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Stratigraphg and palaeogeographg 
of the Ordovician in the Holy Cross Mts 

ABSTRACT: TheibiostratigraiPhic division of the Holy Cross Ordovician is based' 
for both facial regi'Ons: that of Kielce and of LysogOry, on 'bra,chiopoos, trilobites, 
gnlPtoJ.ltes and co~o,QOlllts,. '11he Holy OroSiS clo!llJodonts had ,not P'l"eviou:s[y been wOirked: 
cut. The 'Writer's investig;ations {)f that faunal group have led to the disco;very 
within the iKielce regi'on of the rAandeUo and Caradoc stages. The pa'laeogeographic
and facial relatio.ns in the above regions are discussed, too. in the Lysogory <region, 
the sedimentation took place in 'a sea tha't had persisted since the Camlbrian and 
was characteri,zed by considerable depths. The Kielce region was n'Ot overflooded 
until the Upper Treniadoc after a brea'k due Ito the old Caledonian ,(Sandomirian) 
phase. :In this area, the deposits formed under shallow-sea conditioIl5, with local 

emersions at the dose of the Tremadoc and of the Ashgi11. 

liN'.mJOiDUC'DION 

The present paper sums up the writer's studies on the Ordovician in 
the HolyCrossMts (Central Poland). Most of the field and laboratory in
vestigations have .peen. carried out in the Department of the Historical 
Geology of the Warsaw University. The final stage of the work has 'been 
completed in the Stratigraphic Laboratory of the Institute of Geological 
Sciences of the Polish Academy of Sciences. 
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of the parpelt" ~d !Ear rtheilt" help in . its p!l"epialfation. !Messrs. S. Tybo;ro'Wisi'ki and R. 
Adamik have kindIy done the drawings and photographs. 
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FIg. 1 

Geological sketch map of the Palae-ozoic cClIl"e of the Holy CrOSlS Mts (according · to 
Czarnoeki, 1953, and TomcZ)'Ikowa, :11968) 

1 boundary of the Palaeozoic core, 2 Ordovicia-n, 3 boreholes, 4 main fault of the l.ysog6ry Iftl
ticllne, :; Cambrian, 6 Palaeozoic younger than Ordovician, 7 Meso- and Caenozoic 

A-B and C-D Hnes of sections presented in Fig. :& 

REV1ElW CIF IPREVlIOUS rllNV1!STI!GA'IlllOINS 

Two investigation periods may be distinguished for the Holy.Cross 
Ordovician. The first one is marked by the ' investigations of Michalski 
(1883) whose assignment of the sandstones from BUk6wka near Kielce 
to the Ordovidan was based on a brachiopod fauna. Additional data on 
the Ordovician are reported by Giirich (1896, 1901), later on by Czar
nocki (1913, 1919, 1928a, b, 1939, 1950, 1957) and Samsonowicz (1916, 
1920, 1934). Among the most important results of the two last mentioned 
authors are the discovery of the oldest Ordovician members (the so cal
led sandstones with Obolus siluricus) at Mi~dzyg6rz near Sandomierz 
(Samsonowicz 1916) and of the Lower Ordovician of the graptolite facies 
at Brzeziny (Czarnocki 1950; the Lower Ordovician graptolitesbeing up 
to that time known only from the chalcedonites at Wysoczki, Kozlowski 
1948), of the Ashgilian deposits in the northern slopes of the t.ysog6ry 
Mts (Czarnocki 1939), finally the synthetic description of the Ordovician 
stratigraphy of the Holy Cross Mts (Samsonowicz 1952). 

The second period is characterized by increasing intensity of dril
Hngs. This has helped to gain a better knowledge of the Ordo\tician stra
tigraphy in the Holy Cross Mts and to determine the graptolitezones 
(Tomczyk 1957, .1962) known from the British Isles. The trilobite studies 
(Kielan 19'56, 1959) helped to determine rthe Ashgillian stratigraphy, while 
descriptions of the bra'chiopod fauna (Bednarczyk 1959, 1964) and that 
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of trilobites (Bednarczyk 1966a) from the Lower Ordovician in the Kielce 
region stressed its importance far the local stratigraphy. 

Petragraphic studies (Turnau-Moraws'ka 1958, 1960) led ta the dis
covery in the same region 'Of bentonites (Ryka & Tomczyk 1959; Chle
bowski 1964, 1971; Bednarczyk & al. 1970). 

Attempts have been made by the writer to analyse the range of 
the particular faunistic assemblages, i.a. of the conodonts recorded here 
for the first time. They allowed to establish a biostratigraphic subdivision 
based on the four majar groups of fassils, i.e. the brachiopoos, trilabites, 
graptolites and conodonts (Tables 1 and 2). The subdivision here presented 
suggests closer carrelatian 'Of the Ordavician prafiles from the Holy Cross 
Mts and 'camparison with the Ordovician of the classical European pro
files (Table 4). 

S'I\RlA'DIGRAPlHY AND COIRIRELA'TIrOlN 'OF !P!ROFlLES 

Tremadoc 

The Lower Tremadac has 0 been observed in is alated sites in the 
I..ysogory regian i (['able 3). It is represented by dark greyish claystanes, 
here and there laminated and slated, containing lenses and cancretions 
'Of calcareaus claystanes or grey limestones with a meagre and manato
naUs fauna of Lingulella sp,., Acrotreta sp. and Dictyonema sp. (cf. Tom
czykowa 1968). 

Outside of the ' I..ysagory regian, yaunger passibly still L'Ower Tre
madacian members 'Occur in the Kielce regi'On. At the quarry in the 
Chelm ravine at Mi~dzygorz (Fig. 1, Table 3) they are represented by 
congloinerates, c. 12 m thick, separated 'by a 3.5 m thick bed 'Of congla
meratic sandstanes cantaining sporadic thin-shelled obalids 'Of the sub-

o genus Schmidtites (cf. Bednarczyk 1964). In the profile of Zalesie Nawe 
(Czarnacki 1928a, b) their age-equivalents are quartzitic shales intercalat
ed by silty-sandy shales resting an a thin bed 'Of glaucanitic sand with 
p,eb-bles of Cambrian quartzites (c. 2.9 m in thickness). Similarly as the 
depasits fram Mi~dzygorz here discussed, they are a part 'Of the Lingu
lella (Leptembalan) zejszneri Zane (Table 2) distinguished by the present 
writer. In this zane they 'Occur :(Bednarczyk 1966c) belaw depasits with 
Thysanotos siluricus (Eichw.) already belanging ta the Upper Tremadac. 

Outside the vicinity 'Of Pobraszyn in the I..ysagory regian (Samso
o nowicz 1934), the Upper Tremadacian deposits represented by the Thy-

1 The subdiVisIon into 'the !l"'egLons of Lysogory and Koielce, used in this 
paper, is that accepted by Ozarn.oclki (11957). 
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sanotos siluricus Subzone I(Tables 1 and 2) are known only from the 
Kielce region (Table 3). In the western part of that region they occur in 
the vicinity. of Zalesie near Slowik, in the Biesak quarry at Bialogon, 
and on Mt. TelegrafnearKielce. The best Upper Tremadocian exposure 
occurs at the Biesak quarry where it is represented · by moderately or 
thick bedded quartz sands tones with pale-green glauconite occasionally 
having a secondary greyish-red colouration. The sandstones contain Thy
santos siluricus (Eichw.) and Acrothele ceratopygarum (Brogg;) and are 
intercalated by bentonite ranging from 5 to 15 'cm in thickness. The thic
kness of the sandstones within the Thysanotos siluricus Subzone at the 
localities here discussed does not exceed 30 metres. 

Throughout the Kielceregion, the Upper Tremadoc rests on a bed 
of conglomerates, up to 60 cm thick, e.g. at the Biesak quary.In 1hebot
tom parts of the Upper Tremadocian there are intercalations and streaks 
of glauconite sand (e.g. at Zbrza, Table 3). The Upper ' Tremadoc of the 
eastern part of that region, in the vicinity of Mi~dzyg6rz (the Chelm 
ravine, Mt. Zamkowa) and of Lenarczyce (Fig. 1, Table 3) is similarly 
developed. It consists of dark-green quartzitic sandstones with glauconite, 

Chart'li 

Tremadocian fauna in the Holy Cr·OSIS Mts 
(based on the data by Kozlowski 1948; Bednarczyk 1959, 1962, 1964; Bednarczyk & al. 1966, 1970; 

Tomczykowa 1968; completed by the author) 

.... ~-=:::----------~--------------------------Tl"-Ti-r-r--rl-rr-r;r-T-r-r-rr-r-r;l 
I ... _- '~I I I I IIH I I I I I Itl as ..... I I I I I' 
I ----__ . I,"INI I I I ~ I '01 .... 1 I~I~I~~I I I~I= ~I 
, --_ Localities '~'''I I , I "'~, I ... ,~, , ,,,,I 1 '.''"'''0' 0 i?' 
1 -----___ :~'I-;:I -1~.!JtJ~~I ..... I~I~1 1~las'~L~I~I~lflO~,o: I Fossils ----_ ..,,, " .. , ''''"I " ... , ",.-., .. ,." ~,~I "'~, 0' 0' i?l"I'" 

-_ I CDI"Q)I NI.m ID E-4 ::s.-....tlldl JoIn:: I co, 01.., El allol"dlt'l all 
I --__ . I tIIl.-tI kl~ _, _IQI NI.,J4laS 1~1...-41 01 ~I.-.tl VlI a>t -, '" 

I ----... - I~I.!!I~I~~ ~~:~I,eI~r-+lI~I;I~~l~l:1il~I~: 
~------~-----------------------------------=t-t-t-t-t-t---t-t-r- -t-t-t-n-r-r-t-ti 
! BRACHIOPQDA . i ! I i ! I !!!!!. ! I ! ! ! ! ! ! I 
IObolus /Schm1dt1tes/ complexus Barrande ., , 1+1 1 1 1+1+1 ,+,+, 1+'+1 , ,+1+' 1 
I Thysanotos s1:lur1cu.s !E1.Chwald/ .. • .. • ·1 I ,+1+ +1 + 1+,+: 1+1+11+1+1 1+1+:+1+1+1 
'Au.loDotreta ct. ant1qu1ssimu8 !E1chwald/ .: I l. I I I I I I I 1 +1 I 1 : +1 : I r 

Lingulobus fe1stmante11 m1nor /Ko11ha./ • .1 I 1+1 1 ,+1' 1 ,+1+1+1+1+'+1+1 1+' 
Lingulella lapis /Salter/ •••••• - - ·1' : I f I ,. If: :+1+: I I : I : I I 
L1ngulella sp_ .............................. ·,+:+1 I I : I I I I : I I : I : I : I 
Lingulella /Leptembolon/ insons 1nsons /Barrande/ ., I 1+, I ,+, t '+1+, I ,+, ..... , I I , 
L1ngulella /Leptembolon/ 1nsons lata Ko11ha •••• : , : I I' :.+1+1

1
+1 1+1+1+1 '1+'1.: I· I : 

L1ngulella /Leptembolon/ zejszner1 Bednarczyk •• _, 1 .1+1 1+1+ I 1+1+1+' + +, I 1 I 
L1ngulella /Leptembolon/ sanctaerucens1s BednarCZYkl I: , +1 I . f +1 i I I I +1 I I I 
Lingulella /Leptembolon/ sp.diT •••••••••• 1" 1+ ,+ +1+1+1 1+1+1+'1 1'+1+'1 1 1 [ 
Aorothele cf. borgholmens1s I'aloott ........... , ' I I 1+1 1 I lit 
Aerothele ceratopygarum /Brogger/ • : 1 1+, + f : I 1 I : : I : I I +1 I I 
Orb1thele contrar1a /Barrande/ •• .i I I I 1+1 I I 1+1 1 I I I I , 1 I 

Ac-rotretaci.o1roularj.sMoberg!.Segerberg .: I1 I 11111+1111111: I 
Aorotreta ef. 1nchoans· Barrande • • .. .. ·1 1 I: : I : I I I I I 1+1 +1 I I I 
Acrotreta cf. suboon1ca Kutorga • - • • .: ! I: : I I I I 1+1 I I : I I I l 
Acrotreta sp.d1v. • .. • • .. • • • • • • .1+ I I + I 1+, I I I 1+' , '+1 I I , 
Conotreta samsonow1czi Bednarczyk .. .. .. ·1 I I I I f 1 :+:+: : I 1+: III 
S1phonotreta aerotretomorpha Gorjansky .of I I : :: I 1+1+1+: I 1+ I I I 
~~h~~::~~:t:f~Pi~~I~alis·.~l~oit· :t +: I I 1+ I 1+1 f I 1 I I I 
Apheoorth1na cf. dauna /W.alcott/ ·1 I! !! t!!!!! !+!! 

, I I I I I I , , I, I I I 
BRYOZOA , I I.· " I I I , 1 I I I I 

D~plotrypa petropo11tana. /Pander/ ........ _ .1 !! i !! !+I+1 ! 1+'+ ! ! i 
: I I I I I I 1 I I I: 1: ~ 

GRAPTOLITA I I I: I I I I I I I I 1 I : 
D1ct,ronema Sp. • .................... - ... : +, + I I I I: I I I I 1 I I I ~ 
~~:._~_~peci~~~~~~~~~~~~~~_~~~~~:~~:~~:~~j_L_U_L_Ll ____ JJ_l_LU:L_LLl 
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up to 34 m thick. Besides species known from the western part of the 
region (Chart 1) the fauna here also contains Obolus (Schmidtites) com
plexus Barr. and Lingulobolus feistmanteli minor (Kol.). 

Stronger lithological and faunal differences are observable in the 
Upper Tremadocian within the Bardo syncline (Koziel, Powalisko, Zale
sie Nowe, Zbilutka ~ Fig. 1, Table 3 and Chart 1), also in the vicinity of 
Szumsko, Pulaczow and Wysoczki. The occurrence is there noted of pale
-green or green tuffite siltstones with glauconite, intercalated by chal
cedonite and 'resting almost throughout on thin beds of conglomerate or 
of glauconitic sand with pebbles of CaIrJ.brian quartzites. The above de
posits vary in thiekness, ranging from 6 m at Zalesie Nowe to c. 20 In at 
Pulaczow. 

In addition to the faunal remains already mentioned, there also 
occur here large numbers of: Lingulella (Leptembolon) in sons in sons 
(Barr.), L. (L.) insons lata Kol., L.(;L.) sanctacrucensis Bedn., L. (L.) zej
szneri Boon., Orbithele contraria (Barr.), Conotreta samsonowiczi Bedn., 
Acrotreta subconica Kut. and others (Chart 1). 

In the vicinity of Zbrza (Fig. 1, Table 3), the Upper Tremadoc dis
plays a similar development. It is represented by quam silts'tones with 
glauconite, interbedded by chalcedonites. Towards the top the siltstones 
end with conglomerates (Bednarczyk 1966c) or pass into quartz sands and 
sandy limestones with Conotreta sp. (boreholes Zbrza 2 and 3, Table 3); 
the thickness of these deposits is rather small and does not exceed 4 
metres. The fauna! remains observed in the Tremadocian of the Holy 
Cross Mts (Chart 1) permits its Gorrelation with contemporaneous sedi
ments of NE Poland, Scandinavia, NW SOviet Union and Czechoslovakia. 

