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The Holy Cross area, Central ‘Poland,
in the Alpine cycle

ABSTRACT: Evidence is Presented that a- distinet elevation never existed in the_
area of the bresent Holy Cross Mis during Permian and Mesozoic time. This area

generated. in a similar way by Laramide movements on the site of the pre_«':'g‘cling
Danish-Polish trough. Some other tectonic and paleogeographic problems, concerning
mainly the Holy Cross Mts and the Middle-Polish anticlinorium, are also discussed.

INTRODUCTION

The main geological features of the Holy Cross Mts {Gory Swieto-
krzyskie) can - summarized as follows. The Paleozoic rocks crop out
in a relatively small area which ig called the Paleozoic core of the Holy
Cross Mts (Fig. 1). On the NE, NW and SW this core is encircled by

deposits of the Carpathian foredeep. As an orogré.phi_c' unit the Holy
Cross Mts roughly include the area of both the Paleozoic core and its
Mesozoic margin. '
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‘At present, no Mesozoi¢ depos1ts occur within the Paleozoic core,
and the Jurassic and Cretaceous are also missing in parts of the surroun-
dmg areas (F;lg 1).. It 'has been recognized for a long time that some Me-
s0zoic sed1ments were removed from the discussed region by erosion sub-
sequent to late Cretacedus or Tertiary tectonic movements. However, on
the assumption that some other. Mesozoic and Permian sediments were
primarily lacking in the central part of the Holy Cross Mts, it has been
postulated by several authors that a distinct elevation existed here dur-
ing some epochs of the Permian and Mesozoic, In several papers and
maps concerning the Permian and Mesozoic paleogeography, it has been
suggested that this area formed mtermlttently an elevation, peninsula
or island, supplying adjacent sedimentary basins with detrital material
(e.g. Ks1azk1ew1cz & Samsonowicz 1952; Milewicz & Pawlowska 1961;
Senkowiczowa & Szyperko-Sliwczyhska 1961; Pozaryski 1962a; Dadlez,

' Dayczak-Calikowska & Dembowska 1964; Kquk1ew1cz, Samsonowicz &
Riihle 1965). Similar opinions are advanced in some recent publications
(e.g. Pozaryski 1970a, Cieslinski & Pozaryski 1970), although opposite
opinions have been also expressed (Dadlez 1969, Hakenberg -1969, Ku-
tek 1969, Karaszewski & Koplk 1970, Kopik 1970, Senkowiczowa 1970).

The aim of this paper is to. show that no particular elevatmn exist-
ed during Permian and Mesozoic time at the site of the present Holy
-Cross. Mts, and that they were produced as a distinct geologic and geo-
morphologic unit by post-Cretaceous tectonic movements (cf. Glazek &
Kutek 1970, 1971).°

Two- publications deserve special attention as source of geological
-data discussed here. These are the Geological Atlas of Poland (Znosko
1968) arid the fascicles 7—11 of the Geological Atlas of Poland, Strati-
graphic and Facies Problems (Milewicz & Pawlowska 1961; Senkowiczo-
wa & Szyperko-Sliwczyfiska 1961; Pozaryski 1962a; Dadlez, Dayczak-Ca-
likowska & Dembowska 1964; Areri 1964). The latter publications supply
much valuable information on the facies and thicknesses of the Permian,
Mesozoic and Tertiary sediments in Poland. Several paleogeographical
interpretations, however, are highly conjectural and some of them sub-
stantially differ from those proposed here.
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GEOTECTONIC SETTING OF THE HOLY CROSS MTS

Middle-Polish anticlinorium

It stretches NW-SE across Poland from the Baltic Sea to ‘the Car-
pathians. The well known ,,Pomerania-Kujawy swell” ‘and farther south
also the Holy Cross Mts and the San anticlinoriuim, are inclided within
* this large geo'tec'tomc unit (F1g 1; Pozaryski 1964, 1969). The Cretaceous,
and in some regmns also the Jurassic, Triassic' and Permian deposits,
were removed by erosion from the Middle-Polish anticlinorium at the
turn of the Cretaceous and Tertiary. They are still preserved in the Szcze-

'c1n-L6dz-M1edh6w synclinorium and in the Border synclinorium which
parallel the Middle-Polish anticlinorium from tthe SW .and NE, respecti-
vely. All these geotectoric units were produced by Laramide movements
which took place mainly during the Maestrichtian and Paleocene.
. The Middle-Polish anticlinorium was formed, as a result of tectonic
inversion, on the site of the preceding Danish-Polish trough. During the
Upper Perm1a-n and Mesozoic this trough was a zone of strong subsidence
where very thick sediments accumulated (Pozaryski 1957, 1964; Marek
& Znoske" 1972) The ijper Permian and Mesozoic sediments. of .the
Danish-Polish trough are considered to have reached a thickness of 11
km in the Kujawy.area (Pozarysk1 1964, Znosko 1969), and more than
6 km in Pomerania (Dadlez & Démbowska 1965). The Upper Permian
and Mesozoic subsidence was much lesser outside the Danish-Polish
trough Hence, the thickness of Upper Permian and Mesozoic deposits’
decreases more or less rapidly away from the Middle-Polish anticlino-
rium, both to the northeast and southwest (Figs 2—4) L.

.In general, the axis of the Middle-Polish anticlinorium clearly coin-
cides with that of the Danish-Polish trough (Figs 1—4). However, slight
shifting of the axis of maximum subsidence during 'the Mesozoic has
been recognized in some regions (e g. Dadlez & Dembowska 19 65).

The subsidence in the Danish-Polish trough, and the forming of the
Middle-Polish anticlinorium, were strongly influenced by deep-seated
faults, some of them stretching parallel or subparallel to the axis of the
anficlinorium (Pozaryski 1964, Dadlez & Marek 1969, Marek & Znosko
1972). In some regions, however, the conventional boundaries of the
Middle-Polish anticlinorium with the bordering synclinoria (i.e. the
boundaries of the Jurassic and Cretaceous belts — Fig. 1), do not strictly
coincide with such faults.

1 Only the existing thickness of the particular Permian and Mesozoic depo-
sits is indicated in maps shown in Figures 2, 3, 4. The decreased thicknesses just
at the margins of the -Middle-Polish antlclmonum are due to erosion subsequent
to the uplift of the anficlinorium. The occurrence of minor post-Cretaceous tectonic
structures within the bordering synclinoria influences in the same manner the
thickness of the Permo-Mesozoic cover.
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Schematic geclogical map of Poland

1 Precambrian and Paleozoie (to Carboniferous), 2 Permian and Triassic, 3 Jurassic, 4 Cretaceous,
5 Carpathiang, mainly Cretaceoug and Tertlary Flysch, 6 marine Miocene of the Carpathian
foredeep, 7 Tornquist-Telsseyre line, § important geologic boundaries: boundary of the Paleo-
zoic and Precambrian of the Holy Cross Mts and the San anticHnorium, amd the northern
boundary of the Miocene of the Carpathian foredeep; 9 northern margin of the Carpathian
nappes; 10—14 southern limits of Tertiary platform deposits: 10 Paleocene, 11 Upper Eocene and
Oligocene, 12 isolated cccurrences of Upper Eocene or Oligocene deposits, 13 Miocene, 14 Plio- -
cene; 15 line of the section in Fig. 6, 16 lines of the sections shown in Fig. 5, H Holy Cross Mts,
S San anticlinorium, B Brudzowice, K Kolbark

The Middle-Polish anticlinorium can be traced into the southern-
most part of the Baltic Sea, and the Danish-Polish trough as far sa Den-
mark (Pozaryski 1957, 1970b; Dadlez & Mlynarski 1967). In southeastern
Poland and western Ukraine, it is buried under the Miocene of the Car-
pathian foredeep and/or overriden by the Carpathian Flysch nappes.



THE HOLY CROSS AREA IN THE ALPINE CYCLE 607

The Middle-Polish anticlinorium parallels the Tornquist line 2 from
the southwest. This: line is considered as a boundary of the ancient East-
~European platform with youmger platforms, or as a boundary of the
elevated part of this platform with a pericratonic depression of lafest
Precambrian age (Znosko 1962a, 1964, 1965, 1966, 1970; Pozaryski & Tom-~
czyk 1968a,b; Bogdanov 1965, 1968a,b; Kélbel 1968). Notwithstanding
the controversy concerning the geotectonic interpretation of the Torn-
quist line, it is evident that the forming of both the Middle-Polish. an-
t1c11nor1um and of the Danish-Polish trough m'ust have been connecfted

with this structural line.

The Middle-Polish antic]dnonum, whlch is an epiplatformal geotectonic unit,
has been termed a paranticlinorium (Znosko, in Sokolowski & Znosko 1960, Khain
1971). As placanticlines (boxfolds) are the most characteristic tectonic structures of
that anticlinorium ('Dad.lez_& Marek 1968), it was also called a placanticlinorium (Po-
zaryski 1970c). For similar reasons, the Szczecin-R6di-Miechéw syrclinorium and
the Border synclinorium can be called placosynclinoria. Although these ferminolo-
gical distinctions are of some importance, there seems to be little need for exclusive
use of these elaborated {erms. Since such simpler terms as e.g. ,,the Middle-Polish an-
ticlinorium” should not lead to confusion when problems of classification of geotec-
tomc units are not directly involved, they will be currently used hereafter.

* As the Middle-Polish anticlinorium resulted from the tectonic mversion of
the Danish-Polish trough, it does not seem justifiable to call it a rampart (cf. Po-_
saryski 1870c). '

The German-Polish syneclise

This geotectonic unit which is also called the North-German-Polish
basin, or the Central-European basin (Kdolbel 1968), stretches roughly
W-E from northern Germany into northern and Central Poland, occupy-
ing large parts of the Polish Lowland. The German-Polish syneclise was
a site of strong subsidence during Upper Permian and Mesozoic times.
In some parts of the Polish Lowland, included within = this' syneclise,
almost continuous sedimentation occurred during the Upper Permian
and the Mesozoic. Extensive Paleogene and Neogene formations occur
in the area concerned.

In Poland, the Permian and Mesozoic sediments attain their maxi-
mum thickness i.ri the Kujawy area where the axis of the German-Polish
syneclise was crossed by that of the Danish-Polish trough (Figs 2—4).

The meta-Carpathian zone

In Poland, the German-Polish syneclise passes southwards into the

meta-Carpathian zone.
The area that separated the German-Polish syneclise from the Car—
pathian Flysch geosyncline, will be considered as the meta-Carpathian

2 This line is called by some Polish authors (Znosko 1969) thé Teisseyre line.
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A — Thickness map of the Zechstein deposits in Poland (simpilified a_fter Podemski, Wagner & Pawlowska in Znosko 1968)
1 0—200 m, 2 200500 m, 3 5001000 m, 4 over 1000 m, 5 faults, 6 northern margin of the Carpathian nappes

B — Thickness map of the Triassic deposﬂs in Poland (simplified after Senkowmzowa & Szyperko-Shwczyﬁska in Znosko 1968)
! 0—500 m, 2 500—1000 m, 3 1000—2000 m, 4 over 2000 m, 5 faults, 6 northern margin of the Carpathian nappes
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'A — Thickness map of the Jurassic deposits in Poland (simplified after Dadlez in Znosko 1968)
1 0—500 m, 2 500—1000 m, 3 1000—2000 m, 4 over 2000 m, § faul/ts [} northern margin of the Carpat.lnan nappes

B — Thickness map of the Lower Cretaceous deposits in Poland (simplified and shghtly mod1f1ed after Marek & Raczyhska is

- Znosko 1968)

1 0—200 m, 2z 200500 m, 3 over 500 m, ¢ faults, 5 northern margin of the Carpathian nappes
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A — Thickness map of the Upper Cretaceous deposits in Poland (simplified afier Juskowiak & Krassowska in Znosko 1968)
1 0—500 m, 2 500—1000 m, 3 1000—2000 m, 4 over 2000 m, 5 faults, § northern margin of the Carpathian nappes

B — Thickness map of the Tertiary deposits in Poland (simplified and slightly meodified after Arefi dn Znosko. 1968)
1 0—100 m, 2 100—500 o, 3 500—1000 m, 4 1000—2000 m, 5 over 2006 m, § faults, 7 norﬂlexl'n margin of the Carpathian nappes
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zone. Consequently, two parts of this area, differing in their post-Early
Miocene history, should be considered-as belonging to the meta~-Car-
pathian zone. Its northern part corresponds to the belt of the present
Polish uplands (the Cracow-Silesian Upland, the northern part of the Ni-
da Depression, the Holy Cross Mts, and the Lublin Upland); this is No-
wak’s (1927) meta-Carpathian arch. The southern part of the discussed
area was strongly downwarped in the Miocene, and buried under Mio-
cene sediments or Flysch nappes. It now constitutes the substrate of the
Carpathian foredeep, and a part of that of the Carpathian Flysch nappes.
From the Jurassic to the Early. Miocene, during the existence of the
Carpathian Flysch geosyncline, the meta-Carpathian zone.was clearly
-delimited. on the south. During Permian -time and some parts of the
Triassic, this zone was included within the northern part of the Beskidy
arch.

