Geological Quarterly, 2001, 45 (4): 387-395
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Geological and palaeogeographic maps, geological cross sections, and longitudinal river profiles are used to reconstruct the evolution of
the Pleistocene river network in the southwestern Mesozoic margin of the Holy Cross Mountains. Particular attention is drawn on the for-
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during early retreat.

mation of the Wierna Rzeka gorge in the vicinity of Bocheniec. The gorge is of tectonic origin, and was inherited following glacifluvial
flow during the Odranian (Wartanian?) Glaciation maximum, when the ice-front reached the Bukowa—Gniezdziska—t.opuszno line, and
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INTRODUCTION

The aim of the paper is to reconstruct the evolution of the
Mid- to Late Pleistocene river network within the southwestern
Mesozoic margin of the Holy Cross Mts. (Figs. 1 and 2). The
study is based on abundant core data and electric logs from
Quaternary deposits, as well as on the lithological and tectonic
data from pre-Quaternary deposits. The latter were collected
during the preparation of the Checiny (Hakenberg, 1973, 1974)
and Piekoszow charts (Filonowicz and Lindner, 1986, 1987) of
the Detailed Geological Map of Poland at the 1:50 000 scale,
as well as during investigations on the Quaternary in the area
(Hakenberg and Lindner, 1971, 1973; Lindner, 1977, 1978,
1984, 1995; Lindner and Rzetkowska-Orowiecka, 1998).

It was suggested (Hakenberg and Lindner, 1971) that, dur-
ing the Great Interglacial (Mazovian sensu lato), the
proto-Nida in its southern section flowed northwards, opposite
to the present-day direction. Later, Lindner (1977) showed that
its present-day flow (from north to south) was inherited from
glaciofluvial flow from the front of the Middle Polish Glaci-
ation ice sheet, which reached the Bukowa—Gniezdziska-
—topuszno line. Later investigations suggested flow of a
proto-Czarna Nida towards the Wioszczowa basin through the

valley system of the present-day Biata Nida during the Great
Interglacial (Lindner, 1978). Then, the proto-Nida collected
waters from all rivers of the southwestern part of the Holy
Cross Mountains region, and the watershed separating the
catchment area of these rivers was located in the present-day
Wierna Rzeka gorge near Bocheniec. It was suggested there-
fore that the proto-Wierna Rzeka then carried its waters to the
west, along the northern side of the Przedborz-Matogoszcz
Range (Lindner, 1978).

Evaluation of previously collected geological and geophys-
ical data as well as analogous data obtained in the
mid-seventies by the “Hydrogeo” company for the “Checiny”
reservoir, as well as field observations and palynological data
from the Mazovian Interglacial sensu stricto site in Zakrucze
near Matogoszcz (Lindner and Rzetkowska-Orowiecka, 1998)
allow a new interpretation of the origin and age of the Wierna
Rzeka gorge near Bocheniec.

GEOLOGICAL SETTING

The geological setting of the area analysed is presented
with regard to the lithology and age of the Quaternary deposits,
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Fig. 1. Location (A) and morphological (B) sketch map of the area analysed with location of cross-sections (A-B, C-D, E-F from Fig. 4); the main fault

zones are marked in grey

aswe llast othel ithology,t ectonicsand age of the

pre-Quaternary basement.

PRE-QUATERNARY BASEMENT

The pr e-Quaternary base ment (the so -called older base -
ment) comprises the western part of the Mesozoic margin of the
Holy Cross Mts. (Czarnocki, 1938; Stupnicka, 1989, 1997),
built here of Triassic to Upper Cretaceous deposits (Czarnocki,
1938; Hakenberg, 1971, 1974; Filonowicz and Lindner, 1986,
1987). In the area analysed it adjoins the Palaeozoic core of the
mountains which lies to the south (Figs. | and 2).