The claystones with Dictyonema sp. correspond to an inaccurately 
defined part of the Dictyonema Beds (Tjernvik 1958) in Sweden, or of 
the Pakerort stage in Estonia (Mannil 1966). The age-equivalents of the 
Dictyonema-bearing days tones in Poland may be looked for in the Dic
tyonema shales described from bore holes in the eastern part of the Pod
lasie depression (Szymanski 1968). 

The deposits of the Thysanotos siluricus Subzone have their age
-equivalents in sediments of the BI Zone (Lamansky 1905, Balasova 1966) 
from the vicinity of Leningrad and Estonia (Man nil 1966, Gorjansky 1969). 
Their Scandinavian age-equivalents are the Ceratopyge Beds (Tjernvik 
1956, Jaanusson 1960a), and in Bohemia the Milina formation (Havlicek 
& Vanek 1966; Table 4). 

In NE Poland the Thysanotos siluricus Subzone has its equivalents 
in the Bryograptus shales (Szymanski 1968), in some cases also in the 
gl'auconitites CO'Il'taining Lingulellaand Acrotreta as well as numerous 
conodonts from the genera Drepanodus, Oistodus, Scandodus and others 
(Bednarczyk 1968a). 
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Arenig 
Lower -Arenig 

This substage consists of sediments of the local Conotreta czarnockii 
Subzone representing the upper part of the Lingu1ella (Leptembo1on) 
zejszneri Zone (Table 2). Its most complete development occurs in the 
western part of the Bardo syncline at Kozie1 (Bednarczyk 1964, Bednar
czyk & al. 1966). Its other occurrence sites are at Zbrza, Brzeziny, Mt. Bu
k6wka, the Biesak quarry near Bialogon, Niestach6w, Zalesie Nowe and 
the vicinity of Szumsko (Fig. 1, Table 3). 

Chart 21 

Arenigian fauna i·n the Holy Cross iMts 
(based on the data by Tomczyk 1962; Bednarczyk 1962, 1964;· Tomczyk & Turnau-Morawsllla 1964: 

Bednarczyk & al. 1966: completed by the author) 

i I -:-".. .. ·'1 ¥I:~~~~ ~Ij 
Fossils m ..... Lt! ~ e ~ 

tqJ:: ~ °l~ :! ~ ~I 
~ 11 I BRACRIOPOllA 1 I IOb01US /Sohm1dt1tas/ complexus Sarrande . . - . •• , 1 ,,+ + + 
Obolus? ornatus Hadding • • • • • • • • • '1 1 1 'I ' " 1+1 

, LingU10b01US fe1stmantel1 minor /Kol1ba/ • 1 + , 
Brosgger1a salter1 /Holl/ • • • • • • • • • 1+' I1 'I L1ngulella /Leptembolon/ insane insone /Barrande/ • I +1 + + 
Lingulella /Lentembolon/ insane lata Kol1ba ••• 'I + I I 

,Lingulella /Leptembalon/ sanctaoruoens1s Dednarozy. k. 1 +, ++ I Lingulella ILeptembolon/ zejszner1 Bednsrozyk • 
Lingulella lapiS iSalter/ • • . • • • • • • • • •• 1+1 + + : 
Lingulella sp.diT. •••••••••••••• ., + 1+' , 

'Orbithele contraria /Sarrande/ • • I + 1 r 
IAorathele of. borgholmens1s Waloott :, + 1 

I Conotreta oalT8lllontana BednarollJ'k • '·· ·1 1++' I 
Conotreta ozarnock1i Bednarozyk • • I 
Conotreta koz1alenai8 Bednarczyk • 1+ 
Iconotreta kozlowsk11 .Bednarozyk • • ':1' ++1 I Conotreta polonioa Bednarozyk • • • 
Conotreta sam80nowiczi Bednarozyk • • • +1 

,Conotreta sp.diT. • • • • • • • • • • • '.' + +1 ++ + + ! 
ISiPhonotreta aorotretomorpha Gorjansk;y • . + 
,APheoorth1n& of. ohri&t1an1ae /Kjerulf/ • '1 1+ 
,Apheoorth1n& of. daunU& /fa!oott/ • • • • " + 
,Orthambonites pseudomonetus Bednai'czyk ~ ' I ,++ + I 
lorthambOnit8s semioiroulari& Pander 

,Ant1gonsmbonites planus /pander/ ". • " 11' +1 I " 
1 GASTROPODA .. I Woderospira polonica IG=ioh/ • • • • • • • • • • I +1'"+ +. 1 I 
I TRlLOBITA 1 III i ! AgnostU8 glabratus Angelin • • • I + . 
,Telephus of . granulatus Angelin • '.' ·!++I · .'. If 
IAsaphus -sp ••• , • • • • • • • • 1 
,!.Iegistaspis sp. • • • • • • • • • • :'11 1+ ,'1+++ \' 1 Nileus armadillo /Dalman/ • • • • I 
,Illaenus sp. .,........ I CyrtoCletopus olaT1fr~n8 /Dalman/ . ' 11 0 + 
IC~'bele beUatula /Dalman/. • • • .: '1+1+1 1+ I r· 
I GRAPTOLITA I1 I' I I r 
I ~~::::N;: Tomcz;y~ /1962/ • • • • • • • • •• - '1 rIll I LLW' 11' 
(presented in Table 5 of· this paper • • • •• ~~I 1 I 



THE ORDOVICIAN IN THE HOLY CROSS MTS 579 

On the whole the above subzone is character'ized by the subordinate 
presence of chalcedonite which ocCurs as thin intercalations or concretions 
in the sandstones and tuffite siltstone. Side by side with Obolus (Schmid
tites) complexus Barr., LinguleZZa (Leptembolon) in sons insons (Barr.), 

, L. (L.) insons lata (KoI.), already present in the Upper Tremadocian, there 
also appear new species of the genils Conotreta, i.a. Conotreta czarnockii 
Bedn., C. calvamontana Bedn., C. kozlowskii Bedn. (Chart 2). 

The presence in the deposits of this subzone of such Bohemian forms 
as Obolus (Schmidtites) complexus Barr., Lingulobolus feistmanteli mi
nor (KoI.), Lingulella (Leptembolon) insons insons (Barr.), L. (L.) insons 
lata 'KoI. andOrbithele contraria (Barr.) allows a ,correlation with the 
lower members of the Klabava formation of Bohemia (cf. Prantl & Ru
zicka 1941, Havlicek & Vanek 1966). 

Upper Arenig 

Deposits of this substage are known only from the Kielce region 
(Table 3). In borehole Buk6Wka IG-l (Fig. 1) they are represented by a 
local Acontiodus rectus sulcatus Zone (Ta:bles 2-3). This begins with 
dolo-calcareous sandstones of a dirty-cherry colour, with irregular inter",: 
calations of dolomitic limestones. Towards the top the sandstones pass 
into organbdetrital greyish-brown limestones intercalated by thin, red
dish claystones. The fauna observed here contains: Nileus sp., Cybele sp., 
Acontiodu.s rectus sulcatu.s Lindstr. (PI. 1, Fig. 6), Drepanodus arcuatus 
Pand. (PI. 1, Fig. 11), D. proteus Lindstr. ,(PI. 1, Fig. 12), D. subarcuatus 
Furnish, D. suberectus (Branson & Mehl) (PI. I,Fig. 8), D. cf. homocurva
tus Lindst-r., Falodu.s d. parvidentatus Serg. (PI. 1, Fig. 10), Oistodus cf. 
triangularis Lindstr. (PI. 1, Fig. 9) and Oneotodus variabilis Lindstr. (PI. 
1, Fig. 5). From this type of limestones, Samsonowicz (1916) and Czarnocki 
(1928a) reported NanlYT'this cf. christaniae (Kjer.), Agnostus glabratus 
Ang., Cybele bellatula (Dalm.) , Cyrtometopus clavifrons (Dalm.) -and 
others. 

The conodont assemblage mentioned above allows a correlation with 
the Arenig of Scandinavia and of the Leningrad area (cf. Lindstr6m 1954, 
Sergeeva 1963). 

The Buk6wka area excepted, no evidence is available to prove the 
occurrence of the Upper Areriig in the western part of the Kielce region. 
This probably results from faulting along contacts of the Tremadocian and 
the Lower Llanvirnian deposits (Bednarczyk 1966c). 

In the central part of the Kielce region, the Upper Arenig occurs 
in the southern limb of the Bardo, syncline and in the adjacent area. Its 
best and most complete outcrop occurs in the northern part of the vil
lage Koziel (Bednarczyk 1964, 1966c). Test pits show thick-bedded quartz 
sandstones of a light-grey or yellowish colour, c. 9 m thick, with: Ortham
bonites pseudomonetus Bedn., O. semicircularis Pand., Cybele bellatula 
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(Dalm.), Nileus armadillo (Dalm.), Cyrtometopus clavifrons (Dalm.) and 
Moderospira poloniCa (Gur.). This fauna indicates the lower part of a 10-
.cal Orthambonites pseudomonetus & Cybele bellatula Zone which, within 
the Kielce region, comprises the Upper Arenig and the Lower Llanvirn 
-(Table 2 and Chart 2). 

In bore hole Mokradle IG-l (Fig. 1, Table 3), lying east of Koziel, 
-the Upper Arenig is developed as quartzitic light-grey sandstones with 
Moderospira polonica (Gur.). Towards the top, the sandstones pass into 
,-siltstonesinterbedded by ostracod-bearing dolomites (Bednarczyk & al. 
1966). " 

At Zalesie Nowe (Fig. 1, Table 3) the member under consideration 
is represented by thiCk-bedded sandstones with Antigonambonites pZa
onus (pand.), NiZeus armadillo (Dalm.) and Cyrtometopus clavifrons 
(Dq.:I,m.). Its development in borehole Szumsko IG-2a (Fig. 1, Table 3) is 
-different: the Upper Arenig comprises c1aystones, cherry~brown or va
riegated, also applegreen silts tones with a meagre fauna of: AcrotheZe cf. 
-.borghoZmensis Walc., Obolus? ornatus Hadding and Drepanodus sp. 

Within the three last n:entioned profiles the thickness of the Up.
:per Arenig is rather small and does not exceed 2 metres. 

In Baltoscandia, the equivalents of the stratigraphic members of 
-the Holy Cross Arenig are represented by the Lattorpian (BI) stage (wit
:hout the lowermost parts) and also by the Volkhov (BII) stage (without 
the uppermost parts, cf. Miinnil 1966, Table 4). 

Theclaystone facies of the Arenig has been observed only at Brze
ziny (Czarnocki 1950). More detailed investigations of the borehole ma
terials have recently been done by Tomczyk & Turnau-Morawska (1964). 

BL.l 

Upper Aa.-enigian - Lower Llanvirnianconodonts 

:l: - Oistodus furceps Lindstram; Lower iLlanvirn, [Mt. Skala near M6jcza. 
2 - Oistodus basiovalis Sergeev.a; .the same age and locality. 
3 - Drepanodus planus Lindstrom; the same age and locality. 

-4 - Oistodus li1!(1uatus II;i.ndstr1ilm;1lhe same age and locatiJty. 
5 - Oneotodus variabilis Lindstram; Upper Arenig, borehole Buk6wka IG-l (depth 

84,'~15J6 m).-

6 - Acontiodus rectus suIcatus Lindstrom; ibidem. 
"7 - Scandodus rectus LiIIldstrfun; iLower IJ.anvtiJrn, the same Ibo:t'ehole (813Jj~.'O m).-
8 - Drepandous wberec:tus {Bran'8'On & Meh[)j Upper Arenig, the same borehole 

(84 .. 0-95.6 m). 
9 - Oistodus cf. iriamQuIaris Lindstrom; ibidem. 

:10 - Fa'Lodus cf. parvidentatuS Selrgeeva; ibidem. 
It! - Drepanodus arcuatus ~ander; ibidem. 
012 - Drepanodus proteus Lindstram; ibidem. 

All !photographs are c. X 70 
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According to H. Tomczyk, irregularly laminated, clayey or silty,..clayey 
intercalatrons, with Clonograptus sp. and Loganograptu8 logani Ha:!l, 
occur in the top of the 15 m thick sandstones and glauconitic siltstones .. . 
In the present paper these are regarded as an equivalent of the Conotreta 
czarnockii Subzone. It is overlain by claystones, 25-35 m in thickness, 
representing the Didymograptus deflexus, D. extensus and D. hirundo 
zones. 

In the Didymograptus deflexus and D. extensus zones, developed 
as claystones with siltstone, partly sandy intercalations, there is a rich 
graptolite fauna, i.a. Isograptus gibberulu8 (Nich.), Tetragraptu8 tardifur
catu8 Elles, Schizograptu8 reclinatus Nich., Didymograptu8 extensU8 Hall 
,and D. deflexu8 Elles & Wood. The above faunal remains allow the corre
lation of these zones, as well as the Loganograptus logani Zone distingui
shed by Tomczyik (in Tomczyk & Turnau;..Morawska 1964) with the 
Didymograptll'S extensus Zone of England ( cf. Whittington & Wi1liams 
1964, Williams 1969, Skevington 1963). 

The uppermost zone of the Arenig is represented by clayey deposits 
with Didymograptu8 hirundo Salt., D. nanus Lapw., Isograptus gibberuZus 
(Nich.) and Phyllograptu8 typu8 Hall. It corresponds to the Didymograp;-: 
tus hirundo Zone (Table 4) of the British prOfiles. 

Llanvirn 

This · stage has been observed only in the Kielce region (Table 3). 

Lower Llanvirn 

According to Tomczyk (in Tomczyk & Turnau-Motawska 1964), the 
Lower L.1anvirn is represented at Brzeziny by grey-g~eenish siltstones 
with claystone interbeddings; its most complete development occurs in 
borehole Brzeziny 45 where it is based on an abundant graptolite fauna, 

PL.2 

lLlanvirnioo ,conodonts from !Mt. Skala neaa- .M6jcza 

1 - Prioniodus prevariabiZis Fahraeu:s; Upper Llanvirn. 
2 - Amorphognn.thus !Sip. 3 ,IJInd,strfun - a oral view, b 1a'b0!I'a~ View; the same age. 
3 - Gothodus cf. costuZatws Limdistrom; Lo.weo:- 1L1a!ll'Vlilm. 
4 - Oistodws brevibasis SeTgeeva; the same age. 
S -< Scandodus rectus Lindstrom; Upper Llanvia:n. 
6 - Amorphognathus compZicata Rhodes - a . or,al view, ba,boral view; the same 

age. 
7 - Prioniodus aZatus Hadding; the same age. . 
8 - Acodus viruensis lFahraeus; the same age. 

