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B1. GENERAL GEOLOGICAL DESCRIPTION OF THE PROPOSED GEOPARK 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. B1 Situation ƻŦ ǘƘŜ DŜƻǇŀǊƪ ΣΣDŜƻƭŀƴŘ |ǿƛťǘƻƪǊȊȅǎƪƛΩΩ ŀǊŜŀ όƳŀǊƪŜŘ ǊŜŘ Ǉƻƛƴǘ ƻǊ ƭƛne) against a background 
of the ƎŜƻƭƻƎƛŎŀƭ ǎǘǊǳŎǘǳǊŜǎ ƻŦ 9ǳǊƻǇŜ ό!ύΣ ŀǎ ǿŜƭƭ ŀǎ tƻƭŀƴŘ ό.ύ ŀƴŘ |ǿƛťǘƻƪǊȊȅǎƪƛŜ όIƻƭȅ Cross) Mountains (C); source 
of maps: Polish Geological Institute, European Center of Geological Education; Geochemical Atlas of Europe; modified)  
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¢ƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛŜ όIƻƭȅ /Ǌƻǎǎύ aƻǳƴǘŀƛƴǎ ŀƴŘ ǘƘŜ DŜƻǇŀǊƪ ŀǊŜŀ ŀǊŜ ǎƛǘǳŀǘŜŘ ƛƴ ǎǇŜŎƛŦƛŎ ǇƭŀŎŜ ƻŦ ǘƘŜ ƎŜƻƭƻƎƛŎŀƭ 
structure of Europe, because they are located within the great disruption of the earth crust called the Trans-European 
Suture Zone (TESZ), which is a boundary between three large geological units of the European crust: Variscan West-
European Platform, Precambrian East-European Platform and orogenic belt of Alpine structures (Fig.B1). The 
|ǿƛťǘƻƪǊȊȅǎƪƛŜ aƻǳƴǘŀƛƴǎ ǊŜƎƛƻƴ όŀƴŘ ǘƘŜ DŜƻǇŀǊƪ ŀǊŜŀύ ƛǎ ǘƘe only segment of this zone (TESZ) where the sedimentary 
rocks representing the sequence of all geological period from Cambrian to the Quaternary are outcropped (Fig. B1). 
Therefore, the geological studies of this region are of fundamental significance for the understanding and reconstruction 
ƻŦ ǘƘŜ ƎŜƻƭƻƎƛŎŀƭ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ ŎƻƴǘƛƴŜƴǘ ό5ŀŘƭŜȊΣ нллмΤ YƻƴƻƴΣ нллуΤ ¦ǊōŀƴΣ DŊƎƻƭΣ нллуύΦ 

Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ ƎŜƻƭƻƎƛŎŀƭ ǎǘǊǳŎǘǳǊŜ ƻŦ tƻƭƛǎƘ ǘŜǊǊƛǘƻǊȅ ǘƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛŜ aƻǳƴǘŀƛƴǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǎƻǳǘƘ-
eastern segment of the greater geological unit called Mid-Polish Anticlinorium (Fig. B1). This Anticlinorium is an elongated 
structure of the NW-SE direction crossing Polish area that is formed of sedimentary Mesozoic rocks. They were deposited 
within the basin of the similar (to the Anticlinorium) elongation and direction called Danish-Polish Through. During the 
Alpine tectonic movements, particularly intensive at the Cretaceous-Palaeogene turn, the rocks filled the Danish-Polish 
Through were uplifted and slightly/partly folded (forming the Anticlinorium), however, the greatest uplift occurred in the 
south-ŜŀǎǘŜǊƴ ǇŀǊǘ ƻŦ ǘƘŜ ǳƴƛǘ ǘƘŀǘ ŎƻƴǎǘƛǘǳǘŜŘ ǘƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛŜ aƻǳƴǘŀƛƴǎ όYŀǊƴƪƻǿǎƪƛΣ нллуΤ YƻƴƻƴΣ нллуύΦ 
Consequently, this part suffered the most effective denudation (erosion) which brought about partial removal 
of aŜǎƻȊƻƛŎ ǊƻŎƪǎ ŀƴŘ ŜƳŜǊƎŜƴŎŜ ƻŦ ǊƻŎƪǎ ƻŦ ǎƻ ŎŀƭƭŜŘ tŀƭŀŜƻȊƻƛŎ /ƻǊŜ ƻŦ ǘƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛŜ aƻǳƴǘŀƛƴǎΦ tǊŜǎŜƴǘ-day 
ƛƳŀƎŜ ƻŦ ǘƘŜ ƎŜƻƭƻƎƛŎŀƭ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ DŜƻǇŀǊƪΣ ŀǎ ŀƴ ŜƭŜƳŜƴǘ ƻŦ ǘƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛŜ Mountains, is the result of these 
processes. 

