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INTRODUCTION

The aim of the pa per is to re con struct the evo lu tion of the
Mid- to Late Pleis to cene river net work within the south west ern 
Me so zoic mar gin of the Holy Cross Mts. (Figs. 1 and 2). The
study is based on abun dant core data and elec tric logs from
Qua ter nary de pos its, as well as on the lithological and tec tonic
data from pre-Qua ter nary de pos its. The lat ter were col lected
during the prep a ra tion of the Chęciny (Hakenberg, 1973, 1974) 
and Piekoszów charts (Filonowicz and Lindner, 1986, 1987) of 
the De tailed Geo log i cal Map of Po land at the 1:50 000 scale,
as well as dur ing in ves ti ga tions on the Qua ter nary in the area
(Hakenberg and Lindner, 1971, 1973; Lindner, 1977, 1978,
1984, 1995; Lindner and  Rzętkowska-Orowiecka, 1998).

It was sug gested (Hakenberg and Lindner, 1971) that, dur -
ing the Great Inter gla cial (Mazovian sensu lato), the
proto-Nida in its south ern sec tion flowed  north wards, op po site 
to the pres ent-day di rec tion. Later, Lindner (1977) showed that
its pres ent-day flow (from north to south) was in her ited from
glaciofluvial flow from the front of the Mid dle Pol ish Gla ci -
ation ice sheet, which reached the Bukowa–Gnieździska-
–Łopuszno line. Later in ves ti ga tions sug gested flow of a
proto-Czarna Nida to wards the Włoszczowa ba sin through the

val ley sys tem of the pres ent-day Biała Nida dur ing the Great
Inter gla cial (Lindner, 1978). Then, the proto-Nida col lected
wa ters from all rivers of the south west ern part of the Holy
Cross Moun tains re gion, and the wa ter shed sep a rat ing the
catch ment area of these rivers was lo cated in the pres ent-day
Wierna Rzeka gorge near Bocheniec. It was sug gested there -
fore that the proto-Wierna Rzeka then car ried its wa ters to the
west, along the north ern side of the Przedbórz-Małogoszcz
Range (Lindner, 1978). 

Eval u a tion of pre vi ously col lected geo log i cal and geo phys -
i cal data as well as anal o gous data ob tained in the
mid-seventies by the “Hydrogeo” com pany for the “Chęciny”
res er voir, as well as field ob ser va tions and palynological data
from the Mazovian Inter gla cial sensu stricto site in Zakrucze
near Małogoszcz (Lindner and Rzętkowska-Orowiecka, 1998)
al low a new in ter pre ta tion of the or i gin and age of the Wierna
Rzeka gorge near Bocheniec.

GEOLOGICAL SETTING

The geo log i cal set ting of the area ana lysed is pre sented
with re gard to the li thol ogy and age of the Qua ter nary de pos its,



as we ll as t o the l i thol ogy, t ec ton ics and age  of the
pre-Quaternary base ment.

PRE-QUATERNARY BASEMENT

The pr e-Qua ter nary base ment (the so -called older  base -
ment) com prises the west ern part of the Me so zoic mar gin of the 
Holy Cro ss Mts.  ( Czarnocki, 1938; Stupnicka, 1989, 1997),
built here of Tri as sic to Up per Cre ta ceous de pos its (Czarnocki,
1938; Hakenberg, 1971, 1974; Filonowicz and Lindner, 1986,
1987). In the area ana lysed it ad joins the Palaeozoic core of the
moun tains which lies to the south (Figs. 1 and 2).

Tri as sic de pos its oc cur in th e NE of  the area ana lysed
(Fig. 2 ). They  com  prise brown ish-red sand stones, si ltstones
and claysto nes, with  platy marly lime stones at th e top
(Buntsandstein-Roetian). The up per part of the se quence com -
prises grey pelitic li me stones wit h nu mer ous bi valves and
brachi o pods, grey-yel low ish marls and  cel lu lar lime stones
(Muschelkalk) as well as cher ry-red claystones and siltstones,
(Keuper) (Fig. 3).