All photographs are c. X 70 
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i.a. Azygograptus robustus Elles & Wood, Didymograptus arctus Elles & 
Wood, D. bifidus Hall, D. cf. indentus Hall, D. nanus Lapw., Phyllograp
tus cf. typus Hall and Tetragraptus sp. 

Llanvirnian deposits are, moreover, known from the numerous 
exposures and quarries in the northern slope of the Zg6rsko-Poslowice 
and Dyminy range, on Mt. Buk6wka and Mt. Skala near M6jczq.. This 
substage is 'represented by the Orthambonites calligrammus Subzone 
whkh corresponds to the upper part of the Orthambonites pseudomone
tus Zone (Tables 2 and 3) distinguished in the Ordovician profiles of the 
Kielce region. These are quartz sands tones with: Orthambonites calli
grammus (Dalm.), Productorthis obtusa (pand.), Lycophoria nucella 
(Dalm.), L. nucella transversa Bedn., Progonambonites inflexus (pand.) 
and lllaenus wahlenbergi Eichw. (Chart 3; Bednarczyk 1964, 1966c). Their 
thickness here is on the whole considerable and ranges from 50 to 84 me
tres . 

. In borehole Buk6wka lG-l (Fig. 1, Table 3), the Lower Llanvirn also 
comprises grey quartz sandstones, about 40 m thick, with a calcareous ma
trix. They are characterized by the presence of thin dark-grey clay in
tercalations and of irregular intercalations of grey limestones. The age of 
this series is based both on Conotreta aff. mica Gorj., Myotreta cf. cras
sa Gorj., Acantambonia minutissima Cooper, Scaphelasma septatum Co
oper, Philhedra baUica Koken, Orthambonites calligrammus (Dalm.), Ly
cophoria nucella (Dalm.) and on the conodonts Acodus sp., Acontiodus 
rectus Lindstr., Cornuodus erectus Fiihr., Prioniodus alatus Hdg. and 
Scandodus rectus Lindstr. (PI. 1, Fig. 7). East of Kielce the sandstones of 
the Orthambonites calligrammus Subzone interfinger with the limestones 
representing the local Illaenus wahlenbergi Subzone or the lower part 
of the Cornuodus erectus Zone (Tables 2 and 3). This is reliably suggested 
by exposures'in the area of M6jcza and of Niestach6w, as well as by bore
holes in their vicinity. The Lower Llanvirnian limestones from the neigh
bourhood of M6Jcza have provided a very rich fauna of trilobites and 
conodonts (Bednarczy'k 1966a) containing such species as Illaenus? polo
nicus Giir., I. wahlenbergi (Eichw.), Pterygometopus sclerops (Dalm.), 
Cyrtometopus cf. affinis Ang., Pseudoptychopyge sp. 1 and 2 Bedn., Got
hodus cf. costulatus (PI. 2, Fig. 3), Oistodus basiovalis Serg. (PI. 1, Fig. 2), 
O. brevibasis Serg. (PI. 2, Fig. 4), O. forceps Lindstr. (PI. 1, Fig. 1), O. lin
guatus Lindstr . . (PI. 1, Fig. 4), Prioniodus cf. elegans Pander and Drepa- , 
nodus planus Lindstr. (PI. 1, Fig. 3). 

Within the Bardo syncline, tle Lower Llanvirn (the Orthambonites 
calligrammus Subzone), is developed either as sandstones or quartz silt
s1lo:nes with Orthambonites calligrammus (Dalm.), Productorthis obtusa 
(pand.), Lycophoria nuceila (Dalm.), Cybele bellatula (Dalm.), Cyrtome
topus clavifrons (Dalm.) and lllaenus wahlenbergi (Eichw.) at Koziel, 
the Maliniak ' hill ne:ar Orlowiny, at Widelki, borehole Qcies~ki lG-l, the 



THE eRDOVICIAN IN THE HOLY CROSS MTS 583 

Stawy ravine (Bednarczyk 1964, 1966c; Bednarczyk & aI. 1966), or, in the 
delomite facies in the lower part 'Of the Cornuodus erectus Zone (Table 2) 
with conodontsPrioniodus prevariabilis Fiihr. (borehole Zalesie IG~l, Zale
sie Nowe, Szumsko borehole IG':'2a;.cf. Fig. 1, Table 3). As compared with 
the Kielce region, the deposits 'Of the Lower Llanvirn within the Bardo 
syncline. are thinner and vary in thickness. In many cases this is, however, 
due to faulting. The maximum thicknesses are reported from the northern 
part of the village Koziel (26.6 m), while in the remaining areas the 
thickness of the Lower Llanvirn ranges from 2 to 8 metres. 

In the easter~ part of the Kielce region, the Lower Llanvirn is· 
represented by the quartz sandstones of the Orthambanites calligrammus 
Subzone bearing a typical brachiopod fauna with Orthambonites calligra
mmus (Dalm.), Lycophoria nucella (Dalm.) and Progonambonites i'l'!-flexus 
(Pand.). These sandstones crop aut in the Chelm quaTry and on Mt. Zam
kawa near Mi~dzygorz. They are also knawn from boreholes in the vici
nity of Kleczanow and Lenarczyce near Sandomierz (Fig. 1, Table 3). The 
thicknesses are small, not exceeding 10 m, whereas at Mi~zygorz they 
range between 9 ID in the Chelm ravine and 14 m on Mt. Zamkowa. 

Upper Llanvirn 

To the Upper Llanvirn at Brzeziny belong clayey-sandy siltstones 
with subordinate claystone interbeddings and with unfossiliferous interca
lations of sideritic, locally sideritic-chamositic .1imestones. These depa
sits, which are the equivalents of the Didymograptus murchisoni Zone, 
da not exceed a thickness of 6-8 metres. 

In the remaining parts of the Kielce region, the Upper Llanvirn is 
developed in the carbonate facies. 

In , the vicinity of Kielce, in profiles en Mt. Skala near Mojcza and 
in boreholes Bukowka IG-l and Mojcza IG-l, this substage is represented 
by the upper part of the Carnuodus erectus Zone (Table 3) consisting of 
limestones and dolomites with a rich conodont fauna. In addition to spe
cies known 'Only from the above mentioned :lone, this fauna also contains 
species occurring in the next zone distinguished in the Ordavician of the 
Kielce region. Such a conodont assemblage endows the upper part of the 
Cornuodus erectus Zone with the character of a concurrent-range zone, 
or mixed-T'ange-~one (St0rmer 1966). These species are as follows: Aco
dus similaris Rhodes, A. viruensis Fiihr. (PI. 2, Fig. 8), Acontiodus arcua
tus Lindstr., A. rectus Lindstr. (PI. 3, Fig. 2), A. robustus (Hdg) (PI. 3, 
Fig. 3), Ambalodus reclinatus Fiihr. (PI. 3, Figs 4a and 4b), Amorphogna
thus sp. 3 Lindstr. (PI. 2, Figs 2a-b), Cornuodus erectus Fiihr. (PI. 3, Fig. 
5), Drepanodus cf. subarcuatus Furnish, D. sculponea Lindstr., D. sube
rectus Furnish, Falodus simplex Serg., Gothodus sp., G. cf. cos tu latus 
Lindstr., Oistodus longiramis Lindstr., O. robustus Bergstr .. Paracordy-
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,lodus sp., Prioniodus alatus (Hdg) (PI. 2, Fig. 7), P. navis Lindstr. (PI. 3, 
Fig. 11), P. prevariabilis Fahr. (PI. 2, Fig. 1), Panderodus panderi (Stauf
ier),Paracordylodus lindstroemiBergstr., Scandodus formosus Fahr. (PI. 
3, Fig. 1), S. rectus Lindstr. (PI. 2, Fig. 5), Strachanognathus parva Rhodes 
{PI. 3, Fig. 6), Tetraprioniodus asymmetricus Bergstr., Trichonodella sp., 
and Amorphognathus complicata Rhodes (PI. 2, Fig. 6a-b). 

The dolomite facies, known from boreholes Mokradle lG-1 and 
Szumsko lG-2a and from Yi.c:!nitY ,<>f Zalesie No~e (Table 3), dominates 
in the Upper Llanvirnian deposits within the Bardo syncline. Deposits 
of that age from borehole Szumsko lG-2a are those most thoroughly in
vestigated. They occur here as greyish dolomites, c. 2 m in thickness. The 
assemblage of the conodont 'fauna is made up of Acontiodus rectus 
Lindstr., Drepanodus cf. arcuatus Pand., D. cf. subarcuatus Furnish, 
Oistodus inaequalis Pand., Ozarkodina sp.; Scandodus cf. pipa Lindst-r., 
Trichonodella cf. erecta (Branson & Mehl) (PI. 3, Fig. 10) and Tetraprio
niodus sp. 

In the vicinity of Zalesie Nowe (borehole Zalesie lG-1, Table 3), pe
litic limestones with a chamosite intercalation, and sparrY limestones, 
also belong to the Upper Llanvirn. Hence 'comes the abundant conodont 
fauna with' Ambalodus sp., Amorphognathus sp., Cornuodus erectus Fahr., 
Drepanodu'S cf. arcuatus Pand., D. homocurvatus Lindstr. (PI. 3, Fig. 9), 

~i D. sp. 14 Lindstr., Oi'Stodus sp., Ozarkodina sp., Paracordylodus lindstro
emi Bergstr. (PI. 3, Fig. 7), Prioniodus prevariabilis Fahr. (PI. 3, Fig. 8), 
and the brachiopods Ephippelasma minutum Cooper. , 

In the eastern part of the Kielce region, the Upper Llanvirn occurs 
in the dolomite facies, too. It has been identified in borehole Kleczan6w 
IG-1 (Table 3) as greyish dolomites containing a more closely unidentifia
ble trilobite fauna. 

The ,correlation of the deposits from the OrthambonitEi!s calligram-

-PLo 3 

Upper Llanvirnian conbdonts 

1 - Scandodus formosus IFlihraeus; borehole Bulk6wka lG-l (depth 3'1.01-38.7 m). 
2 - Acontiodus rectus !Lindstrom; ilbidem. 
3 - Acontiodus robus.tus {Hadding); ibidem. 
4 ---' Ambalodus reclinntus Fa-hraelllS - a oral view, b aboral view; ibidem. 
5 ~ Carnuodus erectus Fahraeus; ibidem. 
6 - Stracha1W{1nathus parva Rbodes; ibidem. 
7 - Pa1"aCOT'd1llodus lindstroemi Bergstrfun; borehole za,lesie 1G-1 (217.1t---.;21I8.9 m). 
8 - PrioniodW8 prevariabUis Fahraeus'; ibidem. 
9 - Drepanpdus homocurvatus iLtndstri:im; ibidem. 

liO - TrichonodeHa cf. erecta (iBranson !k M,ehl); borehole S'Zumsko lG-2a (411.51-
-42.7 m)~ 

11 ~ Prioniodus navis Lindstrom; Mt. Skala neaa.' M6jcza. 
All. 1P0000gI'l3iphs ~ c. X ~o 
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mus Subzone Or from other corresponding zones (cf. Table 2)' with the 
contemporaneous deposits in Baltoscandia does not offer particular dif
ficulties. This is so thanks to the nearly identical fauna showing a pre
dominance of Lower Llanvirnian species. In , the areas thus correlated 
(Mannil1966) those to be foremost merition~d are: brachiopods Orthambo
nites ealligrammus (Dalm.), Produetorthis obtusa (pand.), P . obtusa para
lella (pand.), Iru eoneava (Pahl.), Progonambonites injlexus (pand.), Ly
eophoria nueella (Dalm.) and the trilobites Nileus armadillo (Dalm.), Cy. 
rtometopus clavijrons (Dalm.), Pterygometopus sclerops (Dalm.), Cybele 
bellatula (Dalm.) and Illaenus wahlenbergi (Eichw.). The above species 
show a mass occurrence in the Kunda-B1I1 stage in Latvia; Estonia, the 
Leningrad area and Sweden (cf. Alikhova 1960; Mannil 1963, 1966; Ja
anusson 1957). The Llanvirnian age of this stage is also confirmed by co
nodonts (Table 5); Cornuodus erectus Fahr. and Oistodus basiovalis Serg. 
are among the index forms there. 

It may be noted that, similarly as in the lower part of the Ortham
bonites pseudomonetus & C. bellatula ZOne, representatives of the Bohe
mian fauna, the genus Zeliszkella Delo (cf. Bednarczyk 1966a) excepted. 
are a1most wholly absent from the upper part of that Zone; too (defined 
as the Orthanibonites calligrammus Subzone). 

The Upper Llanvirn, developed mostly as carbonate deposits (Ta
ble 3), is based exclusively on a: conodont fauna (Chart 3). Its composition 
fits in with that worked out by Fahraeus (1966) for the limestones from 
Vikarby and Sk6vde, representing the Upper Llanvirnian deposits at the 
Gullh6gen quarry in southern Sweden. Out of the 18 identified species, 
12 occur in the Upper Llanvirn of the above area, while the remaining 
6 are Scandinavian species known from various Lower Ordovicia~ mem
bers of Baltoscandia (Table 5). Similar faunistic assemblages have been 

PL.4 

Caradocian conodonts 

1 - Keislognathus gracilis Rhodes - a r-eall" view, b 'side view; borehole ZaX:obiny 
IG-l (depth 13i6.~1'87.1 m). 

2 - Roundya incZina.ta Rhodes; horehole Lenall"czyce 1G-l (41LO'--419.1 m). 
3 - HoLodontus superb us Rhodes; borehole Niestach6w 1G-l (46.2 m). 
4: - Ligonodina delicata (Branson & Mehl); ibidem. 
5 - Scandodus inflexus Hamar; borehole 'Zalesie IG-l ~21i2.2-121'3.4m). 
6 - AmbaZodus pulcher Rhodes; borehole Niestach6w IG-1 (4!6.2 rn). 
7 - TetrCz:prioniodus delicatus (iBranson & Mehl); ibidem. 
18 - Amorphognathus ardovicica l('Branson & Mehl) - a 'side view, b oral ' view. 

c aboral view; borehole [8uk6wka IG-1 1(29.8-31.0 rn). 
9 - Ambalod.us frognoeyensis Mamar; borehole Niestach6w 1G-1 (416.2 rn). ' 

10 - Ambalodus triangularis Branson & J.l4ehl; borehole IKleczan6w 1G-1 (2619.2 m). 
Ail photographs are c. X 7'0 
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rChart 3' 

Llanvirnian fauna in the Holy Cross Mts 

(baSed on the data by Samsonowicz 1920; Tomczyk 1982; Tomczyk & Turnau-Morawska 1964; Bed
,narczyk 1982, 1964, 1966a; completed by the autor) 
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observed in · Upper Llanvirnian limestones reached in boreholes in the 
eastern part of the Peribaltic syneclise and in the Podlasie depression (Be
dnarczyk 1966b, 1968a, b). 

