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Fig. 1. Simplified, solid geologic map of the nOJ;theastem Poland showing Devonian and .older 
sediments (compiled on the basis of Devonian map in: Znosko & Pajchlowa, Geological Atlas 

of Poland, 1968) 

1-Archaic and Proterozoic granitoids, 2 - basalts. tuffs and terrigenic rocks (PreoCambrlan). 3-terrygenic and partly 
carbonate rocks of the Cambrian, Ordovician and Silurian. 4 - Lower Devonian terrygenic rocks. 5 ---, Middle to Upper 
Devonian rocks predominantly carbonate. 6 -location of the map fragment within the boundaries of Poland, 1-we
stern p8rt of the Lublin region dealt with in the paper, 8 - inferred position of a morphologic barrier separating dliriDg 
the Lower Devonian times two sedimentary basins: West Lnblin and l.ysa G6ra (northern part of the Holy Cross Mts). 
9 - rosin transport directions of clastic material in the Lower Devonian toward the sedimentary basin in the western 
part of the Lublin region with suggestion of the source areas, 10 - erosive boundaries separating the particular _ies
according to recent geophysical and borehole data; 11 and 12 - proved (l1) and inferred (12) trend of important faolts . 

and ftexures; 13 - boreholes dealt With in the paper; P - East-European Platform" W - Warszawa 

Frasnian, Givetian, and possibly Late Eifelian age; the carbonates are underlain 
by the Upper Siegenian to Eifelian continental terrigenous deposits overlying in 
turn sediments bearing a marine fauna of Early Siegenian and possibly Late Gedin
nian age. Continental deposits·of unknown age have been recorded to underlie 
the Triassic strata in the neighboring borehole Pionki 1 (Figs 1-2). The data 
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supplied by the borehole Ciepiel6w IG-l were studied in detail by staff geologists 
of the Geological InstitUte, Warsaw (Niemczycka 1974). Stratigraphy and lithology 
of the Devonian strata recorded in' the borehole Pionki 4 are presented in an un
published paper by Lobanowski (1967) commisioned by the BUreau of Geological 
Documentation and Design, Warsaw. Selected problems in stratigraphy and litho
logy of those strata were also discussed by Lobanowski (1976) within the framework 
of the research programme Geodynamics of Poland undertaken by the Institute 
of Geological Sciences of the Polish Academy of Sciences. The Devonian found 
in the borehole Pionki 1 ~s thus far not been studied. 

The present authors are indebted to the Director of the Oil Mining Survey "Geonafta" in 
Warsaw for making available the borehole cores. Docent Wieslaw BedDarczyk, Director of the 
Laboratory of Stratigraphy of the Institute of Geological 'Sciences, is gratefully l!Cknowledged for 
discussion of seYeral topics considered in this paper and critical reading of the manuscript. Thanks 
are also dUe to Docent A. Nowakowski, Institute of Geochemistry, Mineralogy, and Petrography 
of the Warsaw University, for his valuable comments on the part of the text dealing with lithology. 

The present work was carried over within the framework of the MR problem "Ge0dynamiC8 
o/Pokmd" 

STRATIGRAPHY 

In the borehole Pionki 1 (Figs 1-2), 409.0 m thick, continental Devonian de
posits underlying the Triassic have been recorded at the depth interval 1396.0 to 
1805.0 m. These are mottled siltstones with minor amounts of claystones and fine
-grained sandstones. The core. covers 101.0 m in thickness, which makes up 24.7% 
of the s~t thickness. The mottle,d, bedded, deposits lacking any sedimentary stJ::uc
'tures are non-fossiliferous which makes obviously impossible their biostratigraphic 
analysis. 

In the borehole Pionki 4, Frasnian down to Upper? Gedinnian deposits have 
been recorded'at the depth interval, 1378.S to 3036.4 m (i.e. 1657.9 m in thickness, 
without dip, reduction taken into account). The Lower Devonian deposits with 
a marine faupa cover the depth interval 2770.0 to 3036.4 m (i.e. 266.4 m in thickness); 
they are of Early Siegenian and possibly 'Late Gedinian age. They are overlain by 
continental sediments assigned to the Upper Siegenian, Emsian, and at least Lower 
Eifelian, recorded at the depth intervaI 1800.0 to 2770.0 m (i.e. 970.0 m in total 
thickness). Marine carbonate rocks of Frasnian, Givetian, and possibly Late Eifelian 
age haye been found at the depth interval 1378.0 to 1765.0 J,n (i.e. 387.0 m in thick
ness). The core taken from the Lower Devonian including the continental Eifelian 
deposits covers merely 11 % of the total thickness of the set, which makes indeed 
Q.ifiicuIt both stratigraphic andsedimentologic analyses. The core efficiency is 59.4 % 
in the neighboring borehole Ciepiel6w IG-l (Fig. 2) in the Lower Devonian Series 
attaining there a considerable thickness and resembling closely the coeval rocks 
recognized-in the borehole Pioilki 4 (MHaczewski 1974). The Devonian is clearly 
tripartite in lithology in the borehole Pionki 4, which permits their biostratigraphW 
zonation and, easylithostratigraphic identification. The carbonate deposits at ,the 
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rehole, the Lower to partly Middle Devonian set of sedimentary rocks lacking any 
marine fossils shows a continuous transition to both the underlying and overlying 
sets comprising each a marine fauna. The dark claystonesmtercalated with lime
stoneS and passing upwards into siltstones (depth interval 3036.4 to 2770.0 m),. 
with a bivalve-brachiopod fauna in the limestones, are analogous in lithology to 
the deposits recorded in the borehole Ciepiel6w 1G-1 at the depth interval 2598.3 
to 2210.3 m. Accordingly to Dr. E. Tomczykowa (oral communication), the bival
ve-brachiopod fauna resembles that one yielded by the top portion of the consi
dered set of the section Ciepiel6w 1G-1. Tomczykowa (1974) and Tomczyk (1974) 
attributed that lithologica1 set to the Gedinnian to Siegenian. In both the boreholes 
(Cf. Milaczewski 1974), the dark claystones are replaCed upwards with siltstones 
intercalated at the top with sandstones. In addition to minute bivalves, there are 
also fragmented eurypterid carapaces •. There are no marine fossils at the depth 
of 2770.0 m in the borehole Pionki 4. The transitional deposits found in the borehole 
Ciepiel6w 10.1 at the depth intenal2210.3 to 2061.0 m (Fig. 2) have been assigned 
to the Upper Siegenian (Tomczykowa 1974, Tomezyk 1974). In the borehole Pionki 4, 
the transitional deposits occur at the depth intmw 2770.0 to 1800.0 m and are 
overlain by grey siltstones intercalated with sandstones, sometimes with plant 
denitus but never with marine fossils. Analogous but mottled in color deposits 
have been recorded at the depth interval 1396.0 to 1805.0 m in the borehole PioDki 1, 
and at the depth interval 2061.0 to 1210.0 m in the borehole Ciepiel6w 10.1. Fin 
spines assigned to Machaeracanthus sp. and Porolepis sp. have' been found in the 
latter borehole at the depth of 1415.7--':'1413.2 m (Ktassowska & Kulczycki 1963). 
Accordingly to Kulczycki (op. cit.), the fin spines of the former pIacoderm are 
conspecific with their congeners collected from the Emsian sandstones of Daleszyce 
region, southern Holy Cross Mts. On this basis, Milaczewski (1974) attributed 
the upper part 01 the Devonian deposits found in the borehole Ciepiel6w 1G-1 to 
the Emsian, and the whole lithological set lacking any marine fossils to the Upper 
Siegenian to Emsian (Fig. 2). In the borehole Pionki 4, the considered deposits with 
no marine fossils are overlain (beginning with the depth of 1800.0 m) by siltstones 
and sandstones intercalated with limestones. The latter deposits yielded a brachiopod 
fauna including UncinuluS coronatus (Kayser) (PI. 1, Figs. la-e), Euryspiri/er sup
raspecious (Lotze) (PI. 1, Figs 2a-b; PI. 2, .Figs 2a-d), Euryspiri/er? sp, (Pl. 2, 
Fig. 1), and Eoreticularia flfJiceps (Kayser) (PI. 2, Fig. 3). U. coronatus and E. flfJiceps 
wete already reported from Poland. Biernat. (1966) recorded them in the Lower 
Givetian of the Lysog6ry region, Holy Cross Mts. In the Rheihische Schiefergebirge 
(Eifel Mts), these fossils were commonly noted in the Upper Eifelian to Lower 
Givetian. 