" The meta-Cartpathmn zone was uplifted during the Vanscan oro-
geny. In the Alpine cycle, Permian and Mesozoic sediments accumulated
in this area. In general, however, subsidence was lesser here than in the
German-Polish syneclise. Moreover, the meta-Carpathian zone was re-
peatedly uplifted (in the Late Triassic, Liassic and early Middle Juras-
sic, in the Middle Tithonian, between Hauterivian and Albian time and
during Paleogene time). As a consequence, the Bathonian or Callovian in
this area rest on various Triassic or pre-Triassic rocks, and the Albian,
Cenomanian or the Turonian on the Oxfordian or Kimmeridgian. Furt-
hermore, minor intra-Triassic and intra~Cretaceous stratigraphic gaps are
encountered in parts of the discussed area. The Permo-Mesozoic cover is,
consequently, considerably thinner in the meta-Carpathian zone than in
the German-Polish syneclise. No marine Paleogene sediments occur in
the former area, except for some outliers of Paleogene sediments in the
Lublin Upland (Figs 2—4).

The Holy Cross Mts are situated at the northern periphery of the
meta-Carpathian zone.

THE PERMO-MESOZOIC COVER OF THE HOLY CROSS MTS
AND ADJACENT REGIONS

Since Pozaryski’s publication of 1957, it has been considered that
the Kujawy and Pomeranian parts of the Middle-Polish amticlinorium
resulted from the tectonic inversion of the Danish-Polish trough. In this
region, it is evident that the axis of the anticlinorium coincides with
that of maximum subsidence during Upper Permian and Mesozoic (Figs
1—8). It should be kept in mind, however,.that the Holy Cross Mts and
the San anticlinorium are also parts of the Middle-Polish amticlinorium.
Thus, it may be reasonably presupposed that they had also been preceded
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by .a trough where thick Mesozoic sediments accumulated. So far, howe-
ver, such an opinion has not been accepted unanimously (cf. Pozaryski
1970a).

Thickness pattern of Upper Permian and Mesozoic sediments

Northwest of the Holy Cross Mts, the Upper Permian, Triassic and
Jurassic sediments are preserved within the Middle-Polish anticlinorium.
The axis of maximum thickness of ‘these seditnents, stretching NW-SE,
is directed towards the Holy Cross Mts.(Figs 2, 3). As for the Mesozoic
sediments preserved southwest and northeast of the Holy Cross Mts and
the San anticlinorium, the published maps suggest that these sediments
generally increase in thickmess from the southwest and northeast towards
the axis of the Middle-Polish anticlinorium (Figs 2—4; Senkowiczowa
& Szyperko-Sliwezyhska 1961; Pozaryski 1962a; Dadlez, Dayczak-Cali-
kowska & Dembowska 1964; Karnkowski & Oltuszyk 1968). .

The thwkness pattern of the Permo—Mesoz'om cover is more clearly
depicted in the sections shown in Figures 5 and 6. To compile these
sections, data concerning about 300 boreholes as well as outcrops data
have been examined by the authors. Only some of the boreholes situated -
at or near of the section lines are indicated in Fig. 5.

From the section shown in Figures 5 and 6 it follows that a distinct
trough existed before the Tertiary at the site of the Holy Cross Mts and.
the San anticlinorium. '

Stmtigrciphic gaps

In the southwestern margin of the Holy Cross Mts, Zechstein and
‘Bunter deposits are present; the Bathonian or Callovian sediments rest
on the Rhaetian, and those .of Albian or Cenomanian age on the Upper
Kimmeridgian (Milewicz & Pawlowska 1961; Siemigtkowska 1967, 1969;
Kutek 1968; Hakenberg 1969; Senkowiczowa 1970; Kopik 1970). Within
the Miechéw synclinorium, the Rét is transgressive on Paleozoic rocks
in some regions; while the Bathonian or Callovian deposits rest on the
Upper, Middle or Lower Triassic and in some places directly on the
Paleozoic or the Precambrian (Senkowiczowa & Szyperko-Sliwezynska,
in Znosko 1968; Karnkowski & Oltuszyk 1968; Jurkiewicz, Kowalczewski
& Wierzbowski 1968; Jawor 1970; Moryc 1971). At the southwestern
border of the Miechéw syneline, carbonate rocks representing uppermost
Oxfordian or lowermost Kimmeridgian are overlain by the Albian, Ce-
nomanian or Turonian (Glazek & Wierzbowski 1972 Marcinowski &
Szulczewslki 1972).

In the northeastern margin of the Holy Cross Mits, Upper, Perm1an
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Restored cross-section trough the Permian and Mesozoic deposits Preserved southwest and northwest of the axial parts of the Holy
Cross Mis and the San anticlinorium (section lines indicated in Fig. 1)
Pre-Permian substratum; pCm Precambrian (Late Proterozoic), Pz Paleozole, Cm Cambrian, § Sllurian, D Devonian (Dy Lower, Dy Middle, Ds
Upper), C Carboniferous (C; Lower, Cy Upper); Permo-Mesozoic cover: 1 Permian, 2 Bunter, 3 Rit and Muschelkalk, 4 Keuper and Rhaetlan, §—7
Jurassic (5 Lower, 6 Middle, 7 Upper); 89 Cretaceous (8 Lower, 9 Upper); 10 the top of the Campanian used as marker horizon, 11 exient of the
Miocene deposits of the Carpathian foredeep, 12 margin of the Carpathian nappes, 13 lines delimiting the Permian and Mesozoic deposits which
escaped erosion, 14 drillings. penetrating Permo-Mesozoic cover only, 15 drillings penetirating the pre-Permian substratum
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and Triassic, as well as Lower to Upper Jurassic rocks, are present
(Milewicz & Pawlowska 1961, Senkowiczowa 1970, Kopik 1970 Kara-
szewski & Kopik 1870, Damec 1970, Malinowska 1970). The Kimmerid-
gian rocks are overlain there by Middle Albian sediments.(Pozaryski
1948, Cieslinski 1959a). Farther northeast, in parts of the Lublin Upland,
Middle Jurassic or Oxfordian deposits rest on the Paleozoic, and those
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Fig. 6

Restored cross-section trough the Permian and Mesozoic

depogsits in the Miechéw synclinorium and the southwestern

margin of the Holy Cross Mts (partly: compiled after Bukowy

1868 and Jurkiewicz, Kowalczewski & Wierzbowski 1968;
section line indicated in Fig. 1) -

1 Permian: Pz Zechsiein; 2 Triassic: Tb Bunter, Trm Rt and Muschelkalk, Tkr Keuper and

Rhaetian; 3§ Jurassic: Jp Middle Jurassie, Jo Oxfordian, Jk Kimmeridgian; 4 Cretaceous: Kac

Albian and Cenomanian, Ktc Turonian and Coniacian, Ks Santonian, Kk Campanian, Km

Maestrichtian; 5 boreholes. Pre-Permian substratum: pCm Precambrian (Late- Proterozoic), §
Silufian, Dy Middle Devonian, C; Lower Carboniferous
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of the Cenomanian on the Oxfordian (Pozaryski 1962a, Zelichowski 1969,
Niemczycka 1971).

In parts of the southwestern margin of the San anticlinorium,
Zechstein and Bunter deposits are encountered. In this margin, the
Upper Triassic rocks are overlain by the Bathonian or the Callovian,
and the Upper Kimmeridgian by Cenomanian sediments, a thin Neoco-
-mian (and Upper Tithonian?) sequence intervening just at the border
of the Flysch Carpathians, in the borehole Stasiéwka (Wdowiarz 1954,
Karnkowski & Glowacki 1961, Karnkowski & Ottuszyk 1968, Kutek 1968,
Moryc 1971). The Oxfordian and Kimmeridgian deposits attain here their
maximum thickness in Poland. The occurrence of the Neocomian and
-the Tithonian just at the northeastern border of the San anticlinorium
(Moryc & Waséniowska 1965, Niemczycka 1971) is another. striking
feature.

From the foregoing account it follows that the Permo-Mesozom
cover is stratigraphically more complete near the Holy Cross Mts and
the San anticlinorium, than farther southwest and northeast. Some of
the Permian and Mesozoic dep051ts which are preserved in the margins
of the Holy Cross Mts and the San anticlinorium, completely wedge out
to the southwest and mortheast. Thus the opinion that a sedimentary
- trough preceded the Holy Cross Mts and the San anticlinoriuim, is con-
firmed by stratigraphic evidence. This trough, which axis coincides with
. that of the Middle-Polish anticlinorium, should be regarded as part of
“the large Danish-Polish trough.

Other factors influencing distribution of the Permian
and Mesozoic sediments

Although the aggregate thickness of the Permian and Mesozoic
generally increases towards the Holy Cross Mts and the San anticlino-
rium, the distribution of these sediments is more complex in details. _

 The meta-Carpathian zone was repeatedly uplifted during the
Mesozoic. Some of the tectonic movements leading to large undations
were accompanied by .block-faulting and tilting of the Permian and
Mesozoic strata. As a consequence, some sediments were removed by
erosion from the upfaulted portions of the area concerned (Senkowiczo-
wa & Szyperko-Sliwczynska, in Znosko 1968, Karnkowski & Oltuszyk
1968, Jawor 1970, Moryc 1971). On the other hand, synsedimentary
faultmg has been recognized in some regions. For instance, in the area
of the Miechéw synclinorium, Bunter sediments 1 km thick accumulated
in synsedimentary grabens (Fig. 5; Moryc 1971).

In the meté—Carpath-ian zone, the Uppér Permian and Triassic de-
posits are relatively thin, and they were affected by synsedimentary or
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postsedimentary tectonic movements during the Late Permian, Triassic
and Early Jurassic. As a result, the distribution of the Upper Permian
and the Triassic is less regular than that of the Jurassic and the Cre-
taceous (Figs 2—86). )

In the northeastern margin of the San anticlinorium as well as in
the easternmost part of the northeastern margin of the Holy Cross Mts
and the area situated farther northeast, the Jurassic rest directly on Pa-
leozoic rocks, As these areas were subjected to pre-Jurassic erosion, it
is now difficult to evaluate exactly the primary extent of the Triassic
deposits. There should be no doubt, however, that large parts of the San -
anticlinorium were once covered by the Triassic, and at least a part of
this area was included into a zone of marked subsidence during Triassic
(? and Late Permian) time. '

In some parts of the meta~Carpat_hi'an zone, the thicknesses of the
transgressive Upper Permian and Mesozoic sediments were strongly
influenced by paleorelief (e.g. the Upper Permian in the Holy Cross Mts
and the Triassic, Middle Jurassic and Albian to Turonian sediments in
the Cracow-Silesian monocline — Rézycki 1937, 1953; Pawlowska, in Mi-
lewicz & Pawlowska 1961; Kostecka 1966; Marcinowski 1970; Wyczol-
kowski 1971; Marcinowski & Szulczewski 1972).

- The Late Permian and Mesozoic sedimentation in the meta~
~Carpathian zone was also controlled by some lineaments, especially by
the Holy Cross one.

The Holy Cross lineament

A distinct structural line stretches WNW along the mortheastern
margin of the San anticlinorium and across the Paleozoic core of the
Holy Cross Mts, extending farther WNW up to the Radomsko region
(Fig. 1). Within the Paleozoic core this line divides the Lysogéry zone
from the Kielce zone (Czarnocki 1950, Samsonowicz, in Ksigzkiewicz
& Samsonowicz 1952). This structural line is named here the Holy Cross
lineament (Polish name: roziam swietokrzyski).

The geotectonic significance of this line has been pointed out by
several authors. In Stille’s (1950) and Znosko’s (1962a, 1964, 1965a, b,
* 1966) opinion it was a boundary between the Caledonian and Variscan
chains in the Holy Cross Mts. Pozaryski and Tomezyk (1968a) considered
it to be the northemn boundary of the Baikalian Malopolska massif. The
line was termed a lineament by Krilov (197 1).