Lƴ ǘƘŜ ƎŜƻƭƻƎƛŎŀƭ ǘŜǊƳǎ ǘƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛŜ aƻǳƴǘŀƛƴǎ ŀǊŜ ŎƻƳǇƻǎŜŘ ƻŦ ǘǿƻ ǊŜƎƛƻƴǎΥ ƴƻǊǘƘŜǊƴΣ _ȅǎƻƎƽǊȅ ¦ƴƛǘΣ 
situated within the earth crust block of the same name and southern Kielce Unit being the part of the MaƱƻǇƻƭǎƪŀ .ƭƻŎƪ 
(Fig. B2). ¢ƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛe Dislocation, which is prominent disruption reaching the deep part of the lithosphere, is the 
boundary between these regions (Konon, 2008; Urban, Gagol, 2008). The whole άGeoƭŀƴŘ |ǿƛťǘƻƪǊȊȅǎƪƛΩΩ DŜƻǇŀǊƪ 
is situated within the Kielce Unit.  

The Palaeozoic Core, situated in the central part 
of the |ǿƛťǘƻƪǊȊȅǎƪƛŜ aƻǳƴǘŀƛƴǎ ƛǎ ōǳƛƭǘ ƻŦ ǘƘŜ ǎŜŘƛƳŜƴǘŀǊȅ ǊƻŎƪǎ 
that represent all Palaeozoic periods except for Permian and were 
tectonically modelled during the Caledonian and Variscan tectonic 
movements. Permian and Mesozoic sedimentary rocks, 
tectonically modelled during the Alpine movements, comprise 
so called the Permian-Mesozoic Marginal Zone of the 
|ǿƛťǘƻƪǊȊȅǎƪƛŜ aƻǳƴǘŀƛƴǎ (Fig. B1) (Lamarche et al., 2003; 
Mizerski, 2004; Konon, 2008). The area of the ,,Geoland 
|ǿƛťǘƻƪǊȊȅǎƪƛΩΩ DŜƻǇŀǊƪ ŎƻǾŜǊǎ ǘƘŜ ǿŜǎǘŜǊƴ part of the Palaeozoic 
Core and south-western section of the Permian-Mesozoic 
Marginal Zone (Fig. B1), however part of the Palaeozoic 
and Mesozoic structures are masked here by Quaternary 
(occasionally also Neogene) sediments that occupy depressed and 
part of sloped morphological elements (Fig. B3). Quaternary rocks 
represent glacial and fluvioglacial sediments deposited during the 
Pleistocene South-Polish Glacials as well as fluvial, slope and 
aeolian sediments deposited during the interglacial and periglacial 

periods. The youngest, mainly fluvial sediments were deposited in the Holocene (Urban, Gagol, 2008; Urban, 2010).  

 
Fig. B2  Location of the Geopark area (white line) on the 
background of tectonic structures of Central Poland; 
source of map: Polish Geological Institute, modified 
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Fig.B3 Simplified geological map and cross-section through the Geopark territory 

 

¢ƘŜ ƎŜƻƭƻƎƛŎŀƭ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛŜ Mountains, and the Geopark within this region, directly determines 
present-day situation of this area within the European continent and, consequently, is responsible for the morphology, 
climate, biodiversity and the development of colonisation and economy ƻŦ ǘƘƛǎ ǊŜƎƛƻƴ ό¦ǊōŀƴΣ DŊƎƻƭ нллуύΦ ±ŜǊȅ ŜǾƛŘŜƴǘ 
and apparent interrelation between the geological heritage and the development of colonisation, mining and agriculture 
is the feature distinguishing the Geopark region from neighbouring areas.   

