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Large amounts of or ganic mat ter (OM) de pos ited on a co he sive floodplain are con sid ered a typ i cal fea ture of a low-en ergy
anastomosing river in a hu mid cli mate. The O³awa River (Silesian Low land) is a multi-chan nel flu vial sys tem with lat er ally
sta ble and low-gra di ent chan nels as well as inter-chan nel is lands cov ered with lush veg e ta tion. Stud ies in the O³awa Val ley
were de signed to de ter mine the forms of oc cur rence and the con di tions of de po si tion of OM in re la tion to the main sed i men -
tary subenvironments. The re sults show a low pro por tion of OM in the sed i ments of the O³awa floodplain, usu ally dis play ing
val ues typ i cal of min eral soils (up to sev eral per cent). In par tic u lar, the floodbasin and nat u ral levee de pos its have a low con -
tent of OM. The rap idly de cay ing OM there mainly ac cu mu lates in epipedons and is dom i nated by leaf and wood de bris. A
some what higher con tent of OM was found in the chan nel al lu via, es pe cially in the rhyth mi cally strat i fied sed i ments of the up -
per part of the river bars. Plant de tri tus in the form of spe cies-rich wood, bark, re mains of leaves, fruits and seeds was de pos -
ited di rectly from the tree can opy or to gether with mud in the last phase of the flood. The re mains of di a toms, porifera and
bryo zoans are typ i cal of sand ier strata. Or ganic sed i ments from fre quently flooded bars lo cally con tain more rhizodermis and 
epi der mis of amphiphytes. The great est po ten tial for ac cu mu la tion and long-term pres er va tion of OM is found in the aban -
doned chan nels. The aban doned chan nel-fills mainly con tain the re mains of autochthonous wood, rhizodermis and epi der -
mis. The re mains of mosses, Cladocera and Chironomidae are char ac ter is tic of this sed i men tary sub-en vi ron ment. In
gen eral, how ever, the area oc cu pied by peatlands within the study area is dis pro por tion ately low (less than 1%) com pared to
pub lished ex am ples of anastomosing-river, or ganic-rich floodplains. In the sec tions stud ied, the O³awa River thus rep re -
sents a type of anastomosing sys tem in tem per ate, hu mid ar eas that has been over looked by clas si cal clas si fi ca tions and is
char ac ter ised by a low or ganic sed i ment con tent.
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INTRODUCTION

Low-en ergy river sys tems con sist ing of mul ti ple chan nel
belts with two or more in ter con nected chan nels that en close
floodbasins are re ferred to as anastomosing rivers (Makaske,
2001; Kleinhans et al., 2012). There are many va ri et ies of
anastomosing flu vial en vi ron ment that were orig i nally linked to
dif fer ent cli ma tic zones. Nanson and Knighton (1996) dis tin -
guished the fol low ing sub types: 1. hy per-hu mid, or ganic in sub -
trop i cal cli mates, 2. hu mid, organo-clastic in sub arc tic, tem per -
ate or trop i cal cli mate zones, and 3. mud-dom i nated in
semi-arid cli mates. Trans fer ring the above to the clas si fi ca tion
of anastomosing river floodplains (Nanson and Croke, 1992),
or ganic-rich floodplains (suborder C2a) are typ i cal of hu mid en -
vi ron ments, while in or ganic (or ganic-poor) floodplains
(suborder C2b) are typ i cal of semi-arid en vi ron ments. In
sedimentological terms, the model of the clas sic anastomosing

river en vi ron ment is a flu vial type VIII ac cord ing to Miall (1985).
It is a river sys tem where chan nel bars are rel a tively rare, nat u -
ral lev ees and cre vasse splays are well de vel oped and the
floodplain is dom i nated by wetlands, es pe cially peatlands
(Zieliñski, 2014).

Ac cord ing to the above ap proaches, veg e ta tion and sed i -
men tary OM (or ganic mat ter) play a key role in de fin ing
anastomosing sys tems. There are also al ter na tive in ter pre ta -
tions ac cord ing to which the ab sence or rar ity of OM is due to
the high in flux of clastic ma te rial (i.a. Nadon, 1994; Morozova
and Smith, 2003). Ac cord ing to Makaske (2001), there is strong 
vari a tion in the de vel op ment of peat among the hu mid cli mate
anastomosing rivers in ves ti gated, pre dom i nantly de pend ing on
the in flux of clastics in re la tion to floodplain width. Al though
some of these ar gu ments were al ready known in the 1980s and 
1990s, Nanson and Croke (1992) dis tin guished be tween or -
ganic-rich and in or ganic floodplains be cause of the sig nif i cant
dif fer ences in the hy drol ogy, geo mor phol ogy and sedi -
mentology of the anastomosing-chan nel floodplains of hu mid
and semi-arid re gions. Ac cord ing to cur rent knowl edge, there
are a num ber of de vi a tions from this model. For ex am ple, the
peat-form ing swamps of the Okavango sys tem, which are rich
in OM (Mc Car thy et al., 1992), are sit u ated on the fringe of the
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Kalahari Desert in a semi-arid cli mate. On the other hand, the
floodplain de pos its of the mid dle Am a zon River (trop i cal hu mid) 
gen er ally con tain only thin ac cu mu la tions of or ganic ma te rial
(Rozo et al., 2012). Even more con vinc ing ev i dence is pro vided
by sec tions of or ganic-rich and in or ganic floodplains co-oc cur -
ring in the same cli mate zone. Stud ies of or ganic car bon stor -
age in the head wa ters of the River Dee in east ern Scot land
(Swinnen et al., 2020) have shown that there is a wide range of
OM in ad ja cent anastomosing river val leys. The av er age soil
or ganic car bon stor age for or ganic-rich floodplains (suborder
C2a ac cord ing to Nanson and Croke, 1992) was es ti mated to
be 1468.95 ±150.82 Mg ha–1. Such floodplains can there fore be 
clas si fied among the flu vial sys tems with the high est or ganic
car bon con tent. In the case of floodplains clas si fied as suborder 
C2b, a value more than 10 times lower (142.19 ±21.91 Mg ha–1) 
was cal cu lated, that roughly cor re sponds to the mean soil or -
ganic car bon stor age of braided-river floodplains (Swinnen et
al., 2020). Sim i lar dis crep an cies are ob served in anastomosing
sys tems in Po land. The best stud ied sys tem is the Narew Val -
ley (NE Po land), where the river anas to mo ses within riverine
peatlands (Gradziñski et al., 2003; Marcinkowski et al., 2017;
Kêdzior et al., 2021). In the Obra river val ley (west ern Po land),
there is also a thin layer of peat be neath the sur face of the
floodplain (S³owik, 2014). This is in con trast to the
anastomosing sec tions of the rivers of the up per Odra catch -
ment in south ern Po land. In the val leys of the Rivers Kwisa,
Bóbr and O³awa as well as the River Odra near Opole and
Wroc³aw small amounts of OM have ac cu mu lated on their
floodplains (see Teisseyre, 1990; 1992).

The main ob jec tive of this re search was to iden tify the mor -
pho log i cal forms of OM oc cur rence in the O³awa Val ley. Quan ti -
ta tive ra tios be tween OM of dif fer ent or i gins (wood, leaves, epi -
der mis, periderm, etc.) were de ter mined for the ma jor sed i men -
tary subenvironments of the river floodplain. Com plet ing these
ob jec tives opens the field for con sid er ations re gard ing the con -
di tions for dif fer ent abun dances of OM in the depositional sys -
tems of anastomosing rivers found in the same cli ma tic zone.
Are the or i gin, forms and pres er va tion po ten tial of OM sim i lar in
or ganic-rich and or ganic-poor al lu via? What in ter ac tions ex ist
be tween the veg e ta tion and flu vial pro cesses on the floodplains 
of anastomosing rivers with low OM con tent?

REGIONAL SETTING AND STUDY SITES

The O³awa is rep re sen ta tive of small rivers in warm tem per -
ate and hu mid cli mates. The catch ment area is char ac ter ised
by a sea sonal de vel op ment of biocoenoses, and a sea sonal
course of post-sed i men ta tion pro cesses, which oc cur in the an -
nual rhythm of changes in tem per a ture, hu mid ity, and in the ac -
tiv ity of soil or gan isms. The O³awa River (Fig. 1A), which is
91.7 km long and has a ba sin area of 1167.4 km2, is an up land
river with an av er age gra di ent of 2.18 m·km-1. The mean an nual 
dis charge of the river in its lower reach is 3.43 m3·s-1 (gaug ing
sta tion: O³awa). The hy dro log i cal re gime of the O³awa is tra di -
tion ally clas si fied as nivo-plu vial, with two max ima: the first oc -
curs in spring, and the sec ond, which is smaller, in sum mer
(Dynowska, 1994). How ever, the ap pli ca tion of a more ob jec -
tive, un su per vised ap proach to the anal y sis of hy dro log i cal data 
led Wrzesiñski (2017) to rank the O³awa among the rivers with
the most uni form dis charge in the an nual cy cle (nival, poorly de -
vel oped re gime).

The O³awa River has de vel oped a multi-chan nel pat tern in
most sec tions of the val ley (Fig. 2), both in its up per course
(Teisseyre, 1992; Parzóch and Solarska, 2008) as well as in the 
mid dle (Fig. 1B) and lower (Fig. 1C) courses in ves ti gated in this

study. In the low est reach of the val ley (be tween Siechnice and
Wroc³aw), the O³awa in cor po rated parts of the Odra ox bow
lakes into its chan nel sys tem. The most im por tant cri te ria for
clas si fy ing the multi-thread O³awa sys tem as an anastomosing
river are the floodplain mor phol ogy typ i cal of these rivers,
namely mul ti ple in ter con nected chan nels that en close flood -
basins, and the lat eral sta bil ity of the chan nels (Makaske, 2001; 
Kleinhans et al., 2012). The mor pho log i cal pro files of
inter-chan nel is lands show their flat or con cave-up mor phol ogy
(Fig. 1D). A con cave-up mor phol ogy of is lands is a fun da men tal 
fea ture of anastomosing rivers, dif fer en ti at ing them from other
rivers with mul ti ple chan nels where con vex-up is lands are
found (Makaske et al., 2017).