Llandeilo 

In the Llarideilo of the Holy Cross Mts the claystone facies occurs 
within the, Lyso~ory region and in the SW .part of the Kielce region 
(Brzeziny and Zbrza, Table 3), while the carbonate facies occupies the 
remaining part of the Kielce region. In the Lysogory region the Llandeilo . 
begins with light-grey limestones impregnated by pyrite and intercala
ted by greyish claystones. At the base there are also clayey-siliceous con
cretions (borehole Bukowiany lG-la, Table 3) .or sideritic organodetzrital 
limestones, here and there containing oolites and sideritic intercalations 
(borehole Jeleniow lG-2, Tomczyk & Turnau:-Morawska 1967). Towards 
the top the calcareous rocks pass into greyish claystones with irregular 
intercalations of grey limestone (borehole Bukowiany lG-la) containing 
Paterula sp., Conotreta aff. plana Cooper, ScaphelasVta septatum Cooper, 
Lingulella sp., Glyptograptus cf. teretiusculus (His.), Pseudoclimacograp
tus scharenbergi (Lapw.), and Gymnograptits linnarssoni (Tullb.). In bo
rehole J eleniow IG-2 (Tomczyk & Turnau-Morawska 1967), the presence 
has also been observed of Glyptograptus teretiusculus (His.), Pseudocli
macograptus cf. scharenbergi (Lapw.), Dicellograptus cf. sextans Hall, D. 
sextans Hall and N emagraptus sp. 

The thickness of the Llandeilo ranges from 4 m in borehole Buko
wiany 'IG-la to c. 8 m in borehole Jeleni6w IG-2. 

,Within the Kielce region, the Llandeilo has been observed in the 
litho logically analogous deposits in the vicinity of Zbrza and Brzeziny. 

At Zbrza (borehole Zbrza IG-l, Table 3), the Llandeilo comprises 
dark-grey dolomitic daystones with dolomite concretions, alternating 
with sideritic, calcareous-clolomitic siltstones with Climacograptus sp. 
The thickness of this series is c. 30 metres. In the vicinity o'f Brzeziny 
the Llandeilo is developed as greyish-greenish c1aystones and siltstones, 
some 15 m thick, with sideritic and dolomitic-calcareous intercalations 
bearing a ·graptolite fauna (after Tomczy'k & Turnau-Morawska 1964) of 
Glyptograptus teretiusculus (His.)~ Nemagraptus sp., PseucJ.oclimacograp
tus scharenbergi (Lapw.), Dicellograptus sp.. and Dicranograptus sp. 

An analysis of the graptolites from the Holy Cross Llandeilo shows 
that they contain species known from 'contemporaneous deposits in bo
reholes in Western Pomerania or mentioned from the Llandeilo of Scan
dinavia (Berry 1964) and Estonia (Mannil 1966). Besides Glyptograptus 
teretiusculus (His.), which is an index species of that stage, other species 
have been encountered having a wide geographical distribution and a 
great vertical range, e.g. Pseudoclimacograptus scharenbergi (Lapw.) and 

. 1 
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Dicellograptus sextans Hall. Unfortunately, however, neither the bra
chiopod fauna found in the limestone concretions, e.g. Conotreta plana 
Cooper and Scaphelasma septatum Cooper (cf. Chart 4), nor the observed 
graptolite -fauna reasonaibly suggests a more detailed division of the Holy 
Cross Llandeilo. The only relia:ble conclusion is the occurrence here of 
a member corresponding to the Lower LlandeiIo.The presence of this 
members is confirmed by -the sp~cies Gymnograptus linnarssoni {Tullb.) 
which is the index species of the Lower Llandeilo in Sweden (Jaanusson \ 
1960b, Hede 1951) and in Estonia (ManniI 1966). In view of the above 
evidence it may be reasonably suggested that the above graptolite fauna 
permits to correlate the deposits under consideration with the Uhaku stage 
of Baltoscandia. On the whole, this fits in with the British classification 
of the Llandeilo (Table 4, Mannil 1966). 

In the remaining parts of the Kielce region, the Llandeilo is re
presented by limestones and dolomites. The limestones have been 
observed in boreholes Buk6wka IG-land M6jcza IG-l, in oU'tCT'OPS on _ 
Mt. Skala near M6jcza, also in borehole Zalesie IG-l (Table 3). 

The thickness there is rather small, being c. 2 m at Buk§Wlr!l,c. 0.6 . 
m at M6jcza and _c. 1.2 m at Zalesie. The limestones yield abundant co
nodonts resem:bling the Caradocian assemblage (Table 5). As compared 
with the latter, however, it contains more Lbwer Ordovician species. It 

Chart 4 
Llandeilian fauna in the -Holy er-oss Mts 

(baSed on the data by Tomczyk & Turnau-Morawska 1964, .1967; Tomczykowa 1968; completed 
by the autor) 

[ ------- -------~-:=---g~rJ1T--I'-lr~1 
)'08s11a ------- /~ fi m;I~~ i j ~I~I 

~"".!>f.ol" ,,~.iU""'''~1 
Cl) 0l~ J.tl:::f "OI~ atlNI 

------------------- \:i '!or r ~ 
!!RACHIOPODA. I I ,/1 
L1.ngulella ap. • • • • • • • • • • . • • •• + I /1 I 
&~~~~~a "EiW' C~ope; : :: ••••••• : /' I1 I 
Conotreta aff. plana Cooper + 1 
Soaphelasma aeptatu Cooper -/+ I / 
TRILOBITA / 
UOhall sp. • • • • • • I' ,+ I 1 
G1lA.l'TOLITJ. I I , I I 1 
D1d¥mograptuII sp. •• 1+ I ~ , /1 
NemagraptuB lip. ••• 1 I I 1 
D1oellograptuII •• %tans Hail' : : I +1 I 
D1oellograptua ap •••••••••••• " I' I + I 
D1oranograptus sp. • • • • • • • • • • • • • 1 +1 I I 1 
Cl1macograptua ap. • • • • • • • • • • • • • 1+ I 1 1 I 
Paeudool1maoograptua aoharenberg1 /Lapworth/ + +1 +1 I I 
Glyptograptu8 teret1u8oulu8 /H1ainger/ • • • +/+ I + 11 

D1plograptuB lop. • • • • • • • • • • • • • • + 

:::::tua l1mlarsson1 /.L'ullbe~g/ • • •• + / '/ 111 _ 
presented-in Table' of th1e paper. • •• 1+ I 1+ +1+ -+,+ 
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is represented by: Acodus mutatus (Branson & Mehl), A. similaris Rho
des, Acontiodus arcuatus Lindstr., A. robustus (Hdg), A. rectus Lindstr., 
Armorphognathus sp. 3 Lindstr., Amorphognathus variabilis Serg., Am-· 
balodus sp., Cordylodus cf. spinatus Hdg, Dichograptus sp., Distacodus fal-· 
catus Stauffer, Drepanodus arcuatus Pand., D. cf. arcuatus Pand., D. ho
mocurvatus LindstT~·, Haddingodus serrus (Hdg), Keislognathus gracilis
Rhodes, Oistodus excelsus Stauffer, O. robustus Bergstr., O. venustus 
Stauffer, Panderodus panderi (Stauffer), P. similaris (Rhodes), Paracor
dylodus lindstroemi Bergstr., Prioniodina cf. densa Lindstr., Prioniodus· 
alatus (Hdg), P. navis Lindstr., P. prevariabilis Fahr., Scandodus sp. 2 
Lindstr., Scolopodus cordis Hamar, S. tuatus Hamar, S. varicostatus
Branson & Mehl, Strachanognathus parva Rhodes, Tetraprioniodus asym
metricus Bergstr., T. cf. superbus (Rhodes), T. superb us (Rhodes), T. 
robustus Lindstr., Trichonodella cf. tenuis (Branson & Mehl) and Tru
cherognathus bidentatus Rhodes. 

In the dolomite facies, the Llandeilo is knpwn from an exposure at 
Zalesle Nowe and from borehole Kleczanow IG-l (Fig. 1, Table 3). 

At Zalesie Nowe this stage is represented by light-yellow platy 
dolomites,c. 3 m thick, towards the top passing into thin-bedded dolo
mites, c. 2 m thick. In borehole Kleczanow IG-l, the Llandeilo comprises 
greyish dolomites of undetermined thickness, bearing few conodonts. 

In the neritic facies, the Llandeilo has been differentiated on the 
distribution of conodonts within the particular Ordovician profiles from 
the Kielce region. It has been observed that, in the biostratigraphic di
vision, the upper part of the Amorphognathus sp. 3 Zone (Table 2) fits 
in with the Llandeilo. Though the conodont fauna of the Holy Cross 
Llandeilo is lacking in index species, yet it differs from the conodont 
fauna of the Llanvirn in the presence of new species not encountered 
in the older Ordovician, e.g. Haddingodus serrus (Hdg), Keislognathus
gracilis Rhodes, Strachanognathus parva Rhodes and Tetraprioniodus
superbus(Rhodes). These species, occurring side by side with representa
tives of such Upper Llanvirnian species as Amorphognathus si>. 3 Lindstr.,. 
Paracordylodus lindstroemi Bergstr. and Prioniodus prevariabilis Fahr. 
constitute a characteristic assemblage passing into the Caradoc and diffe
rentiated as an equivalent of the Lhmdeilo. In spite of the presence of 
Scandinavian fauna, the Llandeilo from the Kielce region differs from 
that of the Baltoscandian areas in the characters mentioned above. 

Caradoc 

The Holy Cross Caradoc is a stage present in nearly all the inve
stigated profiles. It is represented by two facial types characteristic of 
the Kielce and the l..ysogory regions: the claystone graptolite-bearing 
facies and the carbonate facies with a predominant conodont fauna. 
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In the _ Lysog6ry region, the Caradoc is subdivided into three grap
tolite zones: N emagraptus gracilis, Diplograptus multidens and Dicrano
graptus clingani & Climacograptus styloideus. No such classification of 
theCaradoc is possible in the Kielce region because of the lack there of 
graptolifes. Although the conodontassemblage contains species providing 
reliable evidence for the determination of this stage, yet it has not yiel
ded forms permitting a more detailed stratigraphic classification. On the 
northern side of the Lysog6ry Range, the -Caradocian clays tone facies 
has been observed in boreholes Kajetan6w lG-I, Brzezinki lG-I, Wilk6w 
lG-I, Bukowiany lG-Ia, Jeleni6w lG-I and 2 (Table 3, Deczkowski 1964, 
Tomczyk & Turnau-Morawska 1967, Deczkowski & Tomczyk 1969a). It 
occurs in ihe same fades in the SW part of the Kielce region, in the vi
cinity of Brzeziny and ~brza (Fig. 1, Table 3;"Deczkowski 1964, Deczkow
ski & Tomczyk 1969b, Tomczyk & Turnau-Morawska 1964). 

Throughout the remaining part of the Holy Cross area the clays tone 
facies is subordinate in relation to the carbonate facies. 

The most complete development of the Caradoc has been observed 
in the vicinity of Wilk6w (Borehoie Wilk6w IG-I) and of Jeleni6w (bore
hole Jeleni6w lG-2). In borehole Wilk6w lG-I, the lowermost Caradoc 
(the Nemagraptus gracilis Zone) is represented by c. 40 m of dark-grey 
claystones, strongly slated and compressed. Towards -the top they pass 
into similar claystones containing clay~y-siliceous concretions. The fauna 
here is rare and -consists of Pat'erula bohemica Barr., P. cf. portlocki 
(Gein.), Sericoidea restricta (Hdg), Climacograptus sp. and Amplexograp
tus perexcavatus (Lapw.). This zone is analogously developed in borehole 
Jeleni6w lG-2, differing only in the presence of thin lenses of clayey li
mestones. The thickness of the zone here is, however, five times smaller, 
being c. 8 metres. The fauna contains an abundance ofgraptolites. Accor
ding to Tomczyk(in Tomczyk & Turnau-Mora.wska 1967) they belong 
to the species N emagraptus gracilis Hall, Pseudoclimacograptus scharen
bergi (Lapw.), Glyptograptus sp., Dicranograptus sp. and Diplograptus sp. 

In the profile of borehole BukowianyIG-Ia, the thickness of the Ne
magraptus gracilis Zone does not exceed 8 metres. It is made up of grey 
daystones with limestone intercalations and lenses. Towards the top they 
pass into grey dolomitic limestones intercalated by dark-grey clays tones 
with clayey-siliceous concretions. The clays tones bear a meagre fauna 
of Glyptograptus sp., Pseudoclimacograptus schareribergi (Lapw.) and 
Cyclopyge cf. rediviva Barr. _ The following conodonts are frequent in the 
limestones: Acodus cf. similaris Rhodes, Acontiodus -robustus (Hdg), A. 
cooperi Sweet & Bergstr., Drepanodus homocurvatus Lindstr., Haddin
godus serrus (Hdg), Oistodus robustus Bergstr., O. venustus Stauffer, Pa
racordylodus lindstroemi Bergstr., Prioniodus alatus Hdg and Scolopodus 
varicostatus Branson & Mehl. 
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The Diplograptus multidens Zone has been found in tmee borehole on 
the northern side of the Lysog6ry Range. It l's most complete~y represen
ted in borehole Wilkow lG-l by dark-grey dolomitic claystones, c. 25 'ill 

thick, with an abundant br~chiopod· fauna: Paterula cf. bohemica Barr., 
P. cf. portlocki (Gein.), Obolus? cf. ornatus Hdg, Lingulella dicellograp
torum (Hdg), L. cf. jostermontensis (Butts), f,lisingerella nitens (His.) and 
Chonetoidea sp. The graptolites there are " sporadical and have been re
ferred to Orthograptuscf. natabilis (Hdg) and Glyptograptus sp. H. Tom
czyk (in Deczkowski & Tomczyk 1969b) report from there i.a. "also: Di
plograptus cf. multidens Elles & Wood and Orthograptus truncatus pau
peratus Elles & Wood. The fragmentary remains of Camarocystites sp. 
have also been yielded by the above deposits. 

The natural "boundary of the Nemagraptus gracilis and Diplograp
tus multidens zones in bor~hol~ Wilkow lG-l isindicated by a 20 cm .thick 
layer of grey-greenish bentonitic c1aystone. The same role is played by 
a bentonite layer in the Bukowiany lG-la borehole (Table 3). The Di
plograptus multidens Zone here is c. 40 cm thick. It consists of calcareous 
claystones with limestone intercalations and lenses. A rich fauna has 
been observed: Paterula bohemica Barr., Lingulella cf. fostermontensis 
(Butts), Onniella bancrofti Lindstr., Modiolopsis? plana Hdg, Cyclopyge 
rediviva Barr., Pseudoclimacograptus ·scharenbergi (Lapw.), Glyptograp
tus sp. and Orthograptus sp. ; " 

In borehole Jeleniow lG-2,the zone under consideration is repre
sented by dark-grey calcareous claystones with thin intercalations of li
mestones and thin bentonite interbeddings in the upper part. According 
to Tomczyk (in Tomczyk & Turnau-Morawska 1967) the graptolite fauna 
belongs to the species: Diplograptus multideris EJles & Wood, Climaco
graptus brevis Elles & Wood, Pseudoclimacograptus scharenbergi (Lapw.) 
and Amplexograptus sp. The brachiopod Paterula cf. bohemica Barr. has . 
also been cited. The upper part of the above zone has also been identified 
in borehole Brzezinki lG-l (Table 3). 

