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An es sent ial fac tor en sur ing fre edom of ma noe uvre of land for ces in low land areas is the abil ity to cross wa ter ob stacl es,
espec ially river chan nels. For he avy mi lit ary ve hic les to cross river beds, pla ces need to be in dent ifi ed whe re both the chan -
nel ’s depth and the al luv ial de pos its’ re sis tance to dy nam ic lo ads enab le safe pas sage. In the case of many Po lish rivers cha -
ract eri zed by a pre dom ina nce of low wa ter levels, the use of Mo tor ized Flo ating Brid ges to fer ry ar mou red ve hic les is
po ssib le only in brief pe riods of high wa ter level. Conve nient pla ces for cros sing chan nels du ring low and me dium sta tes are
zo nes whe re sub-al luv ial be drock pro trud es. The se forms are made of load- and eros ion-re sis tant li thol ogi es. Sin ce the pre -
sence of be drock pro trus ions de term ines the mor phod yna mics of the flo odp lain, the spe cif ic re lief, and the outc rop pat tern of
the val ley bot tom, may in dic ate the ir lo cat ion. In this stu dy, we in dic ate spe cif ic fe atur es of the mor phod yna mics of river flo -
odp lains in the Po lish Low lands, vi sib le in the to pog raph ic re lief of the se forms, that may help ident ify sec tions of the river bed
su itab le for cros sing by he avy mi lit ary ve hic les. Such re cog niti on li mits the amou nt of geo log ical re sea rch ne eded, in crea ses
the sa fety of river cros sings, and al lows for the opti mal use of li mit ed re sou rces of spe cial ist mi lit ary tech nol ogy (flo ating pon -
toon brid ges). We de scribe re sea rch re sults from river val leys of diffe rent si zes in the Po lish Low lands. Geo log ical and geo -
morp holo gic al map ping was car ried out using re mote sen sing, dril ling along chan nels, and ba thym etr ic mea sure ments.

Key words: river chan nel cros sing, ar mou red ve hic les, ford, river val ley, river chan nel, geo log ical struc ture.

INTRODUCTION 

Ex pe ri ence from the cur rent armed con flict in Ukraine pro -
ves that the manoeuvering ca pa bil i ties of land forces are still
key to achiev ing suc cess at op er a tional and tac ti cal lev els. One
of the ba sic prob lems in en sur ing this is the abil ity to cross wa ter 
(Szelka, 2017; M¹drzycki et al., 2019; Komornicki, 2021), bod -
ies of which usu ally act as nat u ral de fence lines. On the Eu ro -
pean Plain, they are, next to dense for ests and swamps, the ba -
sic nat u ral fac tor lim it ing the move ment of heavy mil i tary ve hi -
cles. Wa ter ob sta cles also make it dif fi cult to sup ply the
amounts of fuel and weap ons nec es sary to ef fec tively con duct
op er a tional ac tiv i ties. From the point of view of the abil ity to ma -
noeuvre, the most im por tant wa ter bod ies are rivers, long, lin -
ear forms which are dif fi cult or im pos si ble to by pass (Fig. 1). In
gen eral, ex ist ing road or rail way bridges in con di tions of ac tive

con flict are not a safe place to cross river chan nels. It is com -
monly be lieved that these would be de stroyed in the first hours
of a war by the en emy’s air at tack ca pa bil i ties and as a re sult of
our own de lay ing ac tions. The scale of the prob lem of forc ing
riverbed cross ings dur ing land forces op er a tions in NE Po land
can be il lus trated by a map show ing the den sity of the river net -
work in this area (Fig. 1).

De spite the sig nif i cant de vel op ment of mil i tary tech nol ogy,
in clud ing the means of cross ing rivers, rel a tively nar row sec -
ond- and third-or der river chan nels also pose a sig nif i cant ter -
rain ob sta cle for mech a nized troops (Ostrowski and Utratna -
¯ukowska, 2023). An ex am ple here was the un suc cess ful at -
tempts to cross the Donets Siverskyi, Ukraine, river chan nel in
the first half of 2022. Sev eral at tempts to cross the chan nel,
which is only 30 m wide, by Rus sian bat tal ion bat tle groups near 
the town of Bilohorivka and Ukrai nian troops in the area of
Izyum town ended in com plete fail ure (Fig. 2). The river cross -
ing was un suc cess ful be cause of the li thol ogy and prob a bly the
low den sity of the al lu vium form ing the bot tom of the river chan -
nel. De spite the small depth and width of the river, cross ing it
with heavy mil i tary ve hi cles re quired tech ni cal means such as
pon toon bridges. On a mod ern bat tle field, in the ab sence of
com plete air dom i nance of the side forc ing the river, these are
very sus cep ti ble to de struc tion.
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The prob lem of cross ing wa ter ob sta cles can only be par -
tially solved by us ing spe cial ized cross ing means, e.g. Mo tor -
ized Float ing Bridges (MFB), which are at the dis posal of the
Eu ro pean com po nent of NATO troops. This is due to the spe -
cific na ture of the rivers of the East Eu ro pean Plain. In most
cases, rivers in the Pol ish Low land are char ac ter ized by very
high flow vari abil ity over the hy dro log i cal year (Stachý, 1970).
The use of cross ing equip ment is only pos si ble in con di tions of
high wa ter lev els in the chan nel, which in the case of the Pol ish
Low lands are rel a tively brief and are as so ci ated with floods

(Ostrowski and Utratna-Żukowska, 2023; Fig. 3). This prob lem
is also ag gra vated by long-term hy dro log i cal low flows dur ing
the sum mer months in re cent years, in which the con di tions
make forc ing mod ern river chan nels ex tremely dif fi cult. This ap -
plies es pe cially to sec tions with a large thick ness of mod ern
chan nel sed i ments, which dom i nate in the East ern Stra te gic Di -
rec tion. 

