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In our pa per (Jurewicz and Stępień, 2012) we pro posed a
sim ple method for ex ten sion mag ni tude es ti ma tion and we
dem on strated the pres ence of an anticline to the south of the
Rzepka Syncline. Mastella et al. (2013) chal lenge our newly
found out crops of Cam brian rocks and their in ter pre ta tion.

Cam brian rocks at point “B” (Jurewicz and Stępień 2012:
fig. 2A), which could in di cate the lo ca tion of the anticline axis,
were un cov ered in earth works ex ca vated dur ing the fenc ing-off
of a gas sta tion by the E7 motor way in 2006. Not with stand ing
two tiny dip sym bols point ing to south-dip ping De vo nian strata,
can be seen in Czarnocki’s (1938) map south of Rzepka with
help of a mag ni fy ing glass. This map had been pro duced be fore 
stone be gan to be ex ploited in Korzecko Quarry at Rzepka Hill
– thus when nu mer ous De vo nian ex po sure were scat tered
across the area. Both Mastella et al. (2013) and many oth ers
be fore them (e.g., Hakenberg, 1973; Konon, 2006; Jurewicz
and Stępień, 2012) have not no ticed these dip sym bols on
Czarnocki’s (1938) map. 

An other prob lem is a gap in De vo nian out crops be tween
Rzepka and Sosnówka. Tri as sic out crops shown on pho to -
graphs in Mastella et al. (2013) in di rectly point to the ab sence of 
De vo nian, be cause the lat ter would form pos i tive mor phol ogy.
Those pho tos thus would sup port the idea that Tri as sic
palaeomorphology has been un cov ered, with Tri as sic fill ing
nat u ral de pres sions cre ated due to e.g., un der ly ing soft Cam -
brian rocks – a phe nom e non com monly seen in this area.
More over, Mastella et al. (2013) do not at tempt to ex plain the
pres ence of Cam brian rocks that they found (fig. 1C). 30–50 cm 
thick Cam brian regolith over ly ing weath ered Tri as sic rocks and
ex tend ing over sev eral hun dreds of square metres can not be
ex plained as gla cial or i gin. We sug gest that the rea son is a pe ri -
od i cally open fault fis sure along which Cam brian could have
flowed to the sur face both in the past and at pres ent. It may
have pierced thin Buntsandstein de pos its. In 2008 we were
lucky enough to find ex actly the place where this Cam brian

emerges at the sur face. We are con scious that we have no fi nal
proof, but we do have a con sis tent hy poth e sis. 

The an swers to the re main ing ob jec tions ar tic u lated in
Mastella et al. (2013) have been or ga nized by themes.