The Holy Cross lineament existed at least from the end of the
Cambrian. This can be inferred from the diversity in the development
of the Paleozoic sediments belonging to the Liysogéry and Kielce ZOones.
The Cambrian to Lower Carboniferous rocks of these zones markedly
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differ with respect to facies, thickness and stratigraphic gaps (Czarnocki
1950; Samsonowicz, in Ksigzkiewicz & Samsonowicz 1952). According to
Rubinowski (1971), the sediments representing the particular systems of
the Paleozoic attain the following thicknesses in the Lysogéry and Kielce
zones, respectively: Cambrian — 2500—3000 m against 1700 m, Ordo-
vician — 340 m against 100—150 m, Silurian — 1000—1500 m, against
470 m, Devonian — 2000 m, against 700 m; Lower Car‘bom‘fer‘ous — more
than 625 m, against 260—350 m. Only minor sbrat1graphlc gaps are
discernible in the Lysogéry zome, whereas large regional stratigraphic
“gaps occur in the Kielce zone (between the Ordovician and the Middle
or Lower Cambrian deposits, and between Emsian and Silurian -de-
posits), These gaps are connected with the Late Baikalian and Late
Caledonian tectonic movements (Znosko 1962a, 1964, 1965a, b; Poza-
ryski & Tomeczyk 1968a, 1969).

A similar contrast in the development of Paleozoic deposits is
displayed by much larger areas, situated south and north of the Holy
Cross lineament. For instance, in the area extending south of the Holy
Cross Mts to the Carpathians, stratigraphic gaps testifying to wuplifts at
the turn of the Cambrian and Ordovician and in the Early Devonian,
are commonly encountered (Karnkowski & Oltuszyk 1968). In general,
in most parts of the Paleozoic, the area south of the Holy Cross lineament
suffered less subsidence than, or was 1nterm1tte-nt1y uph:fted against,
the area situated north of the lineament.

The Holy Cross lineament was also active in the Mesozoic. In the
southern margin of the Holy Cross Mts the Bunter attains a thickness
of 200—300 m, whereas north of the lineament its maximum thickness
is more than 1000 m (Senkowiczowa 1966, 1970). In the southwestern
margin of the Holy Cross Mts and the San anticlinorium, the Bathonian

“or the Callovian rest on the Upper Triassic, ‘and the Upper Kimmerid-
gian is overlain by Upper Albian or Cenomanian sediments. North of the
Holy Cross lineament thick Liassic and early Middle Jurassic sequences
intervene; in the northernmost part of the Holy Cross area the Liassic
is 1000 m thick (Senkowiczowa & Szyperko—Shwczyns‘ka 1961; Dadlez, -
Dayczak-Calikowska & Dembowska 1964; Kutek 1968; Hakenberg 1969;
Karaszewski & Kopik 1970; Daniec 1970). The occurrence of Middle Albian
sediments in the northeastern margin of the Holy Cross Mts is another
significant fact (Cieslinski 1959a). As a sequence of the WNW t{rend of
the Holy Cross lineament, the Lower and éarly Middle Jurassic deposits,
‘as well as the Middle Albian ones, extend farther south in the northe-
astern than in the southwestern margms of the Holy Cross Mts.

In some parts of the Mesozoic, e.g. in the Middle Triassic, the areas
south and morth  of the Holy Cross lineament were not distinctly
contrasted with respect to subsidence. The Oxfordian and Lower Kim-
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meridgian deposits are even a little more thidk in somie areas south of
the lineament than farther north. In other parts of the Mesozoic, however,
especially in times when terrigenic sedimentation prevailed, the area
situated south-of the Holy Cross lineament suffered less subsidence, or
was being uplifted against, the northern side. '

From the foregoing account it follows that the Holy Cross lineament
acted in the Mesozoic in a similar way es it did during the Paleozoic.

As.all the sections in Fig. 5 have been drawn along lines crossing both the
Holy Cross lineament and the Middle-Polish anticlinorium (the Holy Cross Mts or
the San anticlinorium), the Permian and Mesozoic sediments depicted in the north-
eastern parts of these sections represent thase which were laid down north of the
Holy Cross lineament, and northeast of the axis of the Danish-Polish trough.

The Poznarni-Rzeszéw lineament

This lineament borders the San anticlinorium and a part of the
Holy Cross-area on the southwest. Farther morthwest, it crosses obliquely
the Szezecin-E.6d2-Miechéw synclinorium in the Radomsko region, exten-
ding to the northwest along the southwestern margin of the L6dz syncli-
‘norium (Pozaryski 1971). In the Radomsko region, several brachyanti-
clines of Laramide age occur at the junction of the Holy Cross lineament
with that of the Poznafi-Rzesz6w one (Fig. 1).

“Southeast of the .Radomsko region, a distinct -belt of Lower Car-
boniferous deposits follows the Poznaf-Rzeszéw lineament (cf. Znosko
& Pajchlowa, in Znosko 1968)."

The area southwest of the Holy Cross Mts

The Holy Cross lineament does mot appear to extend west of the
Radomsko region (Fig. 1; see also Znosko & Pajchlowa, in Znosko 1968).
Accordingly, some Mesozoic deposits (especially the Liassic and .early
- Middle Jurassic, but also some Triassic), show a distinct southward

extention, comprising the northwestern part of the Miechéw synclinorium
and the northemn part of the Cracow-Silesian monocline (Senkowiczowa
& Szyperko-Sliwezyriska 1961; Znosko 1962b; Dadlez, Dayczak-Calikow-
ska & Dembowska 1964). Also Albian deposits extend farther south along
 the southwestern border of the Miechéw synclinorium than in its north-
eastern border (Cieslinski 1959, Hakenberg 1969, Marcinowski & Szul-
‘czewski 1972). All this complicates the general pattern of the distribution
of Mesozoic deposits in south central Poland.
It is of interest that a paleogeographic role, similar to that of the
Holy Cross lineament, was played in some epochs of the Mesozoic by the

2
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largely conceived Brudzowice-Kolbark structural zone 3. Extensive Liassic
and early Middle Jurassic deposits do no extend south of this zone (R6-
zycki 1953; Znosko 1962b; Dadlez, Dayczak-Calikowska & Dembowska
1964). Also some Triassic deposits show increase in thickness and facies
changes. north of it (Senkowiczowa & Szyperko-Sliwczynska 1961).
‘Several local complexities in the distribution of Mesozoic sediments are
due to paleorelief and intra-Mesozoic tectonic movements (Rézycki 1953,
Wyczotkowski 1971, Marcinowski & Szulczewski 1972).

PALEOGEOGRAPHIC EVIDENCE

As argued in the foregoing section of this paper, the distribution of
the Permian and Mesozoic sediments in the heta-Carpathian zone
strongly suggest that this area, which was embraced within the Danish-
-Polish trough, did not form an elevation during Late Permian and
Mesozoic time. This problem will be discussed now from the paleogeo-
graphic point of view.

Late Permian time

At the close of the Early Carboniferous, the Holy Cross area was

affected by the Variscan movements which resulted in general uplift,
folding and faulting of the Paleozoic rocks. During Late Carboniferous
and Early Permian time the area was subjected to erosion. It was invaded
by the Zechstein sea in the Werra cycle (Pawlowska 1970). .
: Ag a result of diversified relief, the earliest Permian sediments in
the Holy Cross area were laid down in depressions. The more elevated
zones were covered by sediments at later times. Some ridges remained
uncovered by deposits throughout the Late Permian, and were subsequ-
ently buried under Triassic sediments. Conglomerates consisting of
pebbles derived from adjacent ridges accumulated in parts of the depres-
sions (Czarnocki 1923, Czarnocki & Samsonowicz 1915, Kostecka 1966,
Pawlowska 1970). - :

In the Polish Lowland, in some areas belonging to central parts of
the Zechstein 'basin, the thickness of Permian deposits exceeds 1000 m
(Fig. 2A). Several horizons of chloride deposits (rock salt and magnesium-

. 3 This zone, in which a WNW irend is clearly discernible, stretches obliquely
across the middle part of the Cracow-Silesian monocline, extending. ESE at least
to the western border of the Miechéw synclinorium. In detail, it displays an intricate
structural patern. Both the NW and WNW trending faults seem to have been
active there during the Paleozoic, intra-Mesozoic and Laramide movements; more-
over, faults displaying westerly and mnortherly strikes, most probably Miocene in
age, were superimposed onto earlier structures. The paleogeographical significance
of the Brudzowice-Kolbark structural zone during Paleozoic time is not yet clearly
understood.
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-potassium salts), have been recognized. Contrarywise, in the Holy Cross
area, the thickness of Permian deposits is generally less than 100 or
200 m and salt deposits do not occur here. Thus it is clear that the Holy
Cross area was situated at the periphery of the Zechstein basin (Pawlo-
wska 1970). :

Owing to the sinuous boundary of the present occurrences of the
Permian in the Holy Cross Mts, several “embayments” are commonly
distinguished. Some minor embayments penetrate into the Paleozoic core
of the Holy Cross Mts from the northwest. This core is bordered on the
" northeast and southwest by two much larger embayments, the Opatéw
and the Zbrza-Chmielnik ones (Fig. 7). Several authors regarded 'these
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Permian deposits in the Holy Cross area (reinterpreted after Pawlowska 1970 and
Jurkiewicz 1970)

1 areas without Permian deposits, 2 exclusively terrigenic Permian deposits, mainly conglo-

merates, 3 demonstirable marine deposits of Zechstein age, locally also conglomerates, 4—5

extent of Permian deposits; 4 stated, 5 inferred; 6 boundary of the Paleozoic core of the
Holy Cross Mis

embayments as strictly corresponding to those of the Zechstein sea, this
paleogeographic interpretation implying existence of a Late Permian
Peninsula at the site of the Paleozoic core of the present Holy Cross Mis
(e.9. Czarnocki 1951; Samsonowicz, in Samsonowicz & Ksigzkiewicz 1952;
Pawlowska 1970). In our opinion, a different paleogeographic interpreta~
tion may be suggested, based on the following evidence. )

The Opatéw and the Zbrza-Chmielnik embayments correspond to
Laramide tectonic zones, depressed with respect to the Paleozoic core of
the Holy Cross Mts. Triassic and Jurassic deposit are still preserved in
these zones. At the border of the Paleozoic core, the present boundary of
the Permian is in most places clearly erosive in character. From this it
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may be inferred that the Permian’ deposits must have covered large parts
of the area of the Paleozoic core, and were subsequently 'remove-d by
post-Cretaceous erosion. =

. At the mnortheastern boundary of the Opatow embayment and at
the southwestern boundary of the Zbrza-Chmielnik one, the Triassic
deposits, which display sedimentary continuity with the Upper Permian,
overstep the Permian to the northeast and southwest, respectively. This -
suggests that the external boundaries of these embayments do coincide
- with primary boundaries of the Ze-chstem sedlmentary basin (see also
Jurkiewicz 1970). :

Within the Permian deposits preserved northwest of the Paleozoic
core the axis of maximum thickness stretches NW-SE; it clearly abuts
against the northwestern berder of the Paleozoic core (Fig. 24). Moreover,
demonstrable marine Zechstein delpomts are only encountered on that .
‘border of the Paleozoic core (Fig. 7). These depos1ts which are locally
associated with conglomerates of marine or - continental origin, are
.developed as limestones, dolomites, marls, shales and gypsum or anhy-
drite. Northeast and southwest of the Paleozoic core, ‘the Zechstein is
only represented by terrigenic depos1ts ‘nearly exclusively developed as

. conglomerates (Fig. 7).
The following paleogeographic interpretation can be suggested on
" the data presented above. In the Permiam, the Holy Cross area was
downwarped and included into the Danish-Polish trough. The area
subjected to downwar'pmg was invaded by the Zechstem sea. The area
of the Paleozoic core as well as the Opatéw and Zbrza-Chmielnik
?embayments” were embraced within a larger embayment of the
Zechstein sea, which axis coincided with that of the Danish-Polish trough
and stretched across the area of the Paleozoic core.

As indicated by small thicknesses of the Permian deposits, the
 Holy Cross area was but slightly downwarped in the Late Permian. The
area on which the Zechstein sea encroached displayed a marked relief
which was being increased most probably by Late Permian and Early
Triassic synsedimentary faulting. As a consequence, some ridges in the
central part of the Holy Cross area escaped burial by Upper Perrman
sediments.

The controversy of interpretations, concernmg the Late Permian
paleogeography in the Holy Cross area, is shown in Flg 8. It is not drawn
to scale and the Tidges of the pre-Permian substrate are purely schematic.
They are not meant to mdmate the particular ridges and tectonic struc-
tures in the area under consideration.

Some other problems concernmg the Permian and lowermost Triassic in the
Holy Cross Mts need some comment as well

1: The problem of the origin and the age of the Zygmuntbw'ka conglomerate,
Wh1ch is the lowermost Permian rock-unit in some paris of the Holy Cross Mis, is
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still subject to discussion. Most authors regarded this conglomerste as a marine or
continental to marine deposit of Zechstein age (e.g. Czarnocki 1923, Samsonowicz
1929, Pawlowska 1970, Radwafiski & Ron1ew1cz 1972) On the other hand, the
Zygmuntéwka conglomerate was 1nterpreted as a Rotliegendes depos1t by Kozlowskl
(1962) and Kostecka (1966)

The Zygmuntéwka conglomerate is ‘overlain by marine de'posﬂ:s conta.mmg
‘fossils of Early Zechstein age. From’ this, however, it does not necessarily follows
that this conglomerate is pre- -Zechstein in age. It may or may not correspond to the
Rotliegendes.