The species Euryspiri/er supraspeciosus (Lotze) has thus far not been recorded 

in Poland. Solle (1953) considered it as an important guide fossil for the Upper 
Eifelian to Lower Givetian of the Rhenische Schiefergebirge. In turn, it occurs 
exclusively in the Couvinian. and especially in its uppermost portion in the Belgian· 

Ardennes (Vandercammen 1963)\ 
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Any unequivocal conclusion on the date of the beginning of the Middle Devo
nian ingression in the Lublin Uplands cannot be drawn from the above discussion. 
Neither Uncinulus coronatus, nor EoreticuJu.ria Q'lJiceps has thlis far been recorded 
in the Eifelian of the Holy Cross Mts. Euryspirifer supraspeciosus occurs' in the 
Belgian Ardennes exclusively. in the Couvinian (Vandercammen 1963) but. in the 
Rheinische Schiefergebirge it was also noted in the Lower Givetian (Solle 1953), 
which suggests that east of the latter area the Species may persist at least up to the 
Lower' Givetian. In fact, this is' the case of EoreticuJaria Q'lJiceps. restricted to the 
Upper Eifelian in the Rheinische Schiefergebirge but persistent up to the Lower 
Givetian in the Holy Cross Mts, and up to the Upper Givetian east of Moscow 
(Biernat 1966, Ljashenko 1959). To summarize up the above discussion, the. present 
authors are of the opinion that the Middle Devonian ingression started in the we
stern Lublin Uplands in the Early Givetian or at most in the latest Eifelian (Fig. 3). 
Thus, the ingression started in the investigated area much later than in the l.ysog6ry 
region of the Holy Cross Mts (l,obanowski 1971). 

CORRELATION 

A part of the Lower Devonian strata found in the borehole Pionki 4 can be cor
related with analogous deposits recorded in the boreholes Pionki 1 and especially 
Ciepiel6w IG-l. Because of the sedimentary continuity between the Silurian and 
Lower Devonian strata in the latter borehole, as well as because or their "well known 
paleontology and stratigraphy (MHaczewski 1974, Tomczykowa 1974, Tom.czyk 1974). 
the section Ciepiel6w IG-l is to be regarded as the type section for the western Lu
bli~ Uplands. Unfortunately, there are no uppermost Lower to Middle Devonian 
strata in that borehole. This gap can be filled up with the strata found in the borehole 

. Pionki 4. An attempt to correlate both the sections is presented in Figs 2 and 3. 
The chronostratigraphic subdivision and nomenclature follow those applied by 
Tomczykowa &" Tomczyk (1979) to the Lower Paleozoic of the. southwestern slope 
()f the East-European platform. The present authors are of the opiniQn that the 
lowermost set of marine deposits recorded in· the . borehole Pionki 4 is time and 
facies equivalent to the Ciepielovian Stage and possib.y also the uppermost Bosto
vian Stage of the borehole Ciepiel6w IG-l. Following Milaczewski (1974), the au
thors assign the continental deposits of the borehole Pionki 4, equivalent to the 
analogous lithological set found in the borehole Ciepie16w IG-l, to. the' Upper 
Siegenian to Enlsian. The deposits transitional from the lower marine ones to the 
overlying continental sediments (at the depth interval 2210.3 to 2061.0 m jn the 
borehole Ciepiel6w IG-l) are non-fossiliferous and hence, their chronostratigraphic 
position can hardly' be unequivocally recognized. As shown by the cOlnpendium 
of paleontological data (fomczyk 1974, Tab. 2, p. 92), there are no unequivocal 
criteria for its time attribution. Its lower wt may be equivalent to the uppermost 
part of the Lower Ciepielovian Stage (LOwer Siegenian), an4 its upper part may 
be equivalent to the Upper Ciepielovian Stage (Upper Siegenian).: One may claim 
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Fig. 3. Facies correlation of the Silurian-Devonian sediments in the western part of the Lublin 
region with a' profile of the same age at Bukowa G6ra (the Klon6w Belt, Lysa G6ra region of the 

Holy Cross Mts) 
Subdivision of the Silurian after Tomczykowa & Tomczyk (1919) and oral information byH. Tom
czyk. Regional stages are marked with asterisks. Parts of profiles not marked on drawing are pointed 

by arrows. Thickness not to scale 

I---Marine sediments: Silurian and Lower Devonian--terrigenic; Middle Devonian---carbonate-terrigenic; 2---tidal 
flat sediments, 3 --- continental alluvial fine- to medium-grained sediments, 4 --- continental fine grained alluvial sediments 

that for the purposes of regional correlation over the western Lublin Uplands, the 
Lower Devonian fossiliferous marine deposits are to be regarded as of Gedinnian 
to Early Siegenian age, while the continental ones as of Late Siegenian, through 
Emsian to Eifelian age (Fig. 3). . 

A correlation of the Lower Devonian to Eit'elian strata of the western Lublin 
Uplands with their time equivalents found' in the northwestern Klon6w Range, 
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Lysogoryregion, Holy Cross Mts, is presented in Fig. 3. The senior author is of 
the opinion that the substages introduced by him in an earlier paper (Lobanowski 
1971) for the Lower Devonian lithostratigraphic units in the latter area are actually 
of formation rank. Therefore, the units called previously as substages are referred 
to as formations in Fig. 3. 

DESCRIPTION OF THE FOSSILS 

Family Uncinoliclae Rzhonsnickaja, 1956 
Genus UNCINULUS Bayle, 1878 
Uncinulus coronatus (Kayser, 1871) 

(pI. I, Fig. la---e) 

1871. Rhyndw1ll11la coronata; B. Kayser, p. S12, Pl. 9, Fig. S. 
1904. Rhyndw1ll11la coronata Kayser; D. Sobolev, p. 94,. PI. 9, Fig. 23. 
1941. UIWInulus coronatUII (Kayser); H. Scbmidt, p. 24, PI. 2, Fig. 24; PI. 4, Fig. 73; Pl. 6, Fig. 18. 
1966. UIWInulus coronatUII (Kayser, 1871); O. Biernat, p. 86-88, PI. 19, Figs 27-29; Text-fig. 28. 

Locality: boreboIo Picmki 4, depth of 176S.2 to 1759.3 m. 

Material: a siDglesbell. 
Dimensitnta (in mm): 

lensth 
14.0 

width 

19.0 

convexity 

.9.S 

soleus width 

8.S 

Description. - Shell triangular-oval in outline. Dorsal valve attains its maximum convexity 
in the anterior part where It forms ·a distinct fold; Ventral valve convex in its beak part, concave 
in the anterior part where a wide sulcuS appearsdeJimited on both sides by well developed wings. 

Ornamentation. - Shell covered entirely with 20 radial, shaIp-crested costae.· The sulcus and 
fold show each 5 alternately located costae.· 

Remorks. - A com~on of a· single specimen to numerous and often dissimilar ones illustra
ted by previous autho,rs (cf: Scbmi.dt 1941, Pl. 2, Fig. 24, and Biernat 1966, PI. 19, Figs 27-29) 
is posSlble only in fairly 'vague morphological terms. A single specimen does not allow to recognize 
the whole range of inttaspecific. variability in subordinate morphological features. The general 
characteristics of the investigated specimen, that is the shell outline, dimensions, and number of 
.costae, are close to the mean figures for the species as presented in descriptions and illustrations 
referred to in the synonymy. 

Occurence. - Middle Devonian of EUIope. In Germany (Rheinische SChiefergebirge, Eife! 
Mts), . the species was recorded in the uppermost Eifelian (Junkenberg-Schichten, "Ostiolatus" 
Horizon). In Poland, it OCCUIS in the Lower Givetian of the Lysog6ry region, Holy Cross Mts. 

Family Delthyrididae Waagen, 1883 
Genus EURYSPIRIFER Wedekind in Salomon, 1926 

Euryspirifer supraspeciosus (p. Lotze, 1928) 
(pI. I, Fig. 2a-b) 

1928. Spirf/er mprtI8pecioarul; F. Loa,e. p. 87, PI. 2, Figs S-7. 
19S3. 1lysterolites (A.crospirijer) 811fJ1Y18pecioarul (Lofa 1928); O. SoIIe, p. 133, PI. 16, Figs 22$---233; Pl. 17, Figs 234-243 ; 

PI. 18, Figs 244--249. . . 
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1963. Eurysplrlfer lIUJ1IWp6CI08US (P. Lotze, 1928); A. Vandercammen, p. 87, PI. IX, Figs 1-11. 
LocDlIty: boroholo Pionki 4, depth of 1796.0 to 1795.6 m 1II¥l176S.2 to 1759.3 m. 