Early Ju ras sic de pos its are not pre s ent in the i n ves ti gated
area. The Ju ras sic suc ces sion be gins with grey-yel low ish
gaizes of Callovian age (Mid-  Ju ras sic). The p re-Qua ter nary
base ment is mainly com posed of Late Ju ras sic de pos its. They
in clude nod u lar lime stones, suc ceeded by pelitic lime stones,
platy lime stones, s pot ted lime stones with  flin ts and  mas sive
lime stones with sponges, of Oxfordian age (Fig. 3). These de -
pos its build, among oth ers, the east ern part of hills in the vi cin -
ity of Bocheniec and their con tin u a tion to the east, as well as

hills to the south from Bocheniec and to the north from Grz¹by
Bolmiñskie (Figs. 1B and 2B). Marly (chalky) lime stones, tran -
si tional be tween the Oxfordian and Kimmeridgian, do not crop
out in the a rea (Fig. 3). Oolitic, pelitic, light grey lime stones
and co quina beds oc cur ring above are also of Kimmeridgian
age. T hey buil d the w est ern part  of hil ls ne ar B ocheniec,
Milechowa Hill, Grz¹by Bolmiñskie  and Grzywy
Korzeczkowskie and the y oc  cur i n a bel t from  ¯ erniki
(Figs. 1B and 2B). Marls and marly claystones pre vail in t he
up per part of the suc ces sion.

The Early Cre ta ceous is r ep re sented b y sand stones, con -
glom er ates and gaizes ( Albian), pass  ing up wards i nto limy
sand stones and glauconitic sand stones of Cenomanian age
(Fig. 3). These de pos its oc cur in a de pres sion be tween hills in
the vicinity of B ocheniec and Grz¹by Bolmiñskie, form ing a
small el e va tion, on whic h the Bolmin vil lage is  lo cated
(Figs. 1B and 2B). The up per part of the suc ces sion is a mo not -
o nous Late Cre ta ceous suc ces sion of marls and marly opokas
with cherts and gaizes (Fig. 3).

The ol der bas e ment i s a fa ult-fold helt. The B ocheniec
Anticline oc curs in the s outh ern part  of the  area (Stupnicka,
1971, 1972; Hakenberg, 1974). The cen tral and north ern part
of the area, to the east of the Wierna Rzeka river, is oc cu pied by 
the Bolmin Sync line, to th e wes t of  which the M ałogoszcz
Syncline oc curs (op. cit.) (Fig. 2B). These are open folds with
ca. 20° dip ping limbs. Steep dips are ob served only in the vi -
cin ity of faults. Th e axes are g en er ally WNW-ESE. In the vi -
cin ity of Wierna Rzeka river, how ever, the Bolmin Syncline
axis di verges to the NNW, whereas the axis of the Małogoszcz
Syncline di verges to the SE (Fig. 2B). The di ver gence is linked
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Fig. 1. Lo ca tion (A) and mor pho log i cal (B) sketch map of the area ana lysed with lo ca tion of cross-sec tions (A–B, C–D, E–F from Fig. 4); the main fault
zones are marked in grey



with a large fault along the Wierna Rzeka river in its south ern
part, sep a rat ing t he tw o syn clines ( Fig. 2B). The f ault, of a
dip-slip cha r ac ter wit h the w est ern bl oc downt hrownk, was
ear lier a d extral strike-slip fau lt. An  other par al lel fau lt is lo -
cated along the Hutka river (Fig. 2). Its char ac ter has not been
de ter mined. The l arge WNW-ESE fa ult, cut ting the nor th ern
limb of the Bolmin Syncline south of Zaj¹ czków and con tin u -
ing to wards Starochêciny (Fig. 2B) is, based on map anal y ses
(Czarnocki, 1938; Hakenberg, 1971, 1974) cl early a  dextr al
oblique-slip fault.

A large f ault 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). Anal y sis of
these maps, as wel l as  geo log i cal maps on a  1:10 000 sc ale
(pre pared dur ing car to graphic field courses of the De part ment
of Ge ol ogy, War saw Uni ver sity) and air pho to graphs, in clud -
ing ra dar im ages, sug gests a de xtral strike-slip com po nent of
this fault (Fig. 2B). The s trike-slip move ment is in di cated by
the dis place ment of  the Czubatka Hill ax is in r e la tion to th e
Milechowa Hill ax is (Figs. 1B and 2). This fault has a w ide
fault zone  ( Fig. 1B ), a s is ch ar ac ter is tic of  strik e-slip fau lts
(Tchalenko and Ambraseys, 1970; Tan and He, 1982; Mandl,
1988, 2000; Mollema and Ant onelli, 1999), a lso in the H oly
Cross Moun tains area (Jaroszewski, 1972). Wit hin this zone
the rocks are less re sis tant to ero sion, and so t his fault is well
marked in the mor phol ogy of the area. It is most dis tinct in the
west ern part of the area, where a 1 km wide de pres sion be tween 
the Czubatka and Milechowa Hills oc curs above the fault zone