If interpreted in terms of geotectomcs the Permian conglomerates from the
Holy Cross Mis markedly dlffer from -the Rotliegendes deposits in the Cracow-
-Si&esmn Upland and in the Sudetic basins. In those regions, the Rotliegendes is .
associated with volcanic rocks, and partly overlies the Upper Carboniferous. The -
latter accumulated in subsiding basins formed in a late stage of the Variscan cyecle,
and represent an early Variscan molasse, while the overlying Rothegendes deposits
can be interpreted as 4 late Variscan molasse, In the Holy Cross area, neither Upper
‘Garboniferous nor demonstrable Lower Permian deposits occur. No Late -Carbo-
niferous intramontane basins developed here. On the coritrary, the.whole -area was
uplifted and subjected to erosion during Late Carboniferous and most of Early
Permian time. Moreover, the Upper Permian sediments in the Holy Cross Mtis pass
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Fig. 8

Diagrammatic representation of the différent interpretations of the Late Permian .
paleogeography in the Holy Cross area
A — Classical interpretation: a peninsula at the site of the Paleozoic core of the Holy
Cross Mis is borderéed by the Opatéw and the Zbrza-Chmielnik "embayments” of the
' Zechstein sea
B — Interpretation proposed by the writers: the area of the Paleozoic core is also
embraced within a large embayment of the Zechstein sea. Some ridges in the central
part of this embayment are not inundated. The- contrast between the ridges and
depressuons is partly due to inherited relief, and partly to synsedimentary faulting
1 pre-Fermian substratum, 2 conglo_rneraftes, 3 other Permian sediments
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with sedimentary oontinuity into the Triassic. Thus it is clear that the Permian
rocks in the Holy Cross Mis belong to the Alpine cycle. ,

It is reasonable to suppose that the downwarping of the Holy Cross area
enabling permanent deposition of Permian sediments, had but slightly preceded the
ingression of the Zechsfein sea. This suggest that the Zygmuntéwka conglomerate
is late Rotliegendes or early Zechstein in age. As for other Permian conglomerates
in the Holy Cross Mits, they either interfinger with demonstrable marine sediments
of Zechstein age, or are overlain with sedimentary continuity by Triassic sediments.
These conglomerates are clearly Zechstein in age. -

2. Layers of gypsum and anhydrite have been recognized in boreholes within
Zechstein deposits in the western part of the Holy Cross Mis, not far from the
Paleozoic core (Szaniawski 1965, Kostecka 1966, Pawlowska 1970). Some of these
boreholes are situated very close to the outcrops of Zechstein deposits (e.g. the
borehole Galezice 6 at a distance of 250 m). So far, gypsum and anhydrite have not
been encountered in outcrops. However, some observation suggest that the discussed
evaporates were dissolved at the surface, as a result of suberosion. _ )

3. Small synsedimentary grabens filled with deposits of the lowermost Bunter
can be observed in the Jaworznia quarry, near Kielce. Most probably synsedimentary
faulting on a larger scale also occurred in the Holy Cross ar¢a during the Late
Permian and Early Triassic.

4 Remnants of the Bunter are encountered within the Paleozoic core in
a number of karst-holes, developed in the Devonian limestones or dolomifes. Since
these karst phenomena seem to be in most cases of Tertiary age, it is by no means
certain that all the Triassic sediments concerned were primarily deposited on

Devonian rocks.

The Bunter sandstone

Bunter deposits, consisting of allochthonous detrital material, surro-
und the Paleozoic core from the north, west and south. Thus it has been
recognized for a long time that the Bunter accumulated in the area of
the Paleozoic core (Czarnocki 1923,” Samsonowicz 1929), this implying
that a depression had existed in this area. This is confirmed by paleo-
current indices observable in the Bunter (Fig. 9B; Senkowiczowa &

Slaczka 1962).

Rét, Muschelkalk and Upper Triassic

In the Rot, the sea encroached on most parts of the meta-Carpathian
zone. Marine sediments accumulated in the southern part of the Holy
Cross area, while marine to continental ones in the northeastern part of
this area.(Senkowiczowa 1970). The line dividing the two facies zones
stretched across the area of -the Paleozoic core (Fig. 94). Detrital material
was delivered to the Holy Cross area from the northeast, i.e. from the
East-European platform.
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In the Muschelkalk time, the whole area of the Paleozoic core was
submerged.
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Fig. 9

Early Triassic sedimentation in the Holy Cross area .

A — Facies map of the Rt (slightly modified .after Senkowiczowa 1970)

1 assumed land area, 2 terrigenic-carbonate facies, 3 carbonate facles, 4 carbonate-sulphate
facies, 5§ boundary of the present Paleozoic core

B — Direction of transport of detrital material (after Senkowiczowa & Slgczka 1961)
6 Paleozoic core, 7—8 directions of transport: 7 in Bunter {ime, 8 in the R8t

Before the Rhaetian, the Holy Cross area was subjected to diffe-
rential uplift. As a consequence, the Rhaetian sediments rest either on
the Lower Keuper or on the Muschelkalk, and locally even on the Rét.
The area of maximum uplift did not coincide, however, with that of the
Paleozoic core (Fig. 10, in Senkowiczowa 1970).

As suggested by Kopik (1970), the Carpathian sea was intermittently
connected with the German-Polish basin during Rhaetian via the Holy
Cross area. ' '

Early Jurassic

The recent publications by Dadlez (1969, 1970) and Karaszewski &
Kopik (1970) supply much evidence suggesting that a separate elevation
did not exist in the Holy Cross area in the Early Jurassic. Within the
Liassic deposits preserved in the northern part of the Holy Cross Mis,
the axis of maximum thickness stretches SE, towards the Paleozoic core.
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A simijlar pattern is displayed by marine Liassic deposits (Fig. 10).
Sedimentological data indicate that detrital material was transported
from the south and northeast towards the Holy Cross area (Dadlez 1962,
Unrug 1962) in that time.
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Fig. 10

Lower Jurassic deposits in Poland (after Dadlez, in Osika 1970)

1 areas de\froid_ of Lower Jurassic deposits (occurrences in the Carpathians omitted), 2 lower
and upper parts of .the Lower Jurassic present, 3 lower part of the Lower Jurassic absent,
4 upper part of the Lower Jurassic absent, 5 present boundary of Lower Jurassic deposits,
6 extent of marine intercalations in lower part of the Lower Jurasslc, 7 extent of marine-
-brakish facies in the Lower Pliensbachian, 8 extent of marine facies in the Lower Toarcian

At present, the Liassic ig nearly completely absent from the area
south of the Holy Cross Mts (Pawlowska 1962). More extensive Liassic
deposits probably  existed here (Karaszewski & Kopik 1970), but they
were removed by erosion subsequent to some phases of Early or Middle
Jurassic uplift.

Middle and Late Jurassic
- Aalenian to Callovian deposits are preservéd' north of the Holy

Cross lineament (Daniec 1970). In the southern part of the Holy Cross
Mts, the Triassic rocks are covered by the Bathonian or Callovian. At the
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southern border of the Paleozoic core, at Miedzianka, Callovian deposits:
of deep-neritic facies are encountered at a distance of 250 m from outcrops
of the Devonian. This suggests that the whole area of the Paleozoic core
was submerged at that t1me

In what concerns, the Oxfordian and the lowermost Kimmeridgian
(the Oxfordlan, Rauracian and Astartian of the old stratigraphic. division),
it is commonly accepted that the Holy Cross area was €overed by sea dur-
ing this time. Nevertheless, some features of the’ Late Jurassic paleogeo-
graphy in Poland are worth-of note.

Ih_the Lublin Upland, towards the Ukrainian shield, the Oxfordian
is largely represented by red-beds, bog deposits, dolorrmtes .marls and
anhydrite (. Niemczycka. 1966, 1971). It is evident that .these sediments
accumulated near the shore line of the Oxfordian sea. Upper Jurassic
sediments containing much terrigenic material also occur in northern

Poland, near the Baltic shield (Dembowska; in Dadlez, Dayczak-Calikow- -

ska & Dem!bowska 1964). In the. margins of the Holy Cross Mts, the Oxfor-
dian is represented by.marine limestones, Only in the northeastern mar-
gin there occur some thin mtercalatlons of dolomites (Fig. 11)

The Oxfordian and’ the lowermost Kimmeridgian calcareous sed—
iments of Central Poland can be attributed to two megafacies, namely to
a deep—nentlc ”sponglan megafacies” and a shallow-water “corallian-
-ogolitic megaafames” (Kutek 1969) The latter represents an intricate pat--
chwork of sediments of Bahaman. type, among which oolites and sedi-
ments with corals or numerous bivalves are the ‘most characteristic. In
eastern Poland, at the East-European platform, the shallow-water mega-
facies appears at or near the base of the Upper Jurassic. Troughout the
Oxtfordian the southwestern boundary of this facies environment was be-
ing shifted to the south and southeast, the deep-neritic megafacies persist-
ing longer in the southwestern areas (Fig. 11 illustrates the distribution
of facies at the turn of the Middle and the Late Oxfordian). Thus, the
megafacies concerned 'dlsplay a digtinct diachronic pattern, the same pat-
tern being recognizable in the Holy Cross area and farther morth.

In the margins of the Holy Cross Mits and in large parts of Cen-
tral and Northern Poland upper parts of the Lower ‘Kimmeridgian and
the Upper Kimmeridgian are largely represented by layers of marls and
shales, which increase in number and thickness from the Holy Cross area
towards northwest. Thus it is evident that terrigenic material was not
delivered from the ceniral parts of the Holy Cross area (Kutek 1969).

1t follows from the above data that the Holy Cross area was not
individualized as a distinct paleogeographic unit during the Oxfordian
‘and Kimmeridgian. On the other hand, such ancient geotectonic units as
the Baltic shield and the Ukrainian shield, clearly manifested themselves

in the Late Jurassic paleogeography
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Facies map of the lowermost Upper Oxfordian (approximately lower part of the
Bimammatum Zone) in Poland (affer Dembowska, in Dadlez, Dayczak-Calikowska
& Dembowska 1964, and Niemczycka 1970, generalized and reinterpreted)

1 sands and slitstones (in southeastern Poland redbeds and bog depogits), 2 predominantly marly

deposits, 3 shallow-water calcareous sediments, locally also dolomites, 4 deep-neritic calcareous

sediments, 5 present limits of the Upper Oxfordian deposits, 8 nonthern margin of the
Carpathian nappes

Albian and Cenomanian

It has been suggested (e. g. Pozaryski 1962, Cieslifiski & Pozaryski
1970), that a peninsula existed in the area of the southern part of the
Holy Cross Mts in the Albian and Cenomanian, which was gradually

“encroached by the sea from the southwest, north and northeast, and
subsequently covered by marine sediments in the Turonian:- However,
another paleogeographic interpretation can be suggested.
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Fig. 12

Restored cross-section through the Albian and Cenomanian deposits preserved
southwest and northeast of the Middle-Polish anticlinorium (modified after Cieslifi~
ski 1959b)

Explanations to the location map: 1 epicontinental Cretaceous deposits, 2 older deposits and
Carpathian Flysch, 3 northern margin of the Carpathian nappes; explamatlons to sections:
4 marls, 5 sands, § sandstones, 7 clays, 8 gaizes, 9 spongiolites, 10 phosphorites

In the northern part of the Holy Cross Mts, north of the Paleozoic
core, the Albian and Cenomanian sediments display a distinct pattern of
facies (Fig. 12; Cieslinski 1959b). Their thickness increases, and the sands
are partly replaced by clays, spongiolites and gaizes, from the northeast
and southwest towards the axis of the Middle-Polish anticlinorium. This
indicates that it coincides here with that of Albian and Cenomanian sub-
sidence. South of the Paleozoic core, the Albian and Cenomanian sed-
iments are relatively thin. Moreover, their distribution was influenced
by paleorelief, and possibly also by symsed1mentary tectonic movements.
As a consequence, the thickness pattern of this sediments is complex in
details. In general, Ihorwever the thickness do not decrease towards the
Holy Cross Mts; the reciprocqual is rather true (Fig. 6). It should be also
noted that nowhere the Turonian overstep the Cenomaman towards the -
central part of the Holy Cross Mts. '
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Within the southwestern margin of the Holy Cross Mts, in the Bol-
min syncline, marine Upper Albian is encountered, whereas farther south
the K1mrmer1dg1an substrate is covered only by Cenomanian sediments
(Hakenberg -1969).- This suggests that the Middle Cretaceous sea encro-
ached upon this area from the north, i.e. from the area of the Holy Cross.
Paleozom core

In the Holy Cross area, the Albian is largely represented by quartz
sands and gravels. It was suggested that the quartz material had been de-
rived from central parts of that area. In the margins of the massif, ho-
wever, the Albian rest on Neocomian, Volgian or Kimmeridgian rocks, -
which are developed as limestones, marls, shales and siltstones. Thus
there is no evidence available suggesting that some rocks that could have
supplied quaa'tz detrital material, were exposed at the surface at that
time.