DIAPIRIC FOLDING, STRATA ATTITUDES 
IN CHĘCINY ANTICLINE LIMBS 

AND THE CROSS-SECTION ACROSS 
THE CHĘCINY ANTICLINE

It seems that the Chęciny Anticline, the limbs of which are
made of 600 m thick (Hakenberg, 1973, 1974; Filonowicz and
Lindner, 1986, 1987), Mid dle and Up per De vo nian mas sive and
reef, lime stones and dolostones, mainly thick-bed ded, suf fered
axis-par al lel frac tur ing. This ap par ently caused both re lease of
Cam brian de pos its trapped in the anticline hinge and also al -
lowed rain wa ter in fil tra tion re sult ing in the swell ing of clay min er -
als. The two phe nom ena pro voked diapiric-like flow and shift ing
of mass from synclinal hinges to wards the cores of the anticlines
(see Stew art, 1996). Over turn ing of De vo nian strata may be
achieved only if fold limbs were strongly up lifted. When fold am -
pli tude is suf fi ciently great (more than the thick ness of fold limbs)
strata may be the “fall over” (Fig. 1). As seen in the map and in
the block di a gram based on it, such a con fig u ra tion is most eas ily 
achieved in up-thrown blocks, e.g. block 4 (Jurewicz and
Stępień, 2012: figs. 2B and 4). Block 5 (Sosnówka) is lo cated so
close to Zegzela Hill, that it is dif fi cult to say whether over turned
strata are re lated to struc tural com pli ca tions due to re place ment
of the Rzepka struc ture by re verse faults or whether they are due
to diapiric flow. Mastella et al. (2013) show pic tures of over turned
strata in their fig ure 2A–C – which is in con sis tent with what they
show in the cross-sec tion where they lo cate these pic tures
(Mastella et al., 2013: fig. 2D). They claim that pic tured strata at ti -
tudes (over turned strata) are rep re sen ta tive for the area de picted 
in the cross-sec tion. How ever, both at Zamkowa and at Zelejowa 
hills nor mal strata at ti tudes pre dom i nate (e.g., Czarnocki, 1938;
Kotański, 1959; Hakenberg, 1973). In or der to be con sis tent with
their model, one should draw Chęciny Anticline as a box-fold. We 
would also like to un der line that the cross-sec tion in fig ure 2D
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(Mastella et al., 2013), marked in their map with out scale (fig. 3),
does not run through Sosnówka Hill (where the pic tures in fig. 2A
were taken). Thus lo cat ing those pic tures in the cross-sec tion is
er ro ne ous. Ac cord ing to the orig i nal Konon’s (2006: fig. 4A)
work, this cross-sec tion runs through Zamkowa Hill. Over turned
strata on Zelejowa Hill, shown in fig ure 2C (Mastella et al., 2013), 
strike 50° and are oblique to the re gional trend. Thus, these
strata dips can not be judged rep re sen ta tive, but in stead should
be con sid ered un trust wor thy. Re mark ably, they have not been
taken into ac count in Konon’s (2006: fig. 4A) cross-sec tion ei ther.

Mastella et al. (2013) sug gest diapiric flow while si mul ta -
neously ques tion ing it, cit ing fa cies vari abil ity in the Cam brian
and the lack of meta mor phism in the Dyminy Anticline. We
agree with the ar gu ment re gard ing the Dyminy Anticline, but
this re gion has not been the sub ject of our work. Re gard ing the
age of diapirism: in the last chap ter of our pa per we state that
“pre-Tri as sic un cov er ing of Cam brian rocks could also have
been re spon si ble for diapiric-like tec ton ics”. Mastella et al.
(2013) er ro ne ously as sign to us the sug ges tion of an Al pine age 
of this phe nom e non.

Mastella et al. (2013) in ter pret the di rec tion of mo tion along
faults bound ing the core of the Chęciny Anticline (Jurewicz and

Stępień, 2012: fig. 7A) as nor mal fault ing but in fact it is a
diapiric flow di rec tion, be ing the re sult of de tach ment at com pe -
tent/in com pe tent rock in ter faces orig i nated in a compressional
stress field. The cross-sec tion in Konon (2006: fig. 4A) used by
Mastella et al. (2013: fig. 2D) shows listric faults chang ing updip
from nor mal to re verse. How ever, in the cross-sec tions of
Konon (2006), De vo nian strata are in nor mal po si tion. We hope
that our out line of evo lu tion of the Chęciny Anticline, en com -
pass ing diapiric flow of Cam brian, ex plains over turned strata
with out the need for mul ti ple faults. The evo lu tion ary model
shown in Fig ure 1 as sumes ero sion of the an ti cli nal hinge and
limbs con cur rent with diapiric flow to wards the anticline core,
which could have push ing the limbs out wards to the point of
over turn ing the strata.

