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The Snochowice Beds rep re sent the low er most part of the Lower Ju ras sic suc ces sion in the west ern part of the Me so zoic mar gin of the
Holy Cross Moun tains (Cen tral Po land). This thick, grav elly has a dif fer ent lithological char ac ter to other Lower Ju ras sic sandy and
fine-grained de pos its. Eight lithofacies have been dis tin guished, mainly grav elly and sandy, grouped into four ge netic as so ci a tions: M –
mas sive grav els, in ter preted as clast-rich de bris flow de pos its, G – hor i zon tally to cross-strat i fied grav els, in ter preted as grav elly bars
and bedforms, S – cross-strat i fied and mas sive sand stones, in ter preted as sandy bars and bedforms and F – mas sive mudstones and
claystones, gen er ally fine-grained de pos its, in ter preted as overbank de pos its. Anal y sis of depositional ge om e try and lithofacies suc ces -
sions al lowed re con struc tion of the sed i men tary en vi ron ment: land forms of al lu vial fan type, formed mainly by braided river pro cesses
and rarely by sed i ment grav ity flows. A de crease in the thick ness and con tent of grav elly lithofacies to wards the north and north-east is
doc u mented. Anal y sis of trans port di rec tions has re vealed that the clastic ma te rial was trans ported to ward the north and north-east, per -
pen dic u lar to the main faults fring ing the ba sin. Depositional ge om e try fa cies and palaeocurrent pat terns of the Snochowice Beds in di -
cate that sed i men ta tion was con trolled by tec tonic ac tiv ity. 
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INTRODUCTION

The Lower Ju ras sic of the Me so zoic mar gin of the Holy
Cross Moun tains (MHCM; Fig. 1) is rep re sented by var i ous
siliciclastic de pos its, known from rare sur face oc cur rences and
from bore holes. Lithological, strati graphi cal and sedimento -
logical stud ies of the Lower Ju ras sic de pos its in the MHCM
have dem on strated their mixed con ti nen tal and mar ginal-ma -
rine char ac ter (Karaszewski, 1962; Jurkiewiczowa, 1967;
Karaszewski and Kopik, 1970; Pieńkowski, 1980, 1983, 2004,
2006). The low er most part of the Ju ras sic suc ces sion (the lower 
Hettangian; the Zagaje Fm. sensu Pieńkowski, 2004) is dom i -
nated by fine-grained sand stones and heterolithic, in places
with plant re mains and coal in ter ca la tions of al lu vial and lac us -
trine or i gin. Lo cally, in the west ern part of the MHCM, the
low er most part of the Lower Ju ras sic suc ces sion (pos si bly also
up per Rhaetian; see Pieńkowski, 2004, 2006) con sists of thick
(5–70 m) grav els and con glom er ates, known as the
Snochowice Beds. The name Snochowice Beds was in tro -
duced by Dadlez (1962) as an in for mal lithostratigraphic unit
for the lo cal Lower Ju ras sic grav elly-sandy de pos its. They

were de scribed from a few gravel pits near the vil lages of
Snochowice and Ruda Pilczycka (Fig. 1). The Snochowice
Beds were also doc u mented by Jurkiewiczowa (1967) dur ing
her geo log i cal work near Pilczyca and Fałków (gravel pits
around Ruda Pilczycka, Lipa and Szkucin; Fig. 1). First
Jurkiewiczowa (1967), and later Pieńkowski (1983, 2004) ob -
served that de po si tion of the Snochowice Beds was of braided
river depositional fa cies. But it was dif fi cult to ex plain how
such high-en ergy al lu vial en vi ron ments could de velop in a
low lands area – the Early Ju ras sic low land-type palaeorelief in -
ferred for the MHCM be ing in suf fi cient to ex plain the pres -
ence and de vel op ment of broad braid plains. This pa per de -
scribes the lithofacies re la tions and re gional ex tent of the
Snochowice Beds, their re la tion with other Lower Ju ras sic de -
pos its in ter preted as their age-equiv a lents, and the re con struc -
tion of the Snochowice Beds sed i men tary en vi ron ment. The
sedimento logical anal y sis pre sented herein to gether with ear -
lier data and in ter pre ta tions (Pieńkowski, 1980, 1983, 2004;
Brański, 2006) help ex plain the sed i men tary con trols on this
unique Lower Ju ras sic grav elly unit in the west ern part of the
MHCM in the con text of re gional palaeo ge ogra phy and struc -
tural ba sin de vel op ment.  



GEOLOGICAL SETTING

The Lower Ju ras sic sed i men tary rocks of the MHCM were
de pos ited in the mar ginal, south east ern part of an
epicontinental ba sin, termed the Pol ish Ba sin and also the
Mid-Pol ish Trough Ba sin (MPT; Pieñkowski, 2004). The Pol -
ish Ba sin was the east ern most part of the Perm ian-Me so zoic
north-west Eu ro pean ba sin and linked con tin u ously with the
North Dan ish Ba sin to the north-west, also com mu ni cat ing
with the Ger man bas ins in the west and be ing in ter mit tently
con nected with the east ern and south ern (Tethyan) bas ins (see
fig. 1 from Dadlez et al., 1995). The MPT was lo cated over the
bound ary be tween two ma jor struc tural units: the Eu ro pean
Phanerozoic crustal do main to the west (Pa leo zoic Plat form of
West ern and Cen tral Eu rope) and the Eu ro pean Pro tero zoic
crustal do main to the east (Pre cam brian East Eu ro pean Craton
– EEC), within the Teisseyre-Tornquist Zone (TTZ sensu
Guterch et al., 1986), which is part of the ma jor lin ea ment, the
Trans-Eu ro pean Su ture Zone (TESZ; Ziegler, 1992; Dadlez et
al., 1995; Dadlez, 2006). In the early Perm ian the
post-Variscan crustal destabilization of West ern Eu rope trig -
gered extensional tec tonic stresses, ex pressed as marked tec -

tonic sub si dence and vol ca nic ac tiv ity in some bas ins of Cen -
tral Eu rope de vel oped along the TTZ (Dadlez et al., 1995). As a 
pre lude, tec tonic and sed i men tary events took place in a newly
formed ba sin (the MPT), pro duc ing thick, vol ca nic and
pyroclastic suc ces sions (Dadlez, 1982; Dadlez et al., 1995).
Late Perm ian/Early Tri as sic tec tonic ac tiv ity fi nally de ter -
mined the bound aries and shape of the Pol ish Ba sin (Dadlez,
1982; Dadlez et al., 1995).