The anabranching in dex, the width/depth ra tio and the
chan nel gra di ent seem to be the most use ful pa ram e ters de fin -
ing the planform of the O³awa as an anastomosing sys tem (Ta -
ble 1). The anabranching in dex (the av er age count of wet ted
chan nels sep a rated by veg e tated is lands in each of at least 10
cross-sec tions) cal cu lated on the ba sis of ar chived top o graphic
maps (Fig. 2A) is 3.1 in the mid dle reach (be tween Wi¹zów and
Osiek) and 2.9 in the lower reach of the river (be tween
Stanowice and Siechnice). These cal cu la tions do not take into
ac count dry palaeochannel sys tems which were aban doned as
a re sult of avulsions in the pre his toric pe riod (Fig. 2B). The
width/depth ra tio dis plays val ues in the range of 3.9–8.1 for the
se lected palaeochannel cross-sec tions and 4.8–11.7 for the
mod ern chan nel. The low val ues of this in di ca tor as well as the
low val ues of chan nel gra di ent (0.00018–0.00082) are typ i cal of 
anastomosing rivers (Gurnell et al., 2014; Zieliñski, 2014).
Lyster et al. (2022) dem on strated that the depth/width ra tio is
suf fi cient to dis crim i nate be tween sin gle-thread and
multi-thread rivers, sug gest ing bank co he sion may be a crit i cal
de ter mi nant of the river planform. The high lat eral sta bil ity of the 
O³awa chan nel was con firmed by the anal y sis of ar chi val maps.
The multi-chan nel O³awa sys tem is char ac ter ised by vary ing
sin u os ity, and this pa ram e ter suc ces sively de creases for chan -
nel belts of later or i gin (Ta ble 1).

The O³awa River drains the gla cial and outwash plains of
the Odranian Gla ci ation (MIS8). In ad di tion, Mio cene clays and
Pleis to cene loess as well as limnoglacial de pos its oc cur in the
up per and mid dle parts of the catch ment (Michalska, 1992;
Winnicka, 2008; Badura et al., 2009; Cwojdziñski and Pacu³a,
2009). These fine-grained, co he sive de pos its may have played
a key role in shap ing the anastomosing sys tem of the O³awa.
Ac cord ing to the data of the De tailed Geo log i cal Map of Po land
(Winnicka, 1985, 2008; Michalska, 1992; Badura et al., 2009;
Cwojdziñski and Pacu³a, 2009), the mod ern O³awa floodplain is
mainly cov ered by clays and muds, with lo cal ad mix tures of
sand (~79.3% of the Ho lo cene val ley floor). The O³awa
floodplain is vir tu ally free of peat and Ho lo cene limnic de pos its.
Sur face peat de pos its oc cupy <0.2% of the floodplain area.
Sands and grav els oc cupy ~20.5% of the floodplain and dom i -
nate the low est sec tion of the val ley (Winnicka, 1985). Coarse
sands and fine grav els also oc cur in the O³awa chan nel
(approx. 1/3 of the chan nel de pos its in the suc ces sions ana -
lysed in this study). The sig nif i cant con tent of coarse sands and
fine grav els in the chan nel fa cies is ques tion able, as bedload
trans port in a typ i cal low-en ergy anastomosing river is usu ally
re stricted to fine- and me dium-grained sands (Zieliñski, 2014).
Coarser sed i ments may have ac cu mu lated in the val ley fill dur -
ing the Late Pleis to cene. They most likely orig i nate from flu vio -
gla cial de pos its in the mid dle and lower parts of the catch ment
(Winnicka, 1985, 2008; Michalska, 1992). Af ter the Pleis to -
cene-Ho lo cene tran si tion, the re duced chan nel sys tem was
only able to re work grav els lo cally due to re duced com pe tence
in re la tion to the in her ited bound ing sed i ment cal i bre (Brown et
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Fig . 1A – lo ca tion of the O³awa catch ment; B – lo ca tion of the study sites in the mid dle course of the river; C – lo ca tion of the
study sites in the lower course of the river; D – top o graphic pro files



4 Krzysztof Jan Wójcicki / Geo log i cal Quar terly, 67: 51

Fig . 2. Chan nel pat tern of the O³awa River

A – based on Ger man civil maps at a scale of 1:25000 (1884–1912); B – based on dig i tal ter rain mod els of se lected val ley courses. Note 
the highly branched Ho lo cene palaeochannel sys tem on the multi-thread sec tions of the river (with more is lands in the inter-chan nel 

area com pared to ar chi val maps)



al., 2021). In gen eral, gravel is quite com mon in the bed ma te -
rial of anastomosing rivers, par tic u larly in al pine lo ca tions
(Nanson and Croke, 1992; Gurnell et al., 2014). Gravel-bed
anastomosing rivers have been de scribed in re cent years by
Her i tage et al. (2016), Liu and Wang (2017) and Gao and Wang 
(2019).

Ac cord ing to the cur rent state of re search, the trans for ma -
tion of the O³awa River from a me an der ing pat tern to a
multi-chan nel sys tem is though to have taken place in the Late
Ho lo cene un der the in flu ence of anthropogenic in ten si fi ca tion
of soil ero sion (Teisseyre, 1994). Ac cord ing to this au thor, the
mor phol ogy of the val ley is closely re lated to its geo log i cal
struc ture, with wide-bot tomed sec tions within tec tonic grabens
and nar row-bot tomed sec tions within horsts where the O³awa
flows in a sin gle, sin u ous chan nel un til to day. Teisseyre (1992)
in ferred, on the ba sis of geo log i cal sec tions, that lat eral sta bili -
sa tion of the chan nel has oc curred in the anastomosing sec -
tions since the Mid dle Ages. At that time (13th cen tury), pond
farm ing be gan to have an in flu ence on the trans for ma tion of the
O³awa river sys tem (Parzóch and Solarska, 2008). The hydro -
technical sys tem cre ated by the Cistercians sur vived un til the
mid-19th cen tury, when most of the ca nals and ponds were
drained. Nev er the less, the length of mill ca nals in the Up per
O³awa Val ley is 49.6% of the length of the mod ern O³awa
riverbed (Parzóch and Solarska, 2008). The anthropogenic
changes of the O³awa Val ley de scribed above re fer mainly to
the up per part of the catch ment. The more nat u ral con ser va tion
state of the O³awa Val ley in the mid dle and lower course is the
re sult of a dom i nance of ag ri cul tural land and for ests in this part
of the catch ment.

In the O³awa chan nel zone, there are cur rently many
depositional forms, in clud ing side (lat eral) bars, plug bars,
mid-chan nel bars, and con cave-bank and con vex bars. Their
com mon fea ture is a low el e va tion of the sandy-grav elly sed i -
ments of the plat form above the av er age wa ter level of the river. 
There is no su pra-plat form typ i cal of me an der ing chan nels
(Zieliñski, 2014). Over time, how ever, these forms are built up
by fine-grained al lu via via ver ti cal ac cre tion, form ing
accretionary benches. In the mid dle reaches of the val ley, the
O³awa floodplain is dom i nated by ex ten sive flood bas ins with a
cover of fine-grained flood de pos its up to 1.3 m thick. Nat u ral
lev ees have formed along the two main chan nels, which were
ac tive in the first half of the 20th cen tury, lo cally reach ing a
height of over 1 m above the floodplain sur face. How ever, de -
tailed geomorphological anal y ses did not re veal any cre vasse
splays in the to pog ra phy of the val ley floor. In its lower course,
the O³awa uses the mar ginal zone of the Odra val ley, flow ing lo -
cally through the de pres sions of large palaeomeanders or
cross ing their sandy point bars. The thick ness of the overbank

de pos its over ly ing the chan nel al lu via reaches 0.6 m on av er -
age. This lo cally thin blan ket of ver ti cal ac cre tion de pos its is not
able to mask the scroll bar to pog ra phy cre ated by the lat eral mi -
gra tion of the Odra me an ders.

MATERIAL AND METHODS

The or i gins of the flu vial forms and sed i ments in the O³awa
floodplain were ana lysed us ing both geomorphological and
sedimentological meth ods. A dig i tal ter rain model cre ated
based on high-den sity LiDAR data was used. Morphometric
mea sure ments of land forms were car ried out and geo log i cal
cross-sec tions were con structed for sed i ments rep re sent ing all
the depositional subenvironments typ i cal of the O³awa
floodplain. The sed i men tary suc ces sions with the high est OM
con tent were se lected for de tailed in ves ti ga tions, which are de -
scribed be low. A to tal of 57 ex po sures and bore holes were ana -
lysed. Their depth de pended on the thick ness of the sed i men -
tary fa cies in ves ti gated. In the case of the chan nel forms, the
bore holes reached coarse-grained sed i ments in the lower part
of the bars. Some of the geo log i cal cross-sec tions pen e trate
the top of Pleis to cene limnoglacial de pos its. Sed i ment sam ples 
of wa ter-sat u rated sed i ments were col lected us ing a Rus sian
D-sam pler. A to tal of 114 sam ples were col lected for lab o ra tory
anal y sis. Their depth and gen eral lithological char ac ter is tics are 
listed in Ta bles 3–12. Due to the na ture of the drill ing, this pa per 
does not con tain sys tem atic data on sed i men tary struc tures;
how ever, grain size com po si tion was de ter mined for all sam -
ples. The colours of the sed i ments were de ter mined us ing
Munsell col our charts. In ad di tion, a phytosociological as sess -
ment of the cur rent veg e ta tion was con ducted dur ing field work.
The names of the phytosociological units are given af ter
Matuszkiewicz (2013).

Lab o ra tory work fo cused on de ter min ing the forms in which
OM oc curs in the al lu via of the O³awa River us ing an op ti cal mi -
cro scope at 40–1000× mag ni fi ca tion. A to tal of 39 sam ples
con tain ing OM were ana lysed. Sed i ment sam ples were col -
lected for anal y sis with a vol ume of 5–10 cm3. No chem i cal
pre-treat ment was car ried out, min eral com po nents were also
not re moved from the sam ples. The sam ples were me chan i -
cally crushed and mixed with wa ter. A clas si fi ca tion based on
the struc ture and mor phol ogy of OM (Wójcicki, 2022) was used
with re spect to the Troels-Smith (1955) sys tem, the groups of
plant re mains found in peats and limnic sed i ments (Tobolski,
2000), and with ref er ence to the clas si fi ca tion used by Fairbairn
(2001). The di vi sion adopted per mit ted the re li able clas si fi ca -
tion of all or ganic re mains pres ent in the in di vid ual sed i ment
sam ples. The pro por tions of the in di vid ual com po nents were

Krzysztof Jan Wójcicki / Geo log i cal Quar terly, 67: 51 5

Fac tor
Mid dle course of the O³awa River Lower course of the O³awa River

river chan nels be fore
reg u la tion mod ern chan nel river chan nels be fore

reg u la tion mod ern chan nel

Chan nel slope 0.00043– 0.00047 0.00082 0.00018–0.00074 0.00040

Chan nel sin u os ity 1.36–1.52 1.02 1.11–1.29 1.05

Chan nel width [m]
4–6 

(rarely up to 8)

8–10

(rarely up to 14)

6–7

(rarely up to 11)

9–12 

(rarely up to 24)

Width/depth ra tio 3.9-5.7 4.8-10 4.0-8.1 5.6-11.7

Grain size of chan nel sed i ment sand and gravel sand and gravel

Grain size of overbank sed i ment silt + clay (rarely fine sand) silt + clay (rarely fine sand)

T a  b l e  1

Se lected fea tures of the O³awa flu vial sys tem in the sec tions of the val ley stud ied
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quan ti fied us ing the mi cro scopic grid method, with the area oc -
cu pied by the re mains of each mor pho log i cal group ex pressed
as a per cent age (Tobolski, 2000). To es ti mate the area oc cu -
pied by the microfossils, a grid di vid ing the mi cro scope’s field of
view into 49 squares was used. The re sults were cal cu lated as
an av er age for at least 15 fields of view. Ad di tion ally, the tax o -
nomic com po si tion of the pre served re mains was de ter mined,
which en abled the re con struc tion of the par ent sed i ment-form -
ing com mu ni ties. Peat cate gori sa tion in the ar ti cle fol lows the
Pol ish ge netic clas si fi ca tion (Tobolski, 2000). The OM con tent
of the sed i ments was ap prox i mated us ing the loss-on-ig ni tion
(LOI) method. Af ter ini tial oven dry ing at 105°C, the sam ples
were ig nited in a muf fle fur nace for 3 hours at 550°C.