Un der low wa ter con di tions, the ac ces si bil ity of Pol ish Low -
land river chan nels may in many cases be lim ited, es pe cially for
heavy mil i tary tech nol ogy. The max i mum wad ing depth for
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Fig. 1A – hy dro graphic net work of part of the Pol ish Low land in the north east ern stra te gic 
di rec tion (on the base of MPHP10, part of the ISOK pro ject); B – prob lem for mod ern 

main bat tle tanks may be cross ing even shal low streams a few metres in width
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most types of In fan try Fight ing Ve hi cles (IFVs) and main bat tle
tanks is 2.5 m. Rivers op er at ing in con di tions of large dif fer -
ences be tween ex treme flows of ten have braided chan nels
over loaded with al lu via (Falkowski, 1971; Kozarski and Rot -
nicki, 1977; Mycielska-Dowgiałło, 1978; Szumański, 1986).
Their bot toms are made of al lu vium with vary ing de grees of rel -
a tive den sity (i.e. of com pac tion) (Smaga, 2015). These are of -
ten loose sands with low re sis tance to static and dy namic loads, 
which are also eas ily sub ject to thixotropy, be cause of their
thor ough trans for ma tion (re work ing) dur ing floods (Falkowski,
2007; cf. Leopold et al., 1964). The chan nel bed deep ens dur -
ing the pas sage of the flood wave and af ter this is quickly filled

with loose sed i ment. The lo ca tion of flood re work ing zones is of -
ten dif fi cult to de ter mine be cause, dur ing high wa ter flow, the ar -
range ment of stream lines may change sig nif i cantly (see Falko -
wski et al., 2017).

Apart from the chan nel zones filled with poorly com pacted
min eral de pos its, in the Pol ish Low land river val leys, some sec -
tions are dif fi cult to cross be cause of the oc cur rence in their bot -
tom of or ganic soils – mainly peat or gyttja. High litholo gi -
cal/morphogenetic vari abil ity of in di vid ual sec tions of such a
val ley, in clud ing the oc cur rence of lac us trine sed i ments, re -
flects the di verse gen e sis of these forms (Falkowski, 1971,
1997; Mojski, 2005). 
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Fig. 2. An un suc cess ful at tempt to cross the Donets Siverskyi River near the town of Bilohorivka, May 11, 2022; rect an gles mark 
de stroyed mil i tary equip ment (Gen eral Staff of the Armed Forces of Ukraine; af ter Ostrowski and Utratna-Żukowska, 2023)
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In the avail able lit er a ture, there are no stud ies de voted to
the meth od ol ogy of iden ti fy ing sec tions of riverbeds suit able for
cross ing by mil i tary ve hi cles. Avail able pub li ca tions mainly con -
cern tech ni cal is sues and the lo gis tics of cross ings (e.g., Head -
quar ters De part ment of the Army Com man dant, US Ma rine
Corps, 1992; Iyer, 2024).

Here, we ana lyse the spe cific morphodynamics of in di vid ual 
sec tions of low land river val leys to iden tify zones within their
chan nels that are con ve nient for cross ing by heavy mil i tary ve -
hi cles.

The ex am ples de scribed in the pa per il lus trate the com plex
geo log i cal struc ture of river val ley sec tions in the Pol ish Low -
lands, in ar eas shaped dur ing the Mid dle Pleis to cene and also
of young gla cial re lief.

A ba sic as sump tion is the ex is tence of a re la tion ship be -
tween the geo log i cal struc ture of the val ley and the morpho -
dynamics of the floodplain sur face. As pre vi ous stud ies have
shown (Falkowski, 1971), in al lu vial sec tions of river val leys in
the Pol ish Low land we can dis tin guish ma ture sec tions, with de -
vel oped ero sional bases filled with thick chan nel al lu via, and im -
ma ture sec tions, with an un de vel oped ero sional base. In the
sec ond case, the sub-al lu vial bed rock forms sta ble, mor pho log -
i cal forms (Falkowski, 2007), which may con sti tute fords: places 
con ve nient for cross ing the river (spe cific “geo log i cal bridges”;
Ostrowski, 2022). In con di tions of low and mod er ate wa ter lev -
els (i.e. dur ing most of the hy dro log i cal year), the tops of such
forms are cov ered with a thin-layer of chan nel al lu vium, which
makes their ef fec tive iden ti fi ca tion us ing re mote sens ing meth -
ods dif fi cult or even im pos si ble.

How ever, quick and ef fec tive iden ti fi ca tion of such places
can be car ried out in di rectly based on the fea tures of the val ley
bot tom, es pe cially the floodplain. The oc cur rence of a sta ble
level in the river chan nel that does not wash out dur ing floods
sig nif i cantly af fects the flood wa ter flows (Falkowski, 2007;
Falkowska and Falkowski, 2015; Ostrowski et al., 2021): the in -
abil ity to deepen the river chan nel dur ing floods causes wa ter to 
en ter the floodplain al ways at the same places (Fig. 4), re sult ing 
in sets of char ac ter is tic ero sional and depositional land forms
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Fig. 3. The pos si bil ity of us ing var i ous cross ing means on the ex am ple of a sec tion 
of the Bug River Valley in Małkinia; an ex am ple from the hy dro log i cal year 2022

(af ter Ostrowski and Utratna-Żukowska, 2023, mod i fied)

The max i mum wad ing depth for most types of IFVs and main bat tle tanks is 2.5 m

A

B

Fig. 4. Sub-al lu vial bed rock pro tru sions’ influenceon
floodplain morphodynamics 

(af ter Falkowska and Falkowski, 2015, changed)

Un der low flow (dis charges) con di tions, the pro jec tions of the ero -
sion-re sis tant sub strate are hid den un der the al lu vial layer. Dur ing
flood flows, when the en ergy of the flow in creases, the sub strate
ceil ing is ex posed, and its re lief af fects the sys tem of the stream -
lines. The wa ters piled up on the sub strate con vex ity in vade the sur -
face of the floodplain in the same places each time, cre at ing
as so ci a tions of ero sional and depositional forms there; A – mid dle
state; B – flood flow; c – cre vasse, cha – chan nel al lu via, cs – cre -
vasse splay, nl – nat u ral levee
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(Falkowski, 2007; Falkowska and Falkowski, 2015; Ostrowski
et al., 2021).