The struc tural po si tion of the MPT was af fected by fre quent 
tec tonic events, lead ing to changes in the sub si dence rate and
play ing a sig nif i cant role dur ing Me so zoic sed i men ta tion
(Dadlez et al., 1995; Dadlez, 2006). The rapid in crease in sub -
si dence con tin ued from the end of Perm ian into the Late Tri as -
sic, caused the sed i men ta tion of the Early Tri as sic red
terrigenous se ries, the Middle Tri as sic car bon ate-evaporite
suc ces sion and the Late Tri as sic terrigenous rocks in the MPT
(Marek, 1988; Dadlez et al., 1995). In the Early Ju ras sic the
sub si dence rate in the MPT was more con stant and slower than
in the Tri as sic (Dadlez et al., 1995). In the north west ern and
cen tral parts of the Pol ish Ba sin mainly sandy-muddy de pos its
of mar ginal ma rine or i gin formed: of deltaic, bar rier-la goon
and open ma rine fa cies (Pieñkowski, 2004). Siliciclastic sed i -
men ta tion con tin ued to the end of the Ju ras sic in mar ginal ma -
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Fig. 1. Geo log i cal sketch maps

A – geo log i cal set ting of the Mid-Pol ish Trough Ba sin (af ter Dadlez et al., 1995, sim pli fied);  BM – Bo he mian Mas sif, EEC – East Eu ro pean
Craton, MPT – depocentre of Mid-Pol ish Trough Ba sin, ND – North Dan ish Ba sin, NG – North Ger man Ba sin; light grey dotted line – Cal edo -
nian de for ma tion front, black doted line –Variscan de for ma tion front, black square – study area; B – geo log i cal sketch map of the MHCM (af ter 
Wróblewski, 2000, sim pli fied); black square – study area (ex po sures: S¯-S – Snochowice ¯wirownia-Ska³ki, £G – £opuszno-Górki, Gr –
Grabownica, Ld – Ludwików, RP – Ruda Pilczycka, SB – S³upia-Bukowie, Lp – Lipa, Szk – Szkucin, PSzk – Piek³o Szkuciñskie, WSzk –
Wola Szkucka, Hu – Hucisko)



rine and open ma rine con di tions (Karaszewski and Kopik,
1970; Pieńkowski, 1983, 2004, 2006; Marek, 1988).

In some parts of the ba sin, in the MHCM, at the end of Tri -
as sic – there was a re duced rate of sub si dence, re lated to rift ing
pro cesses in the Tethyan do mains of south Cen tral Eu rope as
well as in the Arc tic – North At lan tic area in north west ern Eu -
rope (Scheck-Wenderoth et al., 2008). Lo cal mi nor in ver sions
were ex pressed as depositional gaps or ero sional un con formi -
ties in the suc ces sion (Dadlez et al., 1995). In some parts of the
ba sin synsedimentary fault move ments were doc u mented
(Scheck-Wenderoth et al., 2008). In con se quence, in the
MHCM, the Late Tri as sic, lo cally into the Sinemurian, was a
time of struc tural re or ga ni za tion (Dadlez, 1982; Dadlez et al.,
1995; Scheck-Wenderoth et al., 2008). 

Early Ju ras sic siliciclastic sed i men ta tion in the MHCM
be gan with re newed sub si dence (Brański, 2006). These
changes trig gered the de vel op ment of al lu vial depositional
sys tems (Karaszewski and Kopik, 1970; Pieńkowski, 1983,
2004, 2006). The low er most part of the Ju ras sic pro file is rep -
re sented by thick suc ces sions of sand stones and heterolithic
de pos its. These con tain plant re mains, palaeosoil ho ri zons
and thin coal lay ers. They are typ i cal cy cles of me an der ing
river and lac us trine sys tems de vel oped in low lands ar eas (the
Zagaje Fm. sensu Pieńkowski, 2004; Jurkiewi czowa, 1967;
Karaszewski and Kopik; 1970; Pieńkowski, 1983, 2004). The 
thick, grav elly suc ces sion of the Lower Ju ras sic – the
Snochowice Beds – be cause of their dif fer ent li thol ogy, were
in ter preted as flu vial, though braided river de pos its
(Jurkiewiczowa, 1967; Pieńkowski, 1983, 2004, 2006). Sub -
se quent sed i men ta tion, from the Sinemurian into the Mid Ju -
ras sic in the MHCM, took place in mar ginal-ma rine, deltaic
and bar rier-la goonal, and fi nally in off shore and shoreface
con di tions (Pieńkowski, 2004, 2006).

From the Late Cre ta ceous to the Paleogene the Perm -
ian-Me so zoic sed i men tary rocks of the Mid-Pol ish Trough
were folded (Dadlez et al., 1995; Dadlez, 2006). The struc tural
in ver sion of the MPT was caused by the ear li est Al pine collis -
ional move ments, as in all Cen tral Eu ro pean bas ins (Ziegler,

1992; Dadlez et al., 1995; Scheck-Wenderoth et al., 2008). In
the MHCM the Al pine tec tonic move ments took place dur ing
the Mid Cre ta ceous and Paleogene (Kutek and Głazek, 1972;
Dadlez et al., 1995). Then, the Perm ian-Me so zoic rocks were
gently folded (the dip is be tween 5 and 10°) and cut by many
faults. The main folds are elon gated with axes trending be -
tween 100 and 135°, par al lel to the edge of the East Eu ro pean
Craton (Dadlez, 1982; Dadlez et al., 1995) and in con cor dance
with the edge of the Małopolska Block (sensu Buła et al., 1997; 
Buła, 2000).

STRATIGRAPHY AND COMPOSITION
OF THE SNOCHOWICE BEDS

The de pos its ana lysed rep re sent the low er most part of the
Lower Ju ras sic suc ces sion – the low er most part of the
Hettangian, and prob a bly the up per part of the Rhaetian
(Jurkiewiczowa, 1967; Karaszewski and Kopik; 1970;
Pieńkowski, 2004, 2006). The con tact with the un der ly ing red
Up per Tri as sic (Norian) mudstones is easy to iden tify in the
field as the lower bound ary of the Snochowice Beds is sharp
and ero sional (Jurkiewiczowa, 1967; Filonowicz and Lindner,
1982). Thick ness es ti mates of the Snochowice Beds vary:
Dadlez (1962) pro posed 30 m, but only for the low er most part
of the grav elly unit near Pilczyca, and Filonowicz and Lindner
(1982) pro posed 90 m for the gravels which oc cur near
Snochowice vil lage. This es ti ma te was based on their field
work and also on re sults given by Karaszewski (1960, 1962)
and Jurkiewiczowa (1967). The dif fi culty in mak ing thick ness
es ti mates is caused by poor knowl edge of the stra tig ra phy and
bound aries of this in for mal unit and also be cause the grav els
de scribed have an al lu vial lens-shaped ge om e try. In ad di tion,
the sed i men tary re cord is in com plete – the suc ces sion is usu ally 
trun cated at the top – near Łopuszno the Snochowice Beds are
over lain by black Ju ras sic claystones, which were re ferred to
the Bajocian(?)–Bathonian by Barski (1999). To wards the

north and north-west (near Pilczyca and
Przedbórz), at the top of the grav elly de pos its,
youn ger mem bers of the Lower Ju ras sic suc ces -
sion were documented – Hettangian fine-grained 
sand stones and mudrocks with plant re mains
(Jurkie wiczowa, 1967; Pieńkowski, 1983,
2004). 