Mmr'al: two ventral valves, ono ofthmn incomplete. 
DInurn8kms (in mm): 

PI. 2, Fig. 2a--c 
PI. I, Fig. 2a--b 

12 
13 

width 

ca"" 
ca 30 

convexity 

11 
11 

3111 

Description. - Shell elongate rhomboidal in outline. Ventral valve moderately convex, domed 
in its beak part. Cardinal margin long; sulcus V-shaped, deep, and fairly narrow, distinct all over 
the valve in length. Sulcus tongue short, triangular in outline. Costae distinct, sharp-crested, 5 to 
6 per half the valve in number. Beak minute, sharp, turned towards the commissural plane. Area 
low and concave. One of the specimens (Pl. 2, Fig. ~) bears fairly long and narrow wings ended 
with an elongate, narrow auricle. 

Remtlrka. - The external morphology of the investigated specimens is identical or very close 
to the characteristics of the species Euryspirij'er supraspeciosus (p. Lotze, 1928) described in most 
detail by Solle (1953). The scarcity of material at the present authors' disposal makes impossible 
any comparison of the investigated two valves with representatives of several subspecies recognizM 
by Solle (1953). 

Occurrence; - The considered species appears as an important guide fossil for the lower Middle 
Devonian of the Belgian Ardennes and the Rheinische Schiefergebirge. In the Ardennes, it is restric
ted to the Couvinian, most commonly to its upper part (Vandercammen 1963). In the Rheinische 
Schiefergebirge, the nominal subspecies occurs both in the Upper Eifelian and in the Lower Givetian; 
three other subspecies erected by Solle (1953) occur exclusively at the top of the Eifelian. The species 
has thus fat.' not been reported from Poland. 

Euryspirifer? sp. 
(PI. 2, Fig. 1) 

Locality: borohole Pionki 4, depth of 1765.2 to 1759.3 m. 
Material: half a ventral valve. 
Dlmelllllorl8: "a 40 mm in width. 

Description. - Shell transversally elongate, semicircular in outline. Wing semicircular, ended 
with an elongate, spine-like auricle. Auricle length attains half the shell width. Costae prominent, 
thick, with tapering crests. There are 4 costae per half the valve. Sulcus narrow. 

Remarks. - The poor preservation state makes impossible any more precise identification of 
the investigated specimen. Its most characteristic features are: lbng auricle, and merely 4 thick 
costae per half the valve. The morphological characteristics of the specimen and its comparison 
to varioUs representatives of the genus Euryspiri/er presented by Solle (1953) suggest that it may 
actually belong to that genus. 

Family Reticulariidae Waagen, 1883 
Genus EOREI'ICULA.RIA. Nalivkin, 1924 

Eoreticularia aviceps (Kayser, 1871) 
PI. 2, Fig. 3) 

1871. Splrljer avlceps; B. Kayaa-, p. 578, PI. 11, FIs. 4-
1966. Eortttlcularla rnlt:l!ips (Kayser, 1871); O. m_t, p. 128, PI. 30, Figs 1-12; Text-fillS 4s-46. 
Locality: borehole Pionkl4, depth of 1763.2 to 1762.2 m. 

Materlal: a single ventral valw. 
Dimensions (in mm): 

le.D&th width 

ca 11 ca 18 
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Remarks. - The valve shape, dimensions, and ornamentation resemble those typical of the 
species as presented in a comprehensive description and illustrations by Biernat (1966). 

Occurrence. - The type material was collected in the Upper Eifelian of the Rheinische Schiefer
gebirge (Freilingen Beds). In Poland, it occurs in the Lower Givetian of the t,ysog6ry region, 
Holy Cross Mts. However, it persists up to the Upper Givetian in the European part of the Soviet 
Union, east of Moscow (Ljashenko 1959). 

LITHOLOGY 

The Lower to lower Middle Devonian deposits found in the boreholes Pionki 4 
and Pionki 1 were subject to a lithological analysis. Both macro- and microscopic 
characteristics of the deposits were imestigated. Sedimentological analysis was 
also performed. The results are presented in table form (Table 1) and supplemented 
with photographs (PIs 3-17). To facilitate an adequate sample location by the 
reader in the investigated borehole sections, the sample numbering used in the 
course of the logging process is here applied. 

MACROSCOPIC CHARACTERISTICS OF THE DEPOSITS 

A detailed lithological sequence found in the Devonian of the borehole Pionki 4 was established 
by the senior author (Lobanowski 1967) for the purposes outlined by The Oil Mining Survey "Geo
nafta" in Warsaw. The same author studied in 1975 the core derived from the borehole Pionki 1. 

The generallithological characteristics of the Devonian deposits found in the section Pionki 4, 
more complete than the other one, are as follows: 

The bottom portion of the sequence (depth interval 3036.4 to 2770.0 m) comprises dark clay
stones intercalated with limestones and passing upwards into siltstones. There are no sandstones. 
This lithological set attains 266.4 m in thickness, while the core covers merely 34.7 m in thickness. 
The deposits contain mmine fossils . 

. This lowermost lithological set is overlain with a sedimentary continuity by 970.0 ni thick 
(depth interval 2170.0 to 1800.0 m) siltstones and sandstones of continental origin. The available 
core covers 103.0 m of the set thickness, with 82.0 m (79.6%) represented by siltstones and minor 
amounts of claystones, and the remaining 21.0 m (20.4 %) represented by sandstones. In the bore)1ole 
Pionki 1, the equivalent continental deposits occur at the depth interval 1805.0 to 1396.0 m (409.0 m 
in thickness); 84.0 m (83.2%) of the available 101.0 m long core are represented by siltstones, 
and the remaining 17.0 m (16.8 %) by sandstones. In both the boreholes, the continental deposits 
are predominantly grey to mottled in color; there are aquamarine-grey, aquamarine-cherrish, 
cherrish, and grey siltstones, and light-grey sandstones. The siltstones include dolornitic concretions. 

Beginning with the depth of 1920.0 m, the lithology changes gradually in the borehole Pionki 4. 
At first, grey-yellowish sandstones with carbonized plant. detritus become dominant; these are still 
continental deposits. Higher in the section, beginning with the depth of 1800.0 m, sandstones with 
carbonate intercalations appear overlain in turn by pure carbonate deposits with an abundant 
marine fauna (Fig. 8). A similar lithological sequence was reported from the borehole Ciepielow 
IG-l by Milaczewski (1974). In the latter. section, the deposits transitional from marine to continental 
ones (depth interval 2210.3 to 2061.0 m) included mostly siltstones and claystones (86.6 %) with 
sandstones occurring but subordinately (13.4 %). The overlying set of continental deposits (dl'Pth 
interval 2061.0 to 1210.0 m) comprises mostly siltstones and claystones (66 %) but with conSiderable 
amounts of sandstones (34 %). -
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The above presented data show that the thick terrigenous Lower Devonian deposits consist 
in the study area mostly of fine-grained material; they are dominated by siltstones and claystones 
with fine-grained sandstones present in minor amounts, and conglomerates lacking at all. 

MICROSCOPIC ANALYSIS 

The grain-size-distribution of quartz has been determined for 13 thin sections (200 measurements 
per thin section) of the sandstones. The histograms for six most characteristic thin sections are 
presented in Fig. 4. As indicated by the grain-size-distributions, the basic fractions are represented 
by very fine sand and coarse silt, The Eifelian sandstones (Fig. 4, sample 30) include medium, fine, 
and very fine sandy fractions, with the fine-grained sand as the predominant one (cf. Pettijohn 
et al. 1972, Tab. 3-2, Gradziilski & al. 1976, Tab. 3-1). As judged 
from the histograms, the deposits are moderately sorted, with the Eife
lian sandstones sorted a little better than the older ones. 