In sec tions of ma ture river val leys (Falkowski, 1971), which
have deeply cut ero sional bases, such morphogenic flood wa -
ter fea tures are not con cen trated in par tic u lar sec tions of the
floodplains.

METHODOLOGY

Re search into the re la tion ship be tween the morpho dyna -
mics of the val ley floor and the oc cur rence of sta ble chan nel
bot tom zones (act ing as fords) con ve nient for cross ing by
heavy mil i tary ve hi cles was car ried out in the val leys of low land
rivers of great geostrategic im por tance: Wis³a, Odra, Bug,
Supraœl, Orzyc, Wkra, Pilica, and Rospuda. As part of the field
re search, geo log i cal map ping of the sur face of the floodplain
and the chan nel zone, drill ing bore holes in the river chan nel,
and sound ing with a dy namic light probe were per formed to as -
sess the rel a tive den sity of al lu via. Ad di tion ally, in dif fer ent hy -
dro log i cal con di tions in the chan nel, a se ries of bathymetric
mea sure ments were car ried out us ing an echosounder cou pled 
with a Global Nav i ga tion Sat el lite Sys tems (GNSS) re ceiver op -
er at ing in the Real Time Ki ne matic (RTK) and Real Time Net -
work (RTN) modes, which al lowed for the prep a ra tion of bathy -
metric and hypsometric maps.

The geomorphological fea tures of the val ley floor were
mapped based on re mote sens ing us ing ae rial pho tos and sat -
el lite im ag ery and Dig i tal Ter rain Model (DTM) based on Air -

borne La ser Scan ning (ALS). The spa tial res o lu tion of all ma te -
ri als ana lysed was ³1 m. 

The re sults of field and re mote sens ing re search were jointly 
ana lysed in the GIS da ta base, which was the ba sis for for mu lat -
ing our con clu sions. De tails of the start ing/source ma te ri als are
given in Ta ble 1.

RESULTS 

The val ley sec tions stud ied are lo cated in ar eas with dif fer -
ent de grees of land scape ma tu rity. The area of young gla cial re -
lief is rep re sented by sec tions of the Rospuda and Odra val leys, 
and sec tions of the Orzyc, Wkra, Supraœl, Pilica, Bug, and Wis³a 
val leys rep re sent the area formed in the Mid dle Pleis to cene.

ROSPUDA RIVER VALLEY

Re search was con ducted on an ~10-km val ley sec tion from
the site called Œwiête Miejsce to Lake Rospuda. In this sec tion,
the river fol lows the de pres sion of a subglacial trough (Ber,
1982). Six teen bore holes were made in the val ley floor, cre at ing 
cross-sec tions run ning trans versely to the val ley. Nine bore -
holes were also made in the chan nel bot tom (Jab³oñska et al.,
2014; Fig. 5).

In the Œwiête Miejsce the val ley floor is ~100 m wide. The
Rospuda chan nel re veals boul ders and coarse grav els re sult -
ing from the win now ing of flu vio gla cial de pos its that con sti tute
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T a  b l e  1

De tails of the start ing/source ma te ri als

River/val ley
reach

Stream 
or der

Stud ied 
val ley 
length

[km]

Course

Bore holes Figs. photo/im ag ery

Ref er enceType/
Di am e ter Num ber Year/Date of 

per for mance
Res o lu tion

[m]
Scale Type/Source

Rospuda/
Œwiête

Miejsce-
Rospuda Lake

4 10 up per
Cased 

bore holes/
90 mm

9 (along the
chan nel) + 16 
in 3 sec tions

2022.05.04 0.25 1:5000

dig i tal ae rial im ag -
ery, nat u ral colour
(NRG) com po si -

tion/PZGiK*

Jab³oñska
et al. (2014)

Odra/Cedynia-
Bielinek 1 10 lower

Cased 
bore holes/

90 mm

46 (along the
chan nel) 2025.01.20 – –

dig i tal sat el lite im ag -
ery, nat u ral colour
(NRG) com po si -

tions/Airbus Im age, 

Maxtar Tech nol o gies

(Google Earth Pro)

Falkowski
(2006)

Orzyc/Grzebsk
-Janowo 3 15 up per Cased bore -

holes/90 mm
38 in

4 sec tions
2020.06.02 0.25 1:5000

dig i tal ae rial im ag -
ery, nat u ral colour
(NRG) com po si -

tion/PZGiK*

Falkowska
(2015)

Wkra/Nidzica-
Strzegowo 3 35

up per
and

mid dle

Cased bore -
holes/90 mm

+ ar chi val

28 ar chi val in 
7 sec tions – – – –

Falkowski
(1997,

2003, 2006)

Supraœl 3 13 mid dle Cased bore -
holes/90 mm

45 (along the
chan nel) + 

ar chi val
– – –

B/W ae rial photo 

/PZGiK*

Falkowska
and

Falkowski
(1994)

Pilica 3 21 mid dle Cased bore -
holes/90 mm – – – – Falkowski

(2010)

Wis³a/Annopol
-Modlin 1 250 mid dle

Cased bore -
holes/90 mm 

+ ar chi val

420 in the
chan nel +

142 ar chi val
– – – – Falkowski

(2006, 2007)

Bug 2 27 lower Cased bore -
holes/90 mm – – – –

Ostrowski 
et al. (2022)

   * – State Geo detic and Car to graphic Re source (Pañstwowy Zasób Geodezyjny i Kartograficzny)
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m a.s.l.