 

B.1.1 Scientific Description of Geology 

Lƴ ǘƘŜ ƎŜƻƭƻƎƛŎŀƭ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛŜ (Holy Cross) Mountains region recorded in the lithostratigraphical 
sequences available in the representative geosites within the area of the Geopark four structural stages ς phases of 
sedimentation separated by tectonic movements, uplift and denudation ς have been distinguished (Mizerski 2004; Urban, 
DŊƎƻƭ нллуΤ ¦ǊōŀƴΣ нлмлύΦ CǊƻƳ ǘƘŜ ƻƭŘŜǎǘ ǘƻ ǘƘŜ ȅƻǳƴƎŜǎǘ ǘƘŜȅ ŀǊŜ ŀǎ ŦƻƭƭƻǿΥ 
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¶ Early-Caledonian (1) and Late-Caledonian (2) stages that include sequences of the Older Palaeozoic (Cambrian, 
Ordovician and Silurian), tectonically deformed at the Cambrian-Ordovician turn as well as the Silurian-Devonian 
turn;  

¶ Variscan stage (3) including the Devonian and Lower Carboniferous sedimentary sequences folded, faulted and 
uplifted during the Late Carboniferous and Permian;  

¶ Alpine stage (4) including the Permian and Mesozoic rocks tectonically modified at the Cretaceous and 
Palaeogene turn and later.  

During the subsequent, Cenozoic stage (5) of the evolution the present-day image of the geological structure as well as 
morphology and ƭŀƴŘǎŎŀǇŜ ƻŦ ǘƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛŜ aƻǳƴǘŀƛƴǎ ǊŜƎƛƻƴ όƛƴŎƭǳŘƛƴƎ ǘƘŜ DŜƻǇŀǊƪ ŀǊŜŀύ ƘŀǾŜ ōŜŜƴ Ŧƛƴŀƭƭȅ 
formed.   

1) and 2) ς Early- and Late-Caledonian structural stage: history of the Baltica palaeocontinent and its amalgamation 
with the Laurentia 

Sandstones, siltstones and clayey shales of the 
Cambrian Middle Division (ca 500 MA) are the oldest 
rocks outcropped within the Geopark area. Apart from 
Middle Cambrian rocks the sequence of the Older 
Palaeozoic is constructed of sedimentary Ordovician 
and Silurian rocks represented by sandstones, 
siltstones, claystones and greywackes with inserts 
of pyroclastic rocks ς bentonites. The sequence of 
these rocks is the record of marine depositional 
environment connected with the shelf of the Baltica 
palaeocontinent (Fig. B4), and its movement form the 
low geographical latitude of the southern hemisphere 
to the equatorial latitudes and collision and 
subsequent amalgamation with the Laurentia 
ǇŀƭŀŜƻŎƻƴǘƛƴŜƴǘ ό.ŜƱƪŀ Ŝǘ ŀƭΦ нлмнύΦ Processes and 
events connected with the oldest documented (Old-
Caledonian) stage of the history of the Geopark area 
are recorded in the sequence of Cambrian and 
hǊŘƻǾƛŎƛŀƴ ǊƻŎƪǎ ƻǳǘŎǊƻǇǇŜŘ ƛƴ ǘƘŜ ά.ƛŜǎŀƪ-.ƛŀƱƻƎƻƴέ 
Geosite  (no G/KIE/006), (Fig. B4). The younger, 
Ordovician part of this sequence includes also the 
evidences of global and regional events related to the 
evolution of the Young-Caledonian structural stage 
recorded in other sequences of the world. The 
remains of Ordovician volcanism that are used for the 
reconstruction and correlation of palaeoclimatic and 
ecological events are represented in this site with the 
pyroclastic rock.   

The geological sequence of the Silurian rocks that represent the Young-Caledonian structural stage, outcropped 
mainly in the northern and south-ŜŀǎǘŜǊƴ ǇŀǊǘǎ ƻŦ ǘƘŜ DŜƻǇŀǊƪ ŀǊŜŀ όΣΣDǊǳŎƘŀǿƪŀΩΩ DŜƻǎƛǘŜ ƴƻ D9hκYL9/016) includes 
the record of events (e.g. tectonic movements, marine regression and increased volcanism) associated with the tectonic 
Caledonian movements at the Silurian and Devonian turn, which brought about the closing of the Iapetus Ocean and the 
collision of two continents: Laurentia (present-day North America) and Baltica (present-day Eastern Europe). Due 
to the amalgamation of these continents the new continent of Laurussia (Euro-America) was formed. The destruction 
of the Young-Caledonian land (partly mountains) finalised the Caledonian stage in the Kielce Unit geological history and 
began the Variscan structural stage, represented by the marine rock sequence from Lower Devonian to Lower 
Carboniferous.  