There is no variation in composition and structure of the detritic 
material but the proportions of various components vary in the section 
(Tab. 1, Fig. 5). The sandstones recorded at the bottom of the section 
are fine-grained, psammitic in structure, with slight addition of the 
aleuritic . fraction. The modal grain size is 0.1, mm but the grains 
range sometimes up to 0.2 mm in size. In turn, the sandstones found 
at the top of the investigated section (samples 29 and 30) are well 
sorted, with grains ranging from 0.2 to 0.3 mm in size, without any 
addition of aleuritic fraction. In general, the detritic material is sharp
-edged but at the top of the section, the grains show sometimes rou
nded angles. Most commonly, the sandstones show a. parallel banding 
structure reinforced also by the orientation of flaky minerals clustered 
usually in bands, and in some samples by band-like accumulations 
of clay material. The rocks are to be recognized for quartz sandStones 
dominated by monocrystaIlic quartz showing a straight to (rarely) 
wavy extinction of light. The quartz makes up 52 to 82 % of the rock 
in volume. Sometimes, micaceous inclusions or other microlitic dark 
mineral appear in quartz grains. All the other rock components occur 
in variable amounts in the section. Feldspars account for 3.3 to 13.2% 
of the rock volume. The most common are potassium feldspars domina
ted by microcline with a characteristic twin network (pI. 3, Figs 1-2). 
They are associated with plagioclases in form of albitic twins of albite 
or oligoclase (Pl. 4, Figs 1-2). The plagioclases are less common than 
the potassium feldspars and account for 1.3 to 5.8 % of the rock volume. 
Most feldspar grains are pure and fresh, only a few ones (both 
plagioclases and potassium feldspars) are opaque and a little brownish. 
Micas are represented by muscovite and biotite in form of long :flakes 
and somewhat thicker patches. The flakes are commonly wavy to 
twisted, arranged usually in bands reinforcing the laminar nature of 
the rocks (Pl. 5, Figs 1-2). Biotite patches are sometimes intergrown 
with muscovite (pI. 5, Fig. 2). The:flakes are greater than the quartz 
and feldspar grains in dimensions, as a rule. The modal diameter of 
mica :flakes ra.nges from 0.2 to 0.3 mm, but it ranges up to 0.4-0.5 mm 
at the top of the section. Some flakes range up to 0.8 to 1.0 mm and 
sporadically even up to 1.4 mm in diameter. Muscovite :flakes are 
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Histograms of . grain 
composition of Devo
nian sandstones in the 
Pionki 4 borehole. 
Numbers 5 - 30 de
signate the sample 
numbers (compare with 

Figs 5 and 8) 

uSuaJIyfresh; rarely, fine-scaled varieties appear. Most biotite flakeS are also fresh but a few 
ones are bleached and with a decreased· birefringency. Minute accumulations of iron oxides 
appear sometimes at the cleavage planes. The biotite shows a pleochroism (mostly green to 



394 H. l.OBANOWSKI It T. PRZYB'YZ.OWICZ 

<J 
i5 
o 
-I 
o 
:I: 
I
::::i 

~g~g J~~i.~ 
>1910,0 
1916,0 

10 

E .. ' ... ' .. 14 ..... 

LJ5 
0 6 

Fig. Mineral composition 

20 , 40 , 50 60 _7:.;:0:-_...:80=---__ 90 

v' v v V 

·v'\../VV 

'\...... V ,. v' 

vvv v V V ....... ' 

v v v v v v 
v v v v v v v V 

v v v v v v v 
v v v v v v v v v v v 

v v v v v v v v v v v 
VVVV'./ 

v v 
v v v 

v 

vvvvvvv 
v v v v v v v v 
~jV V'\/VVV 

v v v v v v v v v v 
v v v v v v v V 

.... ./ VV~/VVV 

v v v v v v v v 
v 

v 
v v v 

'\/'vVVV 

v v 
v v 

v v v v v V v 
v v v v v v v v v v 

v v v v 
V '/ V V 

v v v v v 
,"'VVVVV 

v v v v 
v V v v 

v v v v 

v v v v 
VV"v'VV 

V V V V 

VVVV'I'V 

V V V V V 

V V V V 

V vV'/V 

v v v v v v v v 
v v V v v v v v 

v V v v 
v v v v 

v v v v 
v v v v 

v, v v V v v v 
v v v v v v v 

v v v v v v v v v v v 
v v v v v v v v v 

v v v v 
v v v v v v v v 

v v v v v v v v 
VVv VVVV 

v v v v v v v v v 
VV VVVVV 

v v v v v v v v v 
v v v v v v v 

v v v v v v v v 
v v v v v 

VVVV'\/'v' 

v 

t:::::::::~%:l A 

I~~"BB - -
r=-=-l c 

v 

100% 

the Devonian sandstones from the Pionki 4 borehole (in volume 
percents) 

~ feldspars, 2 - biotite flaky chIorite, 3 - muscovite, 4 - clay !!Od siliceous clasts, 5 - quartz; 6 _ other com-
ponents such aa:essory minerals, non transparent minerals, clayey cement, carbonates. Symhols of rocks in profile: 

A - sandstone, B - siltstone, C - claystone 



ACTA GEOLOGTCA POLONTCA, VOL. 29 A. l..OBANOWSKr f" T. PRZYBYI.OWTCZ, ' ..PL . 1 

la-e - UnC;T1l1ll1S corOTla/llS (Ka.yscr, J87J); shell in five different positions, Piollki 4 borehole, 
depth 1765.2-1759.3 rn, x 4 

2a-b - ElLr yspirl!er supraspecioslIs (F. LOlze. 1928); a ventral shell, lOp view, 2.3; b satIle 
shell, side view, x2.3; Pionki 4, 1765.2-1759.3 m 



ACTA OEOLOOlCA POLONICA, VOL. :1.9 H. LOBANOWS[q S: T. PRZYBYl:,OWICZ, PL o 2 

1 - Eu.rysplrljer? gp.; a fragment of ventral sbell, x 4, pjonki 4, 1765.2-1759.3 ID 
.2a---<: - Euryspirijer slIpraspecioslJs (F. Lotzc, 1928); a ventral sheU, top view, x2.7; b same sbell, 

view of anterior pa.rt, x2.7; c same shell, view of posterior part, x 2.5; Piook..i 4, 1796.0-
1~~6ro ~ 

3 - EorellcukJria aviceps (Kayser, 1871); ventral sheD, top view, x4, Pionki 4, 1763.2-1762.2_m 



ACTA G.I!:OLOGICA POLONICA, VOL. Z9 H. t..OBANOWSKI [I, T. PRZYBVI:.OWICZ, PLo 3 

1 - Microcline showing twin network (in sandstone), niools crossed, x 200 
2 - Microclinc showing twin network (in sandstone), oicols crossed, x 200 

Pionki 4. sample 27, depth 1966.0--1964.0 Cl 



ACTA GEOLOGICA POLONICA, VOL . 2.9 H . LOBANOWSl(.r .c:, T. PRZ'lBYt.OWICZ , PLo 4 

1 - Albite twinned pJagioclases (iD sand5tonc), nicols crossed, :.~ 200, Pionki 4, sample 7, 2775.7-
2770.6 m 

2 - Albite twinned plagioc1ases in siltstone with clayey matrix, nicols crossed, x 200 
Pionki 4, sample 26, 2002.2-1996.2 m 



ACTA GEOLOGICA POLONICA, VOL. 29 H. tJOBANOWSKI a. T . ·PRZYBYl:..OWICZ, PL, 6 

J - Flakes of streak. oriented micas: biolite and muscovite (in sandslooe), oicols parallel, x 50 
Pionki 4. sample 17, 2438.3-2432.3 m 

2 - Biotite intergrown by muscovite (in sandstone), nicols parallel, .,' 160, Pionk.i 4, sampJe 17, 
2438,3-2432.3 III 



ACTA OEOLOGICA POLONICA, VOL. ~ H . 1.. OB A NOWSK;1 & T. PRZYBYl:.OWlCZ, PLo 6 

_ Clayey-illite fragment in sandstone, mools crossed, >< 150, Piooki 4,samPete29, 1916.0-19JO,O m 
_ Siliceous fragment in sandstooe, meols crossed, x 150. Pionki 4, sampl 21. 2220.0- -2216.0 m 



ACTA GEOLOGJCA POLONICA, VOL. 29 H. ~OBANOWSKI & T. PRZYBYLOWICZ, PLo '1 

1 - A fragmenl of core showing siltstone of composjte bedding. At bottom delicate parallel bed
ding, discontinuous, higher up (at rigbt) passing into delicate cross bedding of sma.ll sca1~ 
[hen wavy ftaser ikdrung. At top indistinct parallel bedding, discontinuous. Section parallel 
to currenl direction. Pionki 4, sample 4, depth 2882.1-2876.1 m 



ACTA GEOLOGrCA POLONICA, VOL. 2ft H. r:.OBA NOW 9K,r &, T, PRZYBYLOWICZ. PLo G 

I - A fra.g.ment of core showing siitslone or composite bedding. At bottom dark siltstonc of wa
sbed surface is overlain by siltstone of sinusoidal ripplc lamination (type S), which then passes 
into parallel beddi..og (in dark si Ilstonc). Higher up parallel bedding is replaced aga in by sinusoidal 
ripple lamination. In the top part of core erosional furrow infilled with dark silt.stone of deli
cate para.lIel bedding. At top discontinuous parallel bedding, sljghlly wavy with fine bioturba
lion structures. Section parallel 10 current direction. 