A

B

Fig. 5. Lithological cross-sec tion of the Rospuda River Valley zone be tween Święte Miejsce (A), 
and Rospuda Lake (B) (af ter Jabłońska et al., 2014, changed); the cross-sec tion runs through

 the mid dle of a wind ing chan nel

 1 – flu vio gla cial sands and grav els, 2 – fine and me dium sands, chan nel de pos its, 3 – fine and me dium sands 
with mud in ter ca la tions, 4 – or ganic gyttia, 5 – peat with mud, 6 – or ganic mud
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the val ley floor. Down stream from this zone, the val ley ex pands
lo cally to over a kilo metre, while the sur face of the flu vio gla cial
de pos its con sti tut ing the val ley floor be comes lower. The val ley
is filled with peat and gyttja with a thick ness ex ceed ing 20 m. In
the chan nel zone, sands in ter ca lated with or ganic mud, peat,
and gyttja were found, over ly ing the slop ing sur face of the flu -
vio gla cial de pos its. Sands also oc cur as in ter ca la tions and
prob a bly as lenses within soft, plas tic lake de pos its; they were
en coun tered at var i ous depths in bore holes drilled out side the
con tem po rary chan nel zone.

ODRA VALLEY BETWEEN CEDYNIA
 AND BIELINEK

The Odra Val ley sec tion ex am ined con sti tutes a dis tinct ex -
ten sion of the val ley (Fig. 6). In the Cedynia area (the pol der
area called Żuławy Cedyńskie) the width of the val ley is al most
4 km. On the floodplain sur face are vis i ble traces of a multi-
 chan nel sys tem sim i lar to the Narew sys tem be tween Suraż
and Tykocin (Falkowski, 1971; Gradziński et al., 2003). The val -
ley floor is di rectly ad ja cent to the slope of the mo raine pla teau
or to the flu vio gla cial ac cu mu la tion ter race. The sands and
grav els that make up this form are ex ten sively ex ploited: on the
Pol ish side, in Bielinek and Piasek, and on the Ger man side,
near Hohensaaten.

Forty-six bore holes were drilled in the chan nel along the
main stream zone (Fig. 6). These showed the pres ence of a
sev eral-metres-thick layer of me dium sand and gravel at the
bot tom of the chan nel, ly ing on or ganic lo cally car bon ates silt
and gyttja in a soft-plas tic state. The sand thick ness in creases
es pe cially in the vi cin ity of en gi neer ing struc tures. In the zones
of evorsion hol lows ac com pa ny ing groynes, the chan nel sands
reach sev eral metres thick. The bed rock on which or ganic soils
rest is built of gla cial tills and coarse-grained flu vio gla cial de -
pos its.

ORZYC VALLEY IN GRZEBSK

The Orzyc Val ley sec tion ex am ined is an up stream reach,
where the river fol lows a NE–SW-aligned melt-out de pres sion.
Down stream from Janowo the val ley changes di rec tion to
NW–SE on en ter ing the Kurpie outwash plain (Różycki, 1972;
Marks, 1990; Mojski, 2005).

The reach of the Orzyc Val ley stud ied is an ir reg u lar de pres -
sion (Fig. 7), of max i mum width ~3 km. The val ley floor is filled
with peats and gyttja ly ing on gla cial sands and tills. The max i -
mum thick ness of or ganic de pos its ex ceeds 8 m (Falkowska,
2015). On the peat sur face of the val ley floor, traces of a
multi-chan nel sys tem are vis i ble. These are sim i lar to those of
the val leys de scribed above. The mod ern Orzyc flows through
an ar ti fi cial ditch, dug into the peat (Fig. 7).

WKRA RIVER VALLEY

Re search in the Wkra River Val ley was aimed at de ter min -
ing the di ver sity of un der ground out flow con di tions (Falkowski,
1997). The anal y sis in cluded pur pose-drilled bore holes in the
val ley bot tom, and the use of drill ing re cords from sev eral en gi -
neer ing-geo log i cal pro jects mostly for bridge cross ings (Falko -

wski, 2003). The Wkra River Val ley in the sec tion ana lysed fol -
lows a se ries of melt-out de pres sions, trans formed to vary ing
de grees dur ing the val ley’s de vel op ment (Fig. 8). In the up per
reaches, the val ley floor is built of or ganic soils: gyttja and peat
with an av er age thick ness of 3–5 m. An ar ti fi cial, straight river
chan nel is dug into or ganic soil. The width of val ley sec tions var -
ies from sev eral hun dred metres to over 3 kilo metres.

Down stream of Nowy Dwór (Fig. 8), the val ley turns N-S
and runs along the east ern edge of the outwash plain (Różycki,
1972; Marks, 1990; Kotarbiński and Krupiński, 2000). The set of 
glaciogenic de pres sions cre at ing the val ley was trans formed
due to the con cen trated flow of melt wa ter dur ing the last gla ci -
ation (Falkowski, 1997; Kotarbiński and Krupiński, 2000). In ad -
di tion to bur ied lake de pos its (Kotarbiński and Krupiński, 2000),
ev i dence of the orig i nal gen e sis of the form com prises also low
val ley-bot tom gra di ents which fa vour peat de vel op ment. The
av er age sur face peat thick ness is up to ~2 m. How ever, in the
vi cin ity of Żuromin (Fig. 8), lac us trine soils: sapropel, and peat,
bur ied un der flu vio gla cial sands, reach a thick ness of over 10 m 
(Falkowski, 1997; Kotarbiński and Krupiński, 2000).

The wide sec tions of the Wkra River Val ley are as so ci ated
with dis tinct narrowings. Those reaches of river-gorge type are
marked on the lon gi tu di nal val ley pro file by a no tice able in -
crease in bot tom gra di ents (Fig. 8). In such places, in the chan -
nel bot tom, there are out crops of ero sion-re sis tant de pos its
such as morainic tills, ice-dam clays, and coarse-grained flu vio -
gla cial de pos its.