The Dicranograptus clingani & Climacograptus styloideus Zone has 
been identified in practically all of the boreholes on · the northern slope 
of the Lysogory Range. It is made up of a monotonous series of dark-grey 
calcareous claystones with cQncentrations and impregnations of pyrite, 
also with c1ayey-siliceousconcretions. Bentonite intercalations occur in 
the lower part of the above zone in borehole Jeleniow lG-l and lG-2. The 
maximum thickness of this zone has been observed in boreholeJeleniow 
lG-2 where it is c. 60 m (Tomczyk & Turnau-Morawska 1967). A none too 
numerous grap,tolite fauna consists ther..e of: Pleurograptus sp., Climaco
graptus cf. styloideus Lap,w., Dicranograptus sp. Dicellograptus cf. pumi
Ius Lapw., D. cf. caduceus Lapw., Climacograptus minimus Carr:; C. tu
buliferus Lapw., Orthograptus cf. calcaratus Lapw., O. truncatus Lapw. 
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and Leptograptus sp. A sporadical occurrence is also noted of the brachio
pods Paterula sp. and Lingulella sp. 

The above zone is fairly thick in borehole Jeleni6w IG-l, too, where 
it is represented by claystones of a thickness 9f 60 metres. 

In borehole Kajetan6w IG-l (Tomczykowa 1968) there are claysto
nes, c. 50 m thick,with Climacograptus cf. minimus Carr., C. tubuliferus 
Lapw., Orthograptus cf. truncatus Lapw. and O. calcaratus Lapw. Clay
stones in borehole Wisni6wka IG-l (Tomczykowa 1968), bearing a fauna 
almost identical as that just mentioned (with the addition of Climaco
graptus scalaris miserabilis Elles & W~>od), are rather thick, too, while 
their equiva'lents in borehole Brzezinki IG-l ,aTe considerably less thick. 
hardly reaching 20 metres. Faulting, responsible for a decrease in the 
thickness, should here b~ taken into account. 

In borehole Wilk6w IG-l, the thickness of the Dicranograptus clin
gani & Climacograptus styloideus Zone is c. 30 m made up of greyish 
strongly calcareous claystones with a rare and poorly preserved fauna 
of: Climacograptus? sp., Lingulella fostermontensis (Butts) and Bilobia? 
sp. The forms reported from here by Tomczykowa (1968) are Tretaspis sp. 
and Diplograptus sp., that mentioned by Tomczyk (in Deczkowski & 
Tomczyk 1969a) is Tretaspis cf. seticornis (His.). 

In the SW part of the Kielce region, in the vicinity of Brzeziny 
and Zbrza, the Caradoc is developed in 'the clay facies, too (Table 3). It 
differs from the Caradoc of the Lysogory region in, the presence of nu
merous dolomite and siltstone intercalations, and in a lighter colouring 
of the deposits. .... 

In the Zbrza area, the Nemagraptus gracilis Zone has been found in 
test pits and in borehole Zbrza IG-l (Table 3). It consists there of dark
-grey claystones, here and there irregularly intercalated by dolomites. 
The graptolite fauna is rather poor and belongs to the species Amplexo
graptus perexcavatus Lapw. and Glyptograptus euglyphus (Lapw.). The 
zone is c. 13 m thick. 

'The Diplograptus multidens Zone has hitherto been reported only 
from test-pits (Tomczyk 1957). In borehole Zbrza IG-l it is represented 
by 17 m of greyish claystones, and dolomitic sandstones with a dolomite 
intercalation occurring in the upper part oj the zone. The fauna is scarce 
and consists of Paterula bohemica Barr., Lingulella sp., Ambalodus fro
gnoeyensis Hamar and Ozarkodina sp. The equivalents of this zone in bo
rehole Zbrza IG-2 are hardly one half of its thickness (8 m) in borehole 
Zbrza IG-l; Inborehole Zbrza IG-3 the grey or light-grey claystones 
may belong to the Diplograptus multidens Zone. They are intercalated ' 
by grey marly limestones with a bentonite streak in the top (Table 3) 
underlying the Climacograptus styloideus Lapw. series. The fauna here 
is made up of Craniops? sp., Paterula bohemica Barr., Climacograptu8 
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mmtmus (Carr.), Pseudoclimacograptusscharenbergi (Lapw.). The 
thickness is 11 metres. 

The Dicranograptus clingani & Climacograptus styloideus Zone has 
been observed only in boreholes Zbrza lG-l and lG-3. In the borehole 
Zbrza lG-l it consists of greyish claystones intercalated by light-grey 
dolomites, passing, as above, into dolomites intercalated by greyish cla
ystones- with Climacograptus bicornis (Carr.). The thickness here is c. 3 
metres. In borehole Zbrza lG-3, the thickness of the zone is c. 5 metres. 
It is made up of dark-grey shales or clays with intercalations of grey 
clay at the top. Thefauna is abundant and represented by: Paterula bohe
mica Barr.; P. cf. perfecta Cooper, Onniella banerofti Lindstr., Cyclopyge 
rediviva (Barr.), Pharostoma pulchrum pulchrum (Barr.), Raphiophorus 
setirostris Ang., Climacograptus bicornis (Hall), C. styZoideus Lapw., Am
plexograptus sp. and Diplograptus sp. 

In the vicinity of Brzeziny (Fig. 1) the Caradoc has been identified 
by Tomczyk in numerous boreholes (Tomczyk & Turnau-Morawska 1964); 
it consists of c1aystones up to 100-120 m thick. 

The Nemagraptus gracilis Zone is 10 m thick. In association with 
the nominal species there occur: Dicranograptus sp., Dicellograptus sex
tans Hall, Pseudoclimacograptus scharenbergi (Lapw.), Glyptograptus sp., 
and the brachiopod Paterula sp. 

In the area here considered the-Diplograptus multidens Zone is cha
racterized by rather great thicknesses. It is developed as greyish calcare
ous-dolomi1ic c1aystones bearing: Dicranograptus sp., Dicellograptus sp., 
Climacograptus sp., Orthograptus sp., Diplograptus multidens Elles & 
Wood and Amplexograptus sp. 

The Dicranograptus clingani & Climacograptus styloideus Zone, li
kewise some tens of metres in thickness, in its upper part contains a gra
ptolite assemblage: According to Tomczyk (in Tomczyk & Turnau-Moraw
ska 1964) these graptolites possibly suggest the close correlation of this 
zone with its age-equivalent in the northern part of the Lysogory region. 
It is indicated by the species: Dicranograptus cZingani Carr., Climacograp
tus minimus (Carr.), C. cf. bicornis {Hall), Orthograptus calcaratus Lapw. 
and O. truncatusLapw. Lithologically, in the Brzeziny region the zone is 
developed as daystones and calcareous daTk-grey shales, partly also ~ 
dolomites. 

In the remaining area of. the Kielce region, the Caradoc is represen
ted mainly by carbonate rocks belonging to the Amorphognathus ordo
vicica Zone (Tables 2, and 3). 

In the areas of Bukowka, Mojcza and Niestach6w (Fig. 1, Table 3) 
the caribonate fades of the Caradoc has been o'bserved mostly in boreho
les Buk6wka lG-l, M6jcza lG-l and Niestach6w lG-la. This stage is re
presented 'by sparry .1ight~grey limestones,here ;md there Jborehole Nie
stach6w lG-la) containing dolomites in the top, also intercalations of grey 

F ---_. 
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clay and streaks of oolites. The Caradocian assemblages of conodonts har
dly differ one from the other, not only in the three above boreholes, but 
elsewhere, too. Hence, theconodonts listed below may be regarded as the 
index forms for the wholeCaradociari stage in the Kielce region ~f. Ta
ble 5): Acodus similaris Rhodes, A. mutatus (Branson & Mehl), Acontiodus 
rectus Lindstr., A. robustus (Hdg), Ambalodus elegans Rhodes, A. frognoe
yensis Hamar(PI. 4, Fig. 9), A. pulcher Rhodes (PI. 4, Fig. 6), A. triangu
laris Branson & Mehl (PI. 4, Fig. 10), ,Amorphognathus ordovicica Bran
son & Mehl (PI. 4, Fig. Ba, b, c). Dichognathus typica Branson & Mehl, 
Drepanodusarcuatus Pand., D. homocurvatu$ Lindstr., Haddingodus ser
rus (Hdg), Holodontussuperbus Rhodes (PI. 4, Fig. 3), Keislognathus gra
cilis Rhodes (PI. 4, Fig. la, b), Ligonodina delicata (Branson & Mehl) 
(PI. 4, Fig. 4),Oistodus excelsus Stauffer,O. robustus Bergstr., Ozarko
din a cf. tenuis Branson & Mehl, 0. polita(Hinde), 0. robusta (Stauffer), 
Panderodus compressus (Branson & Mehl), P . . gracilis (pand.) P. nakhol
mensis Hamar, P. panderi (Stauffer), P. unicostatus (Branson & Mehl) , 
Paracordylodus lindstroemi Bergstr., Prioniodus alatus Hdg, Rhipidognat
hus cf. discreta (Branson & Mehl), Scandodus inflexus Hamar (PI. 4, Fig. 
5), S. 08loensis Hamar, Scandodus sp. 2 Lindstr., Scolopodus cordis Ha
mar, Strachanognathus parva. Rhode.s, 'I'etraprioniodus delicatus (Branson 
& Mehl) (PI. 4, Fig. 7), T. superb us Rhodes, T. cf. superbus Rhodes, Tri
chonodella aff. erecta (Branson & Mehl). 

Wilthin the Bardo sync line , the Caradroc has been iden'tified in 00-
reholes Zarobiny lG-l, Widelki lG-:-l, Mokradle lG-l, Zalesie lG-l, K~
dziorka lG-l and borehole Szumsko lG-2a (Fig. 1, Table 3). 

In borehole Zarobiny lG-l the Caradoc ~s represented by greyish 
, dolomitic limestones, 6 m thick, intercalated by greyish clay, here and 

there, towards the top, by oolites. In the middle part of the Zarobiny 
Caradoc, the limestones are interbedded by greyish calcareous sandsto
nes, c. 0.5 m in thickness . . Disturbed sedimentation is indicated both by 
the above sandy interbedding, traces of erosion and a zone of conglomera
tic limestones. Throughout the Caradocian profile in this borehole there 
occurs a conodont assemblage very much the same as that reported from 
the Caradoc of the Kielce region. The following species have been iden
tifh::id in addition to those already mentioned: Acodus inornatus Ething
ton, Drepanodus subarcuatus Furnish, Panderodus gracilis (Branson & 
Mehl) and Plectodina? sp. 

The presence of the Caradoc in borehole Widelki lG-l is reliably 
indicated by sparry limestones with conodont species 'known from Za
robiny. 

In borehole Mokradle lG-l (Table 3), the Caradoc is represented by 
dolomites with Paterula cf. portlocki (Gein.) and ostracods. Owing to 

. faulting it is hardly possible to determine the thickness of these dolo
mites. 
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Caradocian . deposits in the dolomitic facies are also known from 
Zalesie Nowe (Czarnocki 1928a, b). The dolomites he-re probably represent 
the lower part of this stage. Its upper members consist of thin~bedded do
lomitic matls,'passing into light- or daTk-green shales containing Orbiculoi
dea sp., Paterula bohemica Barr., P. cf. portlocki (Gein.), LinguleZZa sp., 
Hisingerella nitens (His.) and Pseudoclimacograptus cf. scharenbergi 
(Lapw.). The clayey-marly series is 3.2 m thick. The thickness of the 
Caradocian dolomites occurring at the base cannot be definitely deter
mined, because their assignment to the Caradoc is arbitrary owing to the 
absence of fauna. 

In borehole Zalesie1G.,1 '(Fig. 1, Table 3), the Caradocian deposits 
differ' slightlY.They aredeveioped as dark-grey lim~stoneswith streaks 
qf claystones being separateq fmm the "over:lying sparry ' limestones by 
5m of claystones. The thickness of the limestone series' is c. 10 metres. 
Besides the conodont species reported from other boreholes, the following 
have also ibeen found: Oneotodus aff. galatini Hamar, Oulodus ore gonia 
(Branson & Mehl) and Panderodus panderi (Stauffer). 

The Caradoc developed as starry or oolitic limestones, has also 
been observed in borehole K~dziorka 1G,,1 (Table 3) near ~bilutka in the 
eastern part of the ' Bardo syncline. Plectodina dilata Stauffer and the 
brachiopods Conodiscus? sp. and Schizotreta cf. corrugata Cooper have 
been identified here in addition to theconodoI,lt forms typical 'of this 
stage. 

In .borehole Szumsko 1G-2a (Fig. 1, Table 3), near the southern limb 
of the Bardo syncline, the Caradocian deposits resemble those from Za
lesie Nowe (Table 3). They begin with light-grey dolomites, upwards 
passing into claystones and silty clays tones interbedded by dolomites. 
The rather meagre fauna contains Paterula cf. bohemica Barr., Scaphelas
ma septatum Cooper as well as a conodont assemblage known from the 
vicinity of Kielce. Other forms are: CordYlodus cf. spinatus (Hdg), Histio
deZZa cf. sinuosa Graves & Ellison, Panderodus cf. compressus (Branson 
& Mehl) and Scol,opodus varicostatus Sweet & Bergstr. The thickness' of 
the Caradocian profile in the above borehole is c. 4.5 metres. 

In the eastern part of the Kielce region, Caradocian deposits have 
been identified in boreholes Kleczan6w 1G-1 and Lenarczyce 1G-1 (Fig. 
1, Table 3). 

In boreliole Kleczan6w 1G-1, this stage is represented by sparry do
lomites with manganese oolites at the bottom. The fairly abundant con
odont fauna contains Acodus sp., Ambalodus triangularis Branson & 
Mehl (PI. 4, Fig. 10), Amorphognathus? sp., Drepanodus cf. altipes Hen
nings. and Ozarkodina polita (Hinde). The dolomites are c. 0.5 m thick. 

In borehole Lenarczyce 1G-1 (Fig. 1) the Caradoc comprises dolo
. mites with scattered glauconite, containing: Eurytreta? sp. and Ambalo
dus cf. frognoeyensis Hamar, Drepanodus altipes Hennings., Keislogna-
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thus gracilis Rhodes, Prioniodus alatus Hadding, Roundya inclinata (Rho. 
,des) (PI. 4, Fig. 2), Scandodus inflexus Hamar, Strachanognathus parva 
Rhodes. The thickness of the dolomites is c. 4 metres. 