The strati graphi cal po si tion of the
Snochowice Beds has been dis cussed ex ten -
sively (Pawłowska, 1962; Jurkiewiczowa,
1967; Pieńkowski, 2004; see Fig. 2). In di rectly,
its biostratigraphical po si tion can be in ferred as
youn ger than Norian and older than up per
Sinemurian be cause Marcinkiewicz (1971)
found the megaspores Nathorstisporites
hopliticus Jung and Lyco strobus scotti Nathorst 
in the over ly ing fine- grained de pos its near
Przedbórz. These palynomorphs in di cate a
Hettangian and early Sinemurian age. More di -
rect de ter mi na tion of the biostratigraphical po -
si tion of the Snocho wice Beds is dif fi cult, prob -
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Fig. 2. The lithostratigraphic po si tion of the Snochowice Beds
in the low er most part of the Ju ras sic suc ces sion



a bly im pos si ble, be cause of the ab sence of in dex fos sils in
these con ti nen tal de pos its. Se quence stra tig ra phy cor re la tion
of Lower Ju ras sic de pos its in Cen tral Po land, per formed by
Pieńkowski (2004, 2006), sug gests that the Zagaje For ma tion
is (?)mid dle-up per Rhaetian/lower Hettangian in age.
Pieńkowski (2004) in cluded the Snochowice Beds into the
Zagaje For ma tion and thus pro vided an age of grav elly unit
(Fig. 2). 

The Snochowice Beds are poorly sorted. They have a
mixed, grav elly-sandy tex ture and the con tent of ma trix is vari -
able (40–50%). Chem i cal anal y ses show that the ma trix is
mainly com posed of fine, de tri tal quartz and kaolinite
(10–15%), and lo cally only of the for mer (Dadlez, 1962). The
de pos its are in part strongly hematitised and si lici fied. 

The grav els are char ac ter ized by high petrographic ma tu -
rity – they are mainly com posed of well-rounded peb bles of
vein quartz, quartz ite, quartzose sand stone, lydite and other
silicious rocks (Dadlez, 1962; Kozłowska, 2011). Petrographic 
stud ies have shown sig nif i cant dif fer ences in com po si tion be -
tween the Lower Ju ras sic grav elly unit and older, Perm ian,
con glom er ates, which are com posed of lo cal (autochthonous),
Pa leo zoic, mainly De vo nian car bon ates (Kostecka, 1962;
Dadlez, 1962; Kutek and Głazek, 1972; Teofilak-
 Maliszewska, 1968; Maliszewska, 1997). This change in com -
po si tion was caused by a change in the source ar eas. Post-
 Variscan (late Perm ian and Early Tri as sic) ero sion led to the
for ma tion of a pe ne plain in the MHCM (Kutek and Głazek,
1972). Then, gen er ally from the Early Tri as sic, the clastic ma -
te rial was sup plied from dis tant source ar eas, lo cated far away
to the south and south-east. The high petrographic ma tu rity of
the Snochowice Beds, as well as of all Tri as sic and Lower Ju -
ras sic clastic rocks, is the ef fect of mul ti ple redeposition of de -
tri tal ma te rial from older, grav elly rocks and long trans port
from dis tant source ar eas – from the Pre-Carpathian Land and
ad ja cent ar eas (Dadlez, 1962; Teofilak-Maliszewska, 1967;
Maliszewska, 1997; Kozłowska, 2011).

MATERIAL AND METHODS

Sedimentological ob ser va tions were made in small gravel
pits and nat u ral ex po sures near Snochowice, Ruda Pilczycka
and Szkucin (Fig. 1). The li thol ogy, sed i men tary struc tures,
lithofacies suc ces sion, and ge om e try and char ac ter of bed
bound aries were doc u mented in eleven sec tions (Figs. 3 and 4). 
Lithofacies were dis tin guished on the ba sis of grain-size, grain
con tent and kind of ma trix and sed i men tary struc tures. A
lithofacies code com bined af ter Miall (1996) and Zieliński
(1998) was used in the de scrip tion (Ta bles 1 and 2). 

Fol low ing lithofacies clas si fi ca tion, fa cies as so ci a tions
were dis tin guished (Figs. 3 and 4). The lithofacies and re la tion -
ship be tween them are pre sented on the pho tos (Figs. 5 and 6).

Palaeocurrent anal y sis was based on two types of mea sure -
ments: the az i muths of the lon gest axes of peb bles in the grav -
elly fa cies and the cross-bed ding dip az i muth in sandy and
grav elly-sandy lithofacies. In the cross-bed ded grav elly
lithofacies the az i muths of the lon gest axes of the elon gated
peb bles were mea sured. In the anal y sis, only peb bles of di am e -
ter be tween 64 and 128 mm, the most fre quent in the

Snochowice Beds grav els, were used. Be cause the az i muths of
the lon gest axes gen er ally are per pen dic u lar to palaeoflow (ac -
cord ing to Unrug, 1957), the mea sure ments were-so con verted
to ob tain the flow di rec tions. The anal y sis included mea sure -
ments of the tab u lar cross-bed ding in the sandy and
sandy-grav elly lithofacies. In most sec tions the sum of all mea -
sure ments was above 50 for sta tis ti cal sig nif i cance. The Curray
(1956) sta tis ti cal method was used for cal cu la tion of the re sul -
tant vec tors and their mag ni tudes. 

The re la tion ship of the Snochowice Beds to the Tri as sic
base ment was doc u mented in the gravel pits (Figs. 3 and 4) and
in many trenches. Be sides field ob ser va tions, the in for ma tion
about the thick ness and the li thol ogy of the Lower Ju ras sic and
also about the li thol ogy of the un der- and over ly ing de pos its
were taken from ar chived bore hole re cords (Fig. 7).  

SEDIMENTOLOGY

LITHOFACIES AND FACIES ASSOCIATIONS

Eight lithofacies are dis tin guished within the Snochowice
Beds on the base of grain size, sed i men tary struc tures, con tent
and type of ma trix (Ta ble 2). In the de pos its ana lysed, no fos sils 
were found. 

The lithofacies are grouped in four fa cies as so ci a tions: 
– mas sive grav els – M;
– hor i zon tally to cross-stratified grav els – G;
– cross-strat i fied and mas sive sand stones – S; 
– mas sive mudstones and claystones – F.
The iden ti fi ca tion of each as so ci a tion is based on the type

and suc ces sion of sed i men tary struc tures, the ge om e try of in di -
vid ual grav elly and sandy beds, and the re la tion ship be tween
par tic u lar fa cies. 

THE M ASSOCIATION

The M as so ci a tion is built mainly of GDm/GSm de pos its
(Figs. 3 and 4 – es pe cially the Łopuszno-Górki, Snochowice
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T a  b l e  1

Lithofacies code com bined af ter Miall (1996) and Zieliński (1998),
used in this pa per

Sym bols Li thol ogy

G gravel or/and con glom er ate

GD diamictic gravel or/and con glom er ate (silty-sandy ma trix)

GS sandy gravel or/and con glom er ate

SG grav elly sand or/and sand stone

S sand or/and sand stone

SF silty sand or/and sand stone

F siltstone or/and claystone

Sym bols Sed i men tary struc tures

m mas sive 

g nor mal grad ing

h hor i zon tal bed ding 

l low-an gle cross-bed ding

p tab u lar cross-bed ding
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Fig. 3.  Li thol ogies and sed i men tary struc tures in sec tions in the £opuszno area 
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Żwirownia-Skałki, Ruda Pilczycka, Lipa and Szkucin sec tions; 
see GSm on the Figs. 5A and 6C). The top most parts of the as -
so ci a tion con sists of more fine-grained de pos its – usu ally mas -
sive grav elly sand stones – Sm/SGm (Figs. 3 and 4 – see the
Łopuszno-Górki and Szkucin sec tions). The lower bound aries
of the M as so ci a tion are ero sional. The thick ness of this as so ci -
a tion is be tween 0.5 to 1 m. The lat eral ex tent of the M as so ci a -
tion is from a few to more than ten metres. The GDm lithofacies 
is known mainly from the lower part, and the GSm lithofacies
from the up per part, of the Snochowice Beds.