SUPRŚAL RIVER VALLEY 

Study here was aimed at de ter min ing the pos si bil ity of ex -
pand ing the wa ter in take for Białystok in the Supraśl River Val -
ley bot tom, in clud ing by iden ti fy ing dif fer ences in the aquiclude
prop er ties of the sur face de pos its (Myślińska et al., 1993). In
the sec tion ex am ined, the Supraśl River runs along the edge of
a wide, ir reg u lar melt-out de pres sion (Falkowska and Falko -
wski, 1994; Fedorowicz et al., 1995). On the val ley floor, out side 
the chan nel zone, there are peats with an av er age thick ness of
~2 m. The de pos its form ing the pla teau ad ja cent to the val ley,
as well as the bed rock of or ganic-rich lithologies in the val ley,
are strongly glaciotectonically dis turbed. There are folds made
of morainic tills, ice-dam lake clays, silts, and coarse-grained
flu vio gla cial de pos its in the val ley bot tom (Fig. 9; Falkowska
and Falkowski, 1994; Fedorowicz et al., 1995).

PILICA RIVER VALLEY

Re search took place within an ~12 kilo metre sec tion of the
mid dle Pilica River Val ley be tween Inowłódz and Domaniewice
(Falkowski, 2010). Twenty five bore holes were drilled in the al -
lu vial bed of the chan nel, and map ping of the val ley floor was
car ried out. Sub-al lu vial bed rock pro tru sions were de tected,
com posed of morainic clays, flu vio gla cial sands with grav els,
and ice-dam lake clays in the chan nel bed, as well as a zone
where si li ceous sand stones of the Mid dle Ju ras sic were ex -
posed in the chan nel floor (Fig. 10). Be tween the base ment
highs, the chan nel al lu via are up to 10 m thick. The depth of Ho -
lo cene re work ing, marked by a layer of re sid ual lag, is on av er -
age 2–4 m. The sur face of the val ley shows traces of the ac tiv ity 
of flood wa ters that dammed up on these re sis tant thresh olds.
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A B

Fig. 6. Lon gi tu di nal chan nel cross-sec tion of the Odra River Valley in the area of Cedynia (A) 
and Bielinek (B) (af ter Falkowski, 2006, changed); the cross-sec tion runs through 

the mid dle of a chan nel

1 – flu vio gla cial sands and grav els, 2 – gyttia, 3 – chan nel al lu via



Tomasz FalkowskI and Piotr Ostrowski  / Geological Quarterly, 2025, 69, 15 9

m a.s.l.
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Fig. 7. Geo log i cal cross-sec tion of the Orzyc River Val ley in the vi cin ity of Janów
 (af ter Falkowska, 2015, changed)

1 – gla cial till, 2 – flu vio gla cial sands and grav els, 3 – or ganic mud, 4 – fine sands, 5 – or ganic gyttia, 6 – peat
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This ac tiv ity par tially erased the traces of the river’s me an der ing 
from the pe riod of the Ho lo cene cli ma tic op ti mum (Falkowski,
2010; cf. Falkowski, 1971).

MIDDLE WIS£A RIVER VALLEY

The sec tion of the Wis³a River Val ley stud ied runs from
Annopol to Modlin (Falkowski, 2006; Falkowska and Falkowski, 
2015; Falkowska et al., 2016). In sec tions where ev i dence of
con cen trated and re peated floodwater ac tiv ity was iden ti fied on
the floodplain sur face, drill ing was car ried out in the chan nel
bed. This showed the pres ence of sub-al lu vial bed rock pro tru -
sions. In side the sec tion of the Vistula River Gorge (Po¿aryski,
1953; Kondracki, 2001), such bed rock pro tru sions are built
mainly of Up per Cre ta ceous car bon ate and si li ceous rocks and
their clay-rich weath er ing prod ucts. Down stream from the
gorge zone, they are built of co he sive and coarse-grained
Paleogene, Neo gene, and Pleis to cene de pos its. In the sec tion
ana lysed, 21 such zones were found, rang ing in length from
sev eral to over 20 kilo metres (Falkowski, 2006, 2007; Falko -
wska and Falkowski, 2015; Falkowska et al., 2016; Falkowski et 
al., 2017). Echosound stud ies con ducted dur ing var i ous river
states showed the sta bil ity of the cur rent-line sys tem (Falko -
wski, 2007; Falkowski et al., 2018). This sta bil ity some times

causes the fail ure of reg u la tory and flood pro tec tion struc tures 
(Falkowski, 2007; Wierzbicki et al., 2018; Bujakowski and
Falkowski, 2019).

LOWER BUG RIVER VALLEY

Re search was car ried out in the Podlasie sec tion of the river 
(east ern Po land) (Ostrowski and Falkowski, 2021; Ostrowski et
al.,  2023) and the vi cin ity of Ma³kinia and Brok (cen tral Po land)
(Ostrowski, 2022). This showed the oc cur rence of a se ries of
sub-al lu vial bed rock pro tru sions. As in the case of the Pilica and 
mid dle Vistula val leys, a rich set of flood-flow ero sional and
depositional land forms was found, re lated to the pres ence of re -
sis tant thresh olds in the chan nel (Fig. 11) . Some of these were
the re sult of ice-jam floods (as in the val leys of the other rivers
stud ied; cf. Falkowski and Popek, 2000; Fig. 12), ev i dence of
which were found even on the sur faces of higher ter races
(Ostrowski et al., 2023).