3) Variscan structural stage ς tropical sea at the shelf of Laurussia, great extinction and Variscan mountains 

 
Fig.B4 Cambrian ς Ordovician paleogeography of Europe (after R. 
Blakey, 2012) with location of Geopark area (red point) and the 
Cambrian ς Ordovician sequence in Biesak-.ƛŀƱƻƎƻƴ ƎŜƻǎƛǘŜ όbƻΦ 
G/KIE/006)  
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The Variscan structural stage is represented by the Devonian-Lower Carboniferous sequence, deposited and 
recording global and regional events in the southern shelf basin of the Laurussia continent. At the beginning of the 
5ŜǾƻƴƛŀƴ ŦǊŀƎƳŜƴǘ ƻŦ ǘƘƛǎ ǎƘŜƭŦΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ aŀƱƻǇƻƭǎƪŀ .ƭƻŎƪ ǿƛǘƘ ǘƘŜ YƛŜƭŎŜ ¦ƴƛǘΣ ǿŀǎ ǎǘƛƭƭ ǎƛǘǳŀǘŜŘ ŀǘ ǘƘŜ ǎƻǳǘƘŜǊƴ 
hemisphere, close to the equator (Fig. B5). The climate and its further changes were responsible for the depositional 
environments in this area during the Devonian and Carboniferous.  

 

 
 

Fig. B5 tŀƭŜƻƎŜƻƎǊŀǇƘƛŎ Ǉƻǎƛǘƛƻƴ ƻŦ aŀƱƻǇƻƭǎƪŀ .ƭƻŎƪ όƛƴŎƭǳŘƛƴƎ DŜƻǇŀǊƪ ŀǊŜŀύ ŘǳǊƛƴƎ ǘƘŜ 5ŜǾƻƴƛŀƴ ό! ς Upper 
Devonian global paleogeography after Blakey, 2016; B ς paleogeography and main sedimentary zones along the 
southern Laurussian shelf during the early stage όŜƳǎƛŀƴκŜƛŦŜƭƛŀƴύ ƻŦ 5ŜǾƻƴƛŀƴ ǘǊŀƴǎƎǊŜǎǎƛƻƴ Σ ŀŦǘŜǊ ²ƽƧŎƛƪΣ нлмрΤ / ς 
simplified paleogeography of Poland during Late Devonian (after Racki et. All, 1999)  

 

The Devonian and the Early Carboniferous make togethers coherent chapter of a depositional history in the 

Geopark area, since the stratigraphic succession then originated is bouned with the major angular unconformities. They 

correlate with the late Caledonian and the Variscan orogenies. The succession records a steady sea-level rise since the 

Early Devonian till the Early Carboniferous, which correspond with global eustatic event (Fig.B6).  

The main lithostratigraphical elements of Devonian succession on the Geopark area are presented at Fig. B6.  

The global and regional events that controlled thŜ ŘŜǇƻǎƛǘƛƻƴ ƛƴ ǘƘŜ |ǿƛťǘƻƪǊȊȅǎƪƛ ǇŀǊǘ ƻŦ ǘƘŜ [ŀǳǊǳǎǎƛŀ ǎƘŜƭŦ ŀǊŜ ǊŜŎƻǊŘŜŘ 

particularly evident in the sequences outcropped in the central and northern part of the Geopark, at the following 

representative Geosites: 

- 9ŀǊƭȅ 5ŜǾƻƴƛŀƴ ό9Ƴǎƛŀƴύ ǘŜǊǊŜǎǘǊƛŀƭ όŦƭǳǾƛŀƭΣ ƭŀŎǳǎǘǊƛƴŜύ ǎŜǉǳŜƴŎŜΥ DκYL9κлмн ΣΣ|ǿƛƴƛŀ DƽǊŀΩΩ  

- aƛŘŘƭŜ 5ŜǾƻƴƛŀƴ ό9ƛŦŜƭƛŀƴύ ƭŀƎƻƻƴΥ Dκ/I9κлло ΣΣDƽǊŀ wȊŜǇƪŀΩΩ  

- Middle/Upper Devonian (Givetian/Frasnian) carbonate platform with biohermal and biostromal limestones: G/KIE/001 