(Figs. 1B and 2B). Eastwards, in the v i cin ity of Nowiny, the
fault zone passes into a val ley, pe ri od i cally dis charg ing wa ter
to the Biała Nida near the Hutka river out let (Fig. 1B). East of
Hutka, the fault zone sep a rates Grzywy Korzeczkowskie from
the Bzowica Hill and c on tin ues in a de pres sion in the Mosty
vil lage (Figs. 1B and 2B), pass ing eastwards into the Czarna
Nida val ley. The sec tion of the fault zone ana lysed be tween the
Wierna Rzeka river and t he Czarna Nida is ove r 15 km  long
and is ex pressed as a 1.5 km wide de pres sion (Fig. 1B).

QUATERNARY

The dis tri bu tion, li thol ogy and age of t he Qua ter nary de -
pos its in the area in ves ti gated  is dis cussed in re la tion to ear lier
stud ies by Hakenberg and Li ndner (1971, 1972);  Li ndner
(1977, 1978, 1984, 1995) a nd Lindne r and  R zêtkowska-
 Orowiecka (1998) a nd shown as  three geo log i cal cross -sec -
tions (Figs. 1 and 4). All geo log i cal data  were us ed in c on -
struct ing the cross-sec tions. 

Kolonia Leśnica-Zakrucze-Wierna Rzeka river val ley
cross-sec tion. The cross-sec tion (A–B) (Figs. 1B and 4) runs
from Kolonia Leœnica to th e west to th e Wierna Rzeka river
val ley and the Milechowa Hill slope. The thick ness of Qua ter -
nary de pos its wit hin t he cros s-sec tion var ies from  sev eral
metres on the slopes of Milechowa Hill and 20–40 m in the vi -
cin ity of Kolonia Leœnica and Zakrucze, up to al most 90–100 m 
in the Wierna Rzeka river v al ley zone, wh ere their b ase ment
was de ter mined at 133–132 m a.s.l.
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Fig. 2. A — lo ca tion sketch-map of the area ana lysed in re la tion to the main geo log i cal struc tures of the Holy Cross Mts.: 1 — Me so zoic mar gin, 2 —
Palaeozoic core; B — gen er al ised tec tonic sketch-map of the area ana lysed, based on Czarnocki (1938), Hakenberg (1973, 1974), Filonowicz and Lindner 
(1986, 1987), and in di vid ual in ves ti ga tions; other ex pla na tions see Fig ure 3



The old est de ter mined Qua ter nary de pos its in clude lime -
stone de bris and re sid ual clays of the South Pol ish Glaciations
(Fig. 4, bed 1) a nd de bris and re sid ual clays (Fig. 4, bed 2),
prob a bly formed in periglacial con di tions of the Nidanian Gla -
ci ation or in the ini tial part of the Sanian 1 Gla ci ation. They are
over lain by grey-yel low ish silts (bed 3) and till (bed 4), rep re -
sent ing al so the  Sanian 1 Gla  ci ation and are  li nked wi th
ice-dam ac cu mu la tion and sub se quent cov er ing of the area in -
ves ti gated by the Scan di na vian ice sheet dur ing this gla ci ation
(Lindner, 1995). To the west from Zakrucze and east from the
Wierna Rzeka river v al ley, these de pos its are cov ered b y

poorly sorte d, lo cally cla yey sands w ith gravel  of lo cal and
Scan di na vian rocks (bed 5). These rep re sent glacifluvial ac cu -
mu la tion in front of the ad vanc ing ice sheet of the Sanian 2 Gla -
ci ation. The pres ence of the later gla ci ation is proved by its till
(bed 6).