The pres ent con tro versy is a good op por tu nity to re vise and
cor rect the geo log i cal cross-sec tion through the Kielce Unit
based on Filonowicz (1973) and Hakenberg (1973), slightly mod -
i fied by Konon (2006) – shown by Mastella et al. (2013) in their
fig ure 2D. We pro pose to in cor po rate the Wrzosy Anticline into
the sec tion and to change the fold ge om e try from that sim i lar in
Konon (2006: fig. 4A) to a con cen tric fold (Fig. 2). Sim i lar folds do 
oc cur lo cally in the De vo nian of the Holy Cross Mts. but ex clu -
sively in fine-bed ded strata and at the scale of an ex po sure, not
at cross-sec tion scale. The con sid er able per cent age of
dolostone and/or mas sive lime stone and shal low de for ma tion ar -
gue strongly in fa vour of con cen tric fold ge om e try. Konon’s
(2006) as sump tion of sim i lar folds re sults in a dif fi culty to ex plain
the in crease (by 1/3, what means 170 m) in thick ness of De vo -
nian strata in the Rzepka Syncline hinge con sid er ing the
lithologies, this is un likely. The next change that we pro pose re -
gards the re verse faults cut ting the Cam brian and con tin u ing into
the De vo nian limbs of the anticline. Konon (2006) based his
cross-sec tion on Kowalski’s (1975) model, in spired in turn by
San ford’s (1959) mod el ling work. Both Kowalski (1975) and
Konon (2006) did not take into ac count that this mod el ling does
not in cor po rate a fold nor an im por tant rhe o log i cal con trast,
which is the Cam brian/De vo nian bound ary. Ap ply ing San ford’s
faults – de vel oped in flat-ly ing over bur den dur ing block-like de -
for ma tion of its base ment – into a folded struc ture re sults in a
very small an gle be tween faults and bed ding within fold limbs.
This brings about two ques tions: (1) why the slip did not oc cur in -
stead on ei ther bed ding planes or on the de tach ment be tween
the two con trast ing struc tural lev els (com pe tent/in com pe tent lay -
ers); (2) how did re verse faults dip ping 80°, pre sented in Mastella 
et al. (2013: fig 2D), pro duced over turned strata dip ping at up to
59° (Mastella et al., 2013: fig. 2C)? Konon’s (2006) cross-sec tion
also needs to be re vised to in clude the Eemsian out crop un cov -
ered in 1978 dur ing earth works close to Chęciny (Głazek et al.,
1981). The next change in volves the Si lu rian which has been
drawn with out tak ing into con sid er ation the struc tural in her i tance
rules and the thick ness of which in creases to wards the anticline
hinge – while ac cord ing to Głazek et al. (1981) the Si lu rian might
be miss ing in this area. The group of faults at the limit be tween
the Pa leo zoic core and the Me so zoic fringe of the Holy Cross
Mts. also needs to be cor rected. Two of them, a few tens of
metres away from each other, cut in com pe tent Cam brian rocks.
A sin gle fault at the limit be tween com pe tent and in com pe tent
suc ces sions would seem more ap pro pri ate here. Like wise, what
crops out be tween these two faults should be clearly marked.
The pat terns used by Konon (2006) sug gest that this is ei ther the
Muschelkalk over ly ing the Cam brian or the over-thick Callovian
over ly ing the over-thick Up per Tri as sic (see Hakenberg, 1973,
1974).
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Fig. 1. Chart show ing pos si ble struc tural-geo met ri cal 
re mod el ling of the Chęciny Anticline due to diapiric flow 

of duc tile Cam brian strata

A – ini tial stage; B – de vel op ment of extensional frac tures and con -
cur rent ero sion cause re lease and flow of shales trapped in anticline 
core and out ward move ment of an ti cli nal limbs; C – con tin u ing ero -
sion causes flow of duc tile rocks from syncline hinges to wards
anticline hinge and may re sult in over turned strata