THE G ASSOCIATION 

This as so ci a tion is gen er ally rep re sented by all types of grav -
elly-sandy de pos its with low-an gle cross-bed ding and poorly
vis i ble hor i zon tal bed ding: lithofacies Gl/GSl and lithofacies
Gh/GSh (Figs. 3 and 4 – Snochowice Żwirownia-Skałki,
Ludwików, Lipa and Szkucin sec tions; Fig. 5C, D). Lithofacies
Gm oc curs in this as so ci a tion too, but less com monly than the
Gl/GSl and Gh/GSh lithofacies. The Gm lithofacies was usu ally
pres ent in the lower part of the G as so ci a tion (see Fig. 3 –
Snochowice Żwirownia-Skałki sec tion) or con sti tuted thin
(0.2–0.5 m) in ter ca la tions in grav els with hor i zon tal or
cross-bed ding (see Fig. 4 – Lipa sec tion). The lower bound ary

has an ero sional char ac ter. The to tal thick ness of the G as so ci a -
tion is about 1–3 m, and its lat eral ex tent is about 20–30 m. 

THE S ASSOCIATION

The S as so ci a tion is rep re sented by lithofacies Sp/SGp/GSp 
(Figs. 3 and 4 – Snochowice Żwirownia-Skałki, Piekło
Szkucińskie and Wola Szkucka sec tions; Fig. 6B, D). The
lower bound aries of beds are ero sional. The thick ness of this
as so ci a tion com monly at tains about 1 m, but it may range up to
a few metres (for ex am ple in the Wola Szkucka sec tion; see
Fig. 4). A fin ing-up wards ten dency is com monly ob served in
the sandy lithofacies of this as so ci a tion. In ad di tion the grad ual
tran si tion from very coarse- (mixed sandy and grav elly ma te -
rial) to me dium-grained sand stones is ac com pa nied with a de -
creas ing thick ness of cross-sets. 

THE F ASSOCIATION

Very fine-grained sed i ments – mas sive white claystones
and mudstones – are rare (Figs. 3 and 4 – Snochowice
Żwirownia-Skałki and Ruda Pilczycka sec tions). The lower
bound aries in both sec tions are depositional. In the Ruda
Pilczycka sec tion the mudstone lay ers drape the S as so ci a tion
bedsets. They form thin (about 0.2 m) lay ers, con tin u ous on the
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T a  b l e  2

Lithofacies dis tin guished 

Lithofa cies
code Grain size and sed i men tary struc tures Con tent and

kind of ma trix
Shape

of beds 
Thick ness of beds
and lat eral ex tent Ad di tional com ments

grav elly lithofacies

GDm/GSm

mas sive, ma trix-sup ported me dium-
to coarse-grained grav els, some times

con glom er ates 

(GSm on the Fig. 5A)

40–50%;
silty-sandy or

sandy 

tab u lar beds,
slightly 

len tic u lar shape

from tens of cm to
one me tre; lat eral
ex tent – up to 5 m

ero sional char ac ter of lower
bound aries of beds; the mas sive
struc ture – ir reg u lar ar range ment

of peb bles and ma trix

Gm
mas sive, clast-sup ported fine- to very

fine-grained grav els 

(Fig. 5B)

10–20%;
mainly

silty-sandy,
less fre -

quently sandy

very thin and
con tin u ous beds

up to 0.5 m; 
con sid er able lat eral

ex tent

sharp lower bound aries of beds;
the mas sive struc ture – ir reg u lar

ar range ment of peb bles

Gh/GSh

mainly fine- to me dium-grained grav els 
with hor i zon tal bed ding; both ma trix-

and clast-sup ported grav els

(GSm on the Fig. 5C)

from 5–40%;
silty-sandy 

or sandy
con tin u ous 

lay ers 

20 to 50 cm thick
and few me tres lat -

eral
 ex tent

poorly vis i ble hor i zon tal bed ding, 
ex pressed by lin ear dis tri bu tion of 
elon gated peb bles; fin ing-up ward
grad ing com mon; ero sional lower

bound aries of beds 

Gl/GSl

fine- to me dium-grained grav els with
low-an gle cross-bed ding (Figs. 5D and
6C); ma trix- to clast-sup ported (GSl on 
the Figs. 5D and 6C; Gl on the Fig. 6B)

10 to 40%;
sandy or

silty-sandy
ma trix

flat lenses
up to 0.8 m thick

and sev eral me tres
long

crude cross-bed ding; erosional
lower bound aries of beds 

GSg sandy grav els with fin ing-up ward 
grad ing (Fig. 6A) – flat lenses

thick ness of beds
from 10 to 30 cm;
sev eral metres of 
the lat eral ex tent

sharp lower bound aries
of beds; usu ally over lain

by diamictic grav els

sandy lithofacies

Sp/SGp/GSp

me dium- to coarse-grained sand stones,
quite of ten grav elly sand stones with
me dium-scale tab u lar cross-bed ding

(Fig. 6B, D); ma trix-sup ported

– len tic u lar beds

thick ness from 20 to 
40 cm; beds with
few metres lat eral

ex tent

fin ing-up ward grad ing 

Sm/SGm mas sive coarse-grained and grav elly
sand stones (Fig. 6D) –

thin beds and
also ir reg u lar

lens

thick ness up to 0.5
m; lat eral ex tent

the cha otic ar range ment
of clasts and de tri tal ma trix

-fines

Fm
white or light grey mas sive clays or

claystones, quite of ten mas sive muds
or mudstones 

– thin lay ers 
or lenses

lay ers up to 20 cm;
thick or ir reg u lar

lenses be low 30 cm
thick

thin lay ers; ir reg u lar lenses
 in grav elly beds



ex po sure scale, not lon ger than a few metres. At Snochowice
Żwirownia, 0.1–0.3 m thick ir reg u lar lenses of mudstones and
claystones are dis persed in the G de pos its. Prob a bly they are
ero sional rem nants of thin, con tin u ous lay ers. The top of as so -
ci a tion is over lain by G or M as so ci a tion de pos its. 

DEPOSITIONAL GEOMETRY
OF THE SNOCHOWICE BEDS

Based on li thol ogical and thick ness vari a tions, three zones
of de po si tion may be dis tin guished within the Snochowice
Beds: (1) the Łopuszno area – be tween Łopuszno,
Snochowice, Grabownica and Ludwików, (2) the Pilczyca-
 Fałków area – be tween Pilczyca, Ruda Pilczycka, Fałków and
Lipa, (3) the area to wards the north and north-east of Fałków
and Lipa. 

In the first area the Snochowice Beds are char ac ter ized by
their max i mum thick ness (about 70 metres) and their dom i na -
tion by grav elly de pos its (the area des ig nated by the brown
line on Fig. 7). In this area the top most part of the Snochowice 
Beds is eroded and the unit is cov ered by Mid dle Ju ras sic
black claystones. The M and G as so ci a tions dom i nate the sec -
tions (Figs. 3 and 4). More over, the grav elly beds have their
larg est thick ness. The G de pos its are about 2.5–3 m thick and

their lat eral ex tent is up to 30 m. The con tent of the S as so ci a -
tion is lower. 

