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Jurewicz and Stępień (2012) dis cussed the geo met ric re -
con struc tion of the Chęciny Anticline based on new map data.
The two, newly found ex po sures of Cam brian rocks, not re -
ported pre vi ously from the south ern limb of the fold, and frac -
ture anal y sis based on data from Rzepka Quarry, en abled
these au thors to pro pose dif fer ent in ter pre ta tions of struc tures
mapped ear lier by Czarnocki (1938, 1948), Filonowicz (1967)
and Hakenberg (1973). More over, Jurewicz and Stępień (2012) 
pro vided new in ter pre ta tions of the evo lu tion of the Chęciny
Anticline, on as so ci ated trans verse faults and extensional frac -
tures, as well as pro vid ing an es ti mate of the strain ra tio in the
Kielce fold zone. 

Sev eral of their in ter pre ta tions are chal lenged in this dis cus -
sion. Par tic u larly, we con sider that some of their ar gu ments, i.e. 
con cern ing the pres ence of Cam brian rocks at the lo ca tions
shown by the au thors and re gard ing the ge om e try and for ma -
tion of folds, com po nents of move ment across the fault planes,
their model of de vel op ment of the extensional frac tures, the
tim ing of the struc ture’s for ma tion, as well as their ter mi nol ogy
are mis lead ing and are in need of amend ment.

Jurewicz and Stępień (2012) de scribed “two new Cam brian
out crops” lo cated near Chęciny: one lo cated to the west, and
the sec ond to the east of Rzepka Hill. We have con ducted geo -
log i cal map ping in both ar eas. At the first lo ca tion, be low a thin
clay layer with frag ments of quartzitic sand stone of prob a ble
Cam brian age, we have found red ferruginous and si li ceous
quartz sand stones rep re sent ing the Buntsandstein fa cies re fer -
able to the Lower Tri as sic, as well as Mid dle De vo nian
dolomites (Fig. 1). At the sec ond lo ca tion, no frag ments of
quartzitic sand stones that could be as signed to the Cam brian
have been found. Only regolith was found there, with frag ments 
of white and yel low quartz sand stone, poorly ce mented and

free of iron ox ides. The sand stone most prob a bly be longs to the 
Lower Tri as sic Buntsandstein fa cies. 

Based on data from those two out crops, Jurewicz and
Stępień (2012) dis cussed the ge om e try of the fold pro file of the
Chęciny Anticline in the Holy Cross Moun tains fold belt. They
con sid ered that it formed due to diapiric-like move ments, with a
lo cal de tach ment formed at the bound ary of com pe tent and in -
com pe tent rocks, and they have mis in ter preted Konon (2006) in 
sup port of their in ter pre ta tion. Konon (2006) merely sug gested
that de tach ment ho ri zons played a sig nif i cant role in the de for -
ma tion, al though not dur ing the “Al pine oro gen esis” as in di -
cated by Jurewicz and Stępień, but dur ing Late Pa leo zoic de for -
ma tion when the Holy Cross Moun tains fold belt formed by
buckle – fold ing of the sed i men tary rocks. 

A typ i cal diapiric fold forms when the strong/brit tle over bur -
den is pierced by duc tile rocks (Dadlez and Jaroszewski, 1994). 
Jurewicz and Stępień (2012) did not con sider the prob lem of
how the strong over bur den could have been pierced in the
hinge zone or the bend ing of the fold limbs if the lon gi tu di nal
faults, along which such pro cesses took place, are nor mal faults 
as the au thors sug gest (Jurewicz and Stępień, 2012: fig. 7A).
They dis cussed also the ab sence of any faults in the pro cess,
as shown in the block-di a gram of the Chęciny and Wrzosy
anticlines and Rzepka Syncline (Jurewicz and Stępień, 2012:
fig. 4) and in geo log i cal maps doc u ment ing the pres ent-day
geo log i cal set ting af ter the youn gest de for ma tion stages
(Jurewicz and Stępień, 2012: fig. 2A, B). 