Triassic de posits oc cur in th e NE of the area ana lysed
(Fig. 2). They com prise brown ish-red sand stones, si Itstones
and claysto nes, with platy marly lime stones atth e top
(Buntsandstein-Roetian). The upper part of the sequence com-
prises grey pelitic li mestones wit h nu merous bi valves and
brachi o pods, grey-yel bw ish marls and cel lular lime stones
(Muschelkalk) as well as cher ry-red claystones and siltstones,
(Keuper) (Fig. 3).

Early Jurassic deposits are not pre sent in the i nvestigated
area. The Jurask suc ces sionbe gins with grey-yel low ish
gaizes of Callovian age (Mid- Jurassic). The p re-Quaternary
basement is mainly composed of Late Jurassic deposits. They
in chide nod u ladime sbnes, suc @eded by pelitic lime stones,
platy lime stones, s potted lime stones with flints and massive
limestones with sponges, of Oxfordian age (Fig. 3). These de-
posits build, among others, the eastern part of hills in the vicin-
ity of Bocheniec and their continuation to the east, as well as

hills to the south from Bocheniec and to the north from Grz'by
Bolmifiskie (Figs. 1B and2B). Marly (chalky) limestones, tran-
si tiomal be tween the Oxfordian and Kimmeridgian, do not crop
out in the area (Fig. 3). Oolitic, pelitic, light grey limestones
and coquina beds occurring above are also of Kimmeridgian
age. T hey buil d the w estern part of hil Is ne ar B ocheniec,
Milechowa Hill, Grz'by Bolmiiiskie and Grzywy
Korzeczkowskie and the yoc curi nabel tfrom ~— erniki
(Figs. 1B and 2B). Marls and marly claystones prevail in the
upper part of the succession.

The Early Cre taceous is r epresented by sand stones, con -
glom er atesand gaizes ( Albian), pass ing up wards into limy
sand sbnes and glauconitic sand stones of Cenomanian age
(Fig. 3). These deposits occur in a depression between hills in
the vicinity of B ocheniec and Grz'by Bolmifiskie, forming a
small el evation, on whic hthe Bolmin vil lageis lo cated
(Figs. 1B and 2B). The upper part of the succession is a monot-
o nousLate Cre ta eous suc @s son of marls and marly opokas
with cherts and gaizes (Fig. 3).

The ol der bas ement i s a fa ult-fold helt. The B ocheniec
Anticline occurs in the s outhern part of the area (Stupnicka,
1971, 1972; Hakenberg, 1974). The central and northern part
of the area, to the east ofthe Wierna Rzeka river, is occupied by
the Bolmin Sync line, to th e west of which the M alogoszcz
Syncline occurs (0p. cit.) (Fig. 2B). These are open folds with
ca. 20° dipping limbs. Steep dips are observed only in the vi-
cinity of faults. The axes are generally WNW-ESE. In the vi-
cin ity of Wierna Rzeka river, however, the Bolmin Syncline
axis diverges to the NNW, whereas the axis of the Malogoszcz
Syncline diverges to the SE (Fig. 2B). The divergence is linked
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Fig. 2. A — location sketch-map of the area analysed in relation to the main geological structures of the Holy Cross Mts.: 1 — Mesozoic margin, 2 —
Palaeozoic core; B — gereralised tectonic sketch-map of the area andysed, based on Czarnocki (1938),Hakenberg (1973, 1974) Filonowicz and Lindner

(1986, 1987), and in di vid ddn vesitga tins; other ex pla ndionssee Fig ure3

with a large fault along the Wierna Rzeka river in its southern
part, sep arating the two synclines (Fig. 2B). The f ault, of a

dip-slip character with the w estern bl oc downt hrownk, was
earlier a d extral strik e-slip fauIt. Another parallel fault is lo -
cated along the Hutka river (Fig. 2). Its character has not been
determined. The 1 arge WNW-ESE fa ult, cutting the nor thern
limb of the Bolmin Syncline south of Zaj' czkéw and continu-
ing towards Starochéciny (Fig. 2B) is, based on map analyses
(Czarnocki, 1938; Hakenberg, 1971, 1974) cl early a dextral
oblique-slip fault.