The age de ter mi na tion and cal i bra tion of the ra dio car bon
dates for the pur poses of this ar ti cle were car ried out in the Ra -
dio car bon Lab o ra tory in Gliwice us ing the Liq uid Scin til la tion
Count ing tech nique. The date of or i gin of the youn gest chan nel
forms was de ter mined us ing con tem po rary car to graphic ma te -
rial and ar chi val maps pub lished from the mid-18th cen tury.

OM IN MAJOR SEDIMENTARY
SUBENVIRONMENTS – SELECTED EXAMPLES

ABANDONED CHANNEL (PO) SEDIMENTARY SUCCESSION

Site: PO (50°51’20.5”N; 17°14’ 51.2”E; 138.3 m.a.s.l.).
Geomorphological sit u a tion: Dis tal floodplain; a peat

plain de vel oped in the zone of a Late Gla cial aban doned chan -
nel at the foot of the outwash plain, which lies up to 9 m above
the val ley floor (Fig. 3A). The sur face of the peat plain is 1 m be -
low the sur face of the prox i mal floodplain.

Veg e ta tion: A richer form of an al der swamp for est (All.
Alnion glutinosae) dom i nated by Alnus glutinosa and con tain -
ing, inter alia, Padus avium, Impatiens parviflora, Rubus sp. (in -
clud ing Rubus idaeus), Iris pseudacorus, Galium palustre,
Thelypteris palustris and Urtica dioica.

Mod ern pro cesses: Peat ac cu mu la tion or peat de cay in re -
sponse to sea sonal mois ture fluc tu a tions; ep i sodic de po si tion
of fine-grained flood sed i ments.

Li thol ogy and fa cies in ter pre ta tion: Or ganic sed i ments
fill ing a for mer ox bow lake were iden ti fied at the site (Fig. 3B).
The silty-sandy al lu via (sam ple PO13), dated to 10,725–10,045 
cal BC (95.4%) at a depth of 210–214 cm (Ta ble 2), were orig i -
nally de pos ited in an aquatic en vi ron ment (i.a. re mains of fresh -
wa ter sponges and Potamogeton epi der mis). Above, sandy,
mod er ately de com posed Phragmiteti peat (sam ples PO12–9)
with a high pro por tion of reed re mains and an ad mix ture of
horse tail ac cu mu lated (Fig. 3C). This con tains the re mains of
aquatic or gan isms: Nymphaeaceae idioblasts, Porifera nee -
dles, Cladocera car a paces with ephippia and Chironomidae
head cap sules. Af ter terrestrialisation, the wet land was over -
grown by swamp for est with Alnus glutinosa dom i nant. The peat 
sam ples (PO8–2) are dom i nated by black al der wood and
periderm, with a high pro por tion of roots and the epi der mis of
reeds that oc cu pied lower, wet ter hab i tats within the hum -
mock-hol low struc ture of the for est. Re peated flood ing led to
silt ing of the or ganic sed i ments (Ta ble 3). At a depth of
61–90 cm (sam ples PO7–6), the de gree of peat de com po si tion
in creases and a quan tity of char coal dust is re vealed, doc u -
ment ing a peatland fire. In the re gen er ated for est com mu nity,
sedges be gan to as sume greater im por tance. A layer of less
de com posed peat at a depth of 29–33 cm was dated to
1410–1015 cal BC (95.5%). In the lit ter layer (sam ple PO1), the
re mains of leaves/leaf epi der mis of trees and her ba ceous
plants form the larg est pro por tion. The leaf flora of Alnus
glutinosa dom i nates. The leaves of Quercus robur, Q. rubra
and Padus avium are also pres ent.

ABANDONED CHANNEL (PY), FLOOD BASIN (FB) 
AND NATURAL LEVEE (LV) SEDIMENTARY SUCCESSIONS

Sites: PY (50°51’27.6”N; 17°14’29.9”E; 138.0 m.a.s.l.); FB
(50°51’27.8”N; 17°14’28.7”E; 138.8 m.a.s.l.); LV (50°51’28.1”N; 
17°14’25.1”E; 139.3 m.a.s.l.).
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Core
Depth 

[cm]
Lab o ra tory

code
14C age

[BP or pMC]

Cal i brated age

[BC/AD (yrs)]

Dated ma te rial

PO
29-33 GdS-4562 2990 ±65 BP

1410–1045 BC (94.4%)

1030–1015 BC (1.1%)
peat (mainly Alnus sp. wood and Phragmites 

aus tra lis roots)

210-214 GdS-4567 10450 ±90 BP 10725–10045 BC
(95.4%) mainly Phragmites aus tra lis roots and epi der mis

PY
74-76 GdS-4557 8210 ±80 BP

7475–7390 BC (10.7%)

7385–7055 BC (84.7%)
mainly Salix sp. wood

143-148 GdS-4564 9600 ±100 BP 9260–8710 BC (95.4%) mainly woody de tri tus and moss re mains

FB 160-165 GdS-4558 4810 ±80 BP

3770–3725 BC (3.0%)

3715–3485 BC (76.4%)

3470–3370 BC (16.0%)

mainly tree re mains (wood, periderm, leaves)

PB 114-117 GdS-4559 2495 ±75 BP 790–415 BC (95.4%) mainly woody de tri tus (in clud ing: re mains of Pru nus 
avium)

NL 218-222 GdS-4563 2770 ±65 BP

1110–1095 BC (1.1%)

1085–1065 BC (1.3%)

1060–805 BC (93.1%)

wood (in clud ing re mains of Quercus sp.) 
and char coal

SB 26-29 GdS-4560 113.26 ±0.85 pMC
1958 AD (3.3%)

1990–1995 AD (92.1%)
mainly Cyperaceae roots and woody de tri tus

T a  b l e  2

Re sults of ra dio car bon dat ing
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Fig . 3. PO site

A – lo ca tion of the site on a dig i tal ter rain model (the num bers in di cate el e va tion above sea level); B – li thol ogy of the sed i ments,
ra dio car bon dat ing and se lected pho tos of sed i men tary suc ces sions (the back ground col our on the geo log i cal cross-sec tion re fers to the
col our of the sed i ment sam ples); C – LOI (loss on ig ni tion) and com po si tion of the or ganic res i dues for sam ples with higher OM con tents



Geomorphological sit u a tion: Inter-chan nel area be tween 
the Early Ho lo cene chan nel belt with a small palaeomeander
(Rm

1
 = 9 m, wbkf

2 = 6 m) and the chan nel aban doned as a re sult
of river reg u la tion. The lat ter is bounded by nat u ral lev ees ris ing 
up to 70 cm above the sur face of the floodplain (Fig. 4A).

Veg e ta tion: Riverine for est com mu nity Ass.
Ficario-Ulmetum minoris dom i nated by Quercus robur,
Fraxinus ex cel sior, Tilia cordata, Corylus avellana, Padus
avium, Ulmus mi nor, U. glabra and Acer campestre. In the sea -
son ally vari able layer of un der growth there are, inter alia,
Galanthus nivalis, Aegopodium podagraria, Anem one
ranunculoides, A. nemorosa, Corydalis cava, Galeobdolon
luteum and Allium ursinum. The tree less de pres sion of the
palaeomeander is over grown by Corylus avellana and Padus
avium shrubs as well as Urtica dioica, Glechoma hederacea,
Galium aparine and Alliaria petiolata.

Mod ern pro cesses: Soil pro cesses.
Li thol ogy and fa cies in ter pre ta tion: The great est

lithological di ver sity is found in the PY suc ces sion (see Fig. 4B
and Ta ble 4). This palaeomeander sys tem was aban doned by
avul sion prob a bly at the be gin ning of the Ho lo cene. This is sup -
ported by the dat ing of mud (9600 ±100 BP) from a depth of
143–148 cm (Ta ble 2) de pos ited be tween sandy chan nel al lu -
via. The pro cess of fill ing the palaeomeander ini tially took place
in an aquatic en vi ron ment, as shown by the pres ence of
Potamogeton epi der mis and Nymphaeaceae idioblasts
(Fig. 4C). How ever, the main com po nent of OM in the PY13
sam ple is Salix wood. In ad di tion, many leaf less stems of
mosses of the class Bryopsida are pre served. Salix wood also
dom i nates in the or ganic-rich sam ples PY7 and PY6. An im por -
tant com po nent is the Nymphaeaceae epi der mis. Ra dio car bon
dat ing shows that the mixed muddy-or ganic sed i men ta tion
lasted about 1200–2200 years. Above a depth of 74 cm,
clayey-silty al lu via were de pos ited, gen er ally free of OM. Their

de po si tion can be as so ci ated with a long pe riod of time (from
the 8th mil len nium BC on wards) dur ing which the river flow may
have been ep i sod i cally trig gered in the palaeomeander stud ied.

In the FB suc ces sion the in ter nal struc ture of the flood ba sin 
was ana lysed (see Fig. 4A, B and Ta ble 5). The O³awa al lu via
are de pos ited on grey-blue, silty-clay de pos its de scribed as
limnoglacial sed i ments of the Odranian Gla ci ation (Michalska,
1992). The flu vial suc ces sion be gins with grav elly sand and
trans forms to sandy mud with woody de tri tus dated to the older
part of the 4th mil len nium BC at a depth of 160–165 cm (Ta -
ble 2). Ac cord ing to ra dio car bon dat ing, the sed i ments ac cu mu -
lated above ap pear to rep re sent a pe riod of more than 5,000
years of flood ba sin de vel op ment. At a depth of 107–160 cm,
hor i zon tal lam i nated fine-grained sands were ini tially de pos ited, 
with mas sive muds above. The min i mum thick ness of the flood
ba sin sed i ments in the geo log i cal cross-sec tion in ves ti gated is
1.3 m. These sed i ments only con tain OM in epipedons. The lit -
ter layer (sam ple FB1) is dom i nated by highly de com posed
leaves, in clud ing Quercus robur and Corylus avellana de bris. A
com mon find is the fruits of Alnus glutinosa. Be low this, in the
top soil (sam ple FB2), a de crease in the pro por tion of leaves
and a rel a tive in crease in the pro por tion of wood were found.