The data presented suggest that a distinct peninsula'did not ‘exist
in the Holy Cross area during the Albian and Cenomanian. There should -
be no doubt, however, that the Holy Cross lineament was active at that
time. As a consequence, only the northern part of the Holy Cross area
was submerged in the Middle Albian, and the sea encroached the area
south of the Holy Cross lineament in the latest Albian-and the Cenomaman
(cf. Hakenberg 1969). It is most probable, however, that the southern part
of the Holy Cross area was ent1re1y submerged at the end of the Cenoma-
‘nian.

The detrital material, which was transported in the A1b1an across
the Holy Cross area to the north (cf. Hakenberg 1969), was possibly deri-
ved from the Carpathian area. A similar opinion with respect to the
Cenomanian and Turonian gravels of the Cracow regmn was expressed
by Sujkowski (1929). -

Late Cretaceons

- It has been suggested that the Holy Cross area and that of the San -
anticlinorium were emerged during the Santonian and continued to form
a peninsula in the Campanian and. Maestrichtian (e. g. Pozaryski 1960,
'1962a; CieSlifiski & Pozaryski 1970). This supposition is based mainly
on a relatively abundant quartz material encountered together with flo-
ra near Radom, in Santonian and Campanian rocks classified as calcareous
gaizes. It should be mentioned, however, that the region of Radom lies
‘at the northern periphery of the Holy Cross area. Neither Santonian nor
Campanian rocks, similar to those éncountered in the Radom region, have
been recognized east of the Paleozmc core, and along southwestern mar-
gin of the Holy Cross Mts.
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A different paleogeographic interpretation is supported by the fol-
lowing data. The Turonian to’ Maestrichtian deposits generally increase
in. thickness from the northeast'and southwest towards the Holy Cross
Mts and the San anticlinorium (Fig. 5; Pozaryski 1962a, 1966). No signi-
. ficant stratjgraphic gaps have been encountered in the deposits concerned
"near the Holy Cross Mts (cf. CieSlinski & Pozaryski 1970), whereas at the
southwestern border of the Miechéw synclinorium there occurs a major
stratigraphic gap fbetwéen the Lower Turonian and the Santonian (Mareci-
nowski & Szulczewski 1972). The uniformity in facies, displayed by the
Upper Cretaceous deposits near the Holy Cross Mts (Cieslifiski & Pozary-
ski 1970), is another significant feature. All these data suggest that from
the Turenian to the Campanian the Holy Cross area and that of the San
anticlinorium were embraced within the subsiding Danish-Polish trough,
and did not emerge before the Maestrichtian. '
There should be no doubt as to the fact that these areas began
to rise in the Maestrichtian. It is still an open question, however, whether
they were subjected to a general uplift as early as in the Early Maestrich-
tian. Sandy intercalations and flora have been recorded from Lower Mae-
strichtian .deposits occurring southwest of the Holy Cross Mts (Cie$linski
& Pozaryski 1970), but this does not necessarily imply a general uplift
of that area, The occurrences of sand can possibly be a result of supply
of material from the southwest (cf. Rutkowski 1960), or of some minor
- synsedimentary tectonic disturbances.

Conclusions

Throughout the Late Permian and the Mesozoic, there never existed

a distinct elevation, coinciding in shape and size with the present Holy -

Cross Mis, or with the Paleozoic core. At some times, however, the area

-south of ‘the Holy Cross lineament was markedly elevated a_gairist the
northern part of the Holy Cross area.

TECTQNICSl OF THE HOLY CROSS MTS

Tectonic movements in the Holy Cross area

Distinctive folds or fold-fault structures were produced here by
the Late Baikalian, Late Caledonian, Variscan and Laramide movements.
These movements occurred at the beginning of the ‘Ordovician, at the end
of the Silurian and in the Early Devonian, after the Early Carboniferous
and at the turn of the Cretaceous and the Tertiary, respectively. As a con-
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sequence, distinct angular unconformities are encountered in the Holy
Cross area below the Ordovician, Devonian, Permian and Tertiary rocks
(Samsonowicz, in-Ksigzkiewicz & Samsonowicz 1952; Znosko 1962a; Po-
zaryski & Tomczyk 1968a, 1969; Kowalezewski 1971; Ortowski 1971).

. Other Paleozoic, Mesozoic and Tertiary movements, some of which
were synsedimentary in type, resulted only in large undations, or in faul-
ting and slight tilting of strata. '

In older publications, the Variscan movements were considered to
have been. of utmost importance in the Holy Cross area {e.g. Czarnocki
1919; Samsonowicz, in, Samsonowicz & Ksigzkiewicz 1952). It was also
suggested that the Variscan structures in the Paleozoic cere had been
but slightly modified by later movements. Strong Laramide disturbances
were recognized in both the Mesozoic and Paleozoic sequences at the bor-
der of the Paleozoic core, but it was believed that they had not much af-
fected structurally the inmer parts of the Paleozoic core. Moreover, some
authors considered the Paleozoic core as a stable block, controlling the
pattern of the surrounding Laramide folds (e.g. Czarnocki 1962, Pozary-
gki 1969).

In recent publications, however, the importance of the Baikalian,
Caledonian and Laramide movements is stressed (Znosko 1962a, 1964,
1965, 1970; Pozaryski & Tomczyk 1968a, b, 1969; Kowalczewski 1971).

Extent of Paleozoic structures

.The folded Paleozoic rocks now exposed in the Paleczoic core are
known to pass unconformably beneath the surrounding Permo-Mesozoic
cover; they have been encountered in boreholes north, west, south and
east of the core. Thus, the Paleozoic tectonic structures clearly extend
beyond the area of the Paleozoic core. In most cases, the boundaries of
the Paleozoic core do not coincide with those of important Paleozoic struc-
tural zones (Fig. 13).

Tectonic style of the Holy Cross Mts

As far as structural disturbances in Devonian to Permian and Me-
sozoic rocks are concerned, assymetrical anticlines formed over reverse
faults (ridgelike folds and unilateral boxfolds — Beloussov 1962), anticli-
nes bounded on both sides by faults or flexures (bilateral boxfolds), and
flexures mot associated with anticlines can be regarded as the most cha-
racteristi¢c tectonic structures in this area. Most of the antielines are bra-
chyanticlines when seen in horizontal section (cf. Czarnocki 1938, 1953).
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Distinet synclines are not altogether absent where faults or flexures are
relatively densely Spaced, but several depressed tectonic structures can
be labelled as mere tracks of subhorizontal or gently dipping strata. All
the fold structures are complicated by numerous transverse and oblique
faults. As far as faults dissecting Upper Paleozoic and Mesozoic rocks
are concerned, they all seem to be vertical or high-angle. Evidence for the
occurrence of low-angle upthrusts involving rocks of this age is ‘totally
lacking. '

Some of the faults are strike-slip faults (for a discussion on the
significance of wrench-faults in the Holy Cross area — gee Jaroszewski
1972).

In accordance with Beloussov’s (1962) terminology, the Laramide
and the Variscan structures of the Holy Cross Mts can be regarded as
representative of the intermediate type of folding. The structures con-
cerned are distinctly germanotype in character.

In the Holy Cross area, the Cambrian to Silurian sequences display
some features implying intense folding (close spacing of folds, imbricate
structure), but it is still an open question whether the Lower Paleozoic
rocks were affected by structural disturbances of alpine type (important
data concerning Early Paleozoic tectonics of the Holy Cross Mts will be
found in an extensive work by Kowalezewski, as yet unpublished).

4 ' Zﬂkm.-:
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Fig. 13

Geological sketch meap of the Holy Cross Mts (northernmost part omittéd)
1 Cambrian (locally also uppermost Precambrian), 2 Ordovician and Silurian, 3 Devonian and
Lower Carboni.ferous, 4 Permian, 5 Triassic, ¢ Jurassie, 7 Cretaceous, 8 Upper Miocene, ¢ faults:
and flexures, M Méjeza, 5§ Sluchowlce
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Laramide versus Variscan structural disturbances

It seems to be evident that the Variscan structures of the Paleozoic
core were strongly affected by Laramide structural disturbances (Znosko
1962a, Bednarczyk, Chlebowski & Kowalczewski 1971, Kowalezewski
1971). Even such much advertized "Variscan” structures as the Slucho-
“wice fold and the Lysogéry upthrust must to some extent be interpreted
as Laramide structures (Kowalczewski 1971).

In the Holy Cross Mts there exists a distinct Variscan unconformity
‘but, as recognized by Znosko (1962a), the primary Vanscarn dips, measured

in Paleozorc strata against the Variscan unconformity, are rather gentle;
nowhere are they known to exceed 35°. This is a rather surprising fact,
becatise even in regions, affected by germanotype disturbances only, con-
siderable dips can be expected to occur within some fault zones. In the
Holy Cross Mts, however, in all the zones. where the Paleozoic strata are
sbrongly upturned, the Mesozoic ones, if Iprresent also dlsplay considerable
dips. :

On the other hand, strongly upturned and overturned Mesozoic strata
are comrmonly encountered. From this it can be inferred that, in the Holy
Cross area, the Laramide structural disturbances were stronger than the
Variscan ones.

The Variscan and the Laramide Checiny anticline

A good example of the relations of Laramide to Variscan disturbances is sup-
plied by the Checiny anticline, which'is situated at the:southwesfern border of the
Paleozoic core (Figs 13, 14). ' '

In some places, e.g. in the wéstern part of the southern flank of this anticline,
both the Paleozoic and Mesozoic sirata are strongly tectonized (Fig. 14, sections III,
v, vi, X, XIII, XIV, XVI, XVII). Steeply Uipturned and overturned strata are assoc-
iated with several, lonmtudmal faults and flexures; and decollement is commonly
observed at the contacts of competent and incompetent rocks. A.s a.consequence, the
primary attitude of the strata at the Variscan tnconformity cannot be recognized.

This is, however possible in other parts of the anticlme, eg. in its northern
flank. Here the Variscan u.nconform1ty can be clearly recognized in several sections
{Fig. 14, sections V, VII, VIII, XI, XII, XV), The primary Variscan dip, as measured
in Prepermian rocks against this unconformity, does not exceed 35°. In some sec-
tions the dip is less thar 10°,-and in the-section IX the Permian appears to overlie.
nearly concordantly Lower Carbaniferous strata.,

From the sections it follows that the Checiny anticline can be considered as
2 Variscan one rejuvenated during Laramide movements. It very gently sloping
1limbs were subsequently steepened, and localy even overturned, as a result of the
Laramide movements.

From the sections it should be also clear that, at the.borders of the Paleozoic
core, the boundary of the present occurrences of Permian deposits is largely erosive
in character.
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Geotectonics of the Holy Cross area

It is commonly accepted that the Holy Cross area did mot develop
under geosynclinal conditions in the Alpine cycle. The same can be sug-
gested for the Variscan cycle on the following evidence. First, the Varis-
can structures cannot. be regarded as. alpinotype ones, Second, no dis-
tinctive geosynclinal facies are encountered in this area in the Devonian
and the Lower Carboniferous. For instance, the Kulm in the Holy Cross
area is not developed as flysch ‘or molasse, and it is relatively thin. In
this respect, it conspicuously differs from the deposits occurring west of
‘the Upper Silesian Coal Basin (Zakows 1970, Dembowski & Unrug 1971),

Znosko (1964, 1965, 1966),- considered only the Kielce zone of the Holy Cross
Mts as an area of Caledonian consolidations while the Lysogbry one was regarded as
bart of a Variscan geosycline. A fongeosynclinal interpretation of the latter zome is
suggested by that author recently (Znosko 1970), and a similar'o_pinion was expressed-
by Pozaryski and Tomezyk (19638b).

In the Hdly Cross area, in its S part at least, geosynclinal conditions
did not continue beyond the Caledonian (Znosko 1962a, 1964, 1965, 1970),
or the Baikalian cycles (Pozaryski & Tomczyk 1968). This area can also
be interpreted as a part of large pericratonic depression, developed as
early as in the Baikalian cycle southwest of the Tornquist-Teisseyre line
(cf. Pozaryski 1969, Kolchanov & al. 1970). '

Structural trends in the Holy Cross area

In the discussed and some adjacent areas, most of the principal tec-
tonic structures trend WNW-ESE or NW-SE. As the first trend prevails
within the Paleozoic core, whereas the second one inthe Mesozoic mar.
gins, they are sometimes referred to as the. Variscan and the Lararmide
trends, respectively.