In sub se quent years, changes in the den sity of chan nel al lu -
vium in the zones of sub-al lu vial bed rock pro tru sions were also
ex am ined. The den sity in dex of chan nel sands in places out side 
the main cur rent zones in creased in sub se quent years. This
phe nom e non con trib utes to the sta bi li za tion of the cur rent lines
be tween ex tremely high floods.
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Fig. 8. Geomorphological sketch of the up per course of the Wkra River Val ley and lon gi tu di nal pro file of the val ley bot tom 
with lo ca tion of hinge-points (thresh olds) be tween post-lac us trine val ley reaches (af ter Falkowski, 1997)
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DISCUSSION

Even though the sec tions of the river val leys ana lysed are
lo cated in ar eas with vary ing de grees of de vel op ment of denu -

datio nal pro cesses, their com mon fea ture is morphogenetic im -
ma tu rity, man i fested by the lack of fully de vel oped ero sional
bases. This re sults mainly from the var ied gen e sis of these
forms, traces of which are still vis i ble in the mor phol ogy and
geo log i cal struc ture of the val ley floor (Falkowski, 1971, 1997).
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A B

Fig. 9. Geo log i cal cross-sec tion along the Supraśl River Val ley  near Wasilków and sim pli fied photo-geo log i cal sketch 
of the river val ley bot tom and ad ja cent pla teau (af ter Falkowska and Falkowski 1994, sup ple mented); 

the cross-sec tion runs through the mid dle of a wind ing chan nel

MP – morainic pla teau, P – peat, ma – val ley sur face built with min eral de pos its (al lu vial), 1 – gla cial till, 2 – ice-dam lake de pos its, 

3 – flu vio gla cial sands and grav els, 4 – Supraśl River Valley al lu via, 5 – or ganic mud  



The river val leys formed af ter deglaciation in clude se quen -
ces of glaciogenic and thermokarst de pres sions of var i ous
sizes and shapes. The course of their ad ap ta tion to the val ley
largely de pended on the size of these forms, the size of their
par tial catch ment, and there fore mainly on the sup ply of sed i -
ment to the val ley. In many cases, ev i dence of the orig i nal gen -
e sis of val ley sec tions is still vis i ble, both in the shape of the
form and in the li thol ogy of its infill (Klajnert and Wasiak, 1989;
Musiał, 1992; Błaszkiewicz and Krzymińska, 1992; Kobojek,
1996; Falkowski, 1997; Falkowska, 2015). The sur vival of ev i -
dence of the orig i nal gen e sis of a val ley sec tion de pends on the
age of the form, as well as its size and shape. Most such sec -
tions can be found in young gla cial re lief (Mojski, 2005), but
they also oc cur in ar eas where the re lief was shaped in the Mid -
dle Pleis to cene (Falkowski, 1971; Musiał 1992).

POST-LACUSTRINE SECTIONS

In poly gen etic sec tions of river val ley bot toms  out crops of
non-al lu vial sed i ments, of ten of con sid er able thick ness, are
very com mon. These are mostly weak, or ganic soils with low
load-bear ing ca pac ity. Most val ley sec tions of this type can be
found in ar eas of young post-gla cial re lief. An ex am ple is the
sec tion of the Rospuda Val ley down stream of the Święte

Miejsce, where the thick ness of peats and gyttja com monly ex -
ceeds 20 m (Jabłońska et al., 2014; Fig. 5). Sandy riverbed sed -
i ments are be ing de pos ited in the delta zone cre ated by the river 
si mul ta neously with the de po si tion of or ganic sed i ments. Due to 
dif fer ences in sed i ment com pac tion, al lu vial de pos its sink within 
lake sed i ments and can cur rently be found as iso lated bod ies at 
dif fer ent depths. 

The other ex am ple is a part of the lower Odra Val ley in the
area of Cedynia and Bielinek, where the river uses a lake de -
pres sion filled with peat and gyttja. The chan nel zone is formed
in sands, which the river washed along the cut which was dug at 
the end of the 19th cen tury (Falkowski, 2006; Fig. 6).

Post-lac us trine val ley sec tions can also be found in ar eas
with more ma ture re lief (Falkowski, 1971), for ex am ple in the
area shaped dur ing the Mid dle Pol ish Glaciations (Lindner,
1988; Lindner and Marks, 2012). Such a form is the sec tion of
the up per Orzyc River Val ley in the area of Janowo and
Grzebsk. The de pres sion adapted to the val ley is filled with
peats and gyttja with a thick ness ex ceed ing 6 m (Falkowska,
2015; Fig. 7).

An ex am ple from the his tory of the de fen sive war in 1939 in
Po land (Kozłowski and Wrzosek, 1984) shows the scale of dif fi -
cul ties that may re sult from at tempts to cross post-lake sec tions 
of poly gen etic river val leys by sub units of mech a nized troops. A
mod est unit of the Bor der Pro tec tion Corps of the Pol ish Army
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A B

C

Fig. 10. Thresh olds built of ero sion-re sis tant de pos its in the Pilica River Valley in the vi cin ity of Inowłódz; 
A – si li ceous sand stones (mid dle Ju ras sic), B – ice-dam lake de pos its (Pleis to cene), C – gla cial till re sid uum
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un der the com mand of Cap tain W³adys³aw Raginis, de fend ing
the area where the Biebrza River flows into the Narew River,
stopped the 19th Ger man ar moured corps com manded by
Gen eral Heinz Guderian. The en tire sec tion of the Narew Val ley 
from Tykocin to £om¿a is a melt-out de pres sion adapted to the
val ley (Falkowski, 1971; Musia³, 1992; Mojski, 2005). A relic of
the lac us trine or i gins of the landform is Maliszewskie Lake, lo -
cated in the east ern part of the Wizna Marsh, where the thick -
ness of or ganic de pos its ex ceeds 20 m (¯urek, 1978). The
Narew flows through a sandy dyke zone built within this de pres -
sion.

Bed rock pro tru sions of sta ble, load-re sis tant de pos its can
also be found within the post-lac us trine reaches. Their pres -
ence is usu ally as so ci ated with the com plex gen e sis of the
melt-out de pres sions them selves, which may in clude
glaciotectonic pro cesses (e.g., the Supraœl River Val ley; cf.
Falkowska and Falkowski, 1994; Fig. 9). Con vex i ties of the min -
eral sub strate of or ganic sed i ments can also be dunes (Falko -
wski, 1971, 1988). Such places, suit able for heavy mil i tary ve hi -
cle routes in post-lac us trine val ley sec tions, can be lo cated pre -
cisely based by re mote sens ing meth ods be cause the thick -
ness of the or ganic sed i ment layer is lesser in such ar eas (cf.
Ostrowski and Falkowski, 2016; Ostrowski et al., 2021). 