On both sides of the core of the Chęciny Anticline ex po -
sures of De vo nian rocks oc cur, the po si tion of which sug gest
the ac tiv ity of re verse faults oc cur ring mainly on the bound ary
be tween the Cam brian and De vo nian strata, as sug gested by
Kowalski (1975; Fig. 2). More over, the au thors did not take into
ac count the fa cies vari abil ity of Cam brian de pos its ob served in
the Kielce re gion. The core of the Dyminy Anticline, lo cated to
the north of the study area, is built of Lower Cam brian sand -
stones and siltstones with a much larger com pres sive strength
than the Cam brian rocks oc cur ring in the core of the Chęciny
Anticline. These Cam brian sand stones can not in di cate pos si bly 

*  Corresponding author: l.mastella@uw.edu.pl

Received: October 15, 2012; accepted: October 17, 2012; first
published online: January 11, 2013



176 Leonard Mastella, Andrzej Konon, Maciej Dwornik, Mirosław Ludwiniak, Barbara Rybak-Ostrowska and Michał Śmigielski

Fig. 1. Ex ca va tions within the weath ered Buntsandstein rocks

A – lo ca tion N50°48’04.5”, E20°26’07.9” – Mid dle De vo nian
dolomites; B – lo ca tion N50°48’03.6”, E20°26’06.7” near Korzecko
vil lage; C – de tailed view of frag ments of Cam brian (?) sand stones
from the sub-sur face

Fig. 2. Out crops of over turned strata
of the De vo nian lime stones on the
north ern slope of Sosnówka Mt. (A,
B) and on the ridge of Zelejowa Mt.
(C) and geo log i cal cross-sec tion (D)
through the south ern part of the
Kielce fold zone

C1 – Lower Cam brian sand stones and
shales; S – Si lu rian shales; D1 – Lower
De vo nian sand stones; D2 – Mid dle De -
vo nian dolomites and lime stones; D3 –
Up per De vo nian lime stones and shales; 
C1 – Lower Car bon if er ous shales; P2 –
Up per Perm ian con glom er ates and
lime stones; T1 – Lower Tri as sic sand -
stones and shales; T2 – Mid dle Tri as sic
lime stones; T3 – Up per Tri as sic shales;
J2 – Mid dle Ju ras sic gaizes and shales;
J3 – Up per Ju ras sic lime stones; for lo -
ca tion of the cross-sec tion see Fig ure 3



highly duc tile be hav iour if the De vo nian rocks that are folded
with them do not show any signs of meta mor phism. 

The pos si bil ity of fold for ma tion due to hor i zon tal short en -
ing, in the pres ence of nor mal faults or in the ab sence of any
faults as in di cated by Jurewicz and Stępień (2012) is also in
con tra dic tion to the re sults of Dębowska (2004: fig. 5 – stage
C), in which the tec tonic evo lu tion of the Chęciny Anticline near
Miedzianka Hill was de scribed. 

Jurewicz and Stępień (2012) de scribed in their pa per the
for ma tion of folds as well as extensional frac tures and nor mal
faults in the Holy Cross Moun tains fold belt and pro vide their
own in ter pre ta tions. For ex am ple, they dis cussed the up lift
stage of this fold belt based on what they sug gest is new data,
al though the pres ence of ex po sures of Perm ian rocks un con -
form ably cov er ing folded Cam brian and De vo nian strata has
been known from the area for over 70 years (Czarnocki, 1938).
These ex po sures are very im por tant, be cause they di rectly in di -
cate the sig nif i cant role of Late Pa leo zoic de for ma tion in the de -
vel op ment of the Holy Cross Moun tains fold belt as well as the
con sid er able up lift of the fold belt im me di ately be fore the Perm -

ian. One of the most well-known ex po sures of Perm ian rocks
oc curs ca. 2 km to the east of Chęciny and was first marked on
the maps of Czarnocki (1938, 1948), and later also on 1:50 000
geo log i cal maps by Filonowicz (1967) and Hakenberg (1973),
some thing not noted by the au thors, al though they did re fer to
these maps (Jurewicz and Stępień, 2012; Fig. 3). Thus the
ques tion again arises of when the folds formed in the Holy
Cross Moun tains fold belt and when their shape pro files could
have been mod i fied, if ac cord ing to Jurewicz and Stępień
(2012) the diapiric-like re-ar range ment of the Variscan anticline
struc tures was a re sult of Al pine oro gen esis. As shown by geo -
log i cal maps (Czarnocki, 1938, 1948; Filonowicz, 1967; Haken -
berg, 1973), Perm ian rocks un con form ably cover Cam brian
rocks in the hinge zone and De vo nian rocks on the limbs. This
ob vi ous in con sis tency re mains un ex plained by Jurewicz and
Stępień (2012).