_ All the tectonic structures trending WNW-ESE are obviously con-

nected with the Holy Cross lineament, They occur only in a zone some
scores of kilometres large, extending from the northeastern border of
the San’anticlinorium to the Radomsko region {Fig. 1). It should be stre-
ssed that not only Baikalian, Caledonish and Variscan structures, but also
several rejuvenated by the Laramide movements (e.g. the Checiny anti-
cline, the Eysogéry fault zone), display this trend.

On the other hand, several pre-Laramide tectonic structures trend
NW-SE. As the Tornquist-Teisseyre line was in existence as early as in
the latest Precambrian, it can be expected that some parallel subsidiary
tectonic structures were generated in the area farther southwest as early
. as in the Paleozoic. Indeed, some Caledonian structures trending NW are
known to ocour east of the Paleozoic . core (Znosko 1965), and-distinct
Variscan structures, displaying ‘the same trend, have been recognized nor-

3
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theast and southwest of the Holy Cross Mts (in the Lublin Upland and
in the substrate of the Miechéw synclinorium — Bukowy 1964, Milaczew-
ski & Zelichowski 1970). Moreover, it can be inferred from the map by
Znosko & Pajchlowa (in Znosko 1968), that the Rzeszéw-Poznan linea-
ment, which borders the San anticlinorium and part of the Holy Cross
Mts on the southwest, was active during the Variscan tectonic epoch.
Accordingly, it may be expected that the Paleozoic structures which un-
derlie the folded Permo-Mesozoic cover in the Mesozoic marging of the
Holy Cross Mts, also trend NW-SE,

More or less distinct interference of the tectonic structures trending NW or
WNW can be observed in several parts of the discussed region. It is clearly visible
in the Radomsko region where a set of Laramide brachyanticlines was formed at
the junction of the Holy Cross lineament with the Rzeszé6w-Poznah one — Fig. 1
(Pozaryski 1971). A less spectacular example is supplied by the boundary which
separates the Jurassic of the southwestern margin of the Holy Cross Mts from the
Cretaceous of the Miechéw synclinorium. As it may be seen in detailed geological
maps, changes in trend from NW {o WNW repeatedly occur along this boundary.
Tectonic structures striking WNW-ESE clearly predominate within the Paleozoic
core, but some faults and structural zones striking NW are discernible in this area
(e.g. in the zone of Sukéw, Bukéwka, and Mébjcza, in the Padé6t Strawczyhski and
in the Oblegorek Belt — Czarnocki 1931, 1938). As for the northeastern part of the
Holy Cross Mts, interference of structures trending NW and WNW was pointed out
by Samsonowicz (1934, Samsonowicz, in Ksigzkiewicz & Samsonowicz 1952).

It is also worth of note that the Middle-Polish anticlinorium is exceptionaly
wide where crossed by the Holy Cross lineament.

Thus, the principal structural trends in the Holy Cross area do not
differ in age. They can be regarded as a result of pre-existing déep-seated
. fractures. Structures stretching WNW distinctly prevail in the zone of
- the-Holy Cross lineament, whereas those striking NW predominate in the
fracture zones which border the Middle-Polish anficlinorium on the nor-

theast and southwest.

In the Holy Cross area, some tectonie structures diverge from the
principal structural trends (e.g. some anticlines west of the Padét Straw-
czynski, the Dyminy anticline). In the northeastern part of the Holy Cross
area, some,siructures, generally stretching NE-SE display en coulisse ar-
rangement (Jaroszewski 1972). These are, however, but minor complexi-
ties in the.general picture.

Origin of the Laramide fold structures

The Laramide (and the Variscan) fold structures in the Holy Cross
Mts can be considered as being formed in response to block miovements
in the deep substrate (Kowalezewski 1971, Stupnicka 1971). Relatively
narrow fault zones, in which the Paleozoiec and Mesozoic strata are steeply.
upturried- or overturned, alternate with broader belts of gently dipping
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strata. Thus, the tectonic style of the Holy Cross Mts fits well this inter-
pretation.

It should be stressed, however, that only the crystalline Precam-
brian rocks of the deep substratum of the Holy Cross Mts could have acted . .
as rigid hlocks during the Laramide tectogenesis. As for the Paleozoic _
and Mesozoic sequences in this area, they are composed of alternating
layers of competent and incompetent sedimentary rocks (e.g. Upper Ju-
rassic ]J'.mestones, Middle and Upper Devonian dolomites and limestones,
Lower Devonian sandstones, Upper Tridssic, Silurian and Lower. Cam-
brian shales). The rocks of Late Proterozoic age, which underlie the Cam-
brian in the Holy Cross area, are sedimentary ones, but slightly affected
by epizonal metamorphism {e.g. quartzites and phyllites). Moreover, the
Paleozoic and Mesozoic rocks attained great. thicknesses in the area con-
cerned. At the end of the Cretaceous, prior to the tectonic inversion of
the Danish-Polish trough, the maximum thickness of these rocks was
about 6000 m in the Kielce, and about 10 000" m in the ELysogéry zones.
As a éo_nseque_nce, most of the longitudinal faults dissecting the Paleo-
zoic and Mesozoic rocks are developed as flexure-faults. These commonly
' display along-the-strike variation,. In particular, the reverse faults which'
are ‘most commonly developed in areas of strongest uplift, are laterally
replaced by vertical or normal faults.

. The unilateral and bilateral boxfolds of the Holy Cross Mts are
relatively densely spaced, so-that-some of the intervening depressed tec-
tonic zones are developed as distinct synclines. From this it can be in-
ferred that the crystalline substratum of the Holy Cross Mts is dissected
by sets of relatively numerous fractires.

The Laramide and pre-Laramide tectonic structures do not differ in

trends _'ir;.j;.he Ho,ly Cross. area. This. suggests 'that,some_of the faults or
fault zones that were, active during the Laramide tectogenesis, date from
earlier diastrophic cycles. In some cases, this can be confirmed. by direct

evidence (e.g. the Lysogéry fault zone).

Conclusions

The Paleozoic gore of the Holy, Cross Mts did not act as a stable
block .during the Laramidé_teqtpgenesis, nor were the Laramide folds
superimposed on passive Paleozoie structures. The Palegzoic and Meso-
zoic, rocks were subjeeted to strong Laramide disturbances in the whole
area. The Laramide structures follow the trend of pre-existing deep-seat-
ed fractures. Thus, they trend WNW-ESE in the zone of the Holy Cross
lineament, whereas they strike NW-SE in the border zones of the Mid-
dle-Polish anticlinorjum.

The sedimentation in the Holy: Cross area was largely controlled
by the Holy Cross lineament. Several deep-seated fractures, displaying



636 JAN KUTEK & JERZY GRLAZEK

the trend of the Middle-Polish anticlinorium, also acted in a similar way
(Pozaryski 1957, 1964, 1971; Pietrenko 1961, Dadlez & Marek 1969, Marek
& Znosko 1972). Thus deep-seated fractures can be regarded as the prin-
cipal factors controlling both ‘the sedimentary and the tectonic develop-
ment of the Holy Cross area.

The zone of the Middle-Polish unticlinorium in the Alpine and the
Variscan cycles

In the Alpine cycle, marked subsidence as well as strong uplift and strong
structural disturbances were confined to the zone of the Danish-Polish trough and
the Middle-Polish anticlinorium. In general, the- markedly thinner Permo-Mesozoic

" deposits of the Szczecin-E6dZ-Miechéw synclinorium and the Border synclinorium
are but slightly tilted. In the Variscan cycle, however, at-least the southeastern part
of the zone concerned did not differ conspicuously in its tecfonic development from
the adjmning areas farther northeast and southwest.

In the whole area extending from the Lublin Upper Carboniferous trough to
the Upper Silesian Coal Basin, distinct germanotype structures of Variscan age.
have been recognized. Moreover, the Devonian and Lower Carboniferous deposits
of the Lublin region, and the substratum of the Miechéw synclinorium are not con-
spicuously thinner than those in the Holy Cross Mts (Pajchlowa & Milaczewski and
Zakowa, in Osika 1970). This suggests that the whole area between the Upper Sile-
slan Coal Basin (the foredeep of the Moravo-Silesian Variscan foldbelt) and the Lu-
blin Upper Carboniferous trough (the latter connected with the Tornquist-Teisseyre
line), behaved as a rather uniform mobile platform in the Variscan cycle.

Geotectonic evaluation of the Holy Cross lineament

As far as the tectonic and sedimentary history of the Holy Cross
area in Phanerozoic time is concerned, the Holy Cross lineament must
be considered as a geotectonic structure of utmost importance. On’ the
other hand, however, it-seems to be a structure of a second order in the
general tectonic framework of Central Europe.

The Holy Cross lineament does mot appear to extend west of the
Radomsko region, beyond the Poznan-Rzeszéw lineament. Accordingly,
it is most probable that the WNW trending tectonic structures of the Holy
Cross area do not continue' WNW of the Radomsko region. So far, not
much is known about the Paleozoic structures farther west, but it can be
supposed that they display an offset; or a different trend, with respect
to those in. the Holy Cross ared. In any event, the WNW trending Paleo-
zoic structures in the latter area shoruld'not be regarded as an extention
of any of the Paleozoic structural belfs, existing west of the Elbe line.

"It can also be suggested that the Baikalian, Caledonian and Varis-
can structural zones, existing southwest of the Tornqu1st-Telsseyre line,
display a predominant northwesterly trend northwest and southeast of
the Holy Cross area. In the latter, a WNW" frend was 1mpose'd to the
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Paleozoic structures by the Holy Cross lineament. It is noteworthy that
no WNW trending structures have been recognized in the San anticlino-
rium (e:r_cepi; for that part of its northeastern margin which is an exten-
tion of the Holy Cross lineament).

THE ORIGIN OF THE HOLY CROSS MTS

Uplift of the Middle-Polish anticlinorium

The Permian and Mesozoic sediments, which had accumulated in
various parts of the Danish~Polish trough prior to the formation of the
anticlinorium, differed strongly in thickness." They attained 11,000 m in
the Kujawy region and about 6,000 m in Pomerania, but only about 3,000
m in the southern part of the Holy Cross area (Figs 2—6). Consequently,
as the result of subequal uplift and subsequent erosion, various rocks were
exposed along the axis of the Middle-Polish anticlinorium, and so, Pre-
cambrian in the San anticlinorium 4 Paleozoic in the southern part of
the Holy Cross area, and Triassic, Jurassic. or Lower Cretaceous in those
parts of the Middle-Polish anticlinorium which are situated farther north
(Fig. 1),

. The following data suggest a subequal uplift along the axis of the
Middle-Polish anticlinorium. In Kujawy and Pomerania, the amplitude
has been estimated by Pozaryski (1964) and Dadlez (in Dadlez & Dem.
bowska 1965) at about 3,000 m. The same figure is suggested for the sout-
hern part of the Holy Cross Mts. Another line of evidence is supplied by
the striking relationship between the thicknesses and ‘occurrences of the
Permian and the Mesozoic in the particular parts of the Middle-Polish
anticlinorium. Thus, for instance, much thicker and more complete Meso-
zoic deposits have accumulated in the morthern part of the Holy Cross
area tham in its southern part. In consequence, Paleozoic rocks were ex-
posed in the latter region, whereas in the morthern part only Triassic
and Lower Jurassic rocks crop out along the axis of the Middle-Polish
anticlinorium (Figs 1—4). Still farther north, in the Kujawy region, very
thick Permian and Mesozoic deposits have accumulated in the Danish-
-Polish trough prior to the formation of Middle-Polish anticlinorium; in
the neighbouring E6dz synclinorium the Cretaceous deposits attain a
maximum thickness of about 3,500 m (Pozaryski  1964). Accordingly, Up-
per Jurassic and even Lower Cretaceous deposits are preserved, in Ku-
jawy, in the axial part of the Middle-Polish anticlinorium. In Pomerania,

* The absence of Paleozoic rocks in the axial part of the San anticlinorjium
is largely due to erosion subsequent tg the Variscan uplift of this region.
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where Mesozoic subsidence had been weaker than in the K'ugawy regmn,
Lower ‘Jurassic and Upper Triassic rocks were exposed at the surface
along the Middle-Polish anticlinorium, as a result of Laramide uplift and
subsequent erosion.

This uplift must have been complicated by various factors, especial-
ly by pre-existing oblique faults. In the Lysogéry zone, for example, the
uplift seems to have been more than 3,000 m.

In any event, the amplitude of the uplift along the Middle-Polish
anticlinorium was much more uniform than the Permo-Mesozoic subsi-
dence in the preceding Danish-Polish trough. Within the boundaries of
Poland, the net subsidence in this trough ranged from about 3,000 m to
about 11,000 m, whereas the variation in the amplitude of uplift along
the . l\lllddle—Pohsh anticlinorium seems to have been, in most cases, less
than 1,000 m.

