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Sedimentological, ar chae o log i cal, geo chem i cal and pol len anal y ses com bined with nu mer i cal dat ing were em ployed to ex -
am ine the flu vial de pos its of the Dyje River within the im me di ate vi cin ity of the Pohansko strong hold (Moravia, Czech Re pub -
lic). This com pre hen sive ap proach fa cil i tated the re con struc tion of the chro nol ogy and na ture of the pro cesses in both the
Dyje River catch ment and its floodplain, mostly dur ing the Me di eval pe riod. The older overbank de pos its ac cu mu lated dur ing 
the Late Ho lo cene some time be fore the 9th cen tury CE. Palaeo channel sands were de pos ited be tween the 9th and 11th cen -
tu ries CE as the infill of one flu vial chan nel of the Dyje River. The lower part of these sands dis plays di rect traces of hu man in -
ter ven tion, in clud ing stones in ter preted as from pave ments and a wooden con struc tion dated be tween 894 and 914 CE. The
wooden con struc tion may rep re sent the re mains of a bridge, a de vice for fish cap ture or a wooden struc ture. Geo chem i cal
sig nals as so ci ated with hu man ac tiv i ties are el e vated in the palaeochannel sands, in part con tem po rary with the set tle ment
ac tiv i ties at the Pohansko strong hold. Anthropogenic pol len in di ca tors in di cate the high est in ten sity of ag ri cul ture in the river
catch ment also in this pe riod. Af ter aban don ment of the chan nel, the youn ger up per overbank de pos its ac cu mu lated af ter
the 11th cen tury CE.  

Key words: flu vial ar chive, palaeochannel sands, hu man ac tiv ity, geoarcheology, nu mer i cal dat ing, en vi ron men tal re con -
struc tion. 

INTRODUCTION

Flu vial ar chives rep re sent the main com po nent of the con ti -
nen tal sed i men tary re cord at any time (Miall, 2006), pro vid ing
data about re gional to pog ra phy, palaeoclimate, dis charge char -
ac ter is tics, base level changes, sed i ment sup ply, and so on
(Colombera and Mountney, 2019). Flu vial de pos its are re spon -
sive to many en vi ron men tal forc ing fac tors. Cli mate rep re sents
the most sig nif i cant allogenic fac tor af fect ing flu vial de pos its
dur ing the Qua ter nary pe riod, as it mod i fies the en vi ron ment of
the catch ment area (e.g., veg e ta tion cover, dis charge, sed i -
ment sup ply), which con trols ba sic river char ac ter is tics, sed i -
men ta tion style and rate of ero sion (Vandenberghe, 1993,
2008, 2003; Vandenberghe et al., 1994; Mol et al., 2000;
Houben, 2003; Leigh, 2006; Macklin et al., 2012). How ever, the
in creas ing role of anthropogenic forc ing on pro cesses and de -

po si tion within river catch ments in the Ho lo cene make the sit u a -
tion yet more com pli cated (Brooks, 2003; Hoffmann et al.,
2009; Notebaert and Verstraeten, 2010; Lewin and Macklin,
2010; Erkens et al., 2011; Brown et al., 2018; Candel et al.,
2018; VayssiÀre et al., 2019). There fore, Ho lo cene flu vial de -
pos its can pro vide unique in for ma tion on both nat u ral and
anthropogenic pro cesses in flu vial catch ments and also at test
to the evo lu tion of the depositional en vi ron ment and vari a tions
in hu man set tle ment on floodplains.