The till and all un der ly ing Qua ter nary de pos its, as well as
pre-Qua ter nary rocks oc cur ring be low, were sub se quently
eroded by rivers. Ero sion events likely started dur ing the re treat 
of the Sanian 2 (youn gest South Pol ish Glaciations) ice sheet,
and con tin ued mainly in the ini tial part of the Great Inter gla cial
(Mazovian sensu lato). Flu vial de pos its of this inter gla cial in -
clude poorly sorted sands w ith gravel of lo cal and Sc an di na -
vian r ocks (be d 7), poorly  sorte d sands ( bed 8), a s wel l as
bi tu mi nous shales and peats (bed 9), doc u ment ing cli ma tic
con di tions typ i cal of the op ti mum and post-op ti mal part of the
Mazovian Inter gla cial sensu lato (Lindne r and R zêtkowska-
 Orowiecka, 1998) . Karst  pro cesses i ni ti at ing i n thi s in ter val
caused par tial col lapse of these de pos its into a sink (Fig. 4).

In the en tire area in ves ti gated, par tic u larly within the con -
tem po rary river val leys, these inter gla cial de pos its were sub se -
quently cov ered by grey-yel low ish silts (Fig. 4, bed 11). T he
silts as well as the y oun ger me dium- to c oarse-grained sands
with gravel of lo cal and Scan di na vian or i gin (bed 12) of the V
ter race rep re sent the ad vance and max i mal range of the Scan di -
na vian ice sheet dur ing the Odranian (Wartanian?) Gla ci ation.
It its max i mum the ice sheet reached Bukowa, Gnieździska and 
Łopuszno, whereas its re treat pro duced vo lu mi nous melt-out
wa ter. Wa ter fa voured the cut ting of ter race V and glacifluvial
flow was a req ui site of the for ma tion of ter race IV, built mainly
of fine- to coarse-grained sands with gravel (bed 12). 

The later de vel op ment of geo log i cal and geomorphological 
pro cesses i n the a rea i n cluded m ainly t he ero sion of t hese
glacifluvial ter races and the for ma tion of flu vial de pos its rep re -
sented by sands with gravel (bed 14), i n cluded in the Eemian
Inter gla cial, and by fine-grained and silty sands as well as by
sandy silts (bed 18) build ing the sur face of ter race III. For ma -
tion of this sur face and the fill ing of many small side val leys is
prob a bly linked with the mid dle part of t he Vistulian Gla ci -
ation. Its ter mi nal part (late gla cial) is marked by the for ma tion
of ter race II, buil t of m e dium-grained sands with gravel and
silty in ter ca la tions (bed 20). The Ho lo cene is rep re sented by
ter race I de pos its in f orm of san ds with in ter ca la tions of silts
and grav els (bed 22) and i n form of peats and or ganic muds
(bed 23). 

Bocheniec-Czubatka Hill-Nowiny-Bolmin geo log i cal
cross-sec tion. The C–D cross-sec tion (Figs. 1B and 4) in the
west passes through the gorge of the Wierna Rzeka river val ley, 
south fro m Boche niec, and af  ter cross  ing Czubatka Hill
reaches Nowiny and the  vi cin ity of Bolmin in the east
(Fig. 1B). In the area ana lysed the thick ness of Qua ter nary de -
pos its var ies from sev eral metres to ca. 20 m within the pres ent
val ley, prob a bly reac h ing 90–100 m  be tween Nowiny and
Bolmin, where the pre-Qua ter nary base ment was de ter mined at 
136–137 m a.s.l.

The old est Qua ter nary de pos its are rep re sented by lime -
stone de bris a nd re sid ual c lays ( Fig. 4 , bed 1), form ed in
periglacial con di tions of the  Nidanian and/or  youn ger South
Pol ish Glaciations (Sanian 1 and Sanian 2). Higher in the sec -
tion poorly sorted sands with silt in ter ca la tions oc cur with re -
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Fig. 3. Sche matic lithostratigraphic col umn of the pre-Quaternary de pos its
from the SW  Me so zoic mar gin of the H oly Cross Mts., af ter Hakenberg
(1973, 1974) and Filonowicz and Lindner (1986, 1987); lithofacial units
are writ ten in ital ics; S — Oxfordian mas sive lime stones; Kimmeridgian
lithological mem bers crop ping out on el e va tions (k–d) and in de pres sions
(k–g); for other ex pla na tions see text
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Fig. 4. Geo log i cal cross-sections through Qua ter nary de pos its: A–B be tween Kolo nia Leœnica, Zakrucze and Wierna Rzeka river val ley (af ter
Lindner,1977, mod i fied); C–D be tween Bocheniec, Czubatka Hill, Nowiny and Bolmin (af ter Lindner, 1977, mod i fied); E–F be tween ¯erniki, Biała Nida
val ley and Mosty