' The age of the Middle-Polish anticlinorium

Most authors (e.g. PozarySkl 1964, Znosko 1969) seem to assent that
a strong Laramide tectogenesis took place in Poland during Maestrichtian
and Paleocene (Danian included) time, but they differ in opinions: con-
cerning the exact date of the beginning of the uplift of the Middle-Polish
anticlinorium. According to Znosko (1969) and Dadlez (1970), the géneral
rise of this amnticlinorium was restricted to the Maestrichtian and Paleo-
cene, and had been preceded in earlier Cretaceous time only by minor
bloc'k movements (Znosko 1969). On the other hand, Pozaryski (1964)
considered that the southern part of the anticlinorium (the San anticlino-
rium and a part of the Holy Cross area) began to rise in the Santonian, -
whereas its middle part in the Campanian and its northern — in Pome-
rania — during the Maestrichtian. The problem of the age of the Middle-
~Polish anticlinorium can be discussed on the basis of the following data.

At present, Lower Maestrichtian deposits are preserved in the whole
Szczecin-£.6dz-Miechéw synclinorium. Upper Maestrichtian and Paleo-
cene deposits, however, have not been recorded from the Miechéw and
the L6dz synclinoria. In the Szczecin synclinorium, marine Upper Mae-
strichtian, and continental Upper Paleocene sediments, have been enco-
untered (for details see Pozaryski 1960, 1962a; Blaszkiewicz, Cieslinski,

 Jaskowiak & Krassowska, Ciuk, in Osika 1970).

Northeast of the M1'dc_11e—Pohsh anticlinorium, towards the East Eu-.
ropean platform, there persisted a marine basin in which Upper Maestrich-
tian and Paleocene deposits, 450 m thick were accumulated (Pozaryski
1960, 1962a, 1964; Ciuk, in Osika 1970; Pozaryska 1968, 1971; Liszkowski
1970) Since this basin can be regarded as a foredeep of the Middle-Polish
anticlinorium, it is reasonable to believe that these deposits are contem-
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poraneous with the rise of the anticlinorium. Finally, Upper Eocene de-
posits (and some possibly Early Eocene in age) are known to overlie
unconformably the axial parts of the Middle-Polish anticlinorium (Ciuk,
in Osika 1970). _

From all this it can be inferred that the Middle-Polish anticlinorium

was being formed during Late Maestrichtian and Paleocene time. It pro-
bably did not continue to rise in the Early Eocene. .
' On the other hand, available evidence suggests that it was not yet
in existence until the end of the Campanian. As shown in several very
suggestive cross-sections (Cie$lifiski 1958b; Marek & Raczynska, in Osika
1970), the Neocomian (Berriasian to Hauterivian) and the Middle Creta-
ceous (Albian and Cenomanian) deposits conspicuously increase in thick-
ness towards the axis of the Middle-Polish anticlinorium. As for the Tu-
ronian to Campanian deposits, they also, generally, increase in thickness
towards this anticlinorium (Figs 44, 6; Pozaryski 1962b, Table 42) 5. Whe-
ther the Middle-Polish anticlinorium began to rise as early as Early Mae-
strichtian, it is an open question.

Except for the Lower Maestrichtian, the Upper Cretaceous occurring in the
L.6dz-Mogilno synclinorium is thicker than that encountered on the other side of
the Middle-Polish anticlinorium, i.e. in the Border synclinorium (Znosko 1969). The
Lower Maestrichtian, in turn, is conspicuously thinner in the ¥.6dZ-Mogilno syncli-
norium, than in the Border synclinorium, where marine sedimentation continued
in the Late Maestrichtian and Paleocene. This may suggest that the foredeep nort-
heast of the Middle-Polish anticlinorium and, consequently, also the anticlinorium
itself, began to be formed as early as in Early Maestrichtian time.

In the Kujawy region and farther southeast near Radom, within Upper Creta-
ceous marine formations occurring at the northeastern border of the Middle-Polish
aniticlinorium, arenaceous sediments (glauconitic-quartz sands and gaizes), Cam-
Danian and locally also Santonian in age, have been encountered. From this some
authors stated (PoZaryski 1960, 1962a, 1964; Cieflitiski & Pozaryski 1970) that some
Parts of the Middle-Polish anticlinorium had emerged as early as in the Santonian
or the Campanjan. However, the thickness paitern in Upper Cretaceous deposits
does not favour this paleogeographic interpretation. Moreover, no similar extensive
intercalations of terrigenous material are known to occur within Upper Cretaceous
deposits at the southwestern border of the anticlinorium, Thus, minor synsedimentary
tectonic disturbances, as suggested by Znosko (1969), best account for the occurrence
of detrital material in the discussed pre-Maestrichtian sediments. It seems probable
that these tectonic disturbances were, at least partly, of halokinetic origin. In areas
adjoining the middle part of the Middle-Polish anticlinorium, stratigraphic gaps
" and signs of intermittent emersion are commonly encountered within Upper Creta-

& This concerns only deposits of the same stratigraphic range. At present, the
thickness of the Upper Cretaceous decreases at the margins of the Middle-Polish
anticlinorium, because more and more early Cretaceous deposits come to the sur-.
face towards the axis of the anticlinorium, as a result of Laramide uplift and sub-
sequent erosjon, It should be also mentioned that the apparent decrease in thick-
ness towards the anticlinorium, as displayed by the Cretaceous deposits depicted
in some cross sections (PoZaryski 1960, 1982b), is due to the exaggerated vertical
scale in these sections. !
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ceous deposits involved.in halokinetic structures (Sokolowski 1966). Most .probably
similar halokinetic ‘movements, resulting in emersion of restricted areas, occurred
also within the zone which was fo be transformed later on into the Middle-Polish

anhclmormm

) The particular parts of the Mlddle-Pohsh ant1c11nonum do not substantially
differ in age. It should be expected, however, that there was some minor regional
variation in the course of the uplift to which the anticlinorium was subjected. Te
some extent this is suggested by the variation in the distribution of detrital mate.
rial which accumulated, during Late Maestrichtian and Paleogene time, in the marine
basin bordering the Middle-Polish anticlinorium on the northeast (Pozaryski 1960,
1962a), However, the supply of detrital material from the rising anticlinorium de-
pended not only on the rate of its uplift, but also on the variable lithic composition
of the rocks removed from the parficular parts of the anticlinorium. Thus, any con-
clusions concerning minor differences in progress of the uplift in the particular
parts of the Middle-Polish anticlinorium, would be highly conjectural.

The rise of the Middle-Polish anticlinorium as a morphogenetic process

As a consequence of the Laramide uplift of the Middle-Polish anti-
clinorium, some 3,000 m of sedimentary rocks have been removed by
erosion from its axial parts. Some of the detrital material supplied by the
rising Middle-Polish anticlinorium, must have been trapped by the marine
basin existing, during Late Maestrichtian and Paleocene time, on the
northeastern side of the anticlinorium, The sediments laid down in this
basin are developed as limestones, marls and various carbonate-siliceous
rocks and as gaizes and glauconitic-quartz sands (Pozaryski 1962); the ter-
. rigenic material within these sediments may be regarded as partly deri-
ved from the area of the Middle-Polish anticlinorium. No conglomerates
.have, however, been found among the Upper Maestrichtian and Paleocene’
deposits.

The absence of conglomerates can be explained as a consequence of
a very slow rise of the Middle-Polish anticlinorium, and of warm and
humid climatic conditions prevailing at the turn of the Cretaceous and
the Tertiary {cf. Cieslinski 1965). Thus, during the uplift of the anticli~
norium, the formation and transport of detrital material must have been
controlled to a large extent by profound chemical weathering, and by low
geomorphological gradients. On the other hand, the absence of conglome-
" rates- suggests that no intermittent phases of short but rapid uplift were
" superimposed on the generally glow rise of the anticlinorium.

From the above it follows that the rlsmg Middle-Polish anticlino- -
rium was never much elevated topogralphlcally against the neighbouring -
areas, because its uplift was largely compensated by erosion. No lofty
mountain chain stretched across the area of Poland during Early Tertiary
time. :
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General problems concerning the Middle-Polish anticlinorium

The Middle-Polish anticlinorium and the preceding Danish-Polish
trough can be classified as epiplatformal geotectonic units. The Danish-
-Polish trough can be termed an aulacogen (Khain. & Slavin, in Sollogub
& al. 1971). :

‘The tectonic structures withiri. the Middle-Polish anticlinorium,
which are most commonly developed as unilateral or bilateral boxfolds,
resulted from block movements in the substrate (Dadlez & Marek 1969,
Znosko 1969, Kowalczewski 1971, Stupnicka 1971). They areé a result of
tectonic displacement on high-angle reverse and normal faults. This does
not imply, however, that compressional conditions did not exist then in
some deeper layer of the Earth. As argued by Pozaryski (1964), the Da~
msh-Pohsh. trough deve-loped most prdbably under predominant. tensio-
nal candltmns ‘whereas the Middle~Polish anticlinorium under compres-

sional ones.

_ In the zone of the Middle-Polish anticlinorium, the thickness of the
earth crust is great (45—48.5 km), as compared to that (30—36 km) in
the adjoining areas (Guterch 1968). A similarly thick crust underlies the
Donbass area, which also underwent tectonic inversion, whereas farther
northwest, within the noninverted Donets-Dnieper aulacogen, the crust.
is relatively thin (Subbotin, Sollogub, Chernook, Khain & Slavin, in Sol-
logub & al. 1971). This, and other facts discussed by the above authors
substantiate the opinion that a relatively thin crust underyling the Danish
-Polish trough (aulaeogen), was considerably thickened during its tec—
tonic. inversion. :

The whole Middle-Polish anticlinorium was formed at the same
time as a result of the tectonic inversion of the Danish-Polish trough, the
amplitude of uplift being similar in all parts of the anticlinorium. This .
suggests that the whole zone of the Middle-Polish anticlinorium, from the
Baltic sea up to the Carpathians, was subjected fo tectonic forces similar in
intensity and character during the Laramide tectogenesis.

At present, some regional variation in the structural effects of the
Laramide tectogenesis can be recognized along the Middle-Polish anticli~
norium, For instance, the Mesozoic Tocks seem to be tectonized more
strongly in the Holy Cross. Mts, than in the parts of the anticlinorium.
situated farther north. On the other hand, halokinetic disturbances are
confined to the parts of the anticlinorium embraced within the German-
~-Polish syneclise. Such differences can be regarded as being a result of
the arrangement of pre-existing deep-seated fractures, the distribution
of the Zechstein evaporates, the different thickness and lithic composition.
of the Permo-Mesozoic cover in the particular areas, and similar factors.



842 JAN KUTEK & JERZY GLAZEK

The age of the Laramide tectonic structures
in the Holy Cross Mts

On the southern slope of the Holy Cross Mis and farther south,
folded Mesozoic deposits, the youngest Early Maestrichtian in age, are
unconformably overlain by Miocene (Tortonian) sediments. Accordingly,
the tectonic movements, responsible for the folding of the Mesozoic strata,
are often indiscriminately referred to as Early Tertiary or pre-Miocene.
In the northern part of the Holy Cross Mts, however, remnants of Late
Eocene or Early Oligocene deposits are known to overlie unconformably
the Jurassic and Cretaceous strata (Karaszewski 1966; Ciuk, in. Osika
1970). Moreover, the Middle-Polish anticlinorium as a whole, and all
its subsidiary structures within, must be regarded as a result of the same
tectonic movements. Since the anticlinorium was being formed during
Maestrichtian and Paleocene (and Early Eocene?) time, the formation of
the Laramide folds in the Holy Cross area must have been restricted to
the same time span,

The Paleogene uplift. of the meta-qupathian zone

A marine basin stretching NW-SE persisted northeast of the rising
Middle-Polish anticlinorium in the Maestrichtian and Paleocene. During
Miocene and Pliocene time, the sedimentary basins of the Polish Lowland
displayed a clearly different paleogeographic pattern; they stretched E-W,
displaying an extension to the south in Western Poland (Fig. 1). Those
existing in the Late Eocene and in the Oligocene showed, in this respect,
intermediate features (Aren 1964; Rézycki 1967; Ciuk, ¢n Osika 1970).
Furthermore, no Paleogene or pre-Tortonian Miocene marine sediments
occur in Poland within the meta-Carpathian zone, except for some parts
of the Lublin Upland. '

The Lublin region, which had been embraced within the marine
basin existing northeast of the Middle-Polish anticlinorium during Late
Maestrichtian and Paleocene time, most probably remained a depressed
area for some time after the end of the Paleocene. This region, however,
was also subjected to the general uplift of the meta-Carpathian zone.
As a consequence Paleocene and uppermost Maestrichtian deposits were
removed by erosion from some parts of the Lublin region (cf. Poza-
ryski 1962a). B

During  post-Paleocene -— pre-Tortonian time, the elevated meta-
-Carpathian zone included the southeastern part of the Middle-Polish
anticlinorium (the San anticlinorium and part of the Holy Cross area).
Most -probably, however, the anticlinorium was mot much -elevated
topographically against the neighboring regions of the meta-Carpathian
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zone, At the same time, the parts of the Middle-Polish anticlinorium
situated farther north were being buried by Tertiary sediments.