Based on ob ser va tions car ried out in Rzepka Quarry,
Jurewicz and Stępień (2012) de scribed a model of for ma tion of
cal cite-filled extensional frac tures, sug gest ing their syn-fold or i -
gin. How ever, the age of brit tle frac tures cut ting the De vo nian
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Fig. 3. Geo log i cal map of the south west ern part of the Holy Cross Moun tains (af ter Czarnocki, 1938,
1948; Filonowicz, 1973; Konon, 2007, mod i fied)

 Map-scale folds: Ch. A. – Chęciny Anticline; D. A. – Dyminy Anticline; G.-B. S. –  Gałęzice–Bolechowice
Syncline; K. S. – Kielce Syncline; Ł. S. – Łabędziów Syncline; Rz. S. – Rzepka Syncline



rocks is vari able, as shown e.g., by Konon (2004). We sup pose
that Jurewicz and Stępień (2012) de sired to dis cuss the age of
the cal cite-filled extensional frac tures de scribed from Rzepka
Quarry, but the age of these struc tures has been ear lier de ter -
mined in sev eral stud ies (e.g., Konon, 2004, with ref er ences
therein). Jurewicz and Stępień (2012) re ferred to these pa pers
in the In tro duc tion, but not in the dis cus sions and con clu sions
chap ters of their pa per.

Sim i larly, when de scrib ing the folds and their ages,
Jurewicz and Stępień (2012) omit ted the palaeomagnetic data
from the area, from which the age and mag ni tude of de for ma -
tion may be es ti mated more pre cisely. These stud ies showed
the Late Pa leo zoic age of the folds (Szaniawski et al., 2011,
with ref er ences therein), al though they do not ex clude slight
mod i fi ca tion of the ear lier formed folds, which prob a bly took
place at the Maastrichtian/Paleocene bound ary (Szaniawski et
al., 2011, with ref er ences therein).

Ap pli ca tion of dig i tal im age anal y sis to geo log i cal data is al -
most al ways a good choice when val ues of geo met ric or sta tis ti -
cal pa ram e ters need to be ob tained. Rapid and pre cise data on
ar eas, ori en ta tions of elon ga tions or dis tri bu tion of grain di am e -
ters may be ob tained us ing dig i tal meth ods in com par i son to
tra di tional meth ods such as spot or lin ear me ter ing. On the
other hand, these meth ods, like all com pu ta tional meth ods, are
based on the rule: gar bage in, gar bage out. Poor qual ity or in -
cor rect data will pro vide in cor rect re sults.

In Jurewicz and Stępień (2012) such flaws are clearly ev i -
dent. The main goal of im age anal y sis was to ob tain the per -
cent age ra tio of clasts and min er al iza tion in the two types of
brec cia. Jurewicz and Stępień (2012) as sumed that only clasts
and pix els re lat ing to min er al iza tion are vis i ble on the im ages.
This as sump tion is true only when there are no: (a) third parts
(i.e., pore space, flu ids, or ganic mat ter), and (b) ar eas where
de tec tion and sub se quent ver i fi ca tion of clas si fi ca tion is
non-unique or im pos si ble. In their fig ure 8A the sec ond con di -
tion is not ful filled; the pho to graph shows ar eas of shadow that
are de tected as clasts. In their fig ure 8B the ar eas that look like
“iron” min er al iza tion are clas si fied some times as clasts and
some times as min er al iza tion. It is im pos si ble, due to the qual ity
of the printed pho to graph, to dis tin guish whether the “iron” min -
er al iza tion men tioned above is on the sur face of the out crop or
is part of the rock, i.e. at the bound ary be tween the clasts and
min er al iza tion. In both im ages pre sented in the pa per, the ana l -
y sis should be di vided into two sep a rate parts: de tec tion of
clasts and de tec tion of min er al iza tion.