AGE AND ORIGIN OF FRACTURES

A synfolding or i gin of frac tures does not nec es sar ily mean
that they were formed in a sin gle ep i sode, sim ply be cause
growth of the Chęciny Anticline has been a con tin u ous pro cess
tak ing place dur ing the Late Car bon if er ous (e.g., Czarnocki,
1919, 1957; Lamarche et al., 1999, 2003). We do not con test
the age of frac tures, de fined by Migaszewski et al. (1996)
based on lithological-pet ro log i cal and iso tope stud ies which
doc u mented six ma jor phases of cal cite min er al iza tion, be -
cause we did not con duce such stud ies our selves; nei ther did
Konon (2004), cited by Mastella et al. (2013). Konon (2004)
only cited his pre de ces sors “The age of this faults/frac tures-fill -
ing cal cite is as so ci ated with pre-Perm ian (Wrzosek and
Wróbel, 1961; Rubinowski, 1971) or with some what youn ger
Late Car bon if er ous/Perm ian (Lewandowski, 1999: fig. 9, clus -
ter 4) and Perm ian phases of cal cite min er al iza tion
(Wierzbowski, 1997)”. Our work aimed in stead to es ti mate the
mag ni tude of lon gi tu di nal ex ten sion, as sessed by sum ming up
of cal cite vein thick nesses.

SECOND-ORDER FOLDS 
OR SECOND-ORDER FOLD

In the last chap ter of our work we state that “These two
struc tural el e ments are lo cal, sec ond-or der folds that do not
con tinue far to wards the NW” and we use such word ing in a few
other in stances, so Mastella et al. (2013) could at best re proach 
a mis spell ing or a lack of con sis tently. In the case that they
quote we dis cuss the rank of the fold, not its ge om e try. Dis put -
ing that the def i ni tion of a fold “...a fold is a tec tonic struc ture
com posed si mul ta neously from an anticline and a syncline...”
as a def i ni tion which “...was used many de cades ago...” is sim -
ply wrong. In, for ex am ple, the text book by Kuzak and Żaba
(2011) this is ex actly the def i ni tion of a fold.

IS THE DEEP, PRE-TRIASSIC 
EROSION A DISCOVERY?

We re port in our pa per that “New map ping data re veals
deep, pre-Tri as sic ero sion of folded Variscan base ment, un cov -
er ing Cam brian rocks crop ping out in the hinge of the Wrzosy
Anticline”. This means that we dem on strate deep ero sion in the
area of the Wrzosy Anticline and not that we re in vent ob ser va -
tions well-known from the east ern part of the Chęciny Anticline
– ob ser va tions marked by Mastella et al. (2013) by an ar row on
the scale-less map (fig. 3). First of all, no one be fore us (and
Czarnocki, 1938; ig nored by all) ever doc u mented an an ti cli nal
fold here nor pro posed un cov er ing of Cam brian strata be fore
the Tri as sic within the area lo cated to the south of the Rzepka
and Zamkowa hills. We have added new facts to the al ready
known ones. Mastella et al. (2013) missed the point that the ev i -
dence fa vour ing the ex is tence of the Wrzosy Anticline to the
south of the Rzepka Syncline re solves the num ber of geo met -
ric-struc tural prob lems ex em pli fied even on the (con tin u ously
quoted here) cross-sec tion (fig. 2D).

REMARKS REGARDING FIGURE 4 
OF THE DISCUSSION PAPER

Trans fer of the fold shape from block 2 to block 4, as done
by Mastella et al. (2013: fig. 4B, C) is un war ranted, be cause it
as sumes ideal, con stant fold ge om e try un chang ing along its
axis. We stressed that “The Rzepka Syncline is a lo cal struc -
ture, pres ent only to the south of Zamkowa Hill and at Rzepka
and Sosnówka hills. It does not con tinue to wards the NW,
where in stead sev eral faults, re spon si ble for the com plex tec -
tonic struc ture of Zegzela Hill and Żebrownica are pres ent
(Kutek and Głazek, 1972)”. Cross-cut ting of the anticline by
trans verse faults al lowed each block to de form some what au -
ton o mously dur ing sub se quent de for ma tion stages. Fig ure 4 in
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Fig. 2. Geo log i cal cross-sec tion through the south ern part of the Kielce fold zone based on Filonowicz (1973) 
and Hakenberg (1973), slightly mod i fied by Konon (2006) and re vised by the pres ent au thors