The LV suc ces sion (see Ta ble 6) was ana lysed in an ex po -
sure show ing the in ter nal struc ture of the nat u ral levee as so ci -
ated with the O³awa chan nel un til the reg u la tion of the river in
the 2nd half of the 20th cen tury. It con sists of mud and
fine-grained sands in a coars en ing-up wards suc ces sion. Al lu -
via un der the in flu ence of soil pro cesses have a mas sive struc -
ture. They are es sen tially free of OM. Only at the sur face is
there an or ganic-rich lit ter dom i nated by the leaves of Quercus
robur, Salix fragilis, Tilia cordata and Carpinus betulus (sam ple
LV1). Be low this, in the top soil (sam ple LV2), there is a sharp
de crease in the con tent of eas ily de com pos able leaves and a
rel a tive in crease in the pro por tion of more re sis tant woods and
periderms.
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SAMPLE DEPTH
[cm] COLOUR* LOI** [%] SEDIMENT

DESCRIPTION TRANSPORT AND DEPOSITION SEDIMENTARY
ENVIRONMENT

PO1 0–2 5YR 4/3 89.5 lit ter or ganic ac cu mu la tion top soil

PO2 2–15 2.5YR 2.5/1 51.1 muddy peat

or ganic ac cu mu la tion

+

de po si tion from sus pen sion

aban doned chan nel

PO3 15–29 10YR 2/1 46.0 muddy peat

PO4 29–45 10YR 2/1 54.2 peat

PO5 45–61 10YR 2/1 69.6 peat

PO6 61–75 5Y 2.5/1 78.3 peat

PO7 75–90 5Y 2.5/1 62.8 peat

PO8 90–110 10YR 2/1 35.0 muddy peat

PO9 110–130 10YR 2/1 59.4 muddy peat

PO10 130–150 10YR 2/1 36.4 muddy peat

PO11 150–170 10YR 3/2 40.4 muddy peat

PO12 170–190 10YR 3/2 15.6 or ganic-rich mud

PO13 190–214 10YR 4/2 8.9 or ganic-rich mud

PO14 214–220 2.5Y 6/3 1.2 fine-grained sand de po si tion from bedload trans port river chan nel
(thalweg***)

* – ac cord ing to Munsell Soil Color Charts; ** – loss on ig ni tion; *** – the deep est part of the palaeochannel along its cross-sec tion

T a  b l e  3

Li thol ogy of the sam ples and in ter pre ta tion of the sed i men tary en vi ron ment for de pos its of the PO suc ces sion

1 – ra dius of cur va ture; 2 – chan nel width
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SAMPLE
DEPTH

[cm] COLOUR* LOI** [%]
SEDIMENT

DESCRIPTION
TRANSPORT AND

DEPOSITION
SEDIMENTARY
ENVIRONMENT

PY1 0–10 7.5YR 3/1 7.9 mud

de po si tion from sus pen sion

aban doned chan nel

PY2 10–23 7.5YR 3/2 5.3 mud

PY3 23–40 10YR 3/2 4.1 mud

PY4 40–56 10YR 3/2 4.6 mud

PY5 56–74 10YR 3/2 5.2 mud

PY6 74–86 10YR 2/1 48.8 muddy peat

or ganic ac cu mu la tion

+

de po si tion from sus pen sion

PY7 86–97 10YR 2/1 31.0 muddy peat

PY8 97–109 10YR 3/1 10.2 or ganic-rich mud

PY9 109–120 10YR 3/1 9.2 or ganic-rich mud

PY10 120–130 10YR 3/1 9.8 or ganic-rich mud

PY11 130–140 10YR 3/1 7.4 or ganic-rich mud

PY12 140–143 10YR 5/6 1.8 me dium-grained sand
de po si tion from bedload

trans port

PY13 143–148 2.5Y 2.5/1 11.9 or ganic-rich mud
or ganic acc. + dep. from

sus pen sion

PY14 148–155 2.5Y 3/2 3.3 me dium-grained sand
de po si tion from bedload

trans port
river chan nel
(thalweg***)

Ex pla na tions as in Ta ble 3

T a  b l e  4

Li thol ogy of the sam ples and in ter pre ta tion of the sed i men tary en vi ron ment for de pos its of the PY

SAMPLE DEPTH
[cm] COLOUR* LOI** [%] SEDIMENT

DESCRIPTION TRANSPORT AND DEPOSITION SEDIMENTARY
ENVIRONMENT

FB1 0–2 10YR 6/3 42.7 lit ter or ganic ac cu mu la tion top soil

FB2 2–20 7.5YR 4/2 12.0 mud (top soil)

de po si tion from sus pen sion flood ba sin

FB3 20–40 7.5YR 4/2 6.7 mud

FB4 40–60 7.5YR 3/2 5.3 mud

FB5 60–85 7.5YR 3/3 4.2 mud

FB6 85–107 7.5YR 4/4 3.8 mud

FB7 107–122 2.5Y 5/4 2.3 muddy sand

rhyth mic de po si tion from bedload
trans port and sus pen sion

cre vasse splay (?)

up per part of bar (?)

FB8 122–141 2.5Y 5/4 2.3 muddy sand

FB9 141–160 2.5Y 6/3 1.8 fine-grained sand

FB10 160–165 10YR 3/2 5.8 sandy mud with de tri tus

FB11 165–173 2.5YR 4/2 2.4 muddy sand

FB12 173–180 2.5YR 5/2 0.9 grav elly sand de po si tion from trac tion river chan nel

Ex pla na tions as in Ta ble 3

T a  b l e  5

Li thol ogy of the sam ples and in ter pre ta tion of the sed i men tary en vi ron ment for de pos its of the FB suc ces sion

SAMPLE DEPTH
[cm] COLOUR* LOI** [%] SEDIMENT

DESCRIPTION
TRANSPORT AND

DEPOSITION
SEDIMENTARY
ENVIRONMENT

LV1 0–2 7.5YR 5/3 21.8 lit ter or ganic ac cu mu la tion top soil

LV2 2–5 5YR 3/2 5.1 muddy sand

de po si tion from bedload trans -
port and sus pen sion nat u ral levee

LV3 5–25 10YR 4/3 2.8 fine–grained sand

LV4 25–45 10YR 5/3 1.3 fine-grained sand

LV5 45–65 10YR 5/3 1.6 fine-grained sand

LV6 65–85 10YR 4/3 2.1 fine-grained sand

LV7 85–105 10YR 4/3 4.2 mud

de po si tion from sus pen sion
dis tal floodplain

(flood ba sin)

LV8 105–125 10YR 5/3 3.8 mud

LV9 125–145 10YR 5/3 2.8 mud

LV10 145–165 10YR 5/3 3.7 mud

LV11 165–180 10YR 4/3 4.2 mud

LV12 180–200 10YR 5/2 2.1 muddy sand

Ex pla na tions as in Ta ble 3

T a  b l e  6

Li thol ogy of the sam ples and in ter pre ta tion of the sed i men tary en vi ron ment for de pos its of the LV suc ces sion



NATURAL LEVEE (NL), PLUG BAR AND ABANDONED CHANNEL (PB)
SEDIMENTARY SUCCESSIONS

Sites: NL (50°50’59.0”N; 17°14’39.1”E; 140.1 m.a.s.l.); PB
(50°50’57.9”N; 17°14’39.1”E; 138.5 m.a.s.l.).

Geomorphological sit u a tion: The O³awa chan nel, ac tive
be fore reg u la tion, with a nat u ral levee ris ing to about 1.1 m
above the sur face of the val ley floor and the pre vi ously cut
palaeomeander (Rm = 12 m, wbkf = 6 m; Fig. 5A).

Veg e ta tion: Riverine for est com mu nity Ass.
Ficario-Ulmetum minoris, dom i nated by Fraxinus ex cel sior and
with the pres ence of Ulmus glabra, Quercus robur, Tilia
cordata, Acer campestre and Padus avium in the tree and
shrub layer to gether with Galanthus nivalis, Pulmonaria
obscura, Alliaria petiolata, Ficaria verna and Stachys sylvatica
in the sea son ally vari able for est floor.

Mod ern pro cesses: Soil pro cesses.

Li thol ogy and fa cies in ter pre ta tion: The in ter nal struc -
ture of the nat u ral levee (NL suc ces sion) was iden ti fied at the
site to gether with the un der ly ing chan nel de pos its (Fig. 5B and 
Ta ble 7). In the lower part, sandy-grav elly al lu via were de pos -
ited af ter the me an der neck was cut off. They con tain wood, in -
clud ing the re mains of Quercus (sam ple NL12; Fig. 5C). The
dat ing of de tri tus and char coal from a depth of 218–222 cm in -
di cates that the me an der cut-off may have taken place at the
turn of the sec ond to the first mil len nium BC (Ta ble 2). Above
this, from a depth of 154 cm, there are silty-sandy de pos its of
the nat u ral levee. The se ries of these sed i ments has a coars -
en ing-up ward suc ces sions. Mas sive muds and sands bear
clear traces of the de vel op ment of soil pro cesses. The levee
sed i ments con tain only traces of or ganic mat ter, mainly in
epipedons. In sam ples NL1 and NL4, the wood of root sys -
tems, mainly Fraxinus ex cel sior, was found as the main com -
po nent of OM.
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Fig . 4. PY, FB and LV sites

A – lo ca tion of the sites on a dig i tal ter rain model (the num bers in di cate el e va tion above sea level); B – li thol ogy of the sed i ments,
ra dio car bon dat ing and se lected pho tos of sed i men tary suc ces sions (the back ground col our on the geo log i cal cross-sec tion re fers to the
col our of the sed i ment sam ples); C – LOI (loss on ig ni tion) and com po si tion of the or ganic res i dues for sam ples with higher OM con tents



The geo log i cal cross-sec tion along the course of the
palaeomeander al lowed a re con struc tion of the con di tions of
OM de po si tion in the first phases af ter the for ma tion of the ox -
bow lake. The plug bar de pos its con sist of a fin ing-up wards
se ries of grav els and sands, that are es sen tially free of OM.
These coarse-grained al lu via ex tend to a dis tance of ~35 m
from the me an der neck. In this zone, they dove tail with
fine-grained muds de pos ited in the dis tal part of the
palaeomeander. Ox bow lake de pos its (PB suc ces sion) lo cally
con tain an ad mix ture of OM, par tic u larly AOM (amor phous or -
ganic mat ter) and wood of Fraxinus ex cel sior. The dat ing of
woody de tri tus with re mains of Pru nus avium at a depth of

114–117 cm sug gests that the pro cess of palaeomeander fill -
ing was ini ti ated in the ear lier part of the 1st mil len nium BC.
The overbank al lu via (see Ta ble 8) are ac com pa nied by di a -
tom shells and sponge nee dles (sam ple PB1).