Pionki 4, sample 7, 2775.7-2770.6 m 



ACTA GOOLOGlCA POLONTCl\ , VOL. 29 H . l:..OBANOWSK·I &. T. PRZYBYt.OWICZ, PLo 9 

1 - Rjpple drift cross laminarion, type 11 . Section parallel to current directioo. PioDki I, 1757.0-
1751.0 m 

2 - Ripple drift cross lamination, lype B. Oulwash surface with siltstone layer of ver.y delicate 
. parallel bedding in the ccnrer of specimen. Section parallel to current direction. Pionki 4, 
sa mplc 9, 2713.5-2707.5 m 



ACTA GEOLOGICA POLONICA, VOL. 29 H, l:.OBANOWSKI SI T, PRZYBYl:,OWICZ, PLo 10 

A fragment of co:-e with silts tone of composite beedins 
la - bottom of a core fragment, 1 b - top part of the Eame f,'agment. la - dark siltstone of WaVy 

flaser bcddir.g passing into si!tstone of delicate parallel bedding over lies out washed surface 
of ljght siltstone. Above a sillStone layer (Fig. Ib bottom) of ftaser bedding. In the center 
over theJoutwashed SUI face of light siltslone there is a siltstone layer of delicate parallel 

bedding, discontinuous. Section parallel to current direction 
Pionk; 1, 1596.1-1590.0 m 



ACTA GEOLOGICA POLONICA, VOL. 29 H. f..OBANOWSKI & T. PRZYBYl..OWrCZ, PLo 11 

1 - A fragment of core showing sillstone of delicate parallel bedding. Pionki 4, sample 17,2438 '3-
2432.3 m 

2 - Fragment of core showing rock of parallel bedding. At bottom fine.grailled light sandstone 
laminated with dark siltstone, toward the top dark siitstone with laminae of light finegrained 
sandstone. Pionki 4, sample 8, 2741.5-2736.8 m. 



ACTA GEOLOCICA POLONICA, VOL. 29 H. t.OBANOWSKr & T. PRZYBY1:..0WICZ. PLo 12 

1 ___ Trough cross bt!dding iD light siltstone. Section perpendicular to current directioD. Pionk.i 4, 
sWTlpie 9.2713.5-2707.5 m 

1. - Fla'icr bedding with isolated cJaystonc Icn~~~ in light siltstone resting on oUlwashed surface 
of uark cJayslonc. Section perpendicular to current direction. Pionk.i 4, sample 6, 2809.6-
2806.3 m 



ACTA. GEOLOGICA POLONICA, VOL. 29 H. LOBANOWSK! &. T. PRZYBYLOWICZ, PL. 13 

I - Clastic dykes of various size in siltstone of tabular cross bedding. Section parallel ro current 
direction. Pionki 4, sample 17, 2402.5-2396.5 m 

2 - Fla.'\er bedding in light siltstone Wilh bi(urcaliog lenses of dark SiitS[ODC. Pionki 4, samPle J 4, 
2552.1-2546.1 m 



ACTA GEOl...OGICA POLONrCA, VOL. 29 H. t..OBANOWSKl [\, T. PRZYBYt..QW1CZ, PLo 1-1 

1 - Load structures at the boundary of two rock. types: underlying dark siltstonc and overlying 
light sandstone. At left interbeds of dark siltstone bent bottomward. Primarily possibly ho
rizontal. Pionk.i 4, sample 17, 2438.3-2432.3 ID 



ACTA GEOLOGICA POLONfCA, VOL. 29 H . L08ANOWSKI & T. PRZYBYt.OW1CZ, PI.. J5 

-- Bioturbalion structures at top of sediments with vanishing marine fossils. Visible are vertical, 
oblique and horizontal canals. Pionki 4, sample 4, 2882.1-2876.1 m 

2 -- A type of bioturbation structures at top of sediment complex of tidaJ flat, passing into sedi
ments of flood plain. Bedding characteristic in lidnJ flat is observable. Pionki 4. sample 9. 
27135-2707.5 m 



ACTA GEOLOGrCA POLONfCA, VOL. 2D H. L OWSKI " T. PRZYBY1:..0WICZ, PLo HI 

A core fragment consisting of two parIS: 
la - bottom of core fragment, lb - top par ~ of the ~e core fragment. Bioturbatioo structures 
in a sediment complex. of bedding characteri lie in tidall flat (parlicula.-Iy in Fig. Ib). Vertical canals 
W'c associated with sedimeot of light si' lt~roue. H orizonlal - VI ith dark siitstone. Pionki 4, sample 7, 

2775.7- 2770.6 m 



1 - Tectonic brecda composed ofsiltstont. Pion.k.i 1, J80S.0-1799.0 m 
2 - Bioturbation structures and bedding characteristic: of tidal flat SiltstoDe. Pionki 4, sample 7, 

217S.7-2770.6 ID 



l.eTA GEOLOGICA POLONICA, VOL. 29 H . tOBANOWSI-:I &. T. FRZYBYl.OWICZ . PLo 13 

o 2cm 
b 

Ja.-b - Tectonic disturbances in siltstone formed probably in the near fault wne. Pionki 4, samplt" 
28, 1938.4-1934.0 m 
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Table 1 

Mineral composition of Devonian sandstones in the column of the Pionki 4 borehole (in volume 
percents) 

.. 
I ~~ 

!!'l 
Depth tj I El .~ .. h !~ 0 :J 

.9 :; .~ '" "'Ci ] .. j (in meters) tl 0 
~ 

.::: g" 's 
1'" ~~ Cl 

~~ l~ ~; 
0 ... 'i "'''' !!'l 0 

d Cl .. ~ "'I & .. ", 
is ~ ~~ Z"OI /i: £~ ::?1 fIl.t: <El u 

1862.5-1868.0 30 80.0 2.0 4.2 1.7 - - 0.7 2.2 0.8 0.7 - 7.7 
1910.0-1916.0 29 82.0 1,5 8.1 2.5 trace - 2.2 0.6 0.4 0.5 - 2.2 
1964.0-1966.0 27 74.0 1.8 5.2 2.4 1,2 3.4 0.7 0.8 0.4 0.7 6.7 2.7 
2163.5-2169.5 22 64.2 1.3 3.6 1.9 2.0 1.1 0.9 trace 0.4 0.7 23.9 -
2216.2-2220.0 21 81.3 2.1 5.8 1.5 - 0.7 3.3 3.0 0.3 0.9 - 1.1 
2283.3-2286.3 19 65.1 4.3 13.2 2.5 1.5 2.1 7.2 0.8 0.1 1.1 - 2.1. 
2432.3-2438.3 17 62.8 4.4 8.0 4.7 8.4 8.6 2.6 - 0.2 0.3 - trace 
2499.0-2505.3 16 74.9 4.7 8.0 0.7 0.3 0.8 6.7 1.2 0.1 0.4 - 2.2 
2546.1-2552.1 14 74.8 2.2 3.3 2.7 2.0 2.5 4.4 - 0.1 0.5 - 7.5 
2584.5-2590.5 13 64.0 2.6 3.5 1.9 1.3 2.1 1.1 - 0.3 OA 6.1 16.7 
2645.3-2650.3 11 52.3 2.6 5.6 2.4 1.2 0.5 - 1.2 0.2 0.5 32.9 0.6 
2736.8-2741.5 8 69.2 5.1 7.7 2.7 3.0 1.3 2.2 - 0.1 trace 7.8 0.9 
2770.6-2775.5 7 62.2 .5.8 7.3 3.6 6.7 3.4 5.5 - 0.4 0.8 4.0 0.3 

olive-green, sometimes brownish). Aside of biotite and muscovite flakes, there is also light-green 
flakychlorite, commonly with subnormal interferential colors. The chlorite flakes resemble 
the biotite ones in dimensions. One may claim that those chlorite flakes associated with a 

. fresh biotite with no evidence for chloritization are indeed of detritic origin. The amounts of 
. chlorite and biotite are variable in the section (Fig. 5). Aside of the flaky chlorite, there are 
also fine-scaled chlorite aggregates in form of minute, rounded, aquamarine grains. There are 
also iD. the rocks some clay grains (pI. 6, Figs 1-2), sometimes with an oriented structure, 
composed mostly of i11ite-type minerals, kaolinite, and i1lite-chlorite mixture. One may suppose 
that those minute grains originated from some clayey rocks, which hypothesis is indeed supported 
by the occurrence of a few clay grains containing quartz grains of aleuritic fraction, attributable 
to quartz-clayey siltstones. There are also some grains of fine-crysta1lic siliceous rocks (pI. 6, Fig. 2). 
All those grains are fOunded, equal in size to the quartz grains. They represent merely a subordinate 
proportion of the rock. . 