Before the Late Miocene, the Precambrian and Paleozoic rocks were
exposed at the surface in a belt, stretching from the area of the Paleozoic
core of the Holy Cross Mts farther southeast; along the axis of the San
anticlinorium (Fig. 1). Thus, the area of the outcrops of Precambrian and
Paleozoic rocks considerably exceeded that of the present Paleozoic core.

During Mesozoic time, the intermittent wuplifts of the meta-
-Carpathian zone were, in most cases, accompanied by subsidence in the
German-Polish syneclise. The Early Tertiary movements followed the
same pattern: when the meta-Carpathian zone was being uplifted, subsi-
dence took place in the area farther north. However, the Polish Lowland
was but slightly downwarped, as indicated by small thicknesses of the
Eocene, Oligocene and Lower Miocene sediments (Aren 1964). This
suggests that the contemporaneous uplift of the meta-Carpathian zome
was rather slight, too. The occurrence of extensive Maestrichtian deposits
in the Miech6éw synclinorium and in the Lublin Upland points in the same
direction.

Miocene movements

In the Late Miocene, the southern part of the meta-Carpathian zone
was downwarped, and covered by marine Miocene sediments and/or the
Carpathian Flysch nappes. This part of the meta-Carpathian zone consti-
tutes now the substrate of the Carpathian foredeep and the Flysch
nappes. The San anticlinorium, which was -also embraced within the
downwarped part of this zone, was buried by thick Late Miocene
sediments (Fig. 1).

The N part of the meta-Carpathian zone escaped downwarping, and
during Late Miocene time it formed a barrier separating the marine basin
of the Carpathian tt'oredeerp from the basin of the.Polish Lowland. This
part of the meta-Carpathian zone corresponds to the present belt of the
Middle Polish Uplands; it is' the meta-Carpathian arch as understood by
Nowak (1927). The Holy Cross Mts are embraced within this belt. Thius,
" they comyprise that part of the Middle-Polish anticlinorium which escaped
downwarping and burial by Tertiary formations.

At the end of the Miocene, within the elevated Holy Cross area, the
Paleozoic core and its Mesozouc margin displayed a diversified relief.
The southern part of the area concerned was covered by Miocene sedi-
ments. Thus, at that time, all the substantial geologic and geomorphologm
features of the Holy Cross Mts were already in existence.

In the Pliocene and Quaternary, relatively extensive Miocene sedi-
ments, and to some extent also Mesozoic rocks, must have heen removed
by erosion from some part of the Holy Cross Mts. Thus, the area of the
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present Paleozoic core exceeds that one in which the Paleozoic rocks were
exposed at the end of the Miocene.

On the southern slopes of the Holy Cross Mts, subhorizontal or | but
slightly tilted Miocene deposits overlie folded Mesozoic and Paleozoic
rocks. This indicates that the Laramide fold structures of the Holy Cross
Mts were not. mg‘mﬁcanﬂy modified during Miocene and post-Miocene

time.

The tectonic movements of epeirogenic type, to which the Holy
Cross. Mts were subjected in the Pliocene and Quaternary, will not be
dealt with in this paper.

Problem of subsequent troughs

Apart from the Middle-Polish anticlinorium, there are many other struectures,
that were formed by inversion' of preceding epiplatformal troughs. An excellent
-example is supplied by the "Mangyshlak dislocation system” (Shlezinger 1965). Similar
but smaller structures occur in Western Europe (the Weald anticline and its extension
in the Boullonais, the anticline of the Pays de Bray, the structures due to inversion
of the sedimentary troughs in West Netherlands and Lower Saxony — Voigt 1963).
In all those cases, more or less distinct subsequent troughs, bordering the uplifted
stuctures, have developed after the inversion of earlier sedimentary basins.

Similar subsequent troughs did not develop on both sides of the Middle-Polish
anticlinorium. As argued before, the Szezecin-E6d%-Miechéw synclinorium and the
Border synclinorium were formed as structural units simultaneously with the Middle-
-Polish anticlinorium during the Maestrichtian and Paleocene. Before the Maes-
frichtian, the Cretaceous deposits laid down in the zones of these synclinoria sloped
towards the axis of the Danish-Polish trough. The Szczecin-E6d%-Miechéw syneli-
norium was never iransformed into an autonomous sedimentary basin. Only the
Border synclinorium acted as a sedimentary basin during Late Maesirichtian and
Paleocene, forming a shallow foredeep on the northeastern side of the Middle-Polish
anticlinorium, towards the ancient East-European platform (or its elevated.part).

During Tertiary (post-Palepcene) time, sedimentation in the area of ceniral
and northern Poland followed the pattern of the German-Polish syneclise (Fig. 1).
As indicated by the thickness pattern of the Tertiary sediments (Fig. 4B), no sedi-
mentary troughs, clearly connected with the anticlinorium with respect to their
genesis and spatial arrangements, developed in this area after the Paleocene.

The Tertiary history of the Middle-Polish anticlinorium was rather complex.
In parts of the Cenozoic, it was subJected to slight -uplift, accompanied by halokinetic
activity (e.g. in Pliocene and Quaternary time — Arefi 1964, Znosko 1969). On the
other hand, some data suggest that, in the Kujawy reglon the Middle-Polish
anticlinorium was being downwarped with respect to the Border synclinorium during
the Middle Oligocene (cf. Arefi 1964, Wilczyfiski & Krazewski 1970).

Northeast an southwest of the Holy. Cross Mts and the San anticlinorium, no
autonomous sedimentary troughs existed after the Paleocene (Figs 1, 4B)., The San
anticlinorium itself was strongly downwarped in the Late Miocene, during the
Zeneration of the Carpathian foredeep.

Institute of Geology
of the Warsaw Umversity
Wa'rszawa 22, Al. Zwirki i Wigury 93
Warsaw, May 1971
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J. KUTEK i J. GLAZEK

OBSZAR SWIETOKRZYSKI W CYKLU ALPEJSKIM

(Streszczenié)

Géry Swigtokrzyskie i antyklinorium dolnego Sanu wchodza w sklad anty-
klinorium S&rédpolskiego, stanowiagc zarazem cze$é strefy metakarpackiej, w ktorej
utwory permu i mezozoiku posiadaly znacznie mniejszg migzszosé, anizeli dalej na
péinoc w obrebie syneklizy niemiecko-polskiej. W obrebie strefy metakarpackiej
migZszofé pokrywy permo-mezozoicznej wyrafnie wzrasta w strone Goér Swieto-
krzyskich i antyklinorium dolnego Sanu (Fig. 5). Wynika stad, Ze obszary te wicho-
dzily do korfica kredy w sklad rowu dufisko-polskiego i nastepnie ulegly inwersji
tektonicznej podezas ruchbéw laramijskich.

W obrebie strefy metakarpackiej, uklad migzszofci i facji utworbw kredy
i jury, a zwlaszeza triasu i permu, wykazuje pewne komplikacje w wyniku paleo-
reliefu oraz ruchéw tektonicznych, dzialajacych m.in. w postaci ruchéw synsedymen-
tacyjnych, podczas permu i mezozoiku. Jeszcze silniej zaznaczylo sie oddziatywanie
stref rozlamowych, a mianowicie rozlamu &wietokrzyskiego, poznafisko-rzeszowskie-
go (Pozaryski 1871) i strefy brudzowicko-kolbarskiej. Rozlam Swietokrzyski, ktdry -
w obrebie trzonu paleozoicznego Gor Swietokrzyskich stanowi granice miedzy strefs
kieleckg i tysogérsks, biegnie dalej ku ESE wzdluz pénocno-wschodniego brzegu
antyklinorium dolnego Sanu, a ku WNW przedluza sie do obszaru Radomska. Strefa
polozona ma Pélnoc od rozlamu Swietokrzyskiego podlegala silniejszej subsydencii,
anizeli obszar leZzgcy na poludnie od tego rozlamu, nie tylko w paleozoiku, lecz takZe
w mezozoiku, a zwlaszcza w okresach tworzenia sie formacji terrygenicznych (np
pstry piaskowiec, lias i srodkowa kreda).

Z analizy paleogeograficznej obszaru §wietokrzyskiego wyplywa wniosek, Ze
podczas gérnego permu i mezozoiku nie zaznaczala sie tu nigdy elewacja, ktéra odpo-
wiadalaby swym ksziallem i wielkoficia obszarowi obecnych Goér Swietokrzyskich,
albo ich trzonu paleozoicznego. W niektérych okresach obszar polozony na poludnie
od rozitamu Swietokrzyskiego byl jednakie wyniesiony w stosunku do polozonego
bardziej na pdinoc.

Z aktualnych danych tektomcznych wynika, Ze obszar trzonu paleozoicznego
Gor Swigtokrzyskich nie stanowil sztywnego bloku podezas tektogenezy laramijskiej,
a utwory paleozoiczne tu wystepujace doznaly znacznych deformacji laramijskich.
Na obszarze §wietokrzyskim, struktury zar6wno bajkalskie, kaledofiskie, waryscyj-
skie jak i laramijskie wykazujg w sirefie rozlamu Swietckrzyskiego kierunek WNW-
-ESE, podczas gdy w strefach rozlamb6w obrzezajacych antyklinprium $rédpolskie
przewaza kierunek NW-SE, W $§lad za Znosks (1962a, 1970), oraz Pozaryskim i Tom-
czykiem (1968b, 1969) wyraZony zostal poglad, Ze obszar Swietokrzyski nie rozwijat
si¢ w cyklu waryscyjskim w warunkach geosynklinalnych. Na obszarze {ym warys-
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cyjskie deformacje reprezentuja typ germanski, i byly stabsze od mlodszych lara-
mijskich. '

Podczas ruchdéw laramijskich, giléwnie w gbébrnym mastrycheie i paleocenie,
w wyniku tekfonicznej inwersji rowu durisko-polskiego powstalo w strefie miedzy
Baltykiem a Karpatamij antyklinorium Sr6dpolskie, Cata ta strefa ulegla mniej wiecej
rébwnomiernemu wypigtrzeniu rzedu 3 km (w miejscach jednakze, gdzie antyklino-
rium przeciete jest skodnymi rozlamami, np. w strefie lysogérskiej, wypietrzenie bylo
nieco wieksze). Poniewaz pokrywa permo-mezozoiczna miala mniejsza miaZzszo§é
w strefie metakarpackiej, anizeli dalej na péinoc, odstoniete zostaly w antyklinorium
dolnego Sanu i w Gérach Swietokrzyskich w wyniku erozji utwory prekambru lub pa-
leozoiku, podczas gdy wzdiuz osi bardziej péinocnych czeSci antyklinorium §réd-
polskiego jedynie utwory triasu, jury lub dolnej kredy. Brak zlepiefcéw wiréd osa-
déw gbérnego mastrychtu i paleocenu synklinorium brzeinego sugeruje, Ze wypietrza-
nie antyklinorium Srédpolskiego bylo w znacznej mierze kompensowane przez erozje.
Nalezy zatemn przyjaé, Ze antyklinorium to nigdy nie tworzylo wyniostego pasma
gbérskiego. Po paleocenie a przed péinym miocenem, strefa metakarpacka wraz
z antyklinorium dolnego Sanu i obszarem Swigtokrzyskim ulegla nieznacznemu wy-
pietrzeniu, natomiast Niz Polski stat sie obszarem subsydencji, ktéra trwala réwniez
w pbinym miocenie i pliocenie, doprowadzajac do pokrycia Srodkowych i pbinocnych
czeSci antyklinorium S$rodpolskiego utworami trzeciorzedu. W péfZnym miocenie po-
ludniowa czgéé strefy metakarpackiej, wraz z antyklinorium dolnego Sanu, zostala
pogragzona i pokryta osadami miocenu rowu przedgérskiego Karpat, a czeSciowo takZe
plaszczowinami fliszu karpackiego. Géry Swigtokrzyskie odpowiadajg zatem tej czesci
antyklinorium érédpolskiego, ktéra uniknela pograzenia w trzeciorzedzie. .

Instytut Geologii Podstawowej
Uniwersyteiu Warszawskiego
Warszawa 22, Al, Zwirki i Wigury 93
Warszowa, w maju 1972 r.
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