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B. Geological heritage

¢CKS | oAt G21NT@alAS o1 2té& / NRPaav azdzyidliAya yR (KS
structure of Europe, because they are located within the great disruption of the earth crust called theElrapgan
Suture Zone (TESZ), whisha boundary between three large geological units of the Euromeast: Variscan West
European Platform, Precambrian E&stropean Platform and orogenic belt of Alpine structurésgB1). The
| 6At G21 NI @a1AS az2dzyl Aya NBaAyisegienvor thiszoné KESZDnBard the Mddimeéntiiy
rocks representing the sequence of all geological period from Cambrian to the Quaternary are outcrbjgpé&d)(
Therefore, the geological studies of this region are of fundamental signde forthe understanding andeconstruction
2T GKS 382t 23A0Ff KAAG2NE 2F GKS 9dzNR LISy O2yiGAySyld

Ly GKS O2yGSEG 2F GKS 3S2t23A0Ft aiGNHzOGdz2NB 2F -t 2¢
eastan segment of the greater geological unit called Nfidlish AnticlinoriumKig. B) ThisAnticlinorium is an elongated
structure of the NWSEdirection crossing Polish ard¢laat is formedof sedimentaryMesozoic rocks. They were deposited
within the basinof the similar (to the Anticlinorium) elongation and direction called DaRiglish Through. During the
Alpine tectonic movements, particularly intensive at the Cretacd@alseogene turn, the rocks filled the DanRRblish
Through were uplifted and sliglig/partly folded (forming the Anticlinorium), however, the greatest uplift occurred in the
southS1F &aGSNYy LI NG 2F GKS dzyAd GKIFIG O2yadAddziSR GKS |
Consequently, this part suffered the most effectivenddation (erosion) which rought about partial removal
ofaSaz2i12A0 NrO1a YR SYSNHSYyOS 2F NeOla 2F az2 Otl-flaf SR
AYFE3IS 2F (GKS 3IS2f23A0Fft &a0G§NUzOG dzNB 2 TMoiniifs, iDtBe2résiltNd| tiese | 2
processes.

Ly GKS 3S2ft23A0I f GSNX¥a GKS | oAt ld21NIeairAsS azdzil
situated within the earth crust block of the same name and southern Kielce Unit being the partofthé Ma&2 t a 1 |
(Fig.B2.¢ KS | & A te Diflocatidn @whithAis prominent disruption reaching the deep part of the lithosphere, is the
boundary between these regions (Konon, 2008; Urban, Gagol, 2008). The et | YR | g At (121 NJ &
is situated within the Kielce Unit.

% & Ty The Palaeozoic Core,situated in the central part

3 ofthe] 6At G21 NI @&a1AS az2dzylilAya Aa
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 nodelled during te Alpine movements, comprise
socalled the PermiaMesozoic Marginal Zone of the

| 6At G621 NJ @& al®é& Bla@amrche %ty a., 2003;
Mizerski, 2004; Konon, 2008). The area of the ,,Geoland
| 6AtG21 NI @41 AQQ DS partlbf ik Paaebzdis NE
Core and soutlwestern section of the Permiaesozoic
Marginal Zone (Fig. B1), however part of the Palaeozoic
andMesozoic structures are masked here by Quaternary
(occasionally also Neogene) sediments that occupy depressed anc
part of sloped morphologicatlements Fig.B3). Quaternary rocks

Fig. BZLocation of the Geopark are@white line) on the  represent glacial and fluvioglacial sediments deposited during the
background of tectonic structures of Central Polan  pjejstocene SoutRolish Glacials as well as fluvial, slope and
source of map: Polish Geological Institute, modified  aa0)jan sediments deposited during the interglacial and pesigla
periods. The youngest, mainly fluvegdimentswere deposited in the Holocene (Urban, Gagol, 2008; Urban, 2010).
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SIMPLIFIED GEOLOGICAL MAP OF THE HOLY CROSS MOUNTAINS GEOPARK
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Cm.- cambrian; O+S - ordovician and silurian; D1 - lower devonian; D2 - middle Devonian; D3 - Upper Devonian; C - carboniferous; P - Permian
T1 - Lower Triassic; T2 - Middle Triassic; T3 - Upper Triassic; J2 - Middle Jurassic; Js - Upper Jurassic; C - Cretacous