As to the accessory minerals, all the investigated samples comprise zircon and tourmaline 
with a yellow-green pleochroism. Some samples contain also golden-yellow rutile, and the samples 
9 and 11 garnet grains. All these mineral grains range usually from 0.04 to 0.06 mm in size; only 
in the samples 29 and 30 they fange up to 0.2 mm. Opaque minerals occur in very minor amounts. 
They include iron and titanium oxides (Ieucoxene) and pyrite. 

The investigated rocks are usually poor in cement that is complex in mineral compositjon as 
a rule. A considerable role is played by quartz cement :filling up intergranular voids among the 

22 

Fig. 6 
12 

Derivatograms of clayey minerals 
from samples 12 (depth 2631.2-
2625.2 m) and 22 (2169.5-2163.5 
m) .from the Lower Devonian se
diments of the Pionki 4 borehole 
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quartz grains; most commonly, the quartz cement is optically consistent with but a single adjacent 
quartz grain. Sometimes, there are regeneration rims of quartz cement around the quartz grains. 
Detritic quartz can hardly be distinguished from quartz cement and hence, both these components 
have been treated jointly ~ the planimeter analyses. Some intergranular voids are filled up with 
carbonate minerals in form of aggregate-like accumulations; the only sample where they predominate 
in the cement (16.7 % of the rock volume) is the sample 13. The carbonates are represented mostly by 
fine-crystallic calcite; the sample 27 contains also accumulations of siderit~ oxidated here and there. 
The samples 29 and 30 comprise also rhombohedral dolomite with ribboned Structure discermble 
in some crystals. The Iight-aquamarine clay cement consists mainly of a mixture ofchlorite and 
illite-typeminerals. ·This mixture forms in some sandstones bands and/or lense-like accumulations; 
it may also occur in aggregates filling up some intergranular voids but in the samples 11 and 22 
it makes up the sandstone matrix, as it accounts for 24-33 % of the rock volume. The thermoana
lyses of the samples 12 and 22 (Fig. 6) confirm indeed the microScopic observations and indicate 
that the illite accompanied by chlorite is the dominant mineral component. In fact, there are.three 
endothermic effects (I at 140°C, 11 at 580°C, and III at 890-910°C) and a single wea.tc exother
mic one (at 930-960°C). 

. CONCLUS10NS 

The investigated Lower Devonian sedimentary rocks found in the borehole 
Pionki 4 comprise fine-grained feldspar arenites (Fig. 7), fl;:ldspar w~ckes (pettijohn 

•. & al. 1972) recorded merel}· in the samples 11 and 22, and siltstones. Their oriented 
to laminar structure and sharp-edged, fine-grained,· equigranular detritic material 
suggest that the transporting medium· was water and the accumulation took place 
in a ~. depositional basin distant from the source area. The microscopic analyses 

F 

19 • 

.16· .. 

Fig. 7 

Mineral composition of the Devonian sandstones 
from the Pionki 4 borehole in Pettijohn & al. 
(1972) classification triangle. Numbers 7~30 
mark the sample numbers (compare with Figs 
4-5 and 8); Q - quartz, F --: feldspars, R-

rock fragments 

R 

do not point to any qualitative variation in mineral composition in the section but 
merely to a considerable variation in proportions od the rock components (Tab; 1; 
Fig. 5). This may indicate that the souce area was all the time the same but erosional 
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intensity was· variable. There are two distinct horizons (depth intervals 2775.5 
to 2736.8 m and 2438.3 to 2283.3 m) with an increased proportion by implication, 
and influx to the basin, of feldspars, biotite, and chlorite. One may claim that the 
detritic material derived at least in part directly from a crystallic massif (or massifs) 
built up by rather fin~crystallic rocks, e.g. granitoids or metamorphic schists. This 
is indicated by the preservation state of fresh and clear feldspar, biotite, and musco
vite grains, and c10rite flakes, as well as by the occurrence of biotite patches inter~ 
grown with muscovite. One can hardly assume that so well preserved detritic compo
nents might persist through successive sedimentary cycles. This is especially the 
case with the biotite and chlorite flakes. On the other hand, the clastic nature of 
quartz, feldspars, and biotite,· the characteristic path-like intergrowths of biotite 
and muscovite, and the absence of any grains with a shape typical of volcanic material 
make the empirical basis to claiin that a non-sedimentary origin of the analysed rock 
material seems implausible. In fact, this claim is not refuted by the observations 
on the other rock constituents present in the whole investigated section of 1236.0 m 
in total thickness. 

SEDIMENTOLOGICAL OBSERVATIONS 

The section is dominated by siltstones and the core recovery is rather poor; 
hence, several characteristics important for the analysis of sedimentary environment 
can hardly be recognized. In fact, the core intervals attain at most 5-6 m in the 
boreholes Pionki 1 and Pionki 4. One can hardly investigate sedimentary cycles 
in fin~grained sediments in such short section intervals. Erosional structures on bed 
surfaces could not be investigated either. 

The most interesting sedimentary structures recorded in the course of the logging 
process are described below. Their analysis permitted a recognition and subsequent 
interpretation of the most important characteristics of the Lower Devonian sedimen-
tary environment in the western Lublin Uplands (Fig. 8). . 

DBPOSmONAL STRUCI'URES 

BEDDING 

In the investigated bedded rocks, the laminae range in thickness from a few millimeters in sandy 
rocks down to ca 0.1 mm in sUty-clayey rocks. . 

.. PARALLEL BEDDING 

Parallel bedding ocCurs rather rarely in the investigated .Lower D~~onian depoSits. In acUscon
tinuous form; it has been recorded in siltstones; there are sets making part of cosets in composite 
bedding (pI. 7; PI. 8; Pl. 9, Fig. 2; Pi. 10, Fig. 1a.~; PI. 11, Figs 1-2). Less Commonly, parallel 
bedding . occurs in sandstones· where the lamiDae exceed 1 Dun. in· thickness (Pl. U, Fig. 2). 
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opinion that the cross bedding recorded in the Lower Devonian deposits of the boreholes Pionki 1 
and Pionki 4 refers to forms of drag cross bedding (cf. Jopling 1966). 

CLIMBING RIPPLE LAMINATION 

The structure of this type occur extremely commonly in the investigated sediments, especially 
in those with no marine fossils. The following categories of climbing ripple lamination can be re
cognized (cf. Joplins & Walker 1968): 
1. ripple-drift cross lamination, type A (pI. 9, Fig. 1); 
2. ripple-drift cross lamination, type B (Pl. 9, Fig. 2); 
3. sinusoidal ripple lamination, type S (pI. 8). 

FLASER AND LENTICULAR BEDDING 

Accordingly to the classification by Reineck & Wunderlich (1969) and Reineck & Singh (1973), 
the following categories can be recognized in the analysed deposits from the boreholes Pionki 1 
and Pionki 4: 
1. flaser bedding (pI. 7; Pl. 10, Fig. la); 
2. simple flaser bedding (pt. 12, Fig. 2); 
3. bifurcated flaser bedding (Pl. 12, Fig. 2; Pt. 13, Fig. 2). 

'IlDAL BEDDING 

structures of this type (cf. Reineck 1972; Reineck & Singh 1973) occur in the borehole Pionki 4 
along with bioturbation structures (pI. IS, Figs I, 2; Pt. 16, Fig. la-b; PI. 17, Fig. 2). 

PENBCONTBMPORANBOUS DEFORMATION STRUCI"VRBS 

There are in the investigated material: 
1. load struc~ developed at a siltstonejsandstone boundary (Pl. i4) (cf. Kelling & Walton 1957; 

DZulyDski 1966; CegJa & DZuIyDski 1970); 
2. clastic dykes (the specimen presented in Pl. 13, Fig. 1 shows a single larger-sized, clastic dyke, 

up to at least a dozen centimeters in length, and ~veral minute ones, a few millimeters to some 
centimeters in length; the origin of these dykes can hardly be explained at the moment; they 
comprise the same material as that building up the surrounding rock). 