In the sec ond area – be tween Pilczyca, Ruda Pilczycka,
Fałków and Lipa – the Snochowice Beds are char ac ter ized by
smaller thick nesses of smaller pro por tions of the grav elly
lithofacies (the area des ig nated by the yel low line on Fig. 7).
The thick ness var ies: near Pilczyca and Ruda Pilczycka it is
about 20 m. North wards, near Lipa and Szkucin, the grav -
elly-sandy de pos its are 5–25 m thick. There is a gen eral thick -
ness de crease to wards the north and north-east. The grav elly
lithofacies con tent is lower than in the Łopuszno area. The beds 
of the M as so ci a tion are thin ner and less fre quent. A dom i na -
tion by the G and S as so ci a tions pre vails (Fig. 7). The av er age
grain size of the G de pos its is gen er ally smaller – in the sec tions 
mainly fine-grained and very fine-grained grav els were noted.
More over, a high con tent of sandy ma trix in the grav elly
lithofacies was ob served. The G as so ci a tion units are only
1–2 metres thick and their lat eral ex tent is smaller than in the
Łopuszno area. 

To wards the north and north-east of Fałków and Lipa, the
Snochowice Beds are rep re sented only by grav elly sand stones.
In ad di tion, they are very scarce in the Lower Ju ras sic suc ces sion 
and they form small in ter ca la tions 2–3 metres thick, among
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Fig. 5A – mas sive, ma trix-sup ported sandy grav els (GSm lithofacies); doc u mented ex po sures near the Lipa gravel pit; B – mas sive,
clast-sup ported grav els (Gm lithofacies); Snochowice Żwirownia-Skałki; C – ma trix-sup ported sandy grav els with hor i zon tal bed ding

(GSh lithofacies); Lipa gravel pit; D – ma trix-sup ported sandy grav els with low-an gle cross bed ding (GSl); Hucisko ex po sure
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Fig. 6A –  mixed grav elly-sandy de pos its with nor mal grad ing (GSg), Snochowice Żwirownia-Skałki; B – con tact of grav els with
low-an gle cross-bed ding (Gl) and grav elly sand stones with tab u lar cross-bed ding (SGp), Snochowice Żwirownia-Skałki; C –
con tact of mas sive sandy grav els (GSm) and low-an gle cross-bed ded sandy grav els (GSl), Snochowice Żwirownia-Skałki; D –
con tact (black ar row) of sandy grav els with low-an gle cross-bed ding (GSl) and sand stones with tab u lar cross-bed ding (Sp);
among the grav elly de pos its are vis i ble some lenses of mas sive sand stone (Sm); Snochowice Żwirownia-Skałki 
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fine-grained sand stones and silty de pos its. The mar gin of this
third area is des ig nated by the light green line on Fig ure 7. 

Gen er ally near Fałków and to wards the north-east the
Snochowice Beds are dis con tin u ous or ab sent. The Lower Ju -
ras sic succession is dom i nated by muddy-sandy de pos its with
plant re mains and with coal lay ers (Jurkiewiczowa, 1967;
Janiec, 1993). The fine-grained de pos its with plant re mains are
in cluded into the Zagaje For ma tion (sensu Pieńkowski, 2004). 

To the SW of the Mieczyn–Oleszno–Przedbórz line, in the
Pągów IG 1 bore hole, Jurkiewicz (1976) did not find any
coarse-grained de pos its in the low er most part of the Ju ras sic
suc ces sion. Ac cord ing to Jurkiewicz (1976), only youn ger
units of the Lower Ju ras sic are present: fine-grained de pos it
which over lie the Tri as sic base ment. Thus, the Snochowice
Beds seem to be ab sent there.

The Snochowice Beds are com posed of al lu vial cy cles, ap -
prox i mately 2–3 metres thick. The low er most part of the cy cles
usu ally con sists of mas sive de pos its. They are over lain by the
grav elly beds with hor i zon tal or cross-bed ding, in ter ca lated with
mas sive, clast-sup ported grav els. The grav els are usu ally over -
lain by sand stones and grav elly sand stones with pla nar
cross-bed ding. Very rarely white, mas sive muds and clays of the
F as so ci a tion oc cur in the top most parts of the cy clic se quences. 

ANALYSIS OF PALAEOTRANSPORT 
DIRECTIONS

The re con struc tion of the Snochowice Beds trans port di rec -
tions is based on mea sure ments of cross-bed ding and the ori en -
ta tions of the lon gest axes of prolate peb bles. The re sul tant

mean vec tor var ies and ranges be tween 20 and 122° (Figs. 3, 4
and 7). Thus the gen eral palaeotransport di rec tion was within a
range be tween NNE and SE. 

These re sults con flict with those re ported by Dadlez
(1962), which sug gested, on the ba sis of anal y sis of peb ble
grain-size lat eral vari abil ity in a few se lected sec tions, a gen eral 
palaeotransport di rec tion to wards the NW. In the Snochowice
gravel pits the max i mum di am e ter of peb bles was 15 cm, and
to ward the NW, near Pilczyca, it drops to just 5 cm. Mean -
while, around Lipa and Hucisko (lo cated to wards the NE of the 
Pilczyca re gion) peb bles larger than 10 cm have been found
(Kozłowska-Deuszkiewicz, 2005). The re la tion ship de scribed
by Dadlez (1962) is not ob vi ous – there is no vis i ble ten dency
of peb ble di am e ter de crease in a NW di rec tion. 

A NE di rec tion of palaeotransport was also pos tu lated for
the ear li est Ju ras sic by Pieńkowski (2004; fig. 24A, B).
Palaeotransport di rec tion be tween the NNE and SE is per pen -
dic u lar to the main fault zones and this may sug gest
synsedimentary fault ac tiv ity dur ing the Snochowice Beds sed -
i men ta tion. Early Hettangian tec tonic ac tiv ity in the ba sin was
also pos tu lated by Brański (2006). Fi nally, the tec tonic move -
ments at the end of Tri as sic/at the be gin ning of Ju ras sic were
de scribed by Hakenberg and Świdrowska (1997) and
Pieńkowski (2004), though in the east ern part of the MHCM.
The tec tonic ac tiv ity cre ated a geomorphological gra di ent,
prob a bly trig ger ing a higher sup ply of coarse ma te rial from the
source area and sed i men ta tion of coarse-grained de pos its dur -
ing the early Hettangian. 

SEDIMENTARY PROCESSES

The ob ser va tions of the in ter nal char ac ter, lat eral ex tent,
thick ness and fa cies suc ces sions al low interpretion  of the sed i -
men tary pro cesses which formed the Snochowice Beds. 