ΣΣYŀŘȊƛŜƭƴƛŀΩΩΤ DκYL9κллр ΣΣ²ƛŜǘǊȊƴƛŀΩΩΤ DκYL9κллу ΣΣDƽǊŀ {ƱƻƴŜŎȊƴŀΩΩΤ DκYL9κлмм ΣΣDƽǊŀ /ƳŜƴǘŀǊƴŀΩΩΤ   Dκ/I9κлнр ΣΣ{ƻǿƛŜ 

DƽǊƪƛΩΩΤ Dκ{bκллр ΣΣYƻǿŀƭŀ ς ǇƻƳƴƛƪ ǇǊȊȅǊƻŘȅΩΩΤ Dκ{bκллт ΣΣYŀƳƛŜƴƛƻƱƻƳ .ƻƭŜŎƘƻǿƛŎŜΩΩ  

- Upper Devonian (Frasnian) pelagic carbonate platform:  G/KIE/001 ,ΣYŀŘȊƛŜƭƴƛŀΩΩΤ DκYL9κллн ΣΣ|ƭƛŎƘƻǿƛŎŜΩΩΣ Dκ/I9κллн 

ΣΣDƽǊŀ ½ŀƳƪƻǿŀ ς ȊŀŎƘƽŘΩΩΤ Dκ{bκллс ΣΣYƻǿŀƭŀ-ƪŀƳƛŜƴƛƻƱƻƳΩΩ 

- Upper Devonian (Fammenian) basinal deposits: G/SN/006 ,,Kowala-ƪŀƳƛŜƴƛƻƱƻƳΩΩΤ DκtL9κллу ΣΣYŀƳƛŜƴƛƻƱƻƳ hǎǘǊƽwka ς 

¢ƻŘƻǿŀ DǊȊŊōŀΩΩ  

- Lower Carboniferous basinal deposits: G/SN/006 αKowala-ƪŀƳƛŜƴƛƻƱƻƳΩΩΤ DκtL9κллу ΣΣYŀƳƛŜƴƛƻƱƻƳ hǎǘǊƽǿƪŀ ς Todowa 

DǊȊŊōŀΩΩ 
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Sedimentary environment and 
lithology 

Basinal deposits: marly limestones, 
cephalopod limestones, marls, 

shales 

The pelagic carbonate platform: 
pelagic, cephalopods limestones, 

marls 

The growth of the Middle/Upper 
Devonian carbonate platform: 

stromatoporoid-coral limestones 
(including biostromes and bioherms) 

Lagoonal enviroments: dolomites 

Cessation of clastic deposition 

Alluvial and marine nearshore 
(laggonal) environments: 

sandstones, mudstones, and clays 

Hiatus: Late Caledonian orogenic 
movements, erosion, denudation 

Fig. B6 Devonian lithostratygraphy of Geopark area compared with local and global sea level changes (after Sandberg et. al. 2002; 
bŀǊƪƛŜǿƛŎȊ Ŝǘ ŀƭΦ нллсΤ .ŜƱƪŀ ŀƴŘ bŀǊƪƛŜǿƛŎȊΣ нллуΤ ²ƽƧŎƛƪΣ нлмрύ 

The carbonate rocks of the Stromatoporoid-Coral Limestone-Dolomite Kowala Formation (Givetian-Frasnian) 
are predominant and most characteristic geological lithostratigraphic unit of the Devonian sequence in the area of 
the Geopark. The thickness of this formation ranges up to 800 m in the western part of the Kielce Unit and are commonly 
outcropped (Narkiewicz et. all. 1990). This is why the rocks of the Kowala Formation play principal role in the geological 
structure, morphology and history of human activity (economy) of the Geopark area (Fig. B7, B8, B9) 

 

At the Early and Late Carboniferous transition (ca 320 million years ago) the collision of moving to the north 
Gondwana and northern continent of Laurussia (Euroamerika) generated tectonic movements called Variscan orogenesis, 
which were the most intensive in the Late Carboniferous and Early Permian. The Variscan movements played the principal 

   
Fig. B7 Geosite G/KIE/001 ,,YŀŘȊƛŜƭƴƛŀΩΩ Fig. B8 DŜƻǎƛǘŜ Dκ/I9κлмл DƽǊŀ 

Miedzianka 
Fig. B9 Geosite G/SN/007 Bolechowice 
quarry 