The correlation given below is based on an analysis of the collected 
fauna (Chart 5). Beginning with the graptolite faciesof the Caradoc, it is 
dear ly seen that the grapoolite assemblage of the N emagraptus gracilis 
.Zone containing - besides its nominal species - also representatives of 
.Amplexograptus perexcavatus (Lapw.), Dicellograptus sextans Hall, Gly· 
ptograptus euglyphus (Lapw.) and Pseudoclimacograptus scharenbergi 
(Lapw.), permits a conclusive correlation with the Nemagraptus gracilis 
Zone of England [(cf. Elles & Wood 1904, 1906; Costonian, Whittington & 
Williams 1964). Moreover, it reliably indicates the direction of faunal mi
.gration and the connections with the Caradocian sea then covering Nor
thern Europe. The graptolites, brachiopods, trilobites and conodonts, en
countered in the Caradoc of Bohemia and Scandinavia (Hadding 1913, 
.Jaanusson 1960b, Hcivlicek & Vanek 1966), reasonably suggest faunal mi
gration between these two areas. Th~ir influence was, however, much 
weaker than that exercised by the British fauna. At the beginning of the 
·Caradoc, a direct route was established with the Bohemian sea. This is 
reasonably suggested by the presence in the N emagraptus gracilis Zone 
·of such species as Cyclopyge cf. rediviva Barr. and Paterula bohemica 
.Barr. These species are known from the Caradoc of Bohemia; that men
tioned first occurs in deposits 'corresponding to the Climacograptus pel
tifer Zone (the so called Lodenice Subzone of Havlicek & Vanek, 1966). 

Another zone distinguished in the clays tone facies of the Holy Cross 
.caradoc, namely the Dip10graptus multidens Zone, corresponds to the 
.same zone of Baltoscandia (Table 4, Miinnil 1966). The graptolite assem
blage in the above zone comprises species common in the Caradoc of 
Scotland and Wales. The species Climacograptus minimus -(Carr.) and C. 
-brevis Elles & Wood, occurring together with the nominal species, have 
been found in the Dicranograptus shales of Scotland and Wales (Elles & 
Wood · 1906). The two other species, Orthograptus notabilia (Hdg) and 
.Pseudoclimacograptus scharenbergi (Lapw.), are present in older mem
bers, too: the former in the Nemagraptus gracilis Zone of Scania (Had. 
ding 1913), the latter not higher up than in the Climacograp,tus wils·oni 
Zone of Scotland and Wales, but also in the Llandeilo and Caradoc of 
:Sweden and Bohemia (Elles & Wood 19,06, BeITY 1964, Havlicek & Va
.nek 1966). The pre.dominance of the British g·raptolite species is thus de-

,~arly seen, while brachiopod species suggest stronger connections with 
. Scandinavia. Such species' as Paterula bohemica Barr., P. cf. portlocki 
{Gein.), Hisingerella nitens (His.), Obolus? ornatus Hdg, Lingulella dicel· 
lograptorum Hdg and Onniella bancorfti Lindstr. are found throughout 
the Caradocian fauna1 assemblages of Sweden (Hadding 1913, Henning
.smoen 1948, Lindstr6m 1953, Miinnil 1966). It is interesting that in Swe-
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Ohart 5 

Carad'Ocian fauna in the Holy Cross iMlls 

(based on the data by Tomczyk 1957, 1962; Tomczyk & Turnau-Morawska 1984, 1987; Tomczyko
wa 1988; Deczkowski & Tomczyk 1969a, b; completed by the author) 
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den the species Hisingerella nitens(His.) occurs in the Black Tretaspis 
Shales, an equivalent 'Of the Pleurograptus linearis Zone of the upper
most Caradoc.In the Pedbaltic area, Hisingerella nitens (His.) is known 
throughout theCarad'Oc (Bednarczyk 1968b). 

Besides connections with the seas of Great Britain and Scandi
navia it will be interesting to note similar connections ,with the Cara
docian sea 'Of Bohemia. ,This is reliably indicated by the presence of Cy
clopyge rediviva Barr. which occurs in the Lodenice Substage (formation 
'Of Zah'Otany and Bohdalec, Havlicek & Vanek 1966) corresponding to the 
British Climacograptus wils'Oni Zone (Williams 1969). 

As already has been mentioned, the Dicranograptus cling ani & Cli
macograptus styloideus Zone of the Holy Cross Mts corresponds to the 
British, Dicranograptus cling ani and Pleurograptus linearis zones (Table 
4). The species Climacograptus styloideus Lapw. is known from b'Oreholes 
Jeleni6w IG-2 (Tomczyk & Turnau-Morawska 1967) and Zbrza IG-3. In 
Scotland it occurs in the Dicran'Ograptus clingani and Pleurograptus line
ariszones (Elles & W'Ood 1906, Toghill1970). Its occurrence .isvery much 
the • same in Scandinavia where it has been encountered in the Black 
Tretajspis Shales (Henningsmoen 1948). In Scotland, similarly as in the 
Holy , Cr'Oss Mts, Climacograptus styloideus Lapw. 'Occurs together with 
Climacograptu8 minimus (Carr.). In the remaining boreholes the grapt'O-

. lite fauna is represented by species known fr'Om both uppermost Cara
docian zones. Hence, the division of the uppermost Holy Cross Caradoc 
cann'Ot, naturally, follow the British division. The differentiation of a 

. member c'Orresponding t'O the British rones and; at the same time, typical 
of tpe Holy Cross Mts, would, however seemreasonablycorred. In the 
abo~e assemblage there is a striking increase 'Of the Bohemian forms such 
as: Paterula bohemica Barr., Cyclopyge rediviva (Barr.) and Pharostoma 
pUlchrum pulchrum (Barr.). 

The Carad'Oc 'Of the neritic zone in the Kielce region is developed 
mainly in the carbonate facies. Clayey deposits are subordinate. The age 
assignment of the deposits is reliably suggested by the abundant cono
donts which (Chart 5, Table 5), moreover, permit the differentiation of 
a Caradocian biostratigraphic zone, viz. the Amorphognathus ordovicica 
Zone (Table 3). Such conodont fauna is kn'Own from the United States 
of America (Sweet & Bergstrom 1966), Great Britain (Rhodes 1955), Scan
dinavia (Hamar 1966), the Soviet Union (Viira 1968), also from the Pod
lasie and the Peribaltic areas (Table 5). Its importance f.or the strati
graphy of the Holy Cro~s Ordovician is stressed by the fact that, out of 
the 55 conodont !lpecies identified here, 30 are confined to the Caradoc. 
Other faunal elements, e.g. the brachiopods Paterula bohemicaBarr., P. 
cf. portlocki (Gein.), Schizotreta corrugata Cooper, Scaphelasma septatum 
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Cooper, merely indicate connections with the seas of North America (cf. 
Cooper 1956), Scandinavia {d. Henningsmoen 1948), Estonia and Latvia 
(cf. Mannil 1966). 

Ashgill 

Ashgilliandeposits are known from both facial regions, but, as 
compared with the Caradocian deposits, their occurrence sites are fewer. 

Data on the Ashgillian stratigraphy in the northern side of the Ly
sog6ry Range are given by Czarnocki -(1928a, 1939, 1957), Kielan (1956. 
1959) and Tomczyk (in Tomczyk & Turnau-Morawska 1967). Kielan's 
(1959) subdivision of the Ashgill into three zones but slightly amended 
is that accepted in the present paper. 

Of these three zones, the Eodindymene pulchra Zone is observed 
at Brzezinki. The upper members of this zone may possibly also occur 
at W 6lka, as siltstones 25 m in thickness. Besides the index species, the 
occurrence is noted there i.a. of Pseudosphaeroxochus laticeps Linnrs., 
Tretaspis granulata (Wahl.), Trinodus tardus (Barr.), Lonchodomas port
locki (Barr.) and Cyclopyge quadrangularis Kielan. All these forms, the 
first one excepted, are present in the next zone, tpo. 

The Staurocephalus clavifrons Zone is proved at Brzezinki and 
W61ka;.ilt consists .of 32 metres of siltstones (Brzezinki) with i.a.: Stau
rocephalus clavifronsAng:; Phillipsinella parabola (Barr.), Ceraurinella 
intermedia (Kielan), Panderia megalophtalma (Linnrs.), Diacanthaspis de
cantha (Ang.), Oedicybele kingi Whitt., Hammatocnemis tetrasulcatus 
Kielan and Opsimasaphu8 jaanussoni Kielan. 

At W61ka, in addition to others (cf. Kielan : 1959), there also occur 
Carmon mutilus (Barr.), Panderia megalophtalma (Linnrs.), Phillipsinel
la parabola (Barr.) and Sta,urocephalus clavifrons Ang. 

As reported by Kielan, the Staurocephalus clavifrons Zone at Brze
zinki is overlaid by an unfosiliferous,--!~ __ m thick, silts tone series with 
black shales containing Orthograptus vesiculosus Nich. in their top. These 
shales generally represent the lowest Silurian. 

At Jeleni6w and D~bniak, the occurrence is noted of yellow silt
stones, referred to the Ashgill (Czarnocki 1939, Tomciyk 1957). Accord
ing to Kielan (1959) they have yielded trilobites indicating the Stauro
cephalus clavif.ron~ Zone. The D~bniak mateIjal from 5 shallow boreholes 
(d. Czarnocki 1957) reliably indicates that, below the Valentian, there 
are Ordovician shales, . some metres thick. At the SilurianlOrdovician 
bounda:ry, the presence has been noted of grey unbedded sandstone, vary
ing in thickness, with a clayey matrix. The sandstone rests on shales and 
siltstones containing the ostracods Primitia conica Troeds., trilobites Dal
manitina sp. and Trinucleus bucklandi Barr., also brachiopods Orthis cf. 
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honorata Bari., Foliomena folium (Barr.), Strophomena radiata Barr. and 
Orbiculoidea.cf. radiata (Troeds.). 

The presence, below the grey sandstones in the D~'bniak profile, of 
representatives of the genus Dalmanitina, may indicate the occurrence of 
the equivalents of the Dalmanitina mucronata Zone in the northern slope 
of the Lysogory Range, too. This supposition is like\yise supported by 
similarities in borehole Szumsko lG-2a (Table 3). In this profile, the marly 
clays tones , bearing DaLmanitina mucronata (Brongn.) and D. cf. olini 
Temple, are overlaid by sandy siltstones interbedded by grey daystones 
with hrachiopod and trilobite remains, and higher up by unfossiliferous 
greenish siltstones or sandstones. The latter may be an equivalent of 
the grey sandS'tones from D~bniak, possibly also of the siltstones from the 
top of the Staurocephalus Zone at Brzezinki. . 

On the above evidence it may be reliably supposed that the Ashgill 
of the Lysog6ry region is represented by three zones (from top): 1. the 
Eodindymene pulchra Zone at Brzezinki and W6lka, 2. the Staurocepha
Ius c1avifrons Zone at Brzezinki and 3. the Dalmanitina Zone at Brzezinki 
.and D~bniak. Elsewhere on the northern slope of the Lysog6ry· Range, 
the Ashgill has been identified only by the lithological analysis. This ap
plies to borehole Jeleniow lG-I, where, after Tomczykowa (1968), the 
Ashgillis represented by a 30 m thick series of claystones and calcareous 
or dolomitic siltstones intercalated by marly and sandy limestones. In 
bore hole Wilk6w lG-I, the same author suggests the assignment to the 
Ashgill of a 30 m thick, clayey-calcareous series. 

In the Kielce region, the Ashgill is known in the Bardo syncline 
from boreholes Mokradle lG~I, Zalesie lG-I, Szumsko lG-2a and ;from 
the outcrops in the S1;awy !"avine near Bardo, and Zalesie Nowe (Table 3). 
These latter profiles have been discovered by Czarnocki (1919, 1928a), 
the trilobite fauna was investigated in detail. by Kielan (1959), while 
Temple (1965) has worked out the brachiopods from the Stawy ravine. 
The Lower Ashgill from the Bardo syncline is characterized by . the 
dark-red as well as grey and greenish colouration of the deposits. These 
~reclay-marly rocks, here and there interbedded by dolomites with ben
tonite intercalations. 

In borehole .:Mokradle lG-I (Table 3), in the western part of the 
Bardo syncline, the Lower Ashgill is represented by greenish nodular 
marls, towards the top passing into dark-red claystones.These deposits 
are c. 1.8 m in thickness. In the eastern part of the Ba.rdo syncline, the 
Lower Ashgill has its equivalents in darl~-red or variegated shales (the 
Stawy ravine near Bardo, Zalesie Nowe; Table 3), here and there with 
a sporadical fauna of Hisingerella nitens (His.). In this part of the syncli
ne the thickness of the Lower Ashgill ranges from 0.6 m at Zalesie No
we to 1.5 m in the.Stawy ravine . . 
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At a distance of c. 1.5 km from the southern margin of the syncline, 
deposits of that age have been observed in borehole Szumsko IG-2a (Ta
ble 3). These are, likewise, dark-red claystones, towards the top having 
a greenish colour, c. 2 m thick, 'with dolomite intercalations and a meagre' 
fauna of Paterula cf. bohemica Barr. and Scaphelasma septatum Cooper. 

The Upper Ashgill in the western part of the Bardo syncline (bo
rehole Mokradle IG-l, Table '3), is represented by limestones with Eostro
pheodonta hirnantensis (M'Coy), 3 m thick, and by the overlying grey silt
stones, c. 0.6 m thick, with brachiopod and trilobite remains. On the other 
hand, in the eastern part of the syncline (Zalesie Nowe and the Stawy 
ravine, Table 3), the Upper A~hgill consists .. of ye119:wi~h marls interbedded 
bypale::-yellow sandstones or silts tones intercalatedby-"bentonftes . and 
containing abundant trilobites and brachiopods, La.: Dalmanitina olini 
Temple, D. mucronata (Brongn.), Raphiophorus acus (Troeds.), LinguleHa 
sp., Orbiculoidea radiata (Troeds.), Philhedr,a? stawyensis Temple, Ban
croftina bouceki '(Havlicek), Dalmanella testudinaria(Dalm.), Hirnantia 
sagittifera (M'Coy), H. kielanae Temple, Bracteoleptaena polonica (Tem
ple), Eostropheodonta hirnantensis (M'Coy) and Plectothyrella platystro
phoides Temple. The thickness of the Upper Ashgill in the Stawy ravine 
is 9.2 metres. The other deposits that here make up the Upper Ashgill 
are dolomitic marls and dolomites intercalated by bentonites, 2.4 m in 
thickness, with sporadical faunal remains, and, higher up, marls and gre
enish-greyish marly shales bearing La.: Trinodus tardus (Barr.), Philli
psinella parabola (Barr.), Leonaspis olini Troeds., Brongniartella platynota 
(Dalm.), Dalmanitina olini Temple, D. mucronata (Brongn.), Staurocep
halus davifrons Ang., Oedicybele kingi (Whitt.), Dalmanella testudinaria 
(Dalm.), Bancroftina cf. bouceki (Havl.), Bracteoleptaena polonica (Tem
ple). Ostracods are numerous, La. Primitia ten era Troeds., P. conica Tro
eds. and Bolia harparum Troeds. (comp. Chart 6). This uppermost part of 
the Ashgill is c. 3.2 m in thickness. 