Pre-Quaternary base ment is marked blue; ver ti cal lines re fer to bore holes, ar rows above the cross-section re fer to lo ca tion of elec tric logs;  South Pol ish
Glaciations: (Nidanian + Sanian 1 + Sanian 2): 1 — de bris and re sid ual clays; (Nidanian + Sanian 1): 2 — de bris and re sid ual clays; (Sanian 1): 3 —
grey-yellow silts, 4 — till; (Sanian 2): 5 — poorly sorted sand and gravel of lo cal and Scan di na vian ma te rial, lo cally clayey with in ter ca la tions of silts and
clay , 6 — till; Great Inter gla cial: 7 — grav els and sand and poorly sorted sands with gravel of lo cal and Scan di na vian ma te rial, lo cally clayey, 8 —
poorly sorted sands, 9 — bi tu mi nous shales and peats; Odranian (Wartanian?) Gla ci ation: 10 — sands and silts, 11 — grey-yellowish silts, 12 — poorly 
sorted sands with gravel, 13 — poorly sorted sands with in ter ca la tions of re sid ual clays and tills ; Eemian Inter gla cial: 14 — grav els and sands with lo cal
and Scan di na vian ma te rial, 15 — poorly sorted sands with gravel, 16 — sands and silts with in ter ca la tions of or ganic muds, 17 — me dium-sorted sands
with gravel; Vistulian Gla ci ation: 18 — fine-grained and silty sands and sandy silts, 19 — me dium-grained and poorly sorted sands, lo cally with in ter ca -
la tions of gravel and silt, 20 — sands and silts, 21 — periglacial clays and lime stone de bris; Ho lo cene: 22 — sands with in ter ca la tions of silts and grav els,
23 — peats and or ganic muds; lo ca tion of cross-section of Fig. 1B; for other ex pla na tions see text



sid ual clays (bed 5), cor re spond ing to the pre-max i mal part of
the Sanian 2 G la ci ation. In  the v i cin ity of Nowiny they are
over lain by t ill (bed 6) doc u ment ing the Sanian 2 G la ci ation
(Lindner, 1995).

The till was eroded by river ac tiv ity, doc u mented by sands
and grav els with lo cal and Scan di na vian ma te rial (bed 7), the
up per most part of which was drilled in the vi cin ity of Bolmin.
In li ght of t he ex ist ing dat a on the  Qua ter nary of the  area
(Łyczewska, 1971; L indner, 1977, 1984, 1995), t he de pos its
may rep re sent an cient al lu via fro m the Great I nter gla cial
(Mazovian sensu lato). Be tween Nowiny and Bolmin they are

cov ered by a thick se quence of poorly sorted sands with in ter -
ca la tions of re sid ual clay and till (bed 13), which, judg ing from
car to graphic and geo log i cal data (Hakenberg, 1973;
Filonowicz and Lindner, 1986), may be linked with the de vel -
op ment of  ter  race V be yond t he m ax i mum range of t he
Odranian (Wartanian?) ice sheet.

Within the c ross-sec tion ana lysed, de  pos its of te r race V
were cut by youn ger river ac tiv ity, de pos it ing grav els and sands 
with lo cal and Scan di na vian ma te rial (Fig. 4, bed 14), con sid -
ered as an e quiv a lent of the  Eemian Inter gla cial (Hakenberg
and Lindner, 1971). Anal o gous grav els and sands (bed 14), as
well as the over ly ing poorly sorted sands with gravel of Eemian 
age (bed 15), sands and silts with in ter ca la tion of or ganic muds
(bed 16) and me dium-grained sands with gravel (bed 17) were
re cog nised in the Wierna Rzeka river v al ley near Bochen iec
(Lindner, 1977). 

In this val ley these de pos its are cov ered by periglacial clays 
(bed 21), fol lowed by poorly sorted sands (bed 18) rep re sent -
ing, as in the vi cin ity of Bolmin, al lu vial de pos its of ter race III
from the max i mum of the Vistulian Gla ci ation. In the west ern
slope of Czubatka Hill, de pos its of this ter race are lo cally cov -
ered by periglacial clays and lime stone de bris (bed 21), al so
rep re sent ing  this in ter val. The youn gest Qua ter nary de pos its
pre served within the cross-section are Ho lo cene de pos its of ter -
race I in the form of sands with in ter ca la tions of clays and grav -
els (bed 22) and the over ly ing peats and or ganic muds (bed 23).