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 Mastella et al. (2013: fig. 3)



our pa per (Jurewicz and Stępień, 2012) is de scribed as a sche -
matic chart that should fa cil i tate the un der stand ing of our ideas, 
not as an ac cu rate block di a gram en abling throw mag ni tude es -
ti ma tions of the trans verse faults. The anticline it self does not
con tinue to in fin ity but dis ap pears close to Miedzianka be com -
ing an over turned fold along the way (e.g., Dębowska, 2004). A
fold’s ge om e try can not be re pro duced along its en tire length by
the copy/paste method – es pe cially given the res er va tions ex -
pressed in our work. Konon (2006) also noted that “The ge om e -
tries of the fold shape pro files also com monly change along
their axes. For ex am ple, these changes are clearly vis i ble in the 
Niewachlów and Chęciny Anticlines”. 

DIGITAL OR NUMERICAL PROCEDURE?

Pho to graphs shoot with a dig i tal cam era were sub jected to
anal y sis, the re sult of which is not an im age but a set of num -
bers ob tained by nu mer i cal meth ods, thus the ter mi nol ogy we
used ap pears to be ad e quate. In tec ton ics (and other fields of
knowl edge) DEM (Dig i tal El e va tion Model) anal y sis is widely
used. The Pol ish equiv a lent of the DEM is “NMT – Numeryczny
Model Terenu” (not: “Digitalny”) and no one dis cred its the re -
sults based on the “NMTs” sim ply be cause of no men cla tur al
dis crep an cies.

LACK OF SZANIAWSKI ET AL. (2011) REFERENCE

The pa per by Szaniawski et al. (2011) was pub lished when
our work had al ready been ac cepted for pub li ca tion.

ACCURACY OF MEASUREMENTS

The meth ods we used for de ter mi na tion of the value of lon -
gi tu di nal ex ten sion in this re gion were de lib er ately ap prox i mate
– and we would like to stress that un til then no one ever tried to

es ti mate this ex ten sion by any method. Avail able data does not
al low tak ing into ac count all imag in able vari ables, but this does
not mean that at tempts should not be made. We in tended to es -
ti mate the per cent age of lon gi tu di nal ex ten sion from summed
cal cite min er al iza tion, not to mea sure ex ten sion with ab so lute
pre ci sion. We are con scious that the re sult of our mea sure ment 
would be dif fer ent at dif fer ent lev els of the Rzepka Quarry wall,
thus at tempt ing (or pre tend ing) to be over-ex act would sim ply
be wrong. Our mea sure ments were only aimed at es ti mat ing
the scale of the phe nom e non and de ter min ing its share in lon gi -
tu di nal ex ten sion – is it tiny or sig nif i cant? It is an open ques tion
whether the re sult = 8.4% means sig nif i cant or in sig nif i cant ex -
ten sion. 

Our de tailed brec cia anal y ses based on pho to graphs ap ply
to 2.5% of the quarry wall length. We con ducted lin ear, not ar eal 
mea sure ment. Given the sub ject of our work we were in ter ested 
mostly in the fill ing be tween brec cia clasts. The two brec cia
types oc curred sep a rately in var i ous fault zones we did not ob -
serve tran si tions be tween them. 

Many semi-quan ti ta tive meth ods, such as the one ap plied
by us, are widely used in var i ous fields of knowl edge, e.g. in bi -
ol ogy or med i cine but also in pe trog ra phy or sedimentology
(granulometry) – al ways keep ing in mind that the re sults are ap -
prox i mate but at the same time sig nif i cant. All of struc tural ge ol -
ogy is based on ap prox i mate mea sure ments, start ing with mea -
sure ments of bed ding sur faces, which never are ideal planes.
The pre ci sion of the method we used is com pa ra ble to the pre -
ci sion of other meth ods used in struc tural ge ol ogy, e.g. to the
mea sure ments of frac ture den sity (Paduszyński, 1965;
Mastella, 1972) or to mea sur ing joint at ti tudes with help of a
cuboid. The ad van tages of our method are its sim plic ity, neg li gi -
ble cost and the ap pli ca bil ity to other quarry walls, which are ori -
ented lon gi tu di nally with re spect to struc ture strikes. Ques tion -
ing the com par i son of the mag ni tude of ex ten sion with the mag -
ni tude of short en ing es ti mated in Hakenberg’s (1973) un bal -
anced cross-sec tion show that there is still a lot of work to be
done in the Holy Cross Moun tains. We hope that this ob ser va -
tion will be come in spi ra tion for fur ther geo log i cal and geo phys i -
cal field re search and will ad vance un der stand ing of the Holy
Cross Mts.’ ge ol ogy.