In the Szumsko syncline (borehole Szumsko IG-2a, Table 3) thel 
Upper Ashgill comprises dark-grey marly claystones, 0.7 m thick, with 
Dalmanitina mucronata (Brongn.), D. cf. olini Temple, Strophomenidae 

. and ostracods. Towards the top they pass into greenish siltstones inter
bedded by claystones and bearing trilobites and inarticulate brachiopods; 
still higher up into green unfossiliferous siltstones. The total thickness 
of the Upper Ashgill in the above profile is 1.8 metres. 

In describing the Ashgill in the Kielce region of the Holy Cross 
Mts, the problematic occurrence of this stage in the vicinity of Zbrza ' 
may be mentioned. It is represented by yellow siltstones with concretions 
of unfossiliferous nodular limestones, lying in the top of the palaeontolo
gically proved Caradoc. The lithological analogies with the Ashgillian 
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deposits dbserved in the other areas of the Holy Cross Mts reasonably 
suggest this assignment (Tomczyk 1957). 

Chart <6 
Aislhtgi:lliaiIl fJaJ\lIDadin ,the Holy Cross ;Mts 

(based on the data by Czar,nocki 1928a, 1939; SamsonoWicz 1934; Tomczyk 1957; Kielan 1959; 
Temple 1965; Tomczykowa 1988; completed by the author) 
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Orbiouloideaap •• - ••• • ••• .111+, 'I" " 
LiD&Ulella ap. • • • • • • • • • I I I 'I I 
Paterula 'of. bohemioa Barrande • :.1 I I _I 'I I ',++', 1+1 
Philhedra? ataw;reuia !rllmple • • 
Hia1Dgerella niteu /Hia1n&er/. ,'1 1 11 1'1+1+1 
~orotnta ap. ••••••••• 11 

. Soaphllleama .septatum Cooper •• ':11 +!+ . 11+1 Orth1a of. honorata 'B&rrande • : • 
Bonadorthia- of. oraaaa Dp1k • • • 11 I 
DalMnella teatud1narl8 /1)alman/ • 1 I' 
Banoroft1na? bouoeld /llaTl1oek/ • : I + 1 q:1 
lIiruantl8 ldelaDae Templ. •••• I 1 
Birnantl8 aagittifera ,Ill C07/ • • '" I + I I 
8trophOlM_ radl8te Barrancle • • • '1 I' 1'+ I I 
Braoteoleptae_ pplon1oa /remple/ . : I - 1'+ 1+1+1 I 
I'olioena folium /Barrande/ '. • • • • '. +1 I '1+ 
Strophllodonta ap. • ••••• ,... I I 
Boatropheodonta hiruante~ia /Ii C07/ • 'I + ' 
Pleotot!l7rella plat7atropho.idea Temple " ' I: I I 
TBlLOBlTA • 1 1 I I! I 

Ph1llipa1nella parabola /lIarrande, • • •••••• '.1 +11' " ," 1111+1 
Dalman1t1na 1II110ronata IBrongn1art/ • • • • • • •• I I 
DallDani tina ol1n1 Temple • • • • • • • • • • • • • ., ' "11 1+ 
Dalman1tina ap. • ••••• ,. ......... •• , I 1+1 I' I, I 
8taurooepllalua olaTifrou Angel1n • • • • • • +1, 1 
and: 7' apeoi88 1D0nographed b.T Uelan /19'9/ • : + I ' 1+1 1+ +1 I' 

OSTBJeODl ' ! I! I I 
Pr1mitl8 bureuQaneuia Troedaaon I I I I 11 I 1I 
Pr1aitl8 oonioa Troedaaon • • • '1 ,+ 1+ + I 
PrllDitl8 se"papillo"a Troedsson : liT I +,:1 I 
Pr1lD1tl8 tenera Linnaraaon • • '+1 I I 1+1 
Boll8 biplioata TroedssoJI • • • • 'I 1+' I 
Bol1& harparum Troedaaon • • • • • • • • • • • • •• I I1 I1 1+1 

G1W"rOLI!U I I, I ' I I 
Dioe.llograptua ap ••••••••••••••••• , IIIDlU+11 I1 I 
Climaoograptua of. 80atari11 lDi"erabi1ia 811e" ~ Woodl ' , I + I 
Climaoograptua ap. • • • • • • • • • • • • • • • •• I I '''' 
Orthograptua trunoatua Lapworth ........... 1 1'1 1+ 
Plegmatograptua nebula Slles .t Wood • • • • • • • ..:.L1.J.J. ,+ 

o • of. 

On the above data it may be reliably accepted that the complete de
velopment of the Ashgill ~curs both in the -Kielce and the I:..ysogory 
region. This contradicts the views of Kielan (1959) according to which 
on the northern side of the Lysogory Range there are only two Lower 
Ashgillian zones, viz. the Eodindymene 'pulchra and Staurocephalus cla
vifrons zones, while the thn:d zone representing the Upp,er Ashgill is mis
sing. In the prcl;ent writer's opinion the equivalent of the third zone is 
probably represented by the unfossiliferous sandstones and silts tones from 
Brzezinki as well as by the sediments which Czarn'Ocki (1939) described 
from D~bniak (Table 3). The latter supposition seems reasonably suppor-
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ted by the fact that Kielan did not observe tectonic or erosional discon
tinuity 'between the unfossiliferous silts tones and the Silurian shales with 
Orthograptus vesiculosus (Nich.). According to Kielan (1956) the depo:" 
sits just mentioned are separated by a layer of grey clay several cen
timetres in thickness. 

Hence, it is concluded that, at the close of the Ordovician, only a 
shallowing of the sea basin ha~ occurred. Within the eastern part of the 
Bardo syncline, however, the sea 'basin was not subjected to any im.,. 
portant changes until the end of the Ashgill. This is indicated by the 
abundant and diversified fauna in the top parts of the Ashgill in the 
Stawy travine near Bardo. The fauna there is nearly identical with that 
of the Hirnantia Beds in Wales (Temple 1965), representing the latest 
Ashgillian members of Great Britain (Williams 1969). 

Controversial opinions have also been advanced with regard to the 
Zalesie Nowe profile. Namely, Kielan (1959) postulated the presence, abo
ve the glauconitic Lower Ordovician sandstones in this profile, of only 
the Upper Ashgill, i.e. the so called Dalmanitina Beds. The writer's ana
lysis of this profile, and the list of fauna, recently supplemented, show 
the correctness of Czarnocki's opinion postulating that this profile re
presents the complete Ordovician stage. Below the Dalmanitina Beds; 
the Lower Ashgill is represented by a red clayey-marly series, bearing 
Hisingerella nitens (His;). This series may be correlated with the Red 
Tretaspis Mudstone of Scandinavia (cf. Henningsmoen 1948) or with the . 
Jonstorp series (cf. Jaamisson 1964) and their equivalents in Estonia and 
Latvia (cf. Mannil 1963, 1966). 

In what concerns the faunal composition, litological : development 
and occurrence range of the zones previously distinguished, the above 
data clearly suggest ·that relatively unimportant amendments have heen 
introduced into the stratigraphic division of the Ordovician from all the 
Lysog6ry region and the western part of the Kielce region: The situation 
is, however, quite different in the central and eastern parts of the Kielce 
region. A summary of the new stratigraphic division used there is as 
follows. 

The Lingulella (Leptembolon) zejszneri Zone is the oldest one in the 
Kielce region. It comprises deposits corresponding to the Upper Tremadoc 
and the Lower Arenig and is separated into two subzones: the Thysano
tos siluricus and the Conotreta czarnockii. 

The Thysanotos siluricus Subzone begins with transgressive con .. 
glomerate. It contains frequent . inarticulate 'brachiopods (Bednarczy~ 

< i 
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1964) on which this subzone is based. Its thickness varies, ranging from 
a few to some 40 metres. 

The Conotreta czarnockii Subzone has 'been identified in the cen
tral part of the Kielce region '(Koziel, Zalesie Nowe and Szumsko), also 
at Zbrza and Brzeziny ('l'able 3) in the SW part of that region. The bra
chiopod assemblage typical of this subzone is characterized by the absen
ce of Thysanotos siluTicus {Eichw.) and by the mass occurrence of re
presentatives .of the genus Conotreta. The thickness of this subzone ran
ges from a few to c. 40 metres. At Brzeziny {Table 3), its equivalent is 
represented by the lower part of the Didymograptus extensus Zone. The 
total thickness of the Lingulella (Leptembolon) zejszneri Zone is up to 60 
metres. 

The next Lower Ordovicianzone which has been distinguished is 
the Ortham'bonites pseudomonetus & Cybele bellatula Zone. This includes 
deposits which are contemporaneous with the Upper Arenig and the Lo
wer Llanvirn (Table 2). The thickness of the deposits of the lower part of 
this zone does not exceed 10 metres. In the vicinity of Kielce, this part 
of the .zone has its equivalent in the local Acontiodus rectus sulcatus & 

. Oneotodus· variabilis Zone (Table 2). At Brzeziny (Table 3); the upper 
part of the Didymograptus extensus Zone corresponds to the lower part 
of the Orthambonites pseudomonetus & Cybele bellatula Zone .. 

The upper part of the zone has been identified as the Orthambonites 
calligrammus & Illaenus wahlenbergi Subzone (cf. Bednarczyk · 1964). 
This is up to 60 m in thickness. The deposits of the Didymograptus ,bi
fidus Zone (Table 2) are the equivalents of the Orthambonites calligram
mus & Illaenus wahlenbergi Subzone. The total thickness of the Ortham.,.. 
bonites pseudomonetus & Cybele bellatula Zone does not exceed 70 me-

. tres. 
The third Lower Ordovician Zone, to 'be distinguished in the Kiel

ce region has been defined as the Amorphognathus sp. 3 & Prioniodus 
preva!-~abilisZone. It comprises deposits contemporaneous with the Up
per Ll~mvirn and the Llandeilo. The abundant conodont fauna there in
cludes, besides the index species, also: Acontiodus reclinatus Fahraeus, 
Prioniodus navis LindstTom and Tetraprioniodus asymmetTicus Bergstrom 
(Table 5, Charts 3 and 4). At Brzeziny, Jeleni6w and Bukowiany (Table 
3) this zone has its equivalent in deposits belonging to the Didymograptus 
murchisoni and Glyptograptus teretiusculus zones (Table 2). The thick
ness of the Amorphognathus sp. 3 & Prioniodus prevariabilis Zone does 
not exceed 4 metres. 

A conodont assemblage, documenting the Cornuodus ereCtus & Scan
dodus rectus Zone, is of additional help in determining the Lower Llan
virn/Upper Llanvirn and the Llanvirn/Landeilo boundary. The above as
sem'blage is made up of 11 conodont species characteristic only of the 
Uanvirn. Beside the index species there occur: Acodus viruensis Fah.;. 
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raeus, Acontiodus reclinatus Lindstrom, Drepanodus sp. 14 Lindstrom, 
1960, Falodus simplex Sergeeva, Oistodus basiovalis Sergeeva, O. inaequ
alis Pander, Scandodus formosus Fiihraeus and Scolopodus rex Lindstrom. 

The last conodont zone to 'be distinguished is the Amorphognathus 
ordovicica & Ambalodus triangularis Zone indicating the Caradoc. It is 
based on the most abundant conodont assemblage containing as many as 
25 species. In addition to the index species the others (cf. Ta'ble 5) are: 
Acodus inornatus Ethington, Ambalodus frognoeyensis·Hamar, A. pulcher 

f 

Rhodes, Drepandus altipes Henningsmoen, Holodontus superbus Rhodes, 
Ligonodina delicata (Branson & Mehl), Scandodus inflexus Hamar and 
Tetraprioniodus delicatus (Branson & Mehl). The thickness of the zone 
is up to 10 metres. 

The uppermost Ordovician in the Kielce region is 'represented by 
the Dalmanitina mucronata Zone. The fauna of trilobites, which justi- . 
fied the differentiation of this zone, was worked out by Kielan (1959), 
that of brachiopods by Temple (1965). The thickness of this zone ranges 
from 1.8 m to 9.2 metres. 

The Dalmanitina mucronata Zone is separated from the Amorpho
gnathus ordovicica & Ambalodus triangularis Zone ,by a series of shaly 
clays tones or clayey shales. Here and there they contain thin-Shelled 
brachiopods of the genera Hisingerella aryl Paterula known from the Ca
radoc of the peribaltic areas (cf. Bednarczyk 1968b). The age of this series 
has been determined as Lower Ashgillian. Its equivalents in the t.ysog6-
ry region are the Eodindymene pulchra and the Staurocephalus clavifrons 
zones. The thickness of the Lower Ashgill in the Kie1ce region ranges 
from 0.6 m to 2.0 metres. 

The total thickness of the Ordovician deposits in the t.ysogory re
gion, also at Brzeziny and Zbrza, is c. 380 metres. Within the remaining 
part of the Kielce region the thickness of Ordovician deposits hardly rea
ches half of that figure, never exceeding c. 170 metres. 

The distribution and differentiation of the Ordovician facies in the 
Holy Cross Mts depended closely on the orogenkmovements prior to 
the Upper Tremadocian transgression. These processes are indicated !by 
the old Caledonian {Sandomirian) phase which uplifted areas lying south 
of the t.ysogory region. This is reliably suggested by the transgressive 
position of Upper Tremadocian deposits .on various Cambrian membeTs 
of the Kielce region as well as on the Precarhbrian in the western part 
of the Carpathian Foredeep (Tomczyk 1962) and in . the Miech6w 
depression (Jaworowski, JUl"kiewicz & Kowalczewski 1967). 
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The problem of the Sand01:nirian movements iri the t.ysogory Range 
has not yet been conclusively cleared up. In numerous boreholes there it 
has been observed (Tomczykowa 1968) that claystones with Parabolina 
acanthura (Angelin) are directly overlaid by claystones with Dictyonema 
sp. This indicates the continuation of the Cambrian sea until the Lower 
Tremadoc. Nothing conclusive can, however, be said concerning later 

.. s.edimentationorita. abse:nce_ . .IDn~e .. Vari<HJ..s. .JJte.m:Q!:m~LQftbe.. J1RPe~ __ C~.m~ 
'brian and the Lower Tremadoc have a fauUed contact with various Llan
deilo arid Caradocian members (Table 3). 

The presence of the Sandomirian phase, is however, quite admis
sible if the observations made by Samsonowicz (1934) be taken into con
sideration, as they relia'blyshow the presence at Pobroszyn (cf. Fig. 1) 
of a sandstone contemporaneous with the sandstone containing Thysanotos 
3iluricus (Eichwald) that belongs to the Lingulella (Leptem:bolon) zej
szneri Zone (Ta'ble 2). This would indicate that, after the deposition of 
the claystones with Dictyanema sp., the orogenic movements covered the 
.entire Holy Cross area, but that the southern region, more strongly up
lifted and faulted, had been to a greater extent subjected to erosion wnich 
prevented the persistance of the Lower Tremadocian and uppermost Cam
brian deposits. 

