGE AND ORIGIN OF FRACTURES

A synfolding origin of fractures does not necessarily mean
that they were formed in a single episode, simply because
growth of the Checiny Anticline has been a continuous process
taking place during the Late Carboniferous (e.g., Czarnocki,
1919, 1957; Lamarche et al., 1999, 2003). We do not contest
the age of fractures, defined by Migaszewski et al. (1996)
based on lithological-petrological and isotope studies which
documented six major phases of calcite mineralization, be-
cause we did not conduce such studies ourselves; neither did
Konon (2004), cited by Mastella et al. (2013). Konon (2004)
only cited his predecessors “The age of this faults/fractures-fill-
ing calcite is associated with pre-Permian (Wrzosek and
Wrébel, 1961; Rubinowski, 1971) or with somewhat younger
Late Carboniferous/Permian (Lewandowski, 1999: fig. 9, clus-
ter 4) and Permian phases of calcite mineralization
(Wierzbowski, 1997)". Our work aimed instead to estimate the
magnitude of longitudinal extension, assessed by summing up
of calcite vein thicknesses.

SECOND-ORDER FOLDS
OR SECOND-ORDER FOLD

In the last chapter of our work we state that “These two
structural elements are local, second-order folds that do not
continue far towards the NW” and we use such wording in a few
other instances, so Mastella et al. (2013) could at best reproach
a misspelling or a lack of consistently. In the case that they
quote we discuss the rank of the fold, not its geometry. Disput-
ing that the definition of a fold “...a fold is a tectonic structure
composed simultaneously from an anticline and a syncline...”
as a definition which “...was used many decades ago...” is sim-
ply wrong. In, for example, the textbook by Kuzak and Zaba
(2011) this is exactly the definition of a fold.

IS THE DEEP, PRE-TRIASSIC
EROSION A DISCOVERY?

We report in our paper that “New mapping data reveals
deep, pre-Triassic erosion of folded Variscan basement, uncov-
ering Cambrian rocks cropping out in the hinge of the Wrzosy
Anticline”. This means that we demonstrate deep erosion in the
area of the Wrzosy Anticline and not that we reinvent observa-
tions well-known from the eastern part of the Checiny Anticline
— observations marked by Mastella et al. (2013) by an arrow on
the scale-less map (fig. 3). First of all, no one before us (and
Czarnocki, 1938; ignored by all) ever documented an anticlinal
fold here nor proposed uncovering of Cambrian strata before
the Triassic within the area located to the south of the Rzepka
and Zamkowa hills. We have added new facts to the already
known ones. Mastella et al. (2013) missed the point that the evi-
dence favouring the existence of the Wrzosy Anticline to the
south of the Rzepka Syncline resolves the number of geomet-
ric-structural problems exemplified even on the (continuously
quoted here) cross-section (fig. 2D).

REMARKS REGARDING FIGURE 4
OF THE DISCUSSION PAPER

Transfer of the fold shape from block 2 to block 4, as done
by Mastella et al. (2013: fig. 4B, C) is unwarranted, because it
assumes ideal, constant fold geometry unchanging along its
axis. We stressed that “The Rzepka Syncline is a local struc-
ture, present only to the south of Zamkowa Hill and at Rzepka
and Sosnéwka hills. It does not continue towards the NW,
where instead several faults, responsible for the complex tec-
tonic structure of Zegzela Hill and Zebrownica are present
(Kutek and Gtazek, 1972)". Cross-cutting of the anticline by
transverse faults allowed each block to deform somewhat au-
tonomously during subsequent deformation stages. Figure 4 in
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our paper (Jurewicz and Stepien, 2012) is described as a sche-
matic chart that should facilitate the understanding of our ideas,
not as an accurate block diagram enabling throw magnitude es-
timations of the transverse faults. The anticline itself does not
continue to infinity but disappears close to Miedzianka becom-
ing an overturned fold along the way (e.g., Debowska, 2004). A
fold’s geometry cannot be reproduced along its entire length by
the copy/paste method — especially given the reservations ex-
pressed in our work. Konon (2006) also noted that “The geome-
tries of the fold shape profiles also commonly change along
their axes. For example, these changes are clearly visible in the
Niewachléw and Checiny Anticlines”.

DIGITAL OR NUMERICAL PROCEDURE?

Photographs shoot with a digital camera were subjected to
analysis, the result of which is not an image but a set of num-
bers obtained by numerical methods, thus the terminology we
used appears to be adequate. In tectonics (and other fields of
knowledge) DEM (Digital Elevation Model) analysis is widely
used. The Polish equivalent of the DEM is “NMT — Numeryczny
Model Terenu” (not: “Digitalny”) and no one discredits the re-
sults based on the “NMTs” simply because of nomenclatural
discrepancies.

LACK OF SZANIAWSKI ET AL. (2011) REFERENCE

The paper by Szaniawski et al. (2011) was published when
our work had already been accepted for publication.

ACCURACY OF MEASUREMENTS

The methods we used for determination of the value of lon-
gitudinal extension in this region were deliberately approximate
—and we would like to stress that until then no one ever tried to

estimate this extension by any method. Available data does not
allow taking into account all imaginable variables, but this does
not mean that attempts should not be made. We intended to es-
timate the percentage of longitudinal extension from summed
calcite mineralization, not to measure extension with absolute
precision. We are conscious that the result of our measurement
would be different at different levels of the Rzepka Quarry wall,
thus attempting (or pretending) to be over-exact would simply
be wrong. Our measurements were only aimed at estimating
the scale of the phenomenon and determining its share in longi-
tudinal extension —is it tiny or significant? It is an open question
whether the result = 8.4% means significant or insignificant ex-
tension.

Our detailed breccia analyses based on photographs apply
to 2.5% of the quarry wall length. We conducted linear, not areal
measurement. Given the subject of our work we were interested
mostly in the filling between breccia clasts. The two breccia
types occurred separately in various fault zones we did not ob-
serve transitions between them.

Many semi-quantitative methods, such as the one applied
by us, are widely used in various fields of knowledge, e.g. in bi-
ology or medicine but also in petrography or sedimentology
(granulometry) — always keeping in mind that the results are ap-
proximate but at the same time significant. All of structural geol-
ogy is based on approximate measurements, starting with mea-
surements of bedding surfaces, which never are ideal planes.
The precision of the method we used is comparable to the pre-
cision of other methods used in structural geology, e.g. to the
measurements of fracture density (Paduszynski, 1965;
Mastella, 1972) or to measuring joint attitudes with help of a
cuboid. The advantages of our method are its simplicity, negligi-
ble cost and the applicability to other quarry walls, which are ori-
ented longitudinally with respect to structure strikes. Question-
ing the comparison of the magnitude of extension with the mag-
nitude of shortening estimated in Hakenberg’s (1973) unbal-
anced cross-section show that there is still a lot of work to be
done in the Holy Cross Mountains. We hope that this observa-
tion will become inspiration for further geological and geophysi-
cal field research and will advance understanding of the Holy
Cross Mts.” geology.
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