A large fault of the s ame trend cu ts the Bolmin Syncline
slightly to the south of its axis (Fig. 2B). The fault is shown on
maps by Czarnocki (1938) and Hakenberg (1974). Analysis of
these maps, as well as geological mapsona 1:10 000 sc ale
(prepared during cartographic field courses of the Department
of Ge ology, War sawUni ve siy) and air pho to grphs, in chd-
ing radar images, suggests a de xtral strike-slip component of
this fault (Fig. 2B). The s trike-slip movement is indicated by
the displacement of the Czubatka Hill ax is in r elation to th e
Milechowa Hill ax is (Figs. 1B and 2). This fault has a w ide
fault zone (Fig. 1B), asis ch aracteristic of strik e-slip fau Its
(Tchalenko and Ambraseys, 1970; Tan and He, 1982; Mandl,
1988, 2000; Mollema and Ant onelli, 1999), also in the H oly
Cross Mountains area (Jaroszewski, 1972). Wit hin this zone
the rocks are less resistant to erosion, and so this fault is well
marked in the morphology of the area. It is most distinct in the
western part of the area, where a 1 km wide depression between
the Czubatka and Milechowa Hills occurs above the fault zone

(Figs. 1B and 2B). Eastwards, in the v icinity of Nowiny, the
fault zone passes into a valley, periodically discharging water
to the Biata Nida near the Hutka river outlet (Fig. 1B). East of
Hutka, the fault zone separates Grzywy Korzeczkowskie from
the Bzowica Hill and c ontinues in a de pression in the Mosty
vil lag (Figs. 1B and 2B), passing eastwards into the Czarna
Nida valley. The section of the fault zone analysed between the
Wierna Rzeka river and the Czarna Nida is over 15 km long
and is expressed as a 1.5 km wide depression (Fig. 1B).

QUATERNARY

The distribution, lithology and age of t he Quaternary de-
posits in the area investigated is discussed in relation to earlier
stud es by Hakenberg and Li ndner (1971, 1972); Li ndner
(1977, 1978, 1984, 1995)a nd Lindne rand R zétkowska-
Orowiecka (1998) a nd shown as three geo logical cross -sec-
tions (Figs. | and 4). All geological data were us ed in ¢ on-
structing the cross-sections.

Kolonia Lesnica-Zakrucze-Wierna Rzeka river valley
cross-section. The cross-section (A-B) (Figs. 1B and 4) runs
from Kolonia Lecenicato th e west to th e Wierna Rzeka river
valley and the Milechowa Hill slope. The thickness of Quater-
nary de posits wit hin t he cros s-section var ies from sev eral
metres on the slopes of Milechowa Hill and 2040 m in the vi-
cinity of Kolonia Lecenicaand Zakrucze, up to dmost 90-100 m
in the Wierna Rzeka river v alley zone, wh ere their b asement
was determined at 133-132 m a.s.L.
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Fig. 3. Schematic lithostratigraphic column of the pre-Quaternary deposits
from the SW Mesozoic margin of the H oly Cross Mts., after Hakenberg
(1973, 1974) and Filonowicz and Lindner (1986, 1987); lithofacial units
are written in italics; S — Oxfordian massive limestones; Kimmeridgian
lithological members cropping out on elevations (k—d) and in depressions
(k—g); for other explanations see text