SIDE BAR (SB) SEDIMENTARY SUCCESSION

Site: SB (51°02’25.9”N; 17°10’49.4”E; 119.5 m.a.s.l.).
Geomorphological sit u a tion: Side bar, in the form of a

plat form, which is pe ri od i cally flooded at higher wa ter lev els. A
place where one of the branches of the River O³awa flowed into
an old ox bow lake of the River Odra (Fig. 6A).

Krzysztof Jan Wójcicki / Geo log i cal Quar terly, 67: 51 11

Fig . 5. NL and PB sites

A – lo ca tion of the sites on a dig i tal ter rain model (the num bers in di cate el e va tion above sea level); B – li thol ogy of the sed i ments,
ra dio car bon dat ing and se lected pho tos of sed i men tary suc ces sions (the back ground col our on the geo log i cal cross-sec tion re fers to the
col our of the sed i ment sam ples); C – LOI (loss on ig ni tion) and com po si tion of the or ganic res i dues for sam ples with higher OM con tents
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SAMPLE DEPTH
[cm] COLOUR* LOI** [%] SEDIMENT

DESCRIPTION TRANSPORT AND DEPOSITION SEDIMENTARY
ENVIRONMENT

NL1 0–21 10YR 4/3 6.6 muddy sand (top soil)

de po si tion from bedload trans port
and sus pen sion nat u ral levee

NL2 21–42 10YR 4/2 4.2 sandy mud

NL3 42–67 10YR 4/2 5.5 mud

NL4 67–90 10YR 4/3 7.3 mud

NL5 90–109 10YR 4/3 5.6 mud

NL6 109–115 10YR 4/2 2.3 fine-grained sand

NL7 115–131 10YR 4/3 3.5 muddy sand

NL8 131–154 10YR 4/2 4.2 mud

NL9 154–175 10YR 4/2 1.1 grav elly sand

de po si tion from bedload trans port

(mainly from trac tion)

chan nel bar 

(plug bar)

NL10 175–196 10YR 5/2 0.7 grav elly sand

NL11 196–222 10YR 3/1 4.2 muddy sand with de -
tri tus

NL12 222–240 10YR 3/2 3.7 muddy sand with de -
tri tus

NL13 240–260 10YR 5/3 1.3 grav elly sand

Explanations as in Ta ble 3

T a  b l e  7

Li thol ogy of the sam ples and in ter pre ta tion of the sed i men tary en vi ron ment for de pos its of the NL suc ces sion

SAMPLE DEPTH
[cm] COLOUR* LOI** [%] SEDIMENT

DESCRIPTION TRANSPORT AND DEPOSITION SEDIMENTARY
ENVIRONMENT

PB1 0–12 10YR 4/2 9.7 or ganic-rich mud

de po si tion from sus pen sion

+

or ganic ac cu mu la tion

aban doned chan nel

PB2 12–20 10YR 4/2 6.2 mud

PB3 31–50 10YR 4/2 5.9 mud

PB4 50–68 10YR 4/2 7.7 mud with OM
laminae

PB5 68–80 10YR 4/3 5.3 mud

PB6 80–103 10YR 4/3 2.3 sandy mud

de po si tion from bedload trans port
and sus pen sion

PB7 103–106 10YR 4/4 1.8 sandy mud

PB8 106–110 10YR 4/3 1.7 muddy sand

PB9 110–117 10YR 4/3 2.1 sandy mud

PB10 117–130 5Y 5/3 1.1 me dium-grained
sand de po si tion from bedload trans port river chan nel

(thalweg***)

Ex pla na tions as in Ta ble 3

T a  b l e  8

Li thol ogy of the sam ples and in ter pre ta tion of the sed i men tary en vi ron ment for de pos its of the PB suc ces sion

SAMPLE DEPTH
[cm] COLOUR* LOI** [%] SEDIMENT

DESCRIPTION
TRANSPORT AND

DEPOSITION
SEDIMENTARY
ENVIRONMENT

SB1 0-2 10YR 5/3 81.9 lit ter or ganic ac cu mu la tion top soil

SB2 2-11 5YR 3/2 31.3 muddy peat or ganic ac cu mu la tion + 
de po si tion from sus pen sion

tem po rarily dom i nated by
the ver ti cal ac cre tion typ i cal

of floodplains

chan nel bar

(up per part of side bar) 

SB3 11-20 5YR 3/2 32.2 muddy peat

SB4 20-21 10YR 4/2 3,1 fine-grained sand

rhyth mic de po si tion from
bedload trans port and 

sus pen sion

SB5 21-29 7.5YR 3/2 21.8 or ganic-rich mud

SB6 29-48 2.5Y 3/1 5.2 sandy mud with OM

SB7 48-62 2.5Y 5/4 1.5 fine-grained sand

SB8 62-72 2.5Y 3/2 8.1 or ganic-rich mud

SB9 72-88 2.5Y 4/3 2.2 muddy sand

SB10 88-100 2.5Y 5/3 2.1 coarse-grained sand de po si tion from bedload
trans port lower part of side bar

Explanations as in Ta ble 3

T a  b l e  9

Li thol ogy of the sam ples and in ter pre ta tion of the sed i men tary en vi ron ment for de pos its of the SB suc ces sion



Veg e ta tion: All. Magnocaricion com mu nity dom i nated by
Carex riparia with the par tic i pa tion of Pha laris arundinacea, Poa 
palustris, Scirpus sylvaticus, Juncus effusus and Oenanthe
fistulosa and, dur ing in un da tion, of Lemna mi nor and Hydro -
charis morsus-ranae in vad ing from neigh bour ing aquatic com -
mu ni ties.

Mod ern pro cesses: River ero sion and ac cu mu la tion; or -
ganic ac cu mu la tion.

Li thol ogy and fa cies in ter pre ta tion: The rhyth mi cally
bed ded sed i ments of the side bar were de pos ited on or -
ganic-free coarse sands ly ing at a depth of 88–142 cm (see

Fig. 6B and Ta ble 9). Above this the sand is finer and con tains
pieces of wood. The sandy-silty layer at a depth of 62–72 cm
(sam ple SB8) is dom i nated by the re mains of the root sys tems
of the rush veg e ta tion (Fig. 6C). In con trast, in the
coarser-grained sed i ments at a depth of 29–48 cm (sam ple
SB6), it was mainly wood de tri tus that was de pos ited. Above
this, sed i ments with a high OM con tent accreted un der am phib -
i ous con di tions and with ep i sodic sup ply of floodwater mud.
Their de po si tion was most likely ini ti ated in the 1990s
(1990–1995 AD with 92.1% prob a bil ity; see Ta ble 2). Sam ples
SB5, SB3 and SB2 mainly con sist of woody de tri tus and
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Fig. 6. SB site

A – lo ca tion of the site on a dig i tal ter rain model (the num bers in di cate el e va tion above sea level); B – li thol ogy of the sed i ments, ra dio car bon
dat ing and se lected pho tos of sed i men tary suc ces sions (the back ground col our on the geo log i cal cross-sec tion re fers to the col our of the
sed i ment sam ples); C – LOI (loss on ig ni tion) and com po si tion of the or ganic res i dues for sam ples with higher OM con tents



rhizodermis of rush plants (their pro por tion in creases with
depth) and epi der mis and leaves (their pro por tion de creases
with depth). In the sam ples stud ied, the re mains of in di ca tors of
the aquatic en vi ron ment have a small but per ma nent share: di -
a tom shells, nee dles of fresh wa ter sponges and statoblasts of
bryo zoans. Their pres ence tes ti fies to reg u lar flood ing of the
plat form ob served dur ing field work. In the lit ter layer (sam ple
SB1), the re mains of leaves and the epi der mis of leaves of
trees and her ba ceous plants form the larg est pro por tion. The
leaf flora of Padus avium is dom i nant with Acer campestre and
Quercus robur leaves also pres ent.

CONCAVE-BANK BAR (CB) AND MUD-FILLED CHANNEL (PM)
SEDIMENTARY SUCCESSIONS

Sites: CB and PM (51°02’34.8’’N 17°10’05.9’’E; 118.6
m.a.s.l.).

Geomorphological sit u a tion: A mud-filled chan nel and a
con cave-bank bar of an ac tive, sec ond ary chan nel of the O³awa 
River (Fig. 7A).

Veg e ta tion: An ag gre ga tion as sem blage with Phragmites
aus tra lis dom i nant in vaded by, inter alia, Lemna mi nor dur ing
flood ing. The reed belt on the land ward side bor ders a for est
com mu nity dom i nated by Ulmus mi nor, Acer campestre and
Padus avium.

Mod ern pro cesses: Ac cu mu la tion of sus pended par ti cles;
peat-form ing pro cesses.

Li thol ogy and fa cies in ter pre ta tion: The suc ces sion of
sed i ments in the con cave-bank bar is dom i nated by sandy
lithofacies (Fig. 7B and Ta ble 10). At a depth of 82–105 cm, the
pres ence of sandy mud was noted, lo cally with a sig nif i cant ad -
mix ture of OM (sam ple CB7). In the most re cent phase of de vel -
op ment of the bar, the im por tance of or ganic ac cu mu la tion in -
creased (sam ples CB2, CB1). The com po si tion of OM in the in -
di vid ual sam ples of CB suc ces sion is sim i lar. The epi der mis
and rhizodermis of reeds and sedges pre dom i nate (Fig. 7C).
Allochthonous com po nents (leaves and woody de tri tus) from
the tree can opy were ac cu mu lated syn chro nously.

The pro cesses of fill ing the chan nel (PM suc ces sion) oc -
curred in the bend of the riverbed on the dis tal side of the con -
cave-bank bar. As a re sult of the re duced flow ve loc ity be hind
the bar rier, grey muds with OM-en riched laminae were de pos -
ited on the chan nel sands (see Ta ble 11). The com po si tion of
the layer from a depth of 115–119 cm (sam ple PM7) is dom i -
nated by spe cies-rich wood. In con trast, the mud layer with OM
(sam ple PM1) mainly con tains leaves from nearby trees.