Żerniki-Biała Nida val ley-Mosty geo log i cal cross- sec -
tion. The E–F cross-sec tion (Figs. 1B and 4) from ¯ erniki in
the west, the cross-sec tion passes through the Biała Nida val -
ley, cross ing an el e va tion of the pre-Qua ter nary base ment near
Mosty as well as a frag  ment of the Czarna Nida val ley, reach -
ing t he sout h ern most s lopes of Grzywy Korzeczkowskie
(Fig. 1B). Within the area ana lysed the thick ness of Qua ter nary
de pos its var ies from sev eral to ca. 10 m on the slopes of these
val leys up to 30–90 m  in some parts. The larg est val ues were
de ter mined east of Mosty, where the pre-Qua ter nary base ment
lies be low 140 m a.s.l., and in the vi cin ity of ¯erniki, where the
thick ness of Qua ter nary de pos its prob a bly reaches 60 m, and
their base ment may oc cur at 155–157 m a.s.l.

Within this cross-sec tion no gla cial de pos its were re cog -
nised. The old est Qua ter nary de pos its rep re sent de bris and re -
sid ual clays (Fig. 4, bed 1), prob a bly formed dur ing the South
Pol ish Glaciations. These de pos its, along with the pre-Qua ter -
nary de pos its, are cut her e by river  val leys filled with an cient
al lu vial de pos its rep re sented by grav els and grav els with sands
with lo cal and Scan di na vian ma te rial (bed 7) from the Eemian
Inter gla cial (Hakenberg and Li ndner, 1971;  Lindne r, 1977).
Lo cally they are cov ered by sands and silts (bed 10) as well as
by grey-yel low ish silts (bed 11), rep re sent ing ice-dammed de -
pos its form ed in e x tra-gla cial con di tions of the  Odranian
(Wartanian?) Gla ci ation. Within the val ley slopes ob served on
the cross-sec tion, the silts are cov ered by sands (bed 12), rep re -
sent ing a glacifluvial flow from the max i mum ex tent of this gla -
ci ation. Dur ing the re treat of the ice sheet of this gla ci ation, they
were eroded, form ing the shelves of ter race IV. 

To the east and  west of Mosty, the se de  pos its are
fragmentarily pre served due to youn ger val ley pro cesses lead -
ing ini tially to ero sion, fol lowed by the ac cu mu la tion of grav els 
and sands with lo cal and Scan di na vian ma te rial (bed 14) rep re -
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Fig. 5. Pa laeogeographic sketch-maps of the M id- and Late Pleis to cene
sur face wa ter run off sys tems (dots) in re la tion to the main el e va tion built
of pre-Quaternary rocks (di ag o nal lines) and the pres ent-day river net work 
within the SW Me so zoic mar gin of the Holy Cross Mts.; A — river val ley
pat tern dur ing the Great Inter gla cial; B — pat tern of the glacifluvial run off 
sys tem dur ing the Odranian (Wartanian?) Gla ci ation; C — pat tern of river
val leys dur ing the Eemian Inter gla cial



sent ing the al lu vial de pos its of the Eemian Inter gla cial
(Hakenberg and Lindner, 1971; Lindner, 1977). These de pos its 
are over lain by thick sands (bed 18), sug gest ing in tense cov er -
ing of t he val leys un til the for ma tion of te r race II dur ing the
max i mal Vistulian Gla ci ation. The ter mi nal part (late gla cial)
of this gla ci ation is char ac ter ised by the ac cu mu la tion of sands
with gravel (bed 19) as well as by sands and silts (bed 20) form -
ing the sur face of ter race I (Hakenberg and Lindner, 1973) built 
of sands, grav els and silts (bed 22), cov ered with peats and or -
ganic muds (bed 23). 

PALAEOGEOGRAPHY

This de scrip tion of the  li  thol ogy a nd tec  ton ics of the
pre-Qua ter nary base ment (the “o lder bas e ment”) be tween
Małogoszcz and Chêciny (Fig. 2A), as well as the char ac ter is -
tics of the Qua ter nary de pos its pre served in the cen tral part of
this area (Fig. 4) in di cate a close re la tion of the oc cur rence of
an cient and pres ent-day river val leys with the li thol ogy and tec -
ton ics of pre-Qua ter nary rocks.