REFERENCES

Czarnocki J. (1919) Stratygrafia i tektonika Gór Świętokrzyskich.
Prace Towarzystwa Naukowego Warszawskiego, 28. 

Czarnocki J. (1938) Carte géologique générale de la Pologne,
scale 1:100,000, feuille 4, Kielce. Edi tion du Ser vice
Géologique de Pologne.

Czarnocki J. (1957) Tec ton ics of the Święty Krzyż Moun tains (in
Pol ish with Eng lish sum mary). Prace Instytutu Geologicznego,
18: 11–138. 

Dębowska U. (2004) Some as pects of tec ton ics and min er al iza tion
in the De vo nian rocks in the west ern part of the Chęciny
Anticline: Miedzianka Mt., NW part of the Holy Cross Mts., cen -
tral Po land (in Pol ish with Eng lish sum mary). Przegląd
Geologiczny, 52 (9): 920–927.

Filonowicz P. (1973) Szczegółowa mapa geologiczna Polski w
skali 1:50 000, arkusz Kielce. Wydawnictwa Geologiczne,
Warszawa.

Filonowicz P., Lindner L. (1986) Szczegółowa mapa geologiczna
Polski w skali 1:50 000, arkusz Piekoszów. Wydawnictwa
Geologiczne, Warszawa.

Filonowicz P., Lindner L. (1987) Objaśnienia do Szczegółowej
mapy geologicznej Polski w skali 1:50 000, arkusz Piekoszów.
Wydawnictwa Geologiczne, Warszawa.

Głazek J., Karwowski Ł., Racki G., Wrzołek T. (1981) The Early
De vo nian con ti nen tal/ma rine suc ces sion at Chęciny in the Holy
Cross Mts. and its paleogeographic and tec tonic sig nif i cance.
Acta Geologica Polonica, 31: 233–250.

Hakenberg M. (1973) Szczegółowa mapa geologiczna Polski w
skali 1:50 000, arkusz Chęciny. Wydawnictwa Geologiczne,
Warszawa.

Hakenberg M. (1974) Objaśnienia do Szczegółowej mapy
geologicznej Polski w skali 1:50 000 arkusz Chęciny.
Wydawnictwa Geologiczne, Warszawa.

Jurewicz E., Stępień U. (2012) Tec ton ics of the Chęciny Anticline
(Holy Cross Mts., Cen tral Po land) in the light of new car to -
graphic data and cal cite vein anal y sis. Geo log i cal Quar terly, 56
(1): 95–106.

Konon A. (2004) Suc ces sive ep i sodes of nor mal fault ing and frac -
tur ing re sult ing from pro gres sive ex ten sion dur ing the up lift of

184 Edyta Jurewicz and Urszula Stępień



the Holy Cross Moun tains, Po land. Jour nal of Struc tural Ge ol -
ogy, 26: 419–433. 

Konon A. (2006) Buckle fold ing in the Kielce Unit, Holy Cross
Moun tains, cen tral Po land. Acta Geologica Polonica, 56:
375–405.

Kotański Z. (1959) Przewodnik geologiczny po Górach
Świętokrzyskich. Wydawnictwa Geologiczne, Warszawa. 

Kowalski W.R. (1975) Tec ton ics of west ern end of Chęciny
Anticline and sur round ing struc tures of Me so zoic mar gins of the 
Holy Cross Mts. Rocznik Polskiego Towarzystwa Geologicz -
nego, 45: 45–61.

Kutek J., Głazek J. (1972) The Holy Cross area, Cen tral Po land, in
the Al pine cy cle. Acta Geologica Polonica, 22: 603–653.