The gen eral char ac ter is tic of M as so ci a tion, mainly com -
posed of GDm and GSm lithofacies, such as mas sive and un -
graded struc ture, poor sort ing, a high con tent of silty-clayey or
sandy ma trix, an ir reg u lar though tab u lar char ac ter of grav elly
beds are con sis tent with for ma tion as de bris flow de pos its. In
widely ac cepted def i ni tions (e.g., Schultz, 1984; Nemec and
Steel, 1984; Postma, 1986; Blair and McPherson, 1998; Ma jor,
2003) de bris flow de pos its are the prod ucts of grav ity-driven
flows of vis cous (plas tic), highly con cen trated mix tures of sed i -
ment and wa ter, of ten formed in subaerial con di tions. Their
sed i men tary fea tures re sulted from grav ity flow mech a nisms:
they ac cu mu lated be cause a de crease in gra di ent re duced in ter -
nal shear (Nemec and Steel, 1984; Postma, 1986). In ef fect typ -
i cal de bris flow de pos its are poorly sorted, structureless, clast-
to ma trix-sup ported and un graded (Schultz, 1984; Nemec and
Steel, 1984; Postma, 1986). Ac cord ing to Nemec and Steel
(1984) de bris flow de pos its are char ac ter ized by a few at trib -
utes: usu ally sheetlike or len tic u lar ge om e try of beds, lim ited
ero sional char ac ter of lower bound ary and clast- to ma trix-sup -
ported fab ric. Nemec and Steel (1984) sug gested that the tex -
ture of de bris flow de pos its var ies from poly- to bi modal. A
high cor re la tion be tween clast size and bed thick ness has been
ob served. Maizels (1989) re stricted de bris flow de pos its to the
prod ucts of vis cous, high yield strength and high sed i ment con -
cen tra tion (>70% de tri tal ma te rial in sed i ment-wa ter mix ture)
types of flow with buoy ancy and yield strength as dom i nant
clast-sup port mech a nisms. Thus, only mas sive, structureless,
non-graded, poorly sorted and ma trix-sup ported grav els could
be in ter preted as de bris flow de pos its. Ac cord ing to Maizels
(1989) clast-sup ported de pos its have dif fer ent in ter pre ta tions.
They are prod ucts of hyperconcentrated flow, when the de tri tal
ma te rial con tent is be tween 40 and 70% of sed i ment-wa ter
mix tures. Rec og ni tion of flow type in an cient en vi ron ments is
pos si ble based on sed i men tary struc tures, fab ric and bed
bound ary char ac ters. Coussot and Meunier (1996) pro posed a
sim ple clas si fi ca tion for structureless, poorly sorted grav ity
flow de pos its, based on the ra tio be tween the co he sive, muddy
ma trix and the cohesionless, grav elly ma te rial. If their pro por -
tions are sim i lar, they rep re sent typ i cally (plas tic) de bris flow
de pos its. Where coarse peb bles/boul ders are tend to dom i nate
and the con tent of silty-clayey ma trix is smaller, the de pos its
should be treated as a “gran u lar” de bris flow de pos its (the
clast-rich de bris flow de pos its in Schultz’s 1984 clas si fi ca tion). 
For ex am ple in the Cre ta ceous al lu vial fans suc ces sions de -
scribed by Sohn et al. (1997) from the north west ern part of the
Cre ta ceous Yongdong Ba sin in Cen tral Ko rea, the mas sive,
structureless con glom er ates with a clast-sup ported fab ric were
in ter preted as de bris flow de pos its. The high con tent of peb bles
and cob bles and low con tent of muddy ma trix sug gested that
the de bris flows were cohesionless and dom i nated by fric tional
grain in ter ac tions. Eyles and Kocsis (1988) re garded the
diamict fa cies with vari able con tent of muddy ma trix of Late
Pleis to cene de pos its of Bow Val ley in the Ca na dian Rocky
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Moun tains as de bris flow fa cies. In these two cases, the grav ity
mass flow pro cesses were quite dif fer ent but the sed i men tary
fea tures, de scribed as char ac ter is tic of de bris flow de pos its, are
the same: a mas sive struc ture, a vari able con tent of muddy ma -
trix and poor sort ing of grav elly ma te rial (Eyles and Kocsis,
1988; Sohn et al., 1997). Sim i larly, the M as so ci a tion de pos its
of the Snochowice Beds, es pe cially the GDm lithofacies, are
in ter preted as a type of de bris flow de posit. The high con tent of
coarse, cohesionless ma te rial in the GSm lithofacies, sug gests
they are “gran u lar” (clast-rich) de bris flow de pos its. This in ter -
pre ta tion is sup ported by fea tures such as the tab u lar or len tic u -
lar shape of the beds and the slightly ero sional char ac ter of the
lower bound aries (Ta ble 2).

The strat i fied grav elly de pos its of the Snochowice Beds
(the G as so ci a tion) have a sim i lar in ter nal ar chi tec ture and sed i -
men tary struc tures to grav elly bedform and bar de pos its. The
gravel beds with cross-bed ding and hor i zon tal bed ding were
formed prob a bly in the chan nel zones as lon gi tu di nal gravel
bars dur ing flood ing ep i sodes. The growth of the grav elly bars
was the ef fect of aggradation and progradation in dif fer ent
parts of the chan nel zone as flow ve loc ity de creased. These
pro cesses were not reg u lar – they were strongly af fected by the
na ture of the braided-river gravel trans port. The mi gra tion of
lon gi tu di nal and trans verse gravel bars is a typ i cal pro cess in
the braided river and stream en vi ron ment (e.g., Wil liam and
Rust, 1969; Rust, 1972, 1978; Miall, 1977, 1996). Dur ing ep i -
sodes of high wa ter and sed i ment dis charge, sheets of grav els
with hor i zon tal bed ding and low-an gle cross-bed ding are
formed (Miall, 1996; Zieliński, 1997). Usu ally, down stream
and up stream of the macroforms the mean peb ble di am e ter de -
creases, and a fin ing up wards ten dency is ob served in the
gravel pack ages (Rust, 1972; Zieliński, 1997). 

Thick beds of con glom er ate with dif fer ent types of
cross-bed ding and hor i zon tal bed ding have been de scribed
from the up per Pro tero zoic de pos its of cen tral Ar i zona
(Middle ton and Trujillo, 1984) and also from the up per
Paleozoic de pos its of the Cape Ba sin in South Af rica (Vos and
Tan kard, 1981) as well as from Pleis to cene de pos its in north -
east ern Po land (Zieliński, 1993). They have been in ter preted as 
the prod ucts of grav elly bars and bedforms formed in chan nel
zones dur ing flood events. 

The in ter pre ta tion of the depositional en vi ron ment of the S
as so ci a tion is made by com par i son with both re cent and an cient
an a logues. The in di vid ual, thin (<0.5 m) and ir reg u lar lenses of
tab u lar cross-bed ded sand stone likely rep re sent sed i men ta tion
on the top most parts of lon gi tu di nal grav elly bars. This pro cess is 
com mon in re cent rivers, as flow en ergy de creases at the ends of
flood stages. In ef fect, the rest of the coarse (sandy) ma te rial is
de pos ited then (Miall, 1996). Sand sed i men ta tion events at the
ends of floods are brief and tend to form thin, in di vid ual sandy
beds, from 0.3 to 0.5 m thick (Rust, 1972; Zieliński, 1997). 