MOTURBATION STRUCI'URBS 

In the borehole Pionki 4, the deposits transitional from marine to continental ones (an analogous 
lithological set was recognized in the borehole Ciepie16w 10.1 at the depth interval 2210.3 to 2061.0 
m by Milaczewski (1974) (Figs 2-3) comprise abundant bioturbation structures (pt. 15; Pl. 16; 
PI. 17, Fig. 2). As judged from the study by Hertweck (1970), the lebenSgpuren Presented in the 
above cited photos are to be interpreted as internal lebensspuren and dwelling structures. 

1. Internallebensspuren. These are channels parallel or oblique to a bedding plane, cutting most 
commonly across a fine-grained, clayey deposit (dark) and filled up with more coarse material 
(light) (pt. 15, Fig. 1; Pl.16, Fig.1b-top of the bed). 

2. Dwelling structures-burrows. The investigated rocks contain vertical channels filled second
darily up with a deposit, widened at the bottom and narrowing upwards, cut in a more or less sandy 
deposit as a rule. The channels are predominantly straight, pencil-like in shape, normal to a bedding 
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plane. However, some U"shaped channels do also occur (pI. 15, Fig. 1 - base of the bed), as well 
as traces of organisms bUlrowing by a rotation of the body (pI. 17, Fig. 2). Basing upon the obser" 
vations made by van Straaten (1954) and Reineck (1958) on tidal flats of the North Sea, the rock 
specimens presented in this paper may permit a recognition of the relative sedimentation rates 
in life environments of those organisms. The specimen in PI. 15, Fig. 1 exemplifies a slow sedimen
tation in a sheltered or deeper zone of tidal flat. Organisms living in the vertical and oblique channels 
make up a population associated with beds of more coarse-grained (lighter) siltstone. The slow 
an'd quiet sedimentation allows them to m~ve gradually upwards along with the bottom" surface 
shifting due to the sediment accumulation. In contrast, the successive populations discernible in 
PI. 16, Fig. la-b were killed each by a rapid deposition of black mud layer. 

Two distinct core fragments with the above described trace fossils are Plesented in PI. 15. A 
sample taken from the transition from typically marine deposits to highly biotUIbated sediments 
with more and more rare marine fossils (sample 4) is Plesentedin Fig. 1. In tUIn, a sample 
taken from continental deposits with rare biotUIbation strqctUIes (sample 9; cf. Fig. 8) is illustrated 
in Fig. 2. 

ANALYSIS OF DEPOSmONAL ENVIRONMENT 

The 'analysis of the sedimentary structures described above and presented in 
PIs 8-17 makes possible recognition of the nature of the Gedinian to Eifelian de
positional environment in the western Lublin Uplands (Figs 1, 8). 

At the bottom of the' borehole Pionki 4 (depth interval 3036.4 to 2980.0 m), 
there are dark-grey to black claystones with no macroscopic structure, intercalated. 
with limestones. At the depth interval 2980.0 to 2810.0 m, the limestone intercalations 
in claystones become less common, and gradually siltstones become dominant. 
TIle siltstones show a subtle and discontinuous parallel bedding, subtle cross bedding 
in cosets of small to moderate thickness, and wavy bedding (PI. 7; PI. 8; PI. 12, 
Fig. 2). The bivalves accompanied by rare brachiopods (restricted to the limestone 
intercalations) are associated with the claystones and point to a marine depositional 
environment. The brachiopods decrease in abundance and final1y disappear at all, 
and, the bivalves decrease in generic diversity and individual size with me increase 
in modal diameter of the sandy fraction (Fig.' 4) and the gradual replacement, of 
the claystones with siltstones.' Beginning with the depth of 2919.0, m, eurypterid 
fragments appear more and more commonly. At the depth of 2880.0 m, bioturba
tion structures appear in masses aside of a few bivalves. Beginning with the latter 
depth, the siltstones show also bedding structures (PI. 12, Fig. 2; PI. 15, Fig. 1; 
PI. 16, Fig. la-b; PI. 17; Fig. 2) typical of the tidal fiats of the modern North Sea 
(Reineck 1972; Reineck& Singh 1973). The bivalves persist up to the depth Of 
2770.0 m, and the bioturbation structures up to 2710.0 m., One may thus conclude 
that the considered lithological set is typical of tidal-fiat depositional enviromm:nt. 

A thick set of siltstones intercalated with fine-grained sandstones occurs at the 
depth interval 2710.0 to 1800.0 m (910 m in thickness) in the borehole Pionki 4; 
there is no fauna in those deposits but only a plant detritus. An analogous litholo~ 
gical set has been recorded in the ,borehole Pio1J.ki 1 (Fig. 2) at the depth interval 
1805.0 to 1396.0 m. In both the, sets" the dominant sedimentary structures are: 





402 H. l..OBANOWSKiI &. T. PBZYBYl.OWICZ 

It is to be emphasized that the Lysog6ry region of the Holy Cross Mts was sub~ 
merged during the Late Emsian to Eifelian (Lobanowski 1971), whereas a conti~ 
nental deposition was then taking place in the western Lublin Uplands (Fig. 3; 
cf.· also MiJaczewski 1975). No doubt therefore that a geomorphologic boundary 
must have separated both the regions at that time (Fig. 1). The rock material derived 
from degradation of that barrier and deposited in the basin of Klon6w Belt does 
not differ from that eroded south of the latter basin (Lobanowski 1971). Be the 
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clastic material deposited in the Lublin basin derived from the south, its mineralo
gical composition should resemble very closely that of the Lower Devonian sandsto
nes of the Holy Cross Mts. Since this is not the case, the only source area for the 
Lower Devonian sedimentation in the western l.ublin Uplands is an area at the 
East-European platform. One may point to the MazurY-SuwaHd elevation where 
crystallic rocks were exposed since the Precambrian; the Lower Paleozoic deposits 
covered merely the slopes of the elevation (Figs 1,9; cf. also Znosko 1966; Kubicki 
et al. 1973; Aren 1974). Another source area for the investigated sedimentary basin 
could probably be the SJawatycze horst (Fig. 1); however, it has insofar not been 
established beyond any doubt that crystallic rocks were indeed exposed during the 
Early Devonian in that area (Aren 1974). 

Owing to the continuous uplift of the western part of the East-European pIat
fQrm beginning with the Late Silurian, and especially amplified beginning with 
the Middle Siegenian, the detritic infiux to the Lower Devonian basin of the Lublin 
Uplands was gradually increasing. This is indicated by the following phenomena: 

1. modal grain diameter in sandstones increases up\'Vards in the borehole Pionki 4 
(Fig. 4); 

2. amounts of mineral grains derived from erosion of crystallic rocks increase 
upwards (Fig. 5); 

3. subsidence does not counterbalance the sedimentation which results in shal
lowing of the basin (Fig. 8). 

The detritic material derived from erosion of crystallic and sedimentary rocks 
exposed at that time in the western part of the East-European platform was trans
ported to the basin by rivers running from the northeast, that is fr~m the uplifted 
platform. There were no geomorphologic barriers hampering the· transport from 
the platform to the alluvial plain in the western Lublin Uplands. 

CONCLUSIONS 

The above presented analysis of the Lower to partly Middle Devonian deposits 
found in the boreholes Pionki 1 and Pionki 4, western Lublin Uplands, permits the 
following conclusions: 

1. There is a sedimentary continuity from the Upper Silurian to Middle Devo
nian, in spite of two periods of a change in sedimentary regime: from marine to 
continental environment (Siegenian), and from continental to marine environment 
again (Late Eifelian or Early Givetian). 

2. There is a close relationship between the uplift of the western part of the 
East-European platform and the environmental changes in its southwestern mar
ginal regions. . 

3. The Upper Silurian to Middle Devonian facies sequence can be summarized 
as follows: marine environment, tidal flat, flood plain, and again marine environ
ment. 





'l'IDAL~FLAT AND FLOOD-PLAIN DEPOSITS 405 

KAYSER E. 1871. Die Brachiopodendes Mittel- und Oberdevons der Eife!. Ztschr. Deutsch. 
Geol. Ges.~ 23, .491-643. Berlin. 

KELLING G. & WALTON E. K. 1957. Load cast structures: Their relationship to upper surface 
structures and their mode of formation. Geol. Mag., 94, 481...,..-490. Cambridge. 

KUBICKI S., RYKA W. & ZNOSKO J. 1973. Tektonika (Tectonics). In: LASZKIEWICZ A. 
(Ed.), Skaly Platformy Prekambryjskiej w Polsce: 1: PodloZe krystaliczne (Rocks of the 
Precambrian Platform in Poland. 1: Crystalline basement) Prace Inst. Geol., 68, 129.:.....137 
(168). Warszawa. 