Kuzak R., Żaba J. (2011) Podstawy geologii strukturalnej. Struktury
fałdowe. Wydawnictwo Naukowe PWN.

Lamarche J., Mansy J.L., Bergerat F., Averbuch O., Hakenberg
M., Lewandowski M., Stupnicka E., Świdrowska J.,
Wajsprych B., Wieczorek J. (1999) Variscan tec ton ics in the
Holy Cross Moun tains (Po land) and the role of struc tural in her i -
tance dur ing Al pine tec ton ics. Tectonophysics, 313: 171–186.

Lamarche J., Lewandowski M., Mansy J.L., Szulczewski M.
(2003) Par ti tion ing pre-, syn- and post-Variscan de for ma tion in
the Holy Cross Moun tains, east ern Variscan fore land. Geo log i -
cal So ci ety Spe cial Pub li ca tion, 208: 159–184.

Lewandowski M. (1999) A palaeomagnetic study of frac ture fills in
the Holy Cross Moun tains of Cen tral Po land and its ap pli ca tion
in dat ing tec tonic pro cesses. Geo phys i cal Jour nal In ter na tional, 
137: 783–792.

Mastella L. (1972) In ter de pen dence of joint den sity and thick ness
of lay ers in the Podhale flysch. Bul le tin de l’Académie Po lo naise 
des Sci ences, Série des Sci ences de la Terre, 20: 187–196. 

Mastella L., Konon A., Dwornik M., Ludwiniak M.,
Rybak-Ostrowska B., Śmigielski M. (2013) Tec ton ics of the

Chęciny Anticline (Holy Cross Mts., cen tral Po land) in the light of 
new car to graphic data and cal cite vein anal y sis (dis cus sion).
Geo log i cal Quar terly, 57 (1): 175–180.

Migaszewski M.Z., Hałas S., Durakiewicz T. (1996) The age and
or i gin of the cal cite min er al iza tion in the Holy Cross Mts. based
on lith o logic-petrographic and iso to pic ev i dence (in Pol ish with
Eng lish sum mary). Przegląd Geologiczny, 44 (3): 275–281.

Paduszyński J. (1965) Szacowanie gęstości mikroszczelin metodą
trawersów losowych. Nafta, 1: 2–3.

Rubinowski Z. (1971) The non-fer rous metal ores of the
Świętokrzyskie Moun tains and their met al lo gen ic po si tion (in
Pol ish with Eng lish sum mary). Biuletyn Instytutu Geologicz -
nego, 247: 8–166.

San ford A.R. (1959) An a lyt i cal and ex per i men tal study of sim ple
geo logic struc tures. Geo log i cal So ci ety of Amer ica Bul le tin, 70:
19–51.

Stew art S.A. (1996) In flu ence of de tach ment layer thick ness on
style of thin-skinned shortering. Jour nal of Struc tural Ge ol ogy,
18: 1271–1274.

Szaniawski R., Konon A., Grabowski J., Schnabl P. (2011)
Palaeomagnetic age con straints on fold ing and fault ing events
in De vo nian car bon ates of the Kielce fold zone (south ern Holy
Cross Moun tains, Cen tral Po land). Geo log i cal Quar terly, 55 (3):
223–234.

Wierzbowski H. (1997) Buntsandstein in the karst in fill ings at
Chęciny (Holy Cross Mts., Cen tral Po land) and its sig nif i cance
for re gional geo log i cal con sid er ations (in Pol ish with Eng lish
sum mary). Przegląd Geologiczny, 45 (7): 707–710.

Wrzosek J., Wróbel L. (1961) Notes on the oc cur rence of cal cite
veins on Zelejowa Moun tain near Chęciny (in Pol ish with Eng -
lish sum mary). Zeszyty Naukowe AGH w Krakowie, Geologia,
31: 89–106.

Tectonics of the Chęciny Anticline (Holy Cross Mts., central Poland) in the light of new cartographic data... 185