The ap pear ance of thick pack ages of cross-bed ded sand -
stones, which over lie the grav elly as so ci a tions, should be used
as in di ca tors of changes in flu vial style de po si tion, which may
be con nected with a change in the river’s hy dro log i cal re gime
(Miall, 1996; Zieliński, 1998). Such on ex pla na tion is ap pli ca -
ble to the Snochowice Beds, es pe cially be cause the thick ness
of individual cross-sets is up to 0.5 m. Sim i lar changes in the

hy dro log i cal re gime have been ob served in re cent flu vial en vi -
ron ments (Wil liam and Rust, 1969; Rust, 1972; Miall, 1996). 

Changes in depositional style fol low ing changes in hy dro -
log i cal re gime were noted by Brierley (1991) in the Squamish
River chan nel zone. Pack ages of cross-bed ded sands, a few
metres thick, formed dur ing the mi gra tion of trans verse sandy
bars. These par tic u lar bedsets of sandy-grav elly ma te rial in the
Squamish River are more than 0.5 m thick and the pack ages of
sandy de pos its are un der lain by the grav elly bar de pos its.
Bridge and Gabel (1992) de scribed sandy-grav elly de pos its
with a dif fer ent type of cross-bed ding from the Cal a mus River
in the Ne braska Sand Hills. These formed as sandy bars and
bedforms as an ef fect of changes in the ve loc ity of flow in the
chan nel zone. Zieliński (1997) ob served tab u lar cross-bed ded
sandy-grav elly de pos its in the Pleis to cene in north east ern Po -
land, in ter preted as sandy bar de pos its of a chan nel zone. The
sed i men tary fea tures and ge om e try of the Snochowice Beds
sandy de pos its are in ter preted sim i larly.

De po si tion of the F as so ci a tion was prob a bly con nected
with flow de crease in the chan nel zone be tween in di vid ual
flood stages (Miall, 1996). Such pro cesses take place in a
semi-arid or arid cli mate, when chan nel flow only takes place
af ter in tense rain fall (Wil liams and Rust, 1969; Rust, 1972).
Mud and clay de po si tion may take place on the in ac ti vate
gravel bars, gravel where sed i men ta tion has shifted to an other
part of the chan nel belt, as a re sult of avul sion pro cesses. De -
pos its of this as so ci a tion ap pear only rarely in braided river and
stream successions be cause they are usu ally eroded dur ing the
next flood. Hence, small thick ness and low fre quency of this
as so ci a tion in the Snochowice Beds sec tions.

SEDIMENTARY ENVIRONMENT
OF THE SNOCHOWICE BEDS

The sedimentological anal y ses have al lowed char ac ter -
ization of the main sed i men tary fea tures and in ter nal ge om e try
of the Snochowice Beds. They are fol low ing:

– a rel a tively high fre quency of the M as so ci a tion in sec -
tions in the Łopuszno area (Fig. 3); 

– a rapid de crease in clast size to wards the trans port di rec -
tion (north and north-east; Fig. 7);

– a rapid de crease in the fre quency of the grav elly
lithofacies and an in creas ing fre quency of the sandy
lithofacies gen er ally to wards the trans port di rec tion
(north and north-east; Figs. 3, 4 and 7); 

– a rapid de crease in thick ness gen er ally to wards the
trans port di rec tion (north and north-east);

– a lim ited ra dial ex tent, re stricted to about 20–25 kilo -
metres (Fig. 7).

In many an cient and re cent suc ces sions such sed i men tary
fea tures and in ter nal ge om e try have been treated as in di ca tors
of al lu vial fan sed i men ta tion (Stanistreet and Mc Car thy, 1983;
Collinson, 1996; Blair and McPherson, 1994; Harvey et al.,
2005). Dur ing the last twenty years, sedimentologists have dis -
cussed the mean ing of the term “al lu vial fans”. In con se quence
this term has been re stricted by some au thors (e.g., Blair and
McPherson, 1994; Smith, 2000) to pack ages of coarse-grained
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de pos its, which formed land forms (macroforms) of semi-con i -
cal shape in plan view and re stricted to few kilo metres, as so ci -
ated with moun tain ous re lief or with tec toni cally ac ti vated es -
carp ments. The main pro cesses on al lu vial fans proper (also
named as piedmont al lu vial fans) are sheet flows, which pro -
duced mainly tab u lar, pla nar-bed ded cou plets of
coarse-grained sed i ments and grav ity flow de pos its, typ i cally
as structureless, poorly sorted, mas sive de pos its (mainly de bris
flow de pos its). Suc ces sions of streamflow de pos its are very
rare on typ i cal al lu vial fans. Sim i lar in semi-con i cal shape are
the wide spread al lu vial land forms, de vel oped near high lands
and near ac tive fault zones, which are dom i nated by de po si tion
of decimetre-scale or metre-scale, cross-bed ded bar forms,
con nected with shal low, channelized flows on the al lu vial
slopes. Such land forms are termed al lu vial, streamflow-dom i -
nated fans (Smith, 2000). The use ful clas si fi ca tion pro posed by 
Stanistreet and Mc Car thy (1993) for al lu vial fans and land -
forms is based on the main sedimentological pro cesses on the
slopes, on the ex tent of the land forms and on the dip of slopes.
They have dis tin guished three main type of al lu vial
macroform: (1) de bris flow-dom i nated fans, (2) braided
river-dom i nated fans and (3) me an der ing river-dom i nated fans. 
In the first type, the main depositional phe nom ena are
channelized de bris flows, sheet flows and shal low braided
streams pro cesses, form ing mainly beds of poorly sorted, mas -
sive grav els with high con tents of muddy ma trix – typ i cal de -
bris flow de pos its. These forms are steep and a few kilo metres
in ex tent, sim i larly to the al lu vial fans de scribed by Blair and
McPherson (1994). The braided river-dom i nated fans are char -
ac ter ized by de po si tion in dis trib u tive chan nels of short-range
braided streams. The suc ces sions are dom i nated by clast-sup -
ported grav els and grav elly sand stones, with cross- and hor i -
zon tal crude bed ding in di cat ing de po si tion of the grav elly bars
and bed forms in braided streams. The Snochowice Beds,
which are dom i nated by the grav elly bar de pos its and smaller
amounts of de bris flow de pos its, rep re sent rather the sec ond
type of al lu vial landform of Stanistreet and Mc Car thy’s (1993)

clas si fi ca tion or the streamflow-dom i nated fans of Smith
(2000). Sed i men ta tion on Early Ju ras sic al lu vial land forms
dom i nated by shal low, braided streams in ter mit tently in ter -
rupted by de bris flow pro cesses is also in di cated by ver ti cal and 
lat eral lithofacies vari a tions, de crease in to tal thick ness and de -
crease in clast size along the palaeotransport di rec tions. Near
£opuszno, gravel bar de pos its and sed i ment-grav ity flow de -
pos its are dom i nant. In this zone the thick ness of the
Snochowice Beds is up to 70 m. The high con tent of the M as -
so ci a tion in di cates the im por tance of de bris flow pro cesses dur -
ing de po si tion (Figs. 7 and 8). The £opuszno area prob a bly
rep re sents prox i mal parts of the al lu vial land forms. Near
Pilczyca, Ruda Pilczycka and Szkucin, the Snochowice Beds
are com posed of cross-bed ded grav els and sand stones, the
prod uct of grav elly and sandy bars in the chan nel zones of
short-range braided streams, prob a bly in the dis tal parts of the
al lu vial land forms (Figs. 7 and 8). North and north-east of
¯arnów the Snochowice Beds dis ap pear and east of ¯arnów
they are strongly re duced and re stricted only to sand stones (as
well as in Pilichowice bore hole; see Pieñkowski, 2004). Here,
the coarse-grained de pos its oc cur only as fine-grained grav els
or grav elly sand stones, usu ally less than 1 m thick, and as ir reg -
u lar lenses gen er ally fine-grained in the Zagaje For ma tion
(Jurkiewiczowa, 1967; Pieñkowski, 2004). This is the area
where the Snochowice Beds pass lat er ally into the Zagaje For -
ma tion (Figs. 8 and 9). 