At the turn of the Lower Tremadoc into the Upper, the movements 
of the Sandomirian phase were followed by the penetration of the sea 
through bays into the land that had been aggraded but still retained its 
morphologiGal differentiation. In the vicinity of Mi~dzygorz the first to 
.be laid down were the conglomerates of considerable thickness, separa.;. 
ted by a conglomeratic sandstone. In the Upper Tremadoc, the transgres
sion covered the area of the later (Caledonian/Hercynian) Bardo syncline, 
also the Dyminy anticline and Zbrza. This resulted in the deposition of 
sandstones and quartz siltstones containing glauconite andchalcedonite,' 
also Cambrian isolated pebbles occurring at · the. ·bottom. Locally the pre
sence has also been noted of 'bentonites (Bednarczyk & al. 1970). 

In the lowermost Arenig there isa further development of the trans
gression which covers the areas· of Brzeziny, Bukowka and Niestachow 
and is indicated 'by the siltstone-sandstoTIe facies with glauconite and 
thin chalcedonite intercalations. 

Disturbances in the Holy Cross 'basin are · indicated by facial dif.;. 
ferentiation exp~essed by both the eastern and the w!'!stern margin being 
invaded by the sandstone facies, wbile the siltstone facies with chalce
donite occupy the area of the Bardo syncline and the vicinity of Zbrza. 
Additional -evidence of distur'b~nces in the Holy Cross basin is the va
ria'ble thickness of the deposits and local emersions occurring at the 
close of the T.remadoc (Zbrza) and the lowermost Arenig (ChojnowD61 
.near ~bilutka-K~dziorka). 



THE ORDOVICIAN IN THE HOLY CROSS MTS 607 

The fauna observed in deposits of the Upper Tremadoc and the 10-
wermost Arenig (Charts 1 and 2) contains, besides endemic species, also 
numerous Bohemian (cf. Havlic~k & Vanek 1966) and Peribaltic forms 
(cf. Gorjanskij 1969). Their 'presence in the Holy Cross basin indicates 
convenient communication routes with the epicontinental sea of NE Po
land, also with the Peribaltic areas of the USSR on the one hand and the 
Barrandian Basin on the other. As is suggested by boreholes in southern 
Po~and (Tomczyk 1962, Jaworowski & 'al. 1967) connections with the' 
Barrandian Basin may have existed across the eastern part of the present 
Carpathian Foredeep or the present Miech6w depression. Neither should 
connections across the Sudetes be excluded. 

At the beginning of the Upper Arenig, the facies ·of the southern 
. part of the Holy Cr.oss'basin are sU:bject to further differentiation. Toget.,. 

her with the silty-sandy sedimentation in the· vicinity of Buk6wka, Mo
kradle, Zalesie and Szumsko, calcareous facies set in at Buk6wka, and do
lomitic ones at Lenarczyce. 

At that time the sea 'basin at Brzeziny deepens, and the sandy-silty 
facies is replaced by a clayey one with graptolites, thin-shelled in
articulate brachiopods, sporadically also small trilobites of the genus 
Telephus (cf. Tomczyk 1962). In contradistinction to the fauna found in 
the sandy-carbonate deposits abounding in thiCk-shelled, richly ornamen
ted articulate hrachiopods, gastropods and nautiloids provided with lar
ge massive shells, bryozoans and large-sized trilobites, the fossils men
tioned above suggest a deeper basin as ·compa·red with the remaining sout'
hern part. 

An analysis of the Llandeilian and Caradocian profiles does not can
cel the possibility of a facial development resembling that at Brzeziny 
in the I..ysog6ry region, too. 

During the Lower Llanvirnian, within the shallow-neritic zone of 
the Kielce region, carbonate facies also make their appearance at M6jcza 
(locally with bentonites), Zalesie and K~dziorka. They acquire an impor
tanceshnilar to that of the sandy deposits which reach considerable 
thickness, e.g. at Buk6wkaand the Dyniiny anticline. On the other hand, 
conditions of deep-neritic sedimentation still continue in the vicinity of 
Brzeziny. 

Two faunal zones may obe distinguished at that time in the Holy 
Cross basin; · their areas fit in with the bathymetric zones. One of them . 
comprises the region ofBrzeziny, most probabiy also that of the I..ysog6ry 
Range in whose fauna there is a predominance of the British-Scandina
vian species; the other one covers the remaining southern part showing 
the predominance of the Estonian-Scandinavian species (cf. Charts 2 
and 3). 

No Bohemian species, so common in the lowest Arenig and Upper 
Tremadoc, have been encountered in deposits of the .Upper Arenig and 
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Lower Llanvirn, or in their age-equivalents at Brzeziny. This 'suggests 
palaeogeographic changes in the S and SW parts of Poland, responsible 
for the destruction of communication routes between the Holy Cross area 
and the Barrandian Basin. 

At the beginning of the Upper Llanvirn, the sedimentary conditions 
in the southern part' of the Holy Cross basin experienced further stabili
zation. The sandy facies disappear and are replaced by carbonate ones . 

. Calcareous oolite-bearing deposits develop in ~he vicinity of Kielce (~u
k6wka, M6jcza), while dolomites, locally intercalated by limestones and 
clays, predominate within the Bardo syncline. 

At that time changes in the character of sedimentation occ~r at 
Brzeziny, too. The clayey deposits are replaced by unfossiliferous chamo
site-siderite rocks with oolites (Tomczyk & Turnau-Morawska 1964), su
ggesting a shallowing of this part of the basin as well as a setting in of 
conditions unfavourable to the development of organic life. Tomczyk's 
suggestions that these changes were connected with orogenic movements 
responsible for a break in sedimentation within the southern part of the 
Holy Cross basin do not seem probable. Indeed, numerous 'borehole pro
files (Table 3) show the continuation here of marine sedimentation also 
during the Llandeilo. It is namely this age that has been assigned to the 
calcareous-oolitic deposits from the vicinity of Kielce (Buk6wka, M6jcza) 
and to the dolomitic rocks with clayey intercalations from the Bardo 
syncline and the vicinity of Kleczan6w. 

The shallowing of the basin at Brzeziny was probably of short du
ration since it was confined to the Upper Llanvirn. Clayey facies re-appear 
in the Llandeilo, while south of Brzeziny transgression covers even the 
Zbrza area which has been emersed since the close of the Tremadoc. In 
the last named area the facies resemble those at BrzeziIiy and the t.yso
g6ry region. Among the carbonate facies there is a local occurrence of 
fine-grained conglomeratic intercalations at Jeleni6w (Tomczyk & Tur
nau-Morawska 1967) or of siliceous pebbles (Bukowiany lG-la, Ta'ble 3). 
This will merely indicate disturbed sedimentation in some parts of the 
basin but does not suggest an orogenic phase. 

During the Lower Caradoe, dark-grey facies, intercalated by ben
tonites and limestones, persist in the t.ysog6ry zone, also at Brzeziny and 
Zbrza; locally (at Pobroszyn) there is a predominance of the carbonate 
facies. In the southern part of the 'basin there is a continuation of car
bonate sedimentation. Calcareous, here and there oolitic, facies develop in 
the vicinity of Bu'k6wka and M6jcza, while farther east they are associa
ted with dolomites. 

During the Middle Caradoc, in the t.ysog6ry region as well as in 
the vicinity of Brzeziny and Zbrza, no important changes affected the 
development of the clayey facies; sandy intercalations occur but locally 
(Zbrza, Table 3). To the south, the limestones spread out from Kielce to 
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Zarobiny. Farther east, in the vicinity of Zalesie and Szumsko, claystones 
are encountered among them; In the . direCtion', of Kleczanow' arid Le

, narczy,ce, these are replaced by dolomites, sometimes containing glauco-· 
niteand oolites. ' . . 

At the close of the Caradoc, the Holy Cros~ ' basin attains its maxi- . 
mum depth. In the !'ysogory region, as well as at Brzeziny and ' Zbrza, 

. there are concentrations of fairly thick claystones intercalated by ben
tonite and .bearing a locally rich fauna cif graptolites, inarticulate bra
chiopods, sporadically of small trilobites (Chart 5). The same type of de- . 
posits, but containing isolated graptolites and brachiopods, also occurs " 
within the Bardo syncline. The dolomitic facies persists only in the vi
cinity of Lenarczyce in the eastern margin of the southern area (Fig. 1). 

. .The Caradocian deepening of the Holy Cross basin and the increased 
range of the graptolite-bearing clayey facies, which advances into the 
area of carbonate sedimentation, is associated with similar events in NE 
Poland and Baltoscandia. This is indicated by the replacement in these 
areas of the Llandeilian calcareous-oolitic fades by the marly and clayey 
.fades (Tmnczykowa 1964, Bednarczyk 1968b), as well as, e.g. in Scandi
navia and the Baltic provinces of the USSR, by the inc;:reasedrange of . 
the graptolite-bearingblack claystones (Starmer ' 1953; Thorshind 1960; 
C. Poulsen 1922, ,1960; V. Poulsen 1966; Mannil 1966). 

In the Lower Ashgill, the palaeogeographic and facial pattern un .... 
dergoes changes. In the !'ysogory region and at Zbrza, the clay fades are 
replaced by the sandy and carbonate ones,· while' a local emersion takes 
place in the vicinity of Brzeziny~ Graptolites disappear ' and trilobites 
and brachiopods develop (Brzezinki, Wolka). In the southern area" a facies . 
of red clay,s with bentonite intercalations makes its appearance, side 'by 
side with the marly facies. A similar type of deposits is also known from 
Baltoscandia (Mannil 1966) and north-eastern Poland (Tomtzykowa 1964, 
Bednarczyk 1968a) where a more abundant fauna has. been observed. 

In the Upper Ashgill, there is a shallowing of the basin in the !'yso':: 
gory region, indicated 'by an increase in the clastic material. The carbo.:. 
nate facies persists only locally in the vicinity of Kajetanow and, Wil
kow, but the fauna disappears almost completely. 

In the Bardo syncline, a development re-occurs of the brachiopod 
and trilobite fauna. Clayey, red-coloured deposits are replaced by ' grey
-greenish ones, clays with bentonite intercalations, sandstones, less ' often 
by limestones. At the close of the Ashgill, the fauna disappears again 
and the deposits acquire a silty-sandy character. Fairly large-sized quartz 
grains and pebbles of day rocks are rather frequent among the siltstones. 

The . shallowing of the basin and the facial changes there also took 
place in areas adjacent to the Holy Cross basin. In NE Poland the clayey
-marly deposits passed into the calcareous and calcareous-sandy ones .. 
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Farther .north, in Baltoscandia, notwithstanding the local persistance 
(Scania and Bornholm) of the graptolite-<bearing clayey facies, sandy de
posits grow predominant. These changes are connected with the Horg 
phase (Kautsky 1949) of the Caledonian cycle which, towards the end of . 
the Ashgill, resulted in marine regression from several Scandinavian 
a:reas (Spjeldnaes 1957) and from the Peribaltic synec1ise (Manni'! 1966" 
Bednarczyk 1968b). 

The faun'al affinities of the Ordovidan Holy Cross basin with the seas 
. of northern and southern Europe are also reflected in the Ashgillian fa
unal assemblages. Namely, out of the 32 trilobite species, described by 
Kielan (1959) from the Ashgillof the Holy Cross Mts, 30 occur in Balto
scandia, 11 in Great Britain and 16 in the Barrandian. Among the eight 
brachiopods described by Temple (1965) as many as seven occur indepo
sits of the same age in Great Britain, and four in the Barrandian. Hence, 
it is reliably supposed that the. fauna of the British sea migrated to the 
Holy Cross area and farther on to Bohemia across Baltoscandia and NE 
Poland. 

FINIAL REMARJKS 

During the Ordovician, the faunal pattern in the Holy Cross basin 
clearly shows 'the development there - from the Arenig to the Caradoc
of two distinct facial zones. 

One comprised the regions of t.ysogory and Brzeziny, beginning 
with the LHmdeiloalso that of Zbrza. Clayey facies, typical of the deep
-~eritic (Brzeziny, Zbrza) or even of the bathyal zones (t.ysogory Range) 
were in. the predominance .. 

To the other zone belonged the remaining part of the Holy Cross 
basin and the calcareous-dolomitic facies formed in the shallow-neritic' 
sea. 

The bentonite intercalations (Table 3, Fig. 2) -, occurring in the 
Ordovician profiles. of the Holy Cross Mts, also the Upper Tremadoc and 
lowermost Arenig .siltstones -containing pyroclastic material (Chlebowski 
1971), Teliably indicate volcanic activity in the adjacent areas. The grea
ter frequency of the bentonites in profiles of the southern part of the 
Holy Cross Mts reasonably suggests that the alimentary area lay south 
of the HolY,Cross basin. 

The Stratigraphic Laboratory 
Institute of Geological Sciences 
. Polish Academy of Sciences 
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STRATYGRAFIA I PALEOGEOGRAFIA ORDOwmU GOR SWIF;TOKRZ'YSKICH 

(StresZ<!zenie) 
W pracy przeldstawiono podzial bwstmtygraficzny ordowiku G6r Sw.i~tokrzys- .' 

kich w oparciu ,0 brachiopody :(por. 'Bednarczy'k 1l959, 11964; Temple 11965), trylobity 
(pOT. iKielan 1009, Bednarczyk '1196~), graptoiity '(par. Tomczyk ;1002; Tomezyk & 
Turnau-IMorawska 19164, '1<9167) oraz konodo'lll1:y. Dzi~i tej ,ostatniej 'grupie skamienia-
}aSci zidentyfikowanej :po raz pierwS'ZY w licznych profilach wiercen i odsfuni~l: 

(fig. ,1 oraz 'tab. 13 i 15), udowodniono o'becnoS(: w regionie kieleckim pi~ter landeil 
i karadok (tab. 11 I ·2). Przedstawiono takze 'korelaej~ Ibadanych osad6w z rawnowie
kowymi utworami pozostalych abszaraw Polski ol"laz Baltoslmndii, Wiellkiej Bry-
tanii i Czech {tab. 4). 

r.w dalszej c~ci pra·cy rozpatrzono s'tosunki facjalno-paleogeograificzne ordo
wiku G6r 'Swi~to:kl'lZyskich. W regionie lys'Og6rs:kim sedymen'taeja odbywala si~ 
w morzu przetrwalym od kamlbru, a charakteryzuj!lcym si~ znacznymi .gl~okos
ciami. rw Il"egianie Ikie!leCIlclpl mor,ze w'kroczyfo po przervvie wytwoJane'j ruchami ata
roka[edonSkiej fa·zy sandomier.skiej I(Pur. SamsonOlWicz [1934) dopiero w g6rnym tre
maddku, ,sedymentacja zas odbywala si~ w warunkach ply,tkamoxskich, przy 10-
kalnyoch i Cihwilowych wynurzeniach pod :k:oniec tremadoku i waszgilu {fig. 2). 

PrClCO'WTlia Stratygrafii 
Zakladu Nauk Geologicznych PAN 

Warszawa 22, At Zwirki i Wigurll 93 
Warszawa, w pazdzierniku 1970 r. 
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