An ad di tional prob lem is the lack of clean ing meth ods af ter
thresholding. Even the sim plest meth ods, such as me dian fil tra -
tion or mor phol ogy op er a tion (e.g., Gon za les and Woods, 2008), 
may elim i nate small ob jects and gaps, which the clas si fi ca tion is
not ca pa ble to ver ify (e.g., iso lated pix els). These small ar eas are 
mainly the re sults of noise – artefacts caused by the thresholding 
pro cess (i.e., a prob lem with pre cise and ad e quate val ues and
the thresholding method). Lack of de scrip tion of these meth ods
and the fi nal re sults pre sented sug gest that the method men -
tioned above was not ap plied. It was used for ex am ple in the pa -
per by Heilbronner (2000), which was cited by the au thors, and
may sig nif i cantly im prove the qual ity of the anal y sis.

More over, Jurewicz and Stępień (2012) did not state the
num ber of the im ages ana lysed and the per cent age part of anal -
y sis area in com par i son to the area of the en tire out crop/sam -
ple/thin sec tion. It is im pos si ble to de ter mine whether the re sults
of their anal y sis may be ex tended over the en tire area; they ana -
lysed only two types of brec cias and there is no in for ma tion about 
the dif fer ences be tween these two types (i.e., whether the tran si -
tion be tween the brec cias is con tin u ous or sharp).

All of these make the re sults of the anal y sis doubt ful. The in -
ter pre ta tion of shad ows as clasts, lack of post-thresholding fil -
tra tion or of sta tis ti cal in for ma tion re gard ing the anal y sis (such
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Fig. 4. Geo log i cal map and sche matic cross-sec tions through
“blocks 2 and 4” (based on Jurewicz and Stępień, 2012, mod i -
fied herein)

A – bed rock ge ol ogy merged with a dig i tal el e va tion model; B –
cross-sec tion through “block 2”, red ver ti cal ar row shows the min i -
mal amount of rel a tive dis place ment be tween “blocks 4 and 2”
needed to gen er ate the geo log i cal model pre sented by Jurewicz and 
Stępień (2012); C – cross-sec tion through “block 4”, dashed cir cle –
po si tion of De vo nian strata ac cord ing to the map of Jurewicz and
Stępień (2012); Tp – Lower Tri as sic (Buntsandstein), D – De vo nian
(Dg – Givetian, De – Eifelian, Dem – Emsian), Cm – Cam brian



as er rors and the num ber of im ages ana lysed) de tract from the
re sults of Jurewicz and Stępień (2012). 

An other is sue is their de scrib ing all im age pro cess ing meth -
ods us ing the phrase “nu mer i cal”. It is com monly ac cepted to
re fer to these meth ods the phrase “dig i tal” or “com puter” (i.e.,
Gon za les and Woods, 2008; Pratt, 2001). The phrase “nu mer i -
cal” is lim ited only to some classes of al go rithms, ap plied to es ti -
mate the so lu tion of math e mat i cal prob lems (ex am ples of these 
al go rithms can be found in, e.g., Press et al., 1988). 

Jurewicz and Stępień (2012) stated that “...the Rzepka
Syncline and Wrzosy Anticline to gether form a sub or di nate
(sec ond-or der) fold within the south ern limb of the Chęciny
Anticline”. This state ment sug gests that the au thors de fine a
fold as a tec tonic struc ture com posed si mul ta neously from an
anticline and a syncline. Such def i ni tion was used many de -
cades ago, but at pres ent, with the sig nif i cant de vel op ment of
geo phys i cal anal y sis, a fold is de fined as a bend or flex ure of
lay ered rock in one of two ba sic types: anticline and syncline
(e.g., Twiss and Moore, 1992; Shaw et al., 2005). The ap pli ca -
tion of an older def i ni tion may lead to ex treme cases when the
ma jor fold types rec og nized in fold-and-thrust belts com pris ing
fault-prop a gated folds, fault-bend folds and de tach ment folds
(e.g., Thorbjornsen and Dunne, 1997) would be de scribed as
“half-folds”.