The old e¢ de ta nined Qua er naryde posts in chde lime-
stone debris and residual clays of the South Polish Glaciations
(Fig. 4, bed 1) a nd debris and residual clays (Fig. 4, bed 2),
prob a bt formed in periglacial conditions of the Nidanian Gla-
ciation or in the initial part of the Sanian 1 Glaciation. They are
overlain by grey-yellowish silts (bed 3) and till (bed 4), repre-
senting al so the Sanian 1 Gla ciation and are 1i nked wi th
ice-dam ac @ nu laibn and sub se quet cov ernig of the area in-
vestigated by the Scandinavian ice sheet during this glaciation
(Lindner, 1995). To the west from Zakrucze and east from the
Wierna Rzeka river v alley, these de posits are cov eredb y

poorly sorted, lo cally clayey sands w ith gravel of lo cal and
Scandinavian rocks (bed 5). These represent glacifluvial accu-
mulation in frontof theadvancing ice sheet of theSanian 2 Gla
ciation. The presence of the later glaciation is proved by its till
(bed 6).

The till and all underlying Quaternary deposits, as well as
pre-Qua er nary rocks oc cur rig be low were sub se quatly
eroded by rivers. Erosion events likely started during the retreat
of the Sanian 2 (youngest South Polish Glaciations) ice sheet,
and continued mainly in the initial part of the Great Interglacial
(Mazovian sensu lato). Fluvial deposits of this interglacial in-
clude poorly sorted sands w ith gravel of lo cal and Sc andina-
vian rocks (be d 7), poorly sorted sands ( bed 8), a s well as
bi t1 mi nous shales and peats (bed 9), doc u mant ng cli na tc
conditions typical of the optimum and post-optimal part of the
Mazovian Inter da cial sensu lato (Lindner and R zétkowska-
Orowiecka, 1998). Karst pro cesses initiating in this interval
caused partial collapse of these deposits into a sink (Fig. 4).

In the entire area investigated, particularly within the con-
tem poary river val leys,these inter gla ciatle pa itswere sub se
quently covered by grey-yellowish silts (Fig. 4, bed 11). T he
silts as well as the y ounger medium- to c oarse-grained sands
with gravel of local and Scandinavian origin (bed 12) of the V
terrace represent the advance and maximal range of the Scandi-
navian ice sheet during the Odranian (Wartanian?) Gla ci atia.
It its maximum the ice sheet reachedBukowa, GnieZdziska and
Lopuszno, whereas its retreat produced voluminous melt-out
water. Water favoured the cutting of terrace V and glacifluvial
flow was a requisite of the formation of terrace IV, built mainly
of fine- to coarse-grained sands with gravel (bed 12).

The later de velop mant of geo log taland geomorphological
processes in the a rea i ncluded m ainly t he ero sion of t hese
glacifluvial terraces and the formation of fluvial deposits repre-
sented by sands with gravel (bed 14), included in the Eemian
Interglacial, and by fine-grained and silty sands as well as by
sandy silts (bed 18) building the surface of terrace I1I. Forma-
tion of this surface and the filling of many small side valleys is
probably linked with the middle part of t he Vistulian Glaci-
ation. Its terminal part (late glacial) is marked by the formation
of terrace II, buil t of m edium-grained sands with gravel and
silty in er calaibns (bed 20). The Ho lo ene is rep reented by
terrace I deposits in form of san ds with intercalations of silts
and gravels (bed 22) and i n form of peats and or ganic muds
(bed 23).

Bocheniec-Czubatka Hill-Nowiny-Bolmin geological
cross-section. The C—D cross-section (Figs. 1B and 4) in the
west passes through the gorge of he Wierna Rzeka river valley,
south fro m Boche niec, and af ter cross ing Czubatka Hill
reaches Nowiny and the vi cinity of Bolmin in the east
(Fig. 1B). In the area analysed the thickness of Quaternary de-
posits varies from several metres to ca. 20 m within the present
valley, prob ably reac hing 90-100 m be tween Nowiny and
Bolmin, where the pre-Quaternary basement was determined at
136-137 ma.s.l.