De pos its most sus cep ti ble to ero sion and de nu da tion are the 
Ju ras sic m arly (chalky) lime stones o f Oxfordian/Kim -
meridgian a ge ( Fig. 3 ). In ef fect, ini tial mor pho log i cal
WNW-ESE de pres sions were formed on their out crops, in the
mar ginal parts of the Bolmin Syncline and Bocheniec Anticline 
(Fig. 2B). Sim i larly trending de pres sions ex tend from the pres -
ent-day Wierna Rzeka river val ley, north from the Bocheniec
gorge, to the Czarna Nida val ley east of Mosty (Fig. 1B). Their
for ma tion is link ed w ith eas y erodibility of the se de  pos its
within t he wi de faul t zone  cut ting the s outh ern l imb of the
Bolmin Syncline (Fig. 2B). There fore the lo ca tion of the Neo -
gene val ley is ob vi ous, the sur face wa ters of which flowed to
the SE (see Lindner, 1977) to wards the Mio cene ma rine bays in 
the vi cin ity of Chomêtów and Korytnica (Radwañski, 1969). 

Later, fol low ing re ju ve na tion of the par al lel fault sys tem
caused by load ing of the area by ice sheets of the two youn ger
(Sanian 1 and Sanian 2) South P ol ish Glaciations, the  flo w
within the val ley sys tem was re versed (Lindner, 1977). Dur ing
the Great Inter gla cial (Mazovian sensu lato), the proto-Czarna
Nida flow ing from Mosty in the east, through the re gion south
from Bolmin, to the vi cin ity of Zakrucze in the NW (Fig. 5A)
be came the main val ley of the area ana lysed. The bot tom of this 
val ley (the rock-cut bench of proto-Czarna Nida) should be lo -
cated in the vi cin ity of Mosty ca. 132–137 m a.s.l., in the vi cin -
ity of Nowiny ca. 132–133 m  a.s.l . and i n the z one of t he
pres ent-day Wierna Rzeka river val ley be tween Zakrucze and
Mielechowa Hill ca. 130 m a.s.l. (Fig. 6).

Dur ing the Odranian ( Wartanian?) Gla  ci ation, wh en th e
Scan di na vian ice sheet had its max i mum ex tent north from the
Przedbórz-Małogoszcz range t o the Bukowa–Gnieździ -
ska– Łopuszno line, its load  ing firstly caused the re ju ve na tion
of the N-S fault in the zone of the pres ent-day Wierna Rzeka
river val ley (west of th e Mielechowa and  Czubatka Hills). In
this in ter val, along with the pre vi ously func tion ing val ley sys -
tem (from the Great Inter gla cial), the zone be came the lo ca tion
of flow of progl acial wa ters from the con tem po rary ice sheet
and their drain age to the Nida val ley south wards from Mosty
(Fig. 5B). 

In creased ac tiv ity of this N-S fault caused, near Bocheniec,
the ac cu mu la tion of gla cial and extraglacial wa ters from the
north ern and east ern part of the  Wierna Rzeka river drain age
ba sin dur ing the re treat of the Odranian (Wartanian?) ice sheet,
con trib ut ing to the for ma tion of a gorge, al ready in the Eemian
Inter gla cial (Fig. 5C). Dur ing the Eemian Inter gla cial the val -
ley bot tom (Fig. 6) was sit u ated from ca. 206 m a.s.l. in the vi -
cin ity of Zakrucze to ca. 203 m  a.s.l. in t he gorge z one near
Bocheniec, and ca. 195 m a.s.l. (as the Biała Nida val ley) in the
vi cin ity of ̄ erniki. This di rec tion of bot tom in cli na tion was re -
tained dur ing the last gla ci ation un til the pres ent-day (Fig. 6).
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Fig. 6. Lon gi tu di nal pro files of river val ley bot toms from the SW part of the Holy Cross Moun tains re gion



FINAL REMARKS

This data and dis cus sion on the palaeogeographic de vel op -
ment of river val leys in the SW Me so zoic mar gin of the Holy
Cross Mts. in di cate that the lo ca tion and de vel op ment of these
val leys de pended on t he li  thol ogy a nd tec  ton ics of
pre-Quaternary rocks a s wel l as  on the f low di  rec tions of
proglacial and extraglacial wa ters dur ing t he Pl eis to cene
glaciations. 