MID-CHANNEL BAR (MB) SEDIMENTARY SUCCESSION

Site: MB (50°51’32.5”N; 17°14’35.8”E; 137.4 m.a.s.l.).
Geomorphological sit u a tion: Mod ern mid-chan nel bar

with a length of ~20.5 m and a width of up to 7 m (Fig. 8A).
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SAMPLE DEPTH
[cm] COLOUR* LOI**

[%] SEDIMENT DESCRIPTION TRANSPORT AND
DEPOSITION

SEDIMENTARY
ENVIRONMENT

CB1 0–6 10YR 3/2 55.8 or ganic de posit or ganic ac cu mu la tion + 
de po si tion from sus pen sion

tem po rarily dom i nated
by the ver ti cal ac cre tion

typ i cal of floodplains

chan nel bar

(con cave–bank bar) 

CB2 6–19 7.5YR 3/2 24.5 or ganic de tri tus with mud

CB3 19–40 2.5Y 5/6 0.8 coarse-grained sand

de po si tion from bedload
trans port and sus pen sion

CB4 40–60 2.5Y 5/4 1.0 coarse-grained sand

CB5 60–82 2.5Y 5/3 1.8 fine-grained sand

CB6 82–87 2.5Y 5/3 2.6 fine-grained sand

CB7 67–94 2.5Y 4/3 8.1 sandy mud with OM

CB8 94–105 2.5Y 5/4 2.3 fine-grained sand

CB9 105–121 2.5Y 6/4 1.3 me dium-grained sand

CB10 121–138 2.5Y 6/3 1.1 me dium-grained sand

CB11 138–150 2.5Y 6/3 1.6 muddy sand

Ex pla na tions as in Ta ble 3

T a  b l e  1 0

Li thol ogy of the sam ples and in ter pre ta tion of the sed i men tary en vi ron ment for de pos its of the CB suc ces sion

SAMPLE DEPTH
[cm] COLOUR* LOI**

[%] SEDIMENT DESCRIPTION TRANSPORT AND
DEPOSITION

SEDIMENTARY
ENVIRONMENT

PM1 0-11 7.5YR 3/1 21.0 or ganic-rich mud

de po si tion from sus pen sion

+

or ganic ac cu mu la tion

mud-filled

chan nel

PM2 11-32 2.5Y 4/2 6.9 mud

PM3 32-53 2.5Y 4/2 5.3 mud

PM4 53-74 2.5Y 4/2 6.4 mud

PM5 74-95 2.5Y 4/2 5.2 mud

PM6 95-115 2.5Y 4/2 4.6 mud

PM7 115-119 10YR 4/2 8.9 mud with OM

PM8 119-128 2.5Y 5/2 2.1 me dium-grained sand de po si tion from bedload
trans port

river chan nel (for mer
thalweg***)PM9 128-150 2.5Y 6/4 0.8 grav elly sand

Ex pla na tions as in Ta ble 3

T a  b l e  1 1

Li thol ogy of the sam ples and in ter pre ta tion of the sed i men tary en vi ron ment for de pos its of the PM suc ces sion



Veg e ta tion: Ini tial phase of the Ass. Phalaridetum
arundinaceae com mu nity grow ing on freshly de pos ited al lu via.
Be sides the dom i nant Pha laris arundinacea, the com mu nity
also in cludes, inter alia, Polygonum amphibium and Rumex
conglomeratus.

Mod ern pro cesses: River ero sion and ac cu mu la tion; soil
pro cesses.

Li thol ogy and fa cies in ter pre ta tion: The for ma tion of the
mid-chan nel bar was most likely caused by a tree fall ing into the 
riverbed. The fallen tree trig gered the in ter cep tion of plant de tri -
tus trans ported along the riverbed (Fig. 8B) and forced the de -
po si tion of min eral sed i ments be hind the bar rier (see Ta ble 12). 
The re sult is a large ac cu mu la tion of spe cies-rich tree re mains,
mainly com posed of wood, leaves and bark (sam ple MB0) in
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Fig. 7. CB and PM sites

A – lo ca tion of the sites on a dig i tal ter rain model (the num bers in di cate el e va tion above sea level); B – li thol ogy of the sed i ments, ra dio car -
bon dat ing and se lected pho tos of sed i men tary suc ces sions (the back ground col our on the geo log i cal cross-sec tion re fers to the col our of the 
sed i ment sam ples); C – LOI (loss on ig ni tion) and com po si tion of the or ganic res i dues for sam ples with higher OM con tents



the prox i mal part of the bar (Fig. 8C). Carpological finds also
form a rel a tively large pro por tion, es pe cially the fruits of Pha -
laris arundinacea and Urtica dioica.

In the cen tral part of the bar, the OM con tent is lower. The
ba sic sed i men tary suc ces sion in ex po sure MB6 com prises a
rhythmite, con sist ing of light sandy laminae and dark laminae of 
silt and fine sand. The lat ter con tain the most OM, but frag -
ments of twigs and acorns were also found in sandy lay ers at
depths of ~90 and 50 cm. It is char ac ter is tic that or ganic de tri tus 
ac cu mu lates at the up per sur face of the layer (sam ple MB65).
This in di cates that its de po si tion oc curs at the end of the flood.
Sam ples MB65 and MB63 are dom i nated by allochthonous OM 
in the form of spe cies-rich wood. At a depth of 0–3 cm, how -
ever, the de pos its are heavily over grown with mod ern roots.

Con se quently, the main com po nents of sam ple MB61, apart
from woody de tri tus, is epi der mis and rhizodermis of Pha laris
arundinacea. This in di cates the role of veg e ta tion as an im por -
tant source of OM in re cent al lu via.

OM CONTENT AND DIVERSITY WITHIN THE
SEDIMENTARY SUBENVIRONMENTS OF THE

O£AWA VALLEY

Or ganic ma te rial oc curs rel a tively fre quently in the sed i ment 
sam ples from the O³awa Val ley, but mostly as a small ad mix ture 
of in or ganic al lu via. This is re flected in the low val ues of the
mean LOI of the suc ces sions in ves ti gated: PY – 11.5%, FB –
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Fig . 8. MB site

A – lo ca tion of the site on a dig i tal ter rain model (the num bers in di cate el e va tion above sea level); B – li thol ogy of the sed i ments, ra dio car bon
dat ing and se lected pho tos of sed i men tary suc ces sions (the back ground col our on the geo log i cal cross-sec tion re fers to the col our of the
sed i ment sam ples); C – LOI (loss on ig ni tion) and com po si tion of the or ganic res i dues for sam ples with higher OM con tents



7.5%, MB – 6.5%, LV – 4.6%, NL – 3.9%, PB – 4.4%, SB –
18.9%, CB – 9.2%, PM – 6.8%. Only in the PO suc ces sion is
the con tent of OM high, typ i cal of peatlands (mean LOI =
46.3%). The mean LOI value for 114 sam ples ana lysed (see
Ta bles 3–12) was 12.8%. For com par i son, the av er age LOI
con tent for 75 sam ples from the me an der ing Ruda val ley (or -
ganic-rich sed i ment suc ces sions were se lected for anal y sis,
sim i larly to the O³awa val ley) was 24.2% (Wójcicki, 2022). This
is chiefly a re sult of the more fre quent pres ence of peat in the
fills of the aban doned chan nels (mean LOI – 57.3%) and flood
bas ins (mean LOI – 27.6%) of the Ruda River. The LOI con tent
in the sed i ments from the Ruda val ley thus proved to be sig nif i -
cantly higher com pared to the sed i ments from the cor re spond -
ing en vi ron ments in the O³awa val ley (Ta ble 13). No Ho lo cene
peat de pos its were found in the O³awa val ley, ex cept in the de -
pres sions of the aban doned and mod ern chan nels. Com pared
to the or ganic-rich floodplains of the anastomosing rivers, they

oc cupy a very small area, less than 0.2% of the val ley floor (see
Fig. 9). There fore, the depositional sys tem of the O³awa River
does not meet the cri te ria (abun dant or ganic and lac us trine de -
pos its, peat for ma tion and lac us trine sed i men ta tion as one of
the main depositional pro cesses, and lakes and peat swamps
as one of the main land forms) that would al low it to be clas si fied
as an or ganic-rich floodplain (C2a) ac cord ing to the clas si fi ca -
tion of Nanson and Croke (1992).

De spite its rel a tively low share in the struc ture of the O³awa
floodplain, OM shows a high ge netic di ver sity (Fig. 10A).
Phytoclasts (frag mented plant re mains) dom i nate, es pe cially
wood, which is mostly of allochthonous or i gin in the O³awa Val -
ley. In freshly de pos ited sed i ments, tree leaves are also of great 
im por tance. The pro por tion of periderm (cor tex) does not ex -
ceed a few per cent. By con trast, the epi der mis and the
rhizodermis form a sig nif i cant pro por tion, es pe cially the re -
mains of the un der ground or gans of her ba ceous plants. The
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SAMPLE DEPTH
[cm] COLOUR* LOI**

[%]
SEDIMENT

DESCRIPTION
TRANSPORT AND

DEPOSITION
SEDIMENTARY
ENVIRONMENT

MB0 0–1 5Y 5/2 29.6 mud with de tri tus

rhyth mic de po si tion from
bedload trans port and sus -

pen sion

chan nel bar

(up per part of mid-chan -
nel bar)

MB61 0–3 2.5Y 5/3 7.5 mud (top soil)

MB62 3–9 2.5Y 5/4 3.1 me dium-grained sand

MB63 9–24 2.5Y 4/3 6.7 mud

MB64 24–31 2.5Y 4/3 2.3 coarse-grained sand

MB65 31–42 2.5Y 3/2 5.4 mud

MB66 42–60 2.5Y 4/3 1.8 grav elly sand

de po si tion from trac tion
chan nel bar

(lower part of mid-chan nel 
bar)

MB67 60–80 2.5Y 4/3 1.2 grav elly sand

MB68 80–100 2.5Y 4/3 0.8 grav elly sand

Ex pla na tions as in Ta ble 3

T a  b l e  1 2

Li thol ogy of the sam ples and in ter pre ta tion of the sed i men tary en vi ron ment for de pos its of the MB suc ces sion

Sed i men tary subenvironment In or ganic com po nents Or ganic com po nents mean LOI
[%]

chan nel zone

chan nel bars

side bar

up per part: hor i zon tally strat i -
fied fine-grained sand, muddy
sand and sandy mud; in di vid -
ual sets from 0.01 to 0.2 m;
lower part: coarse-grained

sand;

mainly de tri tus (leaves and wood);
autochthonous rhizodermis and epi der -

mis; also di a toms* and Porifera*
11.9

con cave-bank
bar

coarse- to fine-grained sand
and muddy sand; in di vid ual set 

from 0.1 to 0.4 m;

mainly de tri tus (leaves and wood);
autochthonous rhizodermis and epi der -

mis; also di a toms* and Porifera*
9.2

mid-chan nel
bar

up per part: rhyth mi cally bed -
ded coarse-grained sand and
mud; in di vid ual sets from 0.03
to 0.15 m; lower part: grav elly

sand;

mainly de tri tus (wood, leaves, fruits and
seeds); autochthonous rhizodermis and
epi der mis; also di a toms* and Porifera*

6.5

plug bar grav elly sand to muddy sand;
in di vid ual sets up to 0.4 m; wood de bris 2.2

mud-filled chan nel
hor i zon tally lam i nated mud;

co-set thick nesses up to
1.2 m; 

mainly de tri tus (wood and leaves);
autochthonous rhizodermis and epi der -

mis; also di a toms* and Cladocera*
8.3

floodplain

aban doned chan nel

(ox bow lake)

hor i zon tally lam i nated mud,
sandy mud, muddy sand,

sand; co-set thick nesses up to 
2.2 m; 

mainly peat (wood, rhizodermis and epi -
der mis); also mosses*, Cladocera*,

Chironomidae*
22.3

flood ba sin mas sive mud; up to 1.3 m in
thick ness; mainly wood and leaves in top soil 4.8

nat u ral levee

fine-grained sand, muddy
sand, sandy mud and mud;

coars en ing-up wards suc ces -
sion; up to 1.5 m in thick ness

mainly wood and leaves in top soil 4.0

* – com po nents that are pres ent in small quan ti ties but have an in dic a tive value for the fa cies stud ied

T a  b l e  1 3

Ba sic fea tures of the ana lysed fa cies of the de pos its

https://doi.org/10.1016/0169-555X(92)90039-Q
https://doi.org/10.1016/j.catena.2022.106636


high per cent age of AOM shows that a large pro por tion of the
OM pro duced in the riverine eco sys tem of the River O³awa is
sub ject to rapid de com po si tion. First, the re mains of the
above-ground or gans of the plants, which con sist of thin-walled
pa ren chyma cells, are de com posed (Wójcicki, 2022). The rapid 
deg ra da tion af fects, inter alia, the above-men tioned tree
leaves, which are de pos ited sea son ally.