The old estQua ter ary de pe itsare rep e sented by lime-
stone de bris a nd re sidual c lays ( Fig. 4, bed 1), form ed in
periglacial conditions of the Nidanian and/or youn ger South
Pol i41 Glaciations (Sanian 1 and Sanian 2). Higher in the sec-
tion poorly sorted sands with silt intercalations occur with re-
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Fig. 4. Geo log tal cross-sections through Qua te nay de pos i A—B be tween Kolo nia Lecenica Zakrucze and Wierna Rzeka river val ley (af ter
Lindner,1977, modified); C-D between Bocheniec, Czubatka Hill, Nowiny and Bolmin (after Lindner, 1977, modified); E-F between ~erniki, Biata Nida
val leyand Mosty

Pre-Quaternary basement is marked blue; vertical lines refer to boreholes, arrows above the cross-section refer to location of electric logs; South Polish
Glaciations: (Nidanian + Sanian 1 + Sanian 2): 1 — debris and residual clays; (Nidanian + Sanian 1): 2 — debris and residual clays; (Sanian 1): 3 —
grey-yellow silts, 4 — till; Sanian 2): 5 —poorly sorted sand and gavel of local and Scandinavian material, locally clayey with intercalations of silts and
clay , 6 — till; Great Interglacial: 7 — gravels and sand and poorly sorted sands with gravel of local and Scandinavian material, locally clayey, 8 —
poorly sorted sands, 9 — btuminous shales and peats; Odranian (Wartanian?) Glaciation: 10 — saids and siks, 11 —grey-yellowish silts, 12 —poorly
sorted sands with gravel, 13 — poorly sorted sands with intercalations of residual clays and tils ; Eemian Interglacial: 14 — gnvels and sands with local
and Scandinavian material, 15 — poorly sorted sands with gravel, 16 — sands and silts with intercalations of organic muds, 17 — medium-sorted sands
with gravel; Vistulian Glaciation: 18 — finegrained and silty sands and sndy silts, 19 — nedium-grained and poorly sorted sands, locally with interca-
lations of gravel and silt, 20 — sands and silts, 21 —periglacial clays and limestone debris; Holocene: 22 — sands with intercalations of silts and gavels,
23 — peats and organic muds; location of cross-section of Fig. 1B; for other explanations see text
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Fig. 5. Palaecogeographic sketch-maps of the M id- and Late Pleistocene
surface water runoff systems (dots) in relation to the main elevation built
of pre-Quaternary rocks (diagonal lines) and the present-day river network
within the SW Mesozoic margin of the Holy Cross Mts.; A — river valley
pattern during the Great Interglacial; B — patern of the glaifluvial unoff
sys em dur ingthe Odranian (Wartanian?) Gla ci ationC — pattern of river
val lg/s dur ingthe Eemian Inter gla cial

sidual clays (bed 5), corresponding to the pre-maximal part of
the Sanian 2 G laciation. In the v icinity of Nowiny they are
overlain by till (bed 6) doc umenting the Sanian 2 G laciation
(Lindner, 1995).

The till was eroded by river activity, documented by sands
and gravels with local and Scandinavian material (bed 7), the
uppermost part of which was drilled in the vicinity of Bolmin.
In li ght of t he ex isting data on the Qua ternary of the area
(Lyczewska, 1971; L indner, 1977, 1984, 1995), t he deposits
may rep resent an cient al luvia fro m the GreatI nterglacial
(Mazovian sensu lato). Between Nowiny and Bolmin they are

covered by a thick sequence of poorly sorted sands with inter-
calations of residual clay and till (bed 13), which, judging from
car b grapht and geologcal data (Hakenberg, 1973;
Filonowicz and Lindner, 1986), may be linked with the devel-
opment of ter race V be yondt he m aximum range of t he
Odranian (Wartanian?) ice sheet.