Ef forts to dis tin guish be tween autogenic and allogenic rul ing
fac tors, com bined with eval u a tion of hu man in flu ence, have been 
the fo cus of many stud ies (Erkens et al., 2011; Kadlec et al.,
2015; Brown et al., 2018). How ever, each river sys tem is dif fer ent 
and shows spe cific be hav iours (Notebaert et al., 2018; Elznicová 
et al., 2021). Hu man pres sure on flu vial land forms and the en vi -
ron ment is con sid ered as a com plex non lin ear pro cess start ing in 
the Neo lithic Age (Lespez et al., 2007; Brown et al., 2013;
Notebaert et al., 2018). De for es ta tion and ag ri cul tural ac tiv i ties
in crease rates of ero sion and de po si tion within flood plains
(Opravil, 1983; Rulf, 1994). Con struc tional ac tiv i ties and hy drau -
lic en gi neer ing works have af fected river courses, stream power,
rate and type of ero sion and amount and qual ity of trans ported
ma te rial since the Me di eval Age. All these pro cesses are re -
flected in de creases in land scape and hab i tat di ver sity.
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Here, we pres ent a multidisciplinary study (based on sedi -
mento logy, geo chem is try, pol len anal y ses, ar chae ol ogy, op ti -
cally stim u lated lu mi nes cence/OSL, ra dio car bon dat ing and
dendrochronology) of the de pos its of the Dyje River (a low land
sin u ous river) that ac cu mu lated in close prox im ity to the Early
Mediaeval for ti fied site of Pohansko, and link their vari a tions to
the cli ma tic and/or anthropogenic con text. The study: 

– iden ti fied con di tions of de po si tion of the de pos its stud ied,
es pe cially the sed i men tary infill of the flu vial palaeochannel;

– re con structed the nat u ral pro cesses within the river catch -
ment for a par tic u lar time span;

– eval u ated the role of nat u ral and hu man fac tors on the Dyje
River sed i men ta tion dur ing the Mid dle Ages.   

REGIONAL SETTING

The area un der study is lo cated within the ex tended
floodplain of the Dyje/Thaya River in the south east ern cor ner of
the Czech Re pub lic (South Morava re gion), close to the bor der
with Aus tria. The Dyje River drains an area of 13,419 km2 in the
south east ern part of the Czech Re pub lic and north ern Aus tria.
Its con flu ence with the Morava/March River is lo cated ~15 km
SE of the study area. Up stream of the con flu ence, the
floodplain has the char ac ter of a flat 3–8 km wide low land with
nu mer ous lat eral chan nels. Its al ti tude var ies be tween 155 and
157 m a.s.l. 

The area stud ied is sit u ated in the forefield of the west ern
bailey of the Early Me di eval for ti fied site of Pohansko (Fig. 1).
The sed i ments were stud ied in an ar ti fi cial trench ex ca vated in
2017 (trench I) and re opened in the spring of 2020 (trench II).
The po si tion of the trenches is il lus trated in Fig ure 1. The
trenches ex tended from the de struc tion of the ram part to wards
the Dyje chan nel, and grad u ally ex panded in the area of the
riverbed to an area of 18 m2. 

GEOLOGICAL SETTING

The area is lo cated within the Neo gene Vi enna Ba sin, which 
is filled with ma rine to brack ish de pos its (Eggenburgian to
Pannonian in age) (Jiøíèek and Seifert, 1990). Grey clays
(Panno nian) with a highly ir reg u lar top rep re sent the di rect bed -
rock of the ex ten sive Late Pleis to cene and Ho lo cene de pos its.  

Late Pleis to cene and Ho lo cene sands and sandy grav els
ac cu mu lated in the last 22,400 years (Havlíèek, 2004). The flu -
vial de pos its show con sid er able grain-size vari a tions, and were
de pos ited as infills of flu vial chan nels, and levee and overbank
de pos its. The flu vial chan nels were rel a tively shal low and broad 
(high width/depth chan nel ra tio) with a me an der ing pat tern
(Petøík et al., 2019). They re cently yielded OSL (op ti cally stim u -
lated lu mi nes cence) ages of 13.5, 11.8 and 10.3 ky BP (Nehyba 
et al., 2018). These flu vial de pos its are lo cally over lain by (or
rarely interfinger with) Late Pleis to cene sand dunes. These
dunes lo cally pro trude di rectly at the sur face, form ing the sandy
el e va tions called hrúd. They are in ter preted as wind-blown
dunes with sand eroded from flu vial de pos its at the end of the
Pleis to cene and in the Early Ho lo cene (Havlíèek et al., 2016). 
How ever, some of these el e va tions seems to be flu vial in or i gin
(Nehyba et al., 2018). More over, the pres ence of Mesolithic
artefacts and subfossil soils within these sands points to their
com pli cated Ho lo cene evo lu tion, in clud ing phases of both flu -
vial and ae olian redeposition and phases of pedogenesis
(Havlíèek and Smolíková, 2002; Petøík et al., 2019).  