Dur ing the G reat Inter  gla cial ( Mazovian sensu lato) the
area ana lysed of the proto-Czarna Nida river val ley rep re sented 
the up per sec tion of one of the larg est and best re cog nised con -
tem po rary val leys in Po land (Lindner et al., 1982). Thi s was
prob a bly proto-Warta, wh ich at th at time  drain ed th e pr es -
ent-day Widawka ba sin, and the traces of which are flu vial de -
pos its of the  an cient Ruszczyn val ley (see Baraniecka and
Sarnacka, 1971), lo cated within the tec tonic Kleszczów graben
(Fig. 7 ). Ac cord ing to Baraniecka and Sarnacka (1971), the
Ruszczyn val ley was par al lel to th is, and its bot tom was sit u -
ated at 100 to 117 m a.s.l. Two sedimentological cy cles can be
re cog nised wit hin t he al  lu vial de pos its. The  older  is re p re -
sented by gravel-sandy de pos its, 20–25 m thick, and the youn -
ger cy cle is char ac ter ised by anal o gous de pos its with silt
in ter ca la tions up to 15–20 m  thick. Be tween Małogoszcz and
Przedbórz, wa ters of the proto-Warta-proto-Czarna Nida sec -
tion ana lysed are doc u mented by the de pos its of the Mazovian
Inter gla cial pre  served in i ts dra in age ba  sin i n Sewerynów
(Jurkiewicz and Mamakowa, 1960) and Zakrucze (Lindner and 
Rzêtkowska-Orowiecka, 1998) (Fig. 7).

North-west wards, in Wielkopolska, the val ley ana lysed
rep re sented a form which orig i nated dur ing the ini tial phases of 
the re treat of the Sanian 2 Gla  ci ation (youn gest of the  South
Pol ish Glaciations). Its de vel op ment was de ter mined mainly by 
the con tem po rary for ma tion of a par al lel proglacial stream way
sys tem, and to a lesser de gree, by the in flu ence of neotectonic
pro cesses. The va l ley, along with the join ing proto-Odra val -
ley, col lected wa ters from the whole of west ern Po land, and the
en su ing river, flow ing to the west, reached the Hol stein bay lo -
cated NW of Berlin (Fig. 7).

The Mazovian Inter gla cial river val ley course p re sented,
that is a val ley formed by a river with sources in the SW part of
the Holy Cross Mts. re gion, in its up per and mid dle sec tion dis -
tinctly fol lows zones of tec tonic dis lo ca tions and is linked with
the lithological va ri ety of Me so zoic de pos its. In the up per sec -
tion the r e la tions were  worked out  by fi eld ob ser va tions,
whereas in the mid dle sec tion the course of the val ley fol lows
the pa t tern of te c tonic li n ea ments re cog nised on air  pho tos
(Ostaficzuk, 1981). 

Dur ing t he Mi d dle P ol ish Glaciations this v al ley sys tem
was l argely co v ered by  de pos its of se v eral ad vances of the
Scan di na vian i ce s heet. In it s high est part  only , SE of
Małogoszcz (Fig. 7), the proto-Czarna Nida val ley was lo cated
be yond t he range  of the  old est of the se i ce s heets (of the
Odranian Gla ci ation), w ith th e ru n off in  her ited af  ter
glacifluvial flo w. T he f low col lected proglacial and
extraglacial wa ters, ini tially pro duc ing the sur face of ter race V,
and later of ter race IV in t he in ter pre ta tion of Lindner (1977)
and Lindner and Mastella (2001). Such val ley flow ini ti ated the 
later Eemian and pres ent-day river net work pat tern. 
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Fig. 7. A — lo ca tion of the area ana lysed  in re la tion to the river va lleys of the Mazovian Inter gla cial in Po land and the con tem po rary bays of the Hol stein
sea (HS), B — prob a ble pat tern of the main river val leys from the Mazovian Inter gla cial in the west ern part of the Holy Cross Moun tains re gion and the
south ern part of the Bełchatów re gion; 1 — range of the Odranian (Wartanian?) ice sheet, 2 — sites of lake de pos its from the Mazovian Inter gla cial: S —
Sewerynów, Z — Zakrucze; 3 — m ain river val leys of the Mazovian Inter gla cial, 4 — Kleszczów graben, 5 — m ain pr es ent-day out  crops of
pre-Quaternary de pos its
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