Within the ¢ ross-section ana lysed, de posits of te rrace V
were cut by younger river activity, depositing gravels and sands
with lo caland Scan di a vianma te rialFig. 4, bed 14), consid-
ered as an e quivalent of the Eemian Inter da cial (Hakenberg
and Lindner, 1971). Analogous gravels and sands (bed 14), as
well as the overlying poorly sorted sands with gravel of Eemian
age (bed 15), sands and silts with intercalation of organic muds
(bed 16) and medium-grained sands with gravel (bed 17) were
re cog ried in the Wierna Rzeka river v alley near Bochen iec
(Lindner, 1977).

In this valley these deposits are covered by periglacial clays
(bed 21), followed by poorly sorted sands (bed 18) represent-
ing, as in the vicinity of Bolmin, al lu ial de pos itsof ter nce II1
from the maximum of the Vistulian Glaciation. In the western
slope of Czubatka Hill, deposits of this terrace are locally cov-
ered by periglacial clays and limestone debris (bed 21), al so
rep reent ng this in er val The youn gst Qua er naryde posts
preserved within the cross-section are Holocene deposits of ter-
race I in the form of sands with intercalations of clays and grav-
els (bed 22) and he overlying peats and organic muds (bed 23).

Zerniki-Biata Nida valley-Mosty geological cross-sec-
tion. The E—F cross-section (Figs. 1B and 4) from ~ erniki in
the west, the cross-section passes through the Biala Nida val-
ley, crossing an elevation of the pre-Quaternary basement near
Mosty as well as a fragment of the Czarna Nida valley, reach-
ing t he sout hernmost s lopes of Grzywy Korzeczkowskie
(Fig. 1B). Within the area analysed the thickness of Quaternary
de posts var s from sev aal to ca. 10 m on the slopes of these
valleys up to 30-90 m in some parts. The largest values were
de ter minectast of Mosty, where the pre-Quaternary basement
lies below 140 ma.s.1., and in the vicinity of erniki, where the
thickness of Quaternary deposits probably reaches 60 m, and
their basement may occur at 155-157 m a.s.L.

Within this cross-section no gla cial deposits were re cog-
nised. The old e¢ Qua er naryde posts rep re ent de brs and re-
sidual clays (Fig. 4, bed 1), probably formed during the South
Pol i4 Glaciations. These deposits, along with the pre-Quater-
nary deposits, are cut her e by river valleys filled with an cient
al I vialde posts rep re ented by grav ek and grav ek with sands
with local and Scandinavian material (bed 7) from the Eemian
Inter da cial (Hakenberg and Li ndner, 1971; Lindner, 1977).
Locally they are covered by sands and silts (bed 10) as well as
by grey-yellowish silts (bed 11), representing ice-dammed de-
posits form ed in e xtra-glacial con ditions of the ~ Odranian
(Wartanian?) Glaciation. Within the valley slopes observed on
the cross-section, the silts are covered by sands (bed 12), repre-
senting a ghcifluvial flow from the maximum extent of this gla-
ciation. During the retreat of the ice sheet of this glaciation, they
were eroded, forming the shelves of terrace IV.

Totheeastand  westof  Mosty, the se de posits are
fragmentarily preserved due to younger valley processes lead-
ing initially to erosion, followed by the accumulation of gravels
and sands with local and Scandinavian material (bed 14) repre-
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Fig. 6. Longitudinal profiles of river valley bottoms from the SW part of the Holy Cross Mountains region

sent ing the allivial de posts of the Eemian Inter da cial
(Hakenberg and Lindner, 1971; Lindner, 1977). These deposits
are overlain by thick sands (bed 18), suggesting intense cover-
ing of the valleys until the formation of te rrace II dur ing the
max 1 mh Vistulian Glaciation. The terminal part (late glacial)
of this gla d aton is char & te isa by the ac @ nu laibn of sands
with gravel (bed 19) aswell as by sands and silts (bed 20) form
ing the surface of terrace I (Hakenberg and Lindner, 1973) built
of sands, gravels and silts (bed 22), covered with peats and or-
ganic muds (bed 23).