RIVER GORGE SECTIONS

Within polygenic val ley reaches, be tween post-lac us trine
sec tions, there are usu ally nar row river gorge-like zones. They
mark dis tinct knick-points on the lon gi tu di nal pro file of the val ley 
floor and river bed (Falkowski, 1997; Ostrowski et al., 2021).
Within them, dense and ero sion-re sis tant de pos its from the val -
ley sub stra tum are of ten ex posed in the chan nel. An ex am ple is 

the up per and mid dle Wkra River Val ley, where be tween the
lake sec tions, coarse-grained flu vio gla cial, mo raine, and
ice-dam lake for ma tions are ex posed in the chan nel bot tom
(Falkowski, 2003; Fig. 8).

ALLUVIAL RIVER VALLEYS

The lack of a de vel oped ero sional base is man i fested in al -
lu vial river val leys (see Schumm, 1971) by the oc cur rence of
zones of sub-al lu vial bed rock pro tru sions. These are com posed 
of highly com pacted co he sive de pos its that are dif fi cult to
erode, or highly com pacted, coarse-grained flu vio gla cial de pos -
its. The sub-al lu vial bed rock pro tru sions are of ten com posed of
co he sive Paleogene and Neo gene strata (Ró¿ycki, 1972;
Falkowski, 1990), and even the Cre ta ceous Chalk (Falkowski,
2006; Ostrowski et al., 2021). In places, the sub-al lu vial bed -
rock highs in the Pol ish Low land river val leys are com posed of
solid rocks or their clayey weath er ing prod ucts. An ex am ple is
the Pilica River near Inow³ódz (Falkowski, 2010) where, in the
river bed and ad ja cent to gla cial tills and ice-dam lake clays, si li -
ceous sand stones of the Mid dle Ju ras sic are ex posed (Fig. 10).
An other ex am ple is in the Ma³opolska Vistula Gorge area,
where the bed rock pro tru sions com prise car bon ate and si li -
ceous rocks of the Up per Cre ta ceous (Falkowski, 2006;
Falkowska et al., 2016). 

The top of the sub-al lu vial bed rock is of ten cov ered with a
layer of re sid ual lag, which ef fec tively in creases its re sis tance to 
ero sion (Falkowski et al., 2017). Such chan nel sec tions can be
con sid ered con ve nient for ar moured ve hi cles to cross dur ing
low river states. How ever, such fea tures are of ten hid den be -
neath chan nel al lu via.
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Fig. 11. Rem nants of ice jam in the Bug River Valley zone in the Mielnik vi cin ity and cross-sec tion along 
the chan nel reach (af ter Ostrowski et al., 2021)

1(a, b) – chan nel al lu via (Ho lo cene), 2 – mud (Ho lo cene), 3 – re sid ual lag, 4 – gla cial till, blue (7) – wa ter; 

191 – kilo metre of the river course 
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Ev i dence of con cen trated flood flows on the val ley bot tom
may be the ba sis for search ing for zones suit able for cross ing
chan nels in al lu vial river val leys. This is sue has been pre vi ously 
de scribed (Falkowski, 2006, 2007; Falkowska and Falkowski,
2015; Falkowski et al., 2017; Ostrowski et al., 2021; Fig. 4). The 
in abil ity to deepen the river bed dur ing a flood wave pas sage in
such zones causes wa ter to en ter the floodplain in the same
places each time. Since chan nel sec tions with shal lowly lo cated 
sub-al lu vial bed rock pro tru sions are also ice-jam sec tions, this
morphodynamic pat tern also ap plies to ice-jam floods. In this
case, how ever, the block age based on such a bed rock high (a
heavy or dead jam ac cord ing to Grzeœ (1991), or grounded ice
jam ac cord ing to Wiliams and MacKay, 1973) causes block age
of the en tire chan nel. In such cases, ev i dence of floodwater
ero sion can be found not only on the floodplain but higher, on
the up per ter race sur faces (Ostrowski et al., 2021, 2023).

The lo ca tion of the bed rock pro tru sions co in cides with
places where ice jams formed in the past, in clud ing on a sec tion 
of the mid dle Vistula (Falkowski and Popek, 2000) and the
lower Bug (Ostrowski et al., 2021; Fig. 11). This has also been
re corded in the lower Vistula val ley (Wierzbicki et al., 2013).

As noted in the in tro duc tion, the spe cific morphodynamics
of the floodplain in the zones with sub-al lu vial bed rock pro tru -

sions are re corded by as so ci a tions of ero sional and depositio -
nal land forms, which can serve to iden tify them (Ostrowski et
al., 2021). Ev i dence of ero sion and flood de po si tion is much
more vis i ble in sec tions of al lu vial river chan nels. In poly gen etic, 
post-lac us trine sec tions, the morphogenic ac tiv ity of flood flows
is much weaker, mainly due to the large re ten tion ca pac ity of
such val ley sec tions.

The in ven tory of forms that arise as a re sult of en croach -
ment on the sur face of the floodplain in spe cific zones in cludes
flood ero sion chan nels: cre vasses of var i ous sizes and shapes,
and cre vasse-splays (Falkowski, 2007; Wierzbicki et al., 2013,
2018; Ostrowski and Falko wski, 2016; Ostrowski et al., 2021),
or trans formed ox bow lakes and re lated forms (see Falkowska
and Falkowski, 2015; Falkowska et al., 2016; Ostro wski et al.,
2021; Fig. 12).