LJASHENKO A. J. 1959. Atlas brakbjopod i stratigrafija devonskikh otlozhenij tsentraInikb oblastej 
Russkoj Platformy. 1-267. GOSTOPTEKHIZDAT. Moskva. 

LOTZE F. 1928. Das Mitteldevon des Weunetals nordlich der Elsper Mulde. Abh. Preuss. Geol 
. Landesants., N. F., 104, 1-104. Berlin. 

LOBANOWSKI H. 1967. Stratygrafia i litologia utwor6w dewonskich z otworu wiertniczego 
Pionki 4 (glt;;b. 1378,5-3036,4 m), (Unpublished manuscript), 1-16. Arch. Biura Dok. 
i Proj. Geol. Zjedn. Gorn. Naft. w Warszawie. 
1971. The Lower Devonian in the western part of the Klon6w Belt (Holy Cross Mts), 1, 
Upper Emsian. Acta Geol. Pol., 21, 629-687. Warszawa. 
1976. Szczeg610wa analiza lito- i biostratygraficzna warstw granicznych dolnego dewonu 
morskiego i llldowego, oraz Srodkowego dewonu morskiego na przykladzie profilu z wier
cenia Pionki 4. (Unpublished manuscript), 1-10. Arch. Zakl. Nauk Geol. PANw Warszawie. 

McKEE E. D. 1965. Experiments on ripple lamillation. In: M1DDLETON G. V. (Ed.), Primary 
sedimentary structures and their hydrodynamic interpretation. Soc. Econ. Paleontologists 
Mineralogists, Spec. Publ., 12, 66-83. Tulsa. 
1966. Significance of climbing-ripple structure. U.S. Geol. Profess. Papers, 550-D; D94-
DI03. Washington. 
CROSBY E. J. & BERRYHILL H. L. 1967. Flood deposits, Bijou Creek, Colorado, June 
1965. J. Sediment. Petrol., 37, 829-851. Menasha.. .. ..... . 

MItACZEWSKI L. 1974. Dewon. In: NIEMCZYCKA T. (Ed.),ProW,~gl~bokich otwor6w wiert- . 
niczych Inst. Geol., 20, Ciepiel6w 10;.1,' 83-90. Wyd. Geol.· Warszawa. 
1975. Dewon na poludniowo-wschodniej Lubelszczyinie. (Unpubl. Ph. D. Dissertation), 
1-179. Arch. Inst. Geol. w Warszawie. 
& RADLICZ K. 1974. Dewon (Devonian). In: LASZK1EWICZ A. (Ed.), Skaly Platformy 
Prekambryjskiej w Polsce, 2: Pokrywa osadowa (Rocks of the Precambrian Platform in 
Poland, 2: Sedimentary cover). Prace IG, 74, 83-98 (253). Warszawa. 

NIEMCZYCKA T. (Ed.) 1974. Profile glt;;bokich otwor6w wiertniczych Inst. Geol., 20, Ciepiel6w 
IG-l, 1-247. Wyd. Geol. Warszawa. 

PAJCHLOWA M. 1964. Wstt;;pne dane 0 dewonie na NiZu Polskim (Preliminary data on Devonian 
in the Polish Lowland Area). Kwart. Geol., .8, 224-231. Warszawa. 

PETTIJOHN F. J., POTTER P. E. & SIEVER R. 1972. Sand and Sandstone. 1-618. Springer
-Verlag, Berlin, Heidelberg, New York. 

REINECK H.-E. 1958. Wtihlbau-Gefiige in Abhiingigkeit von Sediment-Umlagerungen. 
Senck. Leth., 39, 1-23. Frankfurt a.M. 
1972. Tidal flats. In: RJGBY J. K. & HAMBLIN W. K. (Eds), Recognition of ancient 
sedimentary environments. Soc. Econ. Paleontologists Mineralogists Spec. Publ., 17, 
146-159. Tulsa. 
& WUNDERLICH, F. 1968. Classification and origin of f1aser and lenticular bedding. 
Sedimentology, 11, 99-104. Amsterdam. 
& SINGH J. B. 1973. Depositional Sedimentary Environments. 1...,..-439. Springer-Verlag, 
Berlin, Heidelberg, New York. 

SCHMIDT H. 1941. Die Mitteldevonischen Rhynchonelliden der EifeI. Abh. Senckenberg. Nat. 
Ges., 459, 1-79. Frankfurt a.M. 





TiIDAL-FLAT AND FLOOD-PLAIN DEPOSITS 

H. LOBANOWSKI & T. PRZYBYLOWICZ 

DOLNODEWONSKIE OSADY ROWNI Pl.YWOWEJ I ROWNINY ALUWIALNEJ 
W ZACHODNIEJ LUBELSZCZYZNlE 

(Streszczenie) 
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Ruchy kaledonskie u schylku okresu sylurskiego spowodowaly w Polsce, podobnie jak w duiej 
~ci Buropy, zmiany w Srodowisku sedymentacyjnym. Obserwuje sict je przede wszystkim na 
obsza.rze potownym na poludniowy zach6d od kraw~ platformy wschodniqeuropejskiej, gdzie 
g6mosylurskie osady morskie z graptolitami zostaly zasuwione przez dolnodewonslde, przewaZnie 
aluwialne osady .llldowe z faUDIl ryb pancemych. Obok G6r Swicttokrzyskich i Sudet6w, gdzie 
zmiany te obserwowac moma w odslonictciach, poznano je, z pomoCll glctbokich wiercen, r6wnief 
w innych regionach Polski. 

Jednym z bardziej futeresujllcych obszar6w jest region lubelski, polozony pomictdzy G6rami 
Swicttokrzyskimi i Bugiem, przylegajllCY od poludnia do sklonu platformy wschodnioeuropejskiej 
(fig. 1). 

Miljj;szosc osad6w dolnodewonskich jest ruijwictksza w zachodniej jego c~, w regionie radom
sko-zwolenskim. Osillga tam okolo 1500,0 m (fig. 1-2), a wiete dwukrotnie wicteej niZ w regionie 
lysog6rskim w G6rach Swicttokrzyskich. 

Pelny profil osad6w dolnodewonskich przy cillgloSci sedymentacyjnej z niZejleglym sylurem 
i nadleglym srodkowym dewonem WYStctPuje w dw6ch wzajemnie uzupelniajllcych sict wierceniach: 
Ciepiel6w IG-I i Pionki 4 (fig. 2-3). 

Po zbadaniu nastctpstwa osad6w dewonskich w wierceniach Pionki I i Pionki 4 metodami: 
biostratygraficzoll, litologiczoo-petrograficzoll i sedymentologicznll oraz po uzupelnieniu osiq,gnie<
tych wynik6w danymi uzyskanymi z opracowania utwor6w analogicznego wieku z wiercenia Cie
piel6w IG-I (Milaczewski 1974; Milaczewski & Radlicz 1974; Tomczykowa 1974; Tomczyk 1974; 
Milaczewski 1975) autorzy odtworzyli historict rozwoju zachodniej ezctSci obszaru lubelskiego od 
schylku okresu sylurskiego po dewon Srodkowy. W wyniku badaD. udowodniono nieprzerwanll 
sedymentacjct osad6w od g6mego syluru po dewon Srodkowy przy dwukrotnej zmianie Srodowiska: 
z morskiego na llldowe (w zigenie) i ponownie na morskie (w g6mym eiflu lub dolnym tywecie) 
(fig. 2-3, 8-9). 

Stwierdzono, Ze diwiganie sict platformy wschodnioeuropejskiej i polownych wzdluZ jej kra
w~ pomniejszych masyw6w zbudowanych ze skal krystaliczoych i osadowych (fig. 1,9), willZ8lo sict 
ze wzmownll erozjll tychZe i wplynctlo decyduj!lCQ na sklad mineralny osad6w twor~ch sict w za., 
chodniej czctSci basenu lubelskiego (fig. 1, 5,1,9). Material okruchowy donoszony byl do zbiornika 
rzekami plynllCYIDi z p6lnocnego wschodu, kt6re na swej drodze nie natrafialy na istotne przeszkody 
naturalne. 

Stwierdzono r6wniez, szczeg6lnie w g6mym emsie i eiflu, istnienie duZych r6Znic facjalnych 
pomictdzy obszarem zachodniej Lubelszczyzny i G6rami Swicttokrzyskimi spowodowanych obecnoscill 
bariery morfologiczoej dzielllcej oba te obszary (fig. I, 3, 9). 
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