PALAEOGEOGRAPHY

This de scription of the i thology a nd tec tonics of the
pre-Quaternary base ment (the “o lder bas ement”) be tween
Matogoszcz and Chéciny (Fig. 2A), as well as the characteris-
tics of the Quaternary deposits preserved in the central part of
this area (Fig. 4) indicate a close re lation of the occurrence of
ancient and present-day river valleys with the lithology and tec-
ton ts of pre-Qua tr naryrocks.

De posts most sus cg tibleto ero son and de nu dadn are the
Jurassic m arly (chalky) lime stoneso f Oxfordian/Kim-
meridgiana ge ( Fig. 3 ). In effed, inital mor pho logdal
WNW-ESE depressions were formed on their outcrops, in the
marginal parts of theBolmin Syncline and Bocheniec Anticline
(Fig. 2B). Similarly trending depressions extend from the pres-
ent-day Wierna Rzeka river valley, north from the Bocheniec
gorge, to the Czarna Nida valley east of Mosty (Fig. 1B). Their
formation is link ed w ith eas y erodibility of the se de posits
within the wide fault zone cutting the s outhern 1imb of the
Bolmin Syncline (Fig. 2B). Therefore the location of the Neo-
gene valley is obvious, the surface waters of which flowed to
the SE (see Lindner, 1977) towards the Miocene marine bays in
the vi cinityof Chométéw and Korytnica (Radwafiski, 1969).

Later, fol bw ingre ju ve nton of the par allel fault sys tem
caused by loading of the area by ice sheets of the two younger
(Sanian 1 and Sanian 2) South P olish Glaciations, the flow
within the valley system was reversed (Lindner, 1977). During
the Great Interglacial (Mazovian sensu lato), the proto-Czarna
Nida flowing from Mosty in the east, through the region south
from Bolmin, to the vicinity of Zakrucze in the NW (Fig. 5A)
became the main valley of the area amalysed. The bottom of this
valley (the rock-cut bench of proto-Czarna Nida) should be lo-
cated in the vicinity of Mosty ca. 132—-137 ma.s.1, in the vicin-
ity of Nowiny ca. 132-133 m a.s.l. and i n the z one of t he
pres mt-day Wierna Rzeka river valley between Zakrucze and
Mielechowa Hill ca. 130 m a.s.l. (Fig. 6).

Dur ing the Odranian ( Wartanian?) Gla ciation, when the
Scandinavian ice sheet had its maximum extent north from the
Przedbérz-Matogoszcz ranget othe  Bukowa-Gniezdzi-
ska— fopuszno line, its load ing firstly caused the rejuvenation
of the N-S fault in the zone of the present-day Wierna Rzeka
river valley (west of th e Mielechowa and Czubatka Hills). In
this interval, along with the previously functioning valley sys-
tem (from the Great Interglacial), the zone became the location
of flow of progl acial waters from the c ontemporary ice sheet
and their drainage to the Nida valley southwards from Mosty
(Fig. 5B).

Increased activity of this N-S fault caused, near Bocheniec,
the ac cu mu la tioof gla cialand extraglacial waters from the
northern and e astern part of the Wierna Rzeka river drainage
basin during the retreat of the Odranian (Wartanian?) ice sheet,
contributing to the formation of a gorge, already in the Eemian
Inter da cial(Fig. 5C). During the Eemian Interglacial the val-
ley bottom (Fig. 6) was situated from ca. 206 m a.s.l. in the vi-
cin ity of Zakrucze to ca. 203 m a.s.l. in the gorge z one near
Bocheniec, and ca. 195 ma.s.l. (as the Biata Nida valley) in the
vi cinityof ~ erniki. This direction of bottom inclination was re-
tained during the last glaciation until the present-day (Fig. 6).
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Fig. 7. A — location of the area analysed in relation to the river valleys of the Mazovian Interglacial in Poland and the contemporary bays of the Hoktein
sea (HS), B — probable pattern of the main river valleys from the Mazovian Interglacial in the western part of the Holy Cross Mountains region and the
southern part of the Belchatow region; 1 — range of the Odranian (Wartanian?) ice sheet, 2 — sites oflake deposits from the Mazovian Interglacial: S —
Seweryndéw, Z — Zakrucze; 3 — m ain river val leys of the Mazovian Inter glacial, 4 — Kleszczow graben, 5— m ain pr esent-day out crops of