The pres ence of a sta ble bot tom and sub-al lu vial bed rock
pro tru sions in the chan nel, which in flu ences the con cen tra tion
of flood flows in cer tain zones, may also be re vealed through a
con sid er able lithological di ver sity of the floodplain sur face
(Falkowska and Falkowski, 2015; Falkowska et al., 2016;
Ostrowski et al., 2021). This may be re flected in the greater
hab i tat di ver sity of the val ley floor than in ma ture val ley sec tions
(Demarchi et al., 2020). These fea tures fa cil i tate the iden ti fi ca -
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Fig. 12. The morphodynamics of the Bug River floodplain (part) in the vi cin ity of Mielnik 
(af ter Ostrowski et al., 2021, sup ple mented)

Geomorphological sketch: UT – up per ter race, UTT – up per trans formed ter race, FMT – floodplain part cre ated in the me an der ing pe riod, FC
– floodplain cre ated con tem po rary; depositional fea tures: 1(a, b) – al lu vial fans, 2(a, b) – cre vasse splays, 3(a, b) – del tas in ox bow lake, 4(a,
b) – sand bars; 5(a, b) – ero sional troughs; red poly gons in the chan nel – sub-al lu vial bed rock pro tru sions, blue ar rows show di rec tions of
flood flows de rived from geomorphological fea tures dis tri bu tion; lon gi tu di nal chan nel cross-sec tion: 1 – chalk (Cre ta ceous), 2  – gla cial till, 3
– lag de pos its, 4 – chan nel al lu via (sand with grav elly in ter ca la tions), blue- wa ter; the rect an gle shows a chan nel reach of the floodplain area
that is shown in the geomorphological sketch (up); the ver ti cal blue ar rows – show bed rock pro tru sions marked on the geomorphological
sketch in red
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tion of such sec tions through re mote sens ing (Ostrowski and
Falkowski, 2016, 2020).

A char ac ter is tic fea ture of chan nel sec tions in sub-al lu vial
bed rock pro tru sion zones is the sta bil ity of the stream line sys -
tem. Very of ten, this in flu ence is so strong that it may cause re -
peated fail ures of hydrotechnical fa cil i ties or flood pro tec tion
struc tures (Falkowski, 2007; Wierzbicki et al., 2018; Bujakowski 
and Falkowski, 2019). The im pact of sub-al lu vial bed rock sur -
face re lief is great est dur ing high wa ter flows when its sur face is
ex posed. How ever, as shown by the re sults of se rial bathy -
metric stud ies of sec tions of the mid dle Vistula (Falkowski,
2007; Falkowski et al., 2018) and the lower Bug (Ostrowski et
al., 2021, 2023), such sta bil ity is also ob served in low and me -
dium states and dis charges when the bed rock sur face is cov -
ered with chan nel al lu via. Chan nel sed i ments de pos ited dur ing
rare floods out side the main stream zone be come thicker over
time. Dur ing me dium or low flows, the river finds it “eas ier” to
wash out loose sed i ments de pos ited in the main stream zone
dur ing the de scent of the flood wave than dense sed i ments de -
pos ited out side it this phe nom e non was called “chan nel mem -
ory” by the au thors (see Falkowski et al., 2018).

The sta bil ity of the main stream lines sys tem and its re la tion -
ship with the den sity of chan nel al lu vium may be the ba sis for
the de ci sion to cross the chan nels of large braided rivers, e.g.
the reaches of the Vistula River in its mid dle and lower course.
The chan nels of such rivers (the high wa ter chan nel) are of ten
~1,000 m wide. Cross ing them must be di vided into sev eral
stages and re quires the use of var i ous cross ing tech niques.

CONCLUSIONS

Our re view of re search into the bot toms of low land river val -
leys in di cates a great di ver sity of geo log i cal and en gi neer ing

con di tions in their floodplains and chan nel zones. The main rea -
son for this di ver sity is the lack of morphogenetic ma tu rity of val -
ley forms, as well as the na ture of the hy dro log i cal re gime of
mod ern rivers. These show large vari a tions in flow dur ing the
hy dro log i cal year.

The pos si bil ity of us ing pon toon sets (Mo tor ized Float ing
Bridge) for cross ing river chan nels is lim ited to brief pe ri ods of
high and me dium river states. This em pha sizes the im por tance
of geo log i cal stud ies of val leys to iden tify zones con ve nient for
cross ing riverbeds by ar moured mil i tary ve hi cles. With this as a
con text, four ma jor con clu sions may be drawn:

–Un fa vour able con di tions for chan nel cross ing oc cur in
post-lac us trine sec tions of poly gen etic river val leys with out -
crops of weak, or ganic soils. Within them, march ing routes may
fol low out crops of glaciotectonic bed rock highs (pro tru sions) of
gla cial de pos its that crop out in the chan nel zone (cf. Jabłońska
et al., 2014). The rec og ni tion of such struc tures can be ef fec -
tively car ried out by re mote sens ing. They are most of ten as so -
ci ated with narrowings of the val ley bot tom. Glaciotectonic dis -
tur bances are vis i ble most of ten as a mo saic of out crops of dif -
fer ent lithologies (Falkowska and Falkowski, 1994). 

– In the con di tions of me dium and low lev els pre vail ing in
the hy dro log i cal year, con ve nient places for cross ing river chan -
nels are zones where the sub-al lu vial bed rock forms mor pho -
log i cal pro tru sions made of de pos its re sis tant to ero sion.

– The pres ence of sta ble chan nel reaches is in di cated by
the spec i fic ity of the floodplain morphodynamics, and the re -
lated hab i tat di ver sity. These fea tures can be iden ti fied us ing
re mote sens ing meth ods on ae rial and sat el lite im ag ery.

– The ar range ment of cur rent lines of the mod ern river
chan nels of the Pol ish Low lands in the zones of sub-al lu vial
bed rock pro tru sions is sta ble in me dium and low wa ter states
when these forms are cov ered with a layer of chan nel al lu via.
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