The pro por tion of other com po nents (in clud ing re mains of
mosses, fruits and seeds, sporomorphs, Porifera, di a toms,
Cladocera, Chironomidae, Bryozoa and thallus of fungi) did not
ex ceed 1 per cent in the sam ples ex am ined. In the sed i ments of
the O³awa Val ley, the pro por tion of mosses is very low, the re -
mains of which are a good in di ca tor of in situ de po si tion. The re -
mains of or gan isms clas si fied as plank ton and benthos do not
usu ally con trib ute much to the com po si tion of OM due to their
mi cro scopic size. In stead, they can serve as bioindicators that
iden tify spe cific sed i men tary subenvironments. The pres ence
of di a tom re mains, spicules of sponges and bryo zoan
statoblasts is char ac ter is tic of flood lay ers rich in fine sand. The
re mains of Cladocera and Chironomidae can be as so ci ated
with un dis turbed ac cu mu la tion in sed i men tary bas ins, es pe -
cially ox bow lakes. The de vel op ment of my ce lium is char ac ter -
is tic of OM trans for ma tions in epipedons.

ORIGIN OF OM IN THE CHANNEL FACIES

The chan nel sed i ments of the O³awa River show vari abil ity
in lithofacies, rang ing from fine gravel, sandy gravel and sand to 
sandy-silty rhythmites. In the coarse-grained de pos its build ing
large bedforms on the chan nel bot tom, or ganic par ti cles mainly
oc cur in the form of thick, woody de bris. De spite the sta ble
banks, it is not un com mon for trees to fall into the O³awa chan -
nel. This is en cour aged by the struc ture of the ri par ian for ests
that mainly con sist of SubAll. Ulmenion minoris, i.e. dom i nated
by tall trees that are not adapted to fre quent flood ing and flu vial
ero sion. The crowns of fallen trees are a source of woody de bris 
and at the same time act as bar ri ers, trap ping coarse or ganic
par ti cles trans ported down stream. As a re sult, they can block
the chan nel and may cause avul sion (i.a. Teisseyre, 1992;
Bábek, 2018). At the lo cal scale, log jams cause flow re di rec -
tion, sed i ment im pound ment and bar for ma tion. These pro -
cesses can lead to the for ma tion of a val ley floor with com plex
lo cal to pog ra phy which has the char ac ter of an anastomosing
net work (Abbe and Mont gom ery, 2003).

The great est ge netic vari a tion in OM is as so ci ated with the
up per, sandy-silty parts of the al lu vial bars (Fig. 10B). The River 
O³awa shows sim i lar i ties with less wet river sys tems where the
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Fig. 9. Pro por tion of peat on the sur face of the O³awa floodplain com pared to the or ganic-rich
floodplain of the Narew River

A – the O³awa val ley in its lower course; area oc cu pied by peat ac cord ing to Winnicka (1985), sup ple mented by the 
au thor; B – the O³awa val ley in its mid dle course; area oc cu pied by peat ac cord ing to Michalska (1992) and
Winnicka (2008), sup ple mented by the au thor; C – the Narew val ley near Bia³ystok; area oc cu pied by peat ac cord -
ing to Butrymowicz (2001)
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fre quent oc cur rence of or ganic lit ter (in clud ing wood and leaf
frag ments) has been ob served in chan nel sed i ments (i.a.
Smith, 1986; Gibling et al., 1998). Larger pieces of or ganic de -
tri tus were de pos ited on the sur face of the prox i mal parts of the
al lu vial bars. They con sist of spe cies-rich re mains of trees:
mainly wood, but also leaves, bark and fruits. They were likely
trapped first due to their size, while the finer de tri tus was trans -
ported far ther. When wa ter flow is in hib ited, fine-grained mud
and or ganic de bris, in clud ing tiny com po nents such as di a tom
shells, are de pos ited on the sur face. In zones colo nised by veg -
e ta tion, the de tri tus can be cap tured by the shoots of mod ern
veg e ta tion. In ad di tion, the de vel op ment of soil for ma tion is re -
spon si ble for post-sed i men tary pro cesses of en rich ment of al lu -
vial ma te rial with epi der mis and rhizodermis. This is es pe cially
ob served in fine-grained laminae, which are rich in nu tri ents and 
there fore pen e trated by root sys tems (Wójcicki, 2022). In the
case of bars formed in sec ond ary chan nels, min eral sed i men ta -
tion can be re placed by or ganic ac cu mu la tion. Flooded bars are 
of ten colo nised by rush veg e ta tion, but even un der such con di -

tions the or ganic sed i ments mainly con sist of allochthonous
leaves and wood. Or ganic de tri tus can be bur ied in the banks,
strength en ing their ero sion re sis tance in a sim i lar way to woody
de bris (i.a. Abbe and Mont gom ery, 2003; Bábek, 2018). How -
ever, the role of OM in pro tect ing the banks of the O³awa ap -
pears to be less than in or ganic-rich floodplains, where re -
worked peat is very com mon in chan nel de pos its (i.a. Törnqvist
et al., 1993; Gradziñski et al., 2003; Kêdzior et al., 2021).

ORIGIN OF OM IN THE FLOODPLAIN FACIES

Nat u ral lev ees with as so ci ated cre vasse splays are com -
mon depositional forms in the prox i mal floodplains of
anastomosing rivers. In the mid dle reaches of the O³awa Val ley, 
dis tinct nat u ral lev ees were formed by silty-sandy lithofacies de -
pos ited in a gen er ally coars en ing-up wards suc ces sion. These
sed i ments have a mas sive struc ture, ul ti mately formed un der
the in flu ence of soil pro cesses that form Cambisols. They usu -
ally do not con tain OM of al lu vial or i gin, and or ganic re mains
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Fig . 10. Con tri bu tion of OM forms to sed i ments within the O³awa val ley

A – to tal; B – chan nel fa cies; C – floodplain fa cies
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mainly oc cur in epipedons. In the lit ter level, it is mainly leaves
from the crowns of trees that are found. The min eral soil ho ri -
zons are dom i nated by the re mains of tree root sys tems. The
rapid de com po si tion of lit ter with rel a tively low hu mus con tent
in di cates in ten sive min er ali sa tion of OM in the eutrophic, aer o -
bic top soil layer (see Gibling et al., 1998). Nat u ral lev ees, per -
ma nently oc cu pied by rooted veg e ta tion, have an ad di tional ef -
fect on the sta bili sa tion of the O³awa chan nel.

The flood ba sin fa cies within the dis tal floodplain is con sid -
ered the dom i nant one within the de pos its of anastomosing
rivers (Kleinhans et al., 2012; Zieliñski, 2014). In the O³awa Val -
ley, de po si tion in this sub-en vi ron ment was mainly of silty-clay
de pos its. OM oc curs rarely, as in the case of nat u ral lev ees,
and then mainly in epipedons. This is usu ally formed of the re -
mains of leaves in the lit ter layer (O ho ri zon) and wood in the
top soil (A ho ri zon). Al though their ac cu mu la tion took place
amidst the lush veg e ta tion of eutrophic for est com mu ni ties, the
or ganic re mains were sub ject to in tense changes un der the in -
flu ence of soil pro cesses. As a re sult, the flood bas ins are filled
with sec ond ary mas sive clayey-silt de pos its with traces of
post-sed i men tary weath er ing and illuviation. Ba si cally, they do
not con tain or ganic de tri tus of al lu vial or i gin or peat. This clearly
dis tin guishes the O³awa sys tem from or ganic-rich floodplains of 
anastomosing sys tems.

Aban doned chan nels form the most im por tant sub-en vi ron -
ment col lect ing OM in the O³awa floodplain. In gen eral, ox bow
lakes seem to be an im por tant en vi ron ment for or ganic ac cu mu -
la tion, both for anastomosing sys tems in river val leys (i.a.
Morozova and Smith, 2003; Rozo et al., 2012) and for
anastomosing distributary sys tems in al lu vial fans and del tas (i.a. 
King and Mar tini, 1984; Tornqvist et al., 1993; Stouthamer,
2001). How ever, the amount of or ganic sed i ments de pos ited in
this sub-en vi ron ment in the O³awa Val ley is gen er ally low com -
pared to the neigh bour ing val leys of me an der ing rivers in the Up -
per Odra ba sin (Wójcicki, 2013; 2022). The O³awa aban doned
chan nels have a sin u os ity which var ies from me an der ing sec -
tions to al most straight sec tions. They are par tially sed i -
ment-filled. In the shal lower sec tions of the aban doned chan nels
with low sin u os ity, this is mainly mas sive silt or fine-grained sand. 
Lenses of or ganic sed i ments oc cur mainly in the deeper
palaeomeander bends in the high-sin u os ity sec tions of the river
chan nel. The main com po nents of OM in aban doned chan -
nel-fills are AOM and wood to gether with the rhizodermis and
epi der mis of plants, in clud ing peat-form ing veg e ta tion. The pro -
por tion of AOM var ies widely in re la tion to hab i tat mois ture fluc tu -
a tions, rang ing from a few per cent to about two-thirds of the to tal
OM. In gen eral, how ever, pre served phytoclasts out weigh the
AOM con tent in the overbank sed i ments of the O³awa River
(Fig. 10C). The aban doned chan nel-fills are dom i nated by
autochthonous OM com po nents, in clud ing sin gle-spe cies wood.
How ever, some of the com po nents are allochthonous (mainly
zooclasts and phytoclasts rep re sent ing the above-ground or -
gans of vas cu lar plants) and were sup plied by floodwater (in clud -
ing re mains of di a toms and porifera) or come di rectly from the
crowns of trees (some of the leaves). OM in aban doned chan -
nel-fills col lected in an aer o bic en vi ron ments (aquatic or swampy) 
and show higher re sis tance to de com po si tion.