pre-Quaternary de posits

FINAL REMARKS

This data and discussion on the palacogeographic develop-
ment of river valleys in the SW Mesozoic margin of the Holy
Cross Mts. indicate that the location and development of these
valleys de pendedont heli thologya ndtec tonics of
pre-Quaternary rocks a s wel l as on the f low di rections of
proglacial and extraglacial wa ters dur ingt he PI eistocene
glaciations.

During the G reat Inter glacial (Mazovian sensu lato) the
area analysed of the proto-Czarna Nida river valley represented
the upper section of one of the largest and best recognised con-
tem po raryval bys in Po laad (Lindner et al., 1982). This was
prob a bt proto-Warta, which at th at time drain ed the pres-
ent-day Widawka basin, and the traces of which are fluvial de-
posits of the an cient Ruszczyn val ley (see Baraniecka and
Sarnacka, 1971), located within the tectonic Kleszczéw graben
(Fig. 7). Ac cordrig to Baraniecka and Sarnacka (1971), the
Ruszczyn valley was parallel to this, and its b ottom was situ-
ated at 100 to 117 m a.s.l. Two sedimentological cycles can be
recognised wit hin t he al luvial de posits. The older is re pre-
sented by gravel-sandy deposits, 2025 m thick, and the youn-
ger cycleis char ac ter isedby anal o gos de pa its with silt
intercalations up to 15-20 m thick. Between Malogoszcz and
Przedborz, waters of the proto-Warta-proto-Czarna Nida sec-
tion analysed are documented by the deposits of the Mazovian
Interglacial pre served ini ts dra inage ba sinin Sewerynéw
(Jurkiewicz and Mamakowa, 1960) andZakrucze (Lindner and
Rzétkowska-Orowiecka, 1998) (Fig. 7).

North-west wards, in Wielkopolska, the val ley ana lysed
represented a form which originated during the initial phases of
the retreat of the Sanian 2 Gla ciation (youngest of the South
Pol i4 Glaciations). Its development was determined mainly by
the con ten po raryfor na ton of a par allelproglacial stream way
system, and to a lesser de gree, by the influence of neotectonic
processes. The valley, along with the joining proto-Odra val-
ley, collected waters from the whole of western Poland, and the
ensuing river, flowing to the west, reached the Holstein bay lo-
cated NW of Berlin (Fig. 7).

The Mazovian Inter glacial river val ley course p resented,
that is a valley formed by a river with sources in the SW part of
the Holy Cross Mts. region, in its upper and middle section dis-
tinctly follows zones of tectonic dislocations and is linked with
the lithological variety of Mesozoic deposits. In the upper sec-
tion the r elations were worked out by fi eld ob servations,
whereas in the middle section the course of the valley follows
the pattern of te ctonic li neaments re cognised on air pho tos
(Ostaficzuk, 1981).

During the Middle P olish Glaciations this v alley sys tem
was largely co vered by de posits of se veral ad vances of the
Scandinavian i ce s heet. Init s high est part only , SE of
Matogoszcz (Fig. 7), the proto-Czarna Nida valley was located
beyond t he range of the old est of the se i ce s heets (of the
Odranian Gla ciation), w ithth eru noffin herited af ter
glacifluvial flo w. T hef lowcol lected proglacial and
extraglacial waters, initially producing the surface of terrace V,
and later of terrace IV in t he interpretation of Lindner (1977)
and Lindner and Mastella (2001). Such vdley flow mitiated the
later Eemian and present-day river network pattern.
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