FigB3Simplified geological map and crosection through the Geopark territory

¢KS 3I3S2f23A0It KA & MBUNtRIns,2aid thé E&patk avithinh thiz fedidn, adiettlly Getermines
presentday situation of this area within the European continent and, consequently, is responsible for the morpholog
climate, biodiversity and the development of colonisation and econény G KA & NBIA2Yy 6! NDBI y X
and apparent interrelation between the geological heritage and the development of colonisation, mining and agricultu
is the feature distinguishing the Geoparlgien from neighbouring areas.

B.1.1Scierific Description of Geology

Ly GKS 3S2f23A0Ft K pHalyi@dsdMoudtdins tedidh repogdadtinitiee Jithobtiatigraphisal
sequences available in the representative geosites within the area of the Geopark four structural Gialueses of
sedimentation separated by tectonic movements, uplift and denudatibave been disnguished (Mizerski 2004; Urban,
DN32f wnnyT ! NBFYS Hamnu®d® CNRBY (GKS 2fRSaid G2 GKS &2dz




B. Geological heritage
I
1 EarlyCaledonian (1) and Lat€aledonian (2) stagethat include sequences of the Older Palaeozoic (Cambrian,
Ordovician and Silurian), tectomity deformed at the Cambria@rdovician turn as well as the SiluriB@vonian
turn;

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

1 Alpine stge (4)including the Permian and Mesozoic rocks tectonically modified at the Cretaceous an
Palaeogene turn and later.

During the subsequenCenozoic stag¢5) of the evolution the presentlay image of the geological structure as well as
morphology andf  YR&OIF LIS 2F (GKS | gAtG21{NIe@alAS az2dzyil Aya NE
formed.

1) and 2)¢ Early and LateCaledonian structural stage: history of the Baltica palaeocontinent and its amalgamation
with the Laurentia

- Sandstones, siltstones and clayey shales of the
Sl - : g y A »] Cambrian Ntidle Division (ca 500 MA) are the oldest
BL N { { 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, clgstones and greywackes with inserts
of pyroclastic rocks¢ 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 geographichlatitude of the southern hemisphere
to the equatorial Ilatitudes and collision and
subsequent amalgamation with the Laurentia
LI £ S202y iAySy G Broc&ges land S |

== S events connected with the oldest documented (Old
=R - Caledonian) stage of the hisly of the Geopark area

e e are recorded in the sequence of Cambrian and
:::::;:;::: hNR2OAOALY NRBOl & 2dzh ORER ER
S o Geosite (no G/KIE/O0R (Fig. BY The younger,
Aom—— Ordovician part of this sequence includes also the

evidences of global and regional events related to the

Fig.B4Cambrian¢ Ordovician paleogeography of Europe (after | evolution of the Youngaledonian structural stage

Blakey, 2012) with location of Geopark area (red point) and tl recorded n oth(.er. sequenges of the world. The
Cambrian ¢ Ordovician sequence in BiesakA | o2 32y 3 remains of Ordovician volcanism thate used for the

G/KIE/006) 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 Yoalegonian structural stage, outcropped
mainly in the northern and soutB & G SNy LI NI a 2F GKS DS2LJI N /018)htludes = >
the record of events (e.g. tectonic movements, marine regression and increased volcanism) associated with the tectt
Caledonian movementst the Silurian and Devonian turn, which brought about the closing of the lapetus Ocean and tt
collision of two continents: Laurentia (presemdy North America) and Baltica (presef@ty Eastern Europe). Due
to the amalgamation of these continents the nesontinent of Laurussia (Euwmerica)was formed. The destruction
of the YoungCaledonian land (partly mountains) finalised the Caledonian stage in the Kielce Unit gedbisgicgland
began the Variscan structural stage, represented by tharine rock sequence from LoweDevonian to Lower
Carboniferous.