DEVELOPMENT CONDITIONS
 OF THE DEPOSITIONAL SYSTEM 

OF THE O£AWA RIVER

The ques tion, as posed in the in tro duc tion to this ar ti cle,
arises as to how the floodplain of the O³awa River has low OM
con tent, while the floodplains of the anastomosing rivers of

north ern Po land gen er ally show a high biogenic con tent
(Gradziñski et al., 2003; S³owik, 2014; Kêdzior et al., 2021).
Look ing at the depositional pro cesses that take place in the
chan nel zone, it is dif fi cult to iden tify clear dif fer ences be tween
these sys tems. Sim i lar i ties ob served for the O³awa and Narew
al lu via in the chan nel zone in clude: 1) fine clastic sed i ment to -
gether with plant de tri tus form ing laminae within sand; 2) the up -
per most part of the chan nel bars may con sist of or ganic de pos -
its, in clud ing peat (see Gradziñski et al., 2003).

How ever, clear dif fer ences in re la tion to or ganic-rich
floodplains can be ob served in the struc ture of the dis tal
floodplain of the River O³awa. For the sys tems de scribed in the
lit er a ture, fa cies such as peat bog, backswamp, and lac us trine
are typ i cal of this zone (Smith and Smith, 1980; Nanson and
Croke, 1992; Makaske, 2001). Far ther away from the chan nels
of the Attawapiskat River (hu mid sub arc tic), mires ex ist with up
to 0.5 m thick ness of grassy peat (King and Mar tini, 1984). In
the Sas katch e wan River floodplain (cold tem per ate hu mid con -
ti nen tal), de pos its rich in or ganic mat ter mainly form in iso lated
floodplain lakes, fen mead ows and bogs (Smith and Smith,
1980; Morozova and Smith, 2003; Davies-Vollum and Smith,
2008). In the Narew val ley (warm tem per ate tran si tional), or -
ganic de pos its cover al most the en tire inter-chan nel ar eas (see
Fig. 9). Cariceti peat and Phragmiteti peat are the most com -
mon, while Carici-Phragmiteti peat and Saliceti peat are less
fre quent (Gradziñski et al., 2003). In con trast, the suben -
vironments of the dis tal floodplain of the River O³awa, es pe cially 
the wide spread flood bas ins, have a low pro por tion of OM, and
or ganic re mains are rarely as so ci ated with peat-form ing eco -
sys tems. The source of OM is mainly floristically rich for est
SubAll. Ulmenion minoris. These com mu ni ties colo nise drier
hab i tats with a lower wa ter ta ble than peat-form ing veg e ta tion,
ly ing in the zone with only ep i sodic flood ing (Matuszkiewicz,
2005).

The ab sence of peat in the dis tal floodplain of the O³awa
River should not be linked with rapid min eral sed i men ta tion, as
sug gested by Nadon (1994), Makaske (2001) or Morozova and
Smith (2003). Radiocarbon dat ing shows the av er age ac cu mu -
la tion rates for or ganic sed i ments tend to reach higher val ues
than the anal o gous rates cal cu lated for in or ganic de pos its. In
the PY suc ces sion, for ex am ple, ac cu mu la tion of a 74 cm-thick
layer of or ganic sed i ment took 1.2–2.2 ky, while sed i men ta tion
of the same thick ness of flood silt could take up to 9.5 ky (see
Ta ble 2). Sed i men ta tion of the 160 cm-thick layer of
fine-grained sand and mud in the FB suc ces sion be gan
5.4–5.8 ky. An av er age sed i men ta tion rate of  ~0.29 mm/year
in di cates long in ter vals be tween flood ep i sodes, which could be
used for peat ac cu mu la tion un der fa vour able con di tions. The
ab sence of fur ther peatlands in the O³awa Val ley is thus prob a -
bly re lated to un fa vour able top o graph i cal and hydrogeological
con di tions (see Hare et al., 2017). Firstly, due to the lat eral sta -
bil ity of the chan nels, only a small num ber of ox bow lakes,
which set off mass peat-form ing pro cesses in the val leys of the
neigh bour ing me an der ing rivers (Wójcicki, 2013), were formed.
Sec ondly, the ground wa ter flow ing from ad ja cent ar eas only
weakly feeds the dis tal zone of the O³awa floodplain. This is due 
to the small num ber of ero sion edges cross ing the aqui fers on
the val ley sides (the site PO is one of the few ex cep tions).
Thirdly, riverine peatlands are of ten fed by fluviogenic wa ters,
how ever, in or der to main tain a highly or ganic swamp, bankfull
flows need to be rel a tively fre quent (Nanson et al., 2010). In ad -
di tion, some stud ies have sug gested that avul sion may have
played a key role in the for ma tion of or ganic-rich de pos its
(Morozova and Smith, 2003; Davies-Vollum and Smith, 2008).
In the mid dle reaches of the River O³awa, nu mer ous floods oc -
curred at the turn of the Youn ger Dryas to early Ho lo cene,
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which led to con sid er able aggradation of the val ley floor (see
Fig. 1: pro file I-I’). As a re sult, parts of the late-Weichselian val -
ley bot tom are found 0.6–1.0 m be low the sur face of the mod ern 
floodplain. Ver ti cal sta bili sa tion of the O³awa chan nel sys tem
took place in the Ho lo cene. Fur ther more, from the 13th cen tury
on wards, the pro cess of anthropogenisation of the run off
(changes in the dis charge and dis tri bu tion of high and low wa ter 
stages in an an nual cy cle) in ten si fied due to trans fer and re ten -
tion (ag ri cul tural drain age sys tem, ponds, millraces) of the
O³awa wa ter (Parzóch and Solarska, 2008). A par tic u larly
strong hu man in flu ence on the trans for ma tion of Cen tral Eu ro -
pean rivers has been re corded over the last three cen tu ries
(Pišút, 2002). Reg u la tion of the O³awa River has forced a drop
in the lo cal base level and river-bed in ci sion, while anas to mo sis
nor mally re quires a rise in base level (Bábek, 2018). Most likely, 
the in fre quent flood ing of the val ley floor, as dem on strated by
the in hi bi tion of the aggradation rate and the com po si tion of
plant com mu ni ties, was the main de ter mi nant for the for ma tion
of the O³awa depositional sys tem with low OM con tent. This in -
ter pre ta tion is con sis tent with mod el ling re sults for Bel gian
rivers, ac cord ing to which the pro duc tiv ity of riverine peatlands
seems to be de ter mined to a greater de gree by the set ting and
dy nam ics of the lo cal river net work than by in ter nal peatland
pro cesses (Swinnen et al., 2021).

SUMMARY

The depositional sys tem of the River O³awa de vi ates from
the clas si cal scheme ac cord ing to which anastomosing rivers in 
hu mid cli mates form or ganic-rich floodplains. The char ac ter is tic 
fea ture of the O³awa sys tem is the scar city of sed i men tary fa -
cies as so ci ated with lac us trine and peat-form ing sed i men tary
subenvironments (in clud ing marshes with tall her ba ceous veg -
e ta tion and swamps with for ests dom i nated by black al der or
scrub en vi ron ments of broad-leaved wil low). In such a sys tem,
the pres ence of or ganic sed i ments with high pres er va tion po -
ten tial (peat, gyttja) is es sen tially lim ited to aban doned chan nel
fills. The geomorphological and hydrogeological con di tions (in -
clud ing a pau city of ox bow lakes, re sult ing from the sta bil ity of
the chan nels, a low level of ground wa ter in flow from gently in -
clined slopes, lim ited floodplain in un da tion, pri mar ily as a re sult
of river reg u la tion and chan nel in ci sion) should be noted as the
lim it ing fac tors for peatland de vel op ment in inter-chan nel ar eas. 
The ex am ple of O³awa shows that the for ma tion of an anasto -
mosing depositional sys tem does not de pend on the amount of

OM ac cu mu lated on the floodplain. By con trast, anastomosing
sys tems, if they have an aggradational char ac ter, cre ate fa -
vour able hy dro log i cal con di tions for the ac cu mu la tion of or -
ganic sed i ments.

Macrofossil anal y sis al lowed sys tem atic iden ti fi ca tion of the
mor pho log i cal forms and quan ti fi ca tion of the con tri bu tion of
each OM com po nent ob served in sed i ments of the O³awa River 
depositional sys tem. In gen eral, the or ganic res i dues show a
mod er ate de gree of de com po si tion, with the AOM con tent ac -
count ing for about a quar ter of the to tal OM. The anal y ses
showed a clear dom i nance of ma te rial of plant or i gin. Wood
proved to be the most im por tant com po nent of the phytoclasts,
ac count ing for more than a quar ter of the to tal OM in the sam -
ples ana lysed. Leaves, rhizodermis and epi der mis reached a
pro por tion of 10–15%. The periderm has a share of a few per -
cent. The pro por tion of other in gre di ents, in clud ing moss res i -
dues and zooclasts, did not ex ceed 1%. The types of or ganic
de bris dis tin guished were as so ci ated with the main sed i men -
tary subenvironments typ i cal of anastomosing sys tems. In the
chan nel al lu via, es pe cially in the rhyth mi cally strat i fied sed i -
ments of the up per part of the river bars, plant de tri tus was de -
pos ited in the form of spe cies-rich wood, bark and leaf de bris,
to gether with fruits and seeds. The re mains of di a toms, porifera
and bryo zoans are typ i cal of sand ier lay ers. Or ganic sed i ments
from fre quently flooded bars may con tain more rhizodermis and 
epi der mis. Within the floodplain, aban doned chan nels have the
great est po ten tial for the col lec tion and long-term stor age of
OM. Some are filled with peat dom i nated by the re mains of
autochthonous wood, rhizodermis and epi der mis. The re mains
of mosses, Cladocera and Chironomidae are char ac ter is tic of
this sed i men tary sub-en vi ron ment. In the sub-en vi ron ment of
flood bas ins and nat u ral lev ees, OM was pri mar ily de pos ited in
epipedons, mainly in the form of leaf and wood de bris.

Con sid er ing that the con tent and prop er ties of OM in river
depositional sys tems are highly de pend ent on lo cal veg e ta tion,
stud ies on the de ter mi nants of floodplain de vel op ment of
anastomosing rivers with low OM con tent in hu mid cli mates
need to be con tin ued. A more com pre hen sive pic ture of the di -
ver sity of such sys tems should lead to a re def i ni tion of the clas -
si fi ca tion of anabranching rivers and their floodplains.
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