In most cases the al lu vial fan brec cias and con glom er ates
are com posed of an gu lar/subangular clasts of lo cal rocks (e.g.,
Larsen and Steel, 1978; Blair, 1987; Hubert and Filipov, 1989;
Blair and McPherson, 1994; Dade and Verdeyen, 2007). Com -
monly, a low round ness of clasts and low petrographic ma tu rity 
are used as in di ca tors of short and rapid grav ity trans port as so -
ci ated with al lu vial fans. Petrographic stud ies of the
Snochowice Beds show, though, high petrographic ma tu rity
and sig nif i cant con tents of well-rounded frag ments of quartz
and siliceous rocks, in di cat ing long trans port from dis tant
source ar eas and/or mul ti ple redeposition of peb bles from
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older, grav elly rocks (Maliszewska, 1997; Kozłowska, 2011).
The up land drain age ba sin, lo cated to the south-west of the
Mieczyn–Oleszno–Przedbórz line, is built mainly of the
Norian/Rhaetian siltstones and claystones. There fore, the ero -
sion of Up per Tri as sic base ment is an ef fect of Late Tri as -
sic/Early Ju ras sic struc tural re or ga ni za tion in the MHCM,
read ing to sup ply of mainly clayey/silty ma te rial. Re newed
sub si dence of the Mid-Pol ish Trough Ba sin dur ing the Me so -
zoic may  have re ac ti vated ero sion in the source ar eas. So, from 
the Early Tri as sic into the Early Ju ras sic coarse (peb bly) ma te -
rial was sup plied by streams and rivers to the MPT prob a bly
from older, grav elly source rocks from ar eas lo cated far to the
south and south-east (Teofilak-Maliszewska, 1968;
Kozłowska, 2011). Late Tri as sic/Early Ju ras sic tec tonic ac tiv -
ity per haps re ac ti vated ero sion in the drain age ar eas and older,
prob a bly Tri as sic, grav elly deposits com posed of well-rounded 
peb bles of dif fer ent siliceous rocks, were reworked. The com -
po si tion of the Snochowice Beds may give mis lead ing in for -
ma tion con cern ing the dis tance be tween the drain age ba sin and 
de po si tion area, and should be treated with caution.

It is com monly sup posed that tec tonic ac tiv ity plays a key
role in con trol ling de po si tion on dif fer ent al lu vial fans sys tems
(Collinson, 1996; Dade and Verdeyen, 2007). Sub si dence,
com monly ex pressed as the move ments on fault es carp ments,
cre ates ac com mo da tion space, al low ing de po si tion of thick
grav elly de pos its on dif fer ent types of al lu vial fan (North et al.,
1989; Bentham et al., 1991; Viseras et al., 2003). Pulses of
synsedimentary tec tonic ac tiv ity may re ac ti vate the re lief be -
tween the source and the fan ar eas, caus ing re newed ero sion in
the source area and higher sed i ment sup ply to the fan. In con se -
quence these pro cesses are re spon si ble for the aggradation and
progradation of al lu vial fan depositional sys tems (North et al.,
1989; Viseras et al., 2003). Al lu vial fan sed i men ta tion in tec -
toni cally con trolled bas ins has been de scribed by many au thors
(e.g., North et al., 1989; Bentham et al., 1991; Collinson, 1996; 

Viseras et al., 2003). The Snochowice Beds com prises grav elly 
de pos its, formed dur ing in creased sub si dence in the MHCM.
The pulses of tec tonic ac tiv ity pro duced re ac ti vated re lief dur -
ing sed i men ta tion, en abling de po si tion of 70 m of thick grav -
elly-sandy de pos its of al lu vial or i gin. The Snochowice Beds
are not alone among Ju ras sic se quences of the MHCM de pos -
ited in tec toni cally-con trolled bas ins. An in creased rate of tec -
tonic sub si dence at the end of Tri as sic and at the be gin ning of
the Early Ju ras sic has been com monly in voked (Dadlez et al.,
1995; Hakenberg and Świdrowska, 1997; Poprawa, 1997;
Pieńkowski, 2004). Sim i lar de pos its have been doc u mented
from the low er most parts of the Hettangian pro files in the
Miłków-Szewna and Podole bore holes (see the low er most part
of the Zagaje Fm. sensu Pieńkowski, 2004), in which grav elly
de pos its ap peared as a re sult of Early Ju ras sic synsedimentary
ac tiv ity along the Ostrowiec Świętokrzyski Fault. 

SUMMARY

The sedimentological anal y ses de scribed herein in cluded:
(1) the de tailed lithofacies iden ti fi ca tions, (2) es ti ma tion of fa -
cies as so ci a tions and their re la tions, (3) es ti ma tion of the thick -
ness vari a tions in the Snochowice Beds. Three zones of de po si -
tion were dis tin guished: the Łopuszno area, the
Pilczyca–Fałków area and the area to north and north-east of
Żarnów. In the Łopuszno area, the Snochowice Beds are fully
de vel oped and the M and G as so ci a tions are dom i nant; in the
Pilczyca–Fałków area the S and G as so ci a tions are dom i nant;
and north and north-east of Żarnów the Snochowice Beds are
dis con tin u ous with few or no thick grav elly pack ages. The rel a -
tively high fre quency of grav elly bar and de bris flow de pos its,
the rapid de crease of clast size, the thick ness and fre quency of
the grav elly lithofacies si mul ta neously with in creased fre -
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Fig. 9. Geo log i cal scheme of the re la tion be tween the Snochowice Beds
and its age-equiv a lent (the Zagaje For ma tion)



quency of the sandy lithofacies gen er ally to wards the trans port
di rec tion sug gest the al lu vial char ac ter of sed i men ta tion, sim i -
lar to that de scribed by Smith (2000). These Early Ju ras sic
land forms are clas si fied as a short-range al lu vial land forms,
dom i nated by flu vial pro cesses, in ter rupted pe ri od i cally by de -
bris flows (streamflow dom i nated fans). Sed i men ta tion was
con trolled by tec tonic pro cesses, spe cif i cally with ac tiv ity of
the Mieczyn–Oleszno–Przedbórz Fault Zone. Fault ing areated
ac com mo da tion space al low ing de po si tion of thick, grav elly
de pos its and was also re spon si ble for ero sion of the drain age
area. The depositional area re ceived well-rounded, peb bly ma -
te rial, re de pos ited from older, prob a bly Tri as sic grav els and
con glom er ates. The rapid in crease in sub si dence rate was re -
stricted to the Rhaetian and Hettangian time in ter val, as took
place also in other parts of the MHCM (Pieńkowski, 2004;
Brański, 2006).
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