3) Variscan structural stagetropical sea at the shelf of Laurussigreat extinction and Variscamountains
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B. Geological heritage
I
The Variscan structural stage is represented by the Devdroarer Carboniferous sequencdeposited and
recording global and regional events in the southern shelf basin of the Laurussia continent. At the beginning of
5S@2yAlLY FTNIIAYSYyld 2F GKAa AKSETFI AyOfdzRRAYy3I GKS al 02l
hemisphere, close to the equatqiFig. BS) The climate and its further changes were responsible for the depositional
environments in this area during the Devonian and Carboniferous.
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Devonian global paleogeography after Blakey, 2016¢ Baleogeography and main sedimentary zones along t
southern Laurussian shelf during the early stageS Ya A I YKk SAFStE AL y0o 2F 5S@2yAl g
simplified paleogeography of Poland during Late Devonian (after Racki et. All, 1999)

The Devonian and the HEga Carboniferous make togeth&rcoherent chapter of a depositionhistory in the
Geopark area, since the stratigraphic succession then originated is bouned with the major angular unconformities. T
correlate with the late Caledonian and the Variscan orogenies. The succession records a stéedsl sis& since the
Ealy Devonian till the Early Carboniferous, which correspond with global eustatic eveB6[Fig.

The main lithostratigraphical elements of Devonian succession on the Gemgarkre presented at Fi§6.

The global and regional events that controlle$th RSLI2 aA A2y Ay G(G(KS | gAt G2 NI &ail.
particularly evident in the sequences outcropped in the central and northern part of the Geopark, at the followin
representative Geosites:

-9F NI & 5S@2yAlLY O09YAALFYUOD GSNNBAGNRFIE oOoFfdz@Al X I Odzai
-aARRfS 5S@2yAlY O09AFStEAlIYyO fF322yY Dk/ 1 9knno I3Ds NI

- Middle/Upper Devonian (Givetian/Frasnian) carbonate platform with biohermal and biostromadttmes: G/KIE/001
SIYFRITASEYAFIQQT DkYLO9knnp 3I32ASGONI YyAFQQT DkYLO9kAny X
Ds Nl AQQT Dk ghxYyipl IENRSENRBRE QQT Dk{bknnt IIYIYASYyA202"
- Upper Devonian (Frasnian) pgic carbonate platform: G/KIE/OQL Y I RT A St YAl QQT DkYLO9«knn
YXDs NI #IYQRsERQQT Dk{bXNAYAZTYEQAOQC |

- Upper Devonian (Fammenian) basinal deposits: G/SN/006 , KdwalX¥ A Sy A 2 02 YQQT Dkt L Ykagny
¢t2R2¢F DNI Dot QQ

- Lower Carboniferous basinal deposits: G/SN/6R6éwalal | YASY A 202 YQQT Dkt L9k gTodow =V
DNJ Dol QQ
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Sedimentary environment and
lithology

Basinal deposits: marly limestones
cephalopod limestonesnarls,
shales

The pelagic carbonate platform:
pelagic, cephalopods limestones,

MEUS

Lagoonal enviroments: dolomites

Cessation of clastic deposition

Alluvial and marine nearshore
(laggonal) environments:
sandstones, mudstones, and clay|

Hiatus: Late Caledonian orogenid
movements, erosion, denudation

Fig. BGDevonianIithoﬁstratygraphy of Geopark area compared with local and global sea level changes (after Sandberg et. al. 2002
bl NJASSAOT SO bitmIABatsDI sSBhhyTyRs520A1E HAMPO

The carbonate rocks of the Stromatopordiwral Limeston®olomite Kowala Formation (Givah-Frasnian)
arepredominant and most characteristic geological lithostratigraphic unit of the Dawosequence 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 commc
outcropped (Narkiewicz et. all. 1990). This is why the rocks of the Kowala Formation play principal role in the geolog
structure, morphology and history of human activity (economy) of the Gecga(Fig.B7, B8, Bp

Fig.B7Geosite G/KIE/O01Y, RT A St Fig.B®DS2aA G S Dk / | 9« ni Fig.B9Geosite G/SN/007 Bolechowice
Miedzianka quarry

At the Early and Late Carboniferous transition (ca 320 million years ago) the collision of moving to the no
Gondwana and northern continent of Laurus@airoamerika) generated tectonic movements called Variscan orogenesis
which were the most intensive in the Late Carboniferous and Early Perfiiian/ariscan movements played the principal
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