As we show on Fig ure 4, the cross-sec tion and geo log i cal
map pre sented by Jurewicz and Stępień (2012) are mu tu ally
con tra dic tory. The pres ence of De vo nian rocks in the south -
west ern part of “block 4” can not be ex plained by nor mal fault ing
and was not dis cussed by the au thors; the large amount of ver -
ti cal dis place ment (>650 m) needed to cre ate the pro posed
geo log i cal struc ture re mains also un clear (Fig. 4).

Sum ming up, Jurewicz and Stepień (2012) con cluded that
their ob ser va tions car ried out in two newly found out crops of
Cam brian rocks and in Rzepka Quarry al low the for mu la tion of
new in ter pre ta tions of the geo log i cal struc ture of the Chęciny
Anticline near Chęciny. Ac cord ing to us, the au thors did not
pres ent any ev i dence in the form of pho to graphic doc u men ta -
tion for the ex is tence of these ex po sures of Cam brian rocks at
the lo ca tions given, while our geo log i cal map ping did not con -
firm the pres ence of such rocks. This place doubt on their con -
clu sions.

The model of fold for ma tion in the Holy Cross Moun tains
fold belt pre sented by Jurewicz and Stępień (2012) based on a
small frag ment of the Chęciny Anticline, sug gests the pos si ble

ac tiv ity of “diapiric-like move ment” and “diapiric-like tec ton ics”.
How ever, their ar gu ments are mu tu ally con tra dic tory, be cause
by sug gest ing hor i zon tal com pres sion dur ing fold ing they sup -
port the for ma tion of nor mal faults that are par al lel to the fold
axis, as well as the ab sence of lon gi tu di nal faults. More over,
their ob ser va tions are in con sis tent with ear lier ob ser va tions of
the ju nior au thor of this note, that showed the for ma tion of a lon -
gi tu di nal contractional fault of Tri as sic–Early Ju ras sic age, i.e.
af ter the main de for ma tions in the Holy Cross Moun tains fold
belt. How this was de ter mined re mains an open ques tion. Ad di -
tion ally, when de scrib ing the up lift of the Holy Cross Moun tains
fold belt Jurewicz and Stępień (2012) did not re fer to the well
known geo log i cal maps of Czarnocki (1938, 1948), Filonowicz
(1967) and Hakenberg (1973).

Jurewicz and Stępień (2012) in ferred the age of cal cite-filled 
extensional frac tures, but did not re fer in dis cus sion ear lier re -
ports on this topic (e.g., Wrzosek and Wróbel, 1961;
Rubinowski, 1971; Wierzbowski, 1997; Lewandowski, 1999;
Konon, 2004), in which the model of frac ture for ma tion was ex -
ten sively dis cussed. When de scrib ing the tec tonic struc tures in
the Holy Cross Moun tains fold belt, the au thors made no ref er -
ence to pub lished palaeomagnetic data (Szaniawski et al.,
2011, with ref er ences therein). 

Im age anal y sis con ducted by Jurewicz and Stępień (2012)
has been car ried out in cor rectly. Flaws in clude im age anal y sis
of an un even sur face, where dis tinct shad ows vis i ble on the
pho to graphs pre sented are in ter preted as clasts or min er al iza -
tion, lack of in for ma tion on the num ber of sam ples ana lysed
(per haps only the two ex am ples il lus trated?), lack of mea sure -
ments of the cal cite veins and the bed ding re sult in con cern
whether the ex ten sion was cor rectly es ti mated, par tic u larly in
the light of the fact that the anal y sis was made from a 200-m
long quarry wall and ex tended over the en tire Kielce fold zone. It 
re mains an open ques tion of how the 30% short en ing was cal -
cu lated on the ba sis of the cross-sec tion by Hakenberg (1973),
as this cross-sec tion was not bal anced. 

In our opin ion, the ab sence of ex po sures of Cam brian rocks 
at lo ca tions stated, in cor rect ap pli ca tion of the ter mi nol ogy and
meth od ol ogy, mu tu ally in con sis tent ob ser va tions, and lack of
ref er ence to the con clu sions of ear lier re ports in di cate that the
in ter pre ta tions of the au thors as re gards the geo log i cal struc -
ture of the part of the Chęciny Anticline ana lysed re main un doc -
u mented and largely un jus ti fied. 
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