The flu vial and ae olian sands are mostly bur ied un der youn -
ger grey ish-black sandy or clayish loams and chan nel de pos its
(Petøík et al., 2019). The on set of flood loam de po si tion is es ti -
mated to be about 4.0–3.0 ky BP (Late Ho lo cene) ac cord ing to
the old est ra dio car bon ages (Havlíèek, 2001, 2004), which ac -
cords with palynological and archaeobotanical data (Opravil,
1983; Havlíèek and Smolíková, 2002; Bøízová and Havlíèek,
2002; Havlíèek, 2004; Doláková et al., 2010). The sed i men tary
infill of the flu vial chan nels has been dated to the 8th–3rd cen -
tury BC (Petøík et al., 2019). 

En hanced flood loam sed i men ta tion is in ferred af ter the de -
cline of the Great Moravian Em pire in the 10th cen tury AD
(Opravil, 1983) be cause the youn gest flood de pos its over lie the
de stroyed and aban doned re mains of the Great Moravian ram -
part (Macháèek et al., 2007). The nu mer i cal age of these de -
pos its, though, is still un known, and they might be long to the
High Mid dle Ages or the Mod ern Age (Dresler, 2016). Overbank 
de pos its lo cally ac cu mu lated as late as the 15th cen tury CE
(Petøík et al., 2019). Their de po si tion was not con tin u ous as
they are in ter ca lated with bur ied soil ho ri zons (Macháèek et al.,
2007; Adameková et al., 2022). Geo log i cal and pedological
maps of the area un der study can be seen in Fig ure 1. 

ARCHAEOLOGICAL CONTEXT

The area of the Dyje floodplain stud ied in the vi cin ity of
Pohansko was in hab ited only spo rad i cally un til the 9th cen tury.
Set tle ment is doc u mented from the Mesolithic to the end of the
Ro man pe riod (400 CE) by rare finds of ob jects. In the sec ond
half of the 6th cen tury, the area was in hab ited by early Slavs.
Ac cord ing to dendrochronological data from wells and the ram -
part, the con struc tion of the for ti fied Great Moravian cen tre at
Pohansko be gan in the sec ond half of the 9th cen tury (Dresler,
2016). Ar chae o log i cal and geo phys i cal re search has re con -
structed an or ga nized and dense set tle ment with ev i dence of
craft and ag ri cul tural ac tiv i ties (Dresler and Beran, 2019; Prišïá -
ková and Milo, 2021). 

The densely pop u lated cen tre was al most en tirely aban -
doned dur ing the first quar ter of the 10th cen tury. Artefacts and
set tle ment ac tiv i ties were re corded only in the for mer north-
 east ern sub urb and at the newly set tled site of Na vèelách. In
both cases, these were small set tle ments whose econ omy was
ap par ently fo cused on bea ver hunt ing (Dresler et al., 2022).
The last ev i dence of set tle ment in the area dates back to the
11th cen tury, when the stone church of the Great Moravian
Manor was briefly used as a dwell ing. Since the 11th cen tury,
there was es tab lish ment of set tle ments and vil lages out side the
floodplain, in the wider area of the for mer cen tre (Dresler,
2016). The geopolitical de vel op ment of the wider area trans -
formed the core ter ri tory of the Great Moravian en tity (10th cen -
tury) into a bor der zone be tween Moravia/the Duchy of Bo he -
mia and Aus tria/the Duchy of Aus tria. Un til the be gin ning of the
19th cen tury, the area of the for mer Great Moravian cen tre was
used only as a hunt ing ground and ex ploited for wood and
stone, taken as the ram part was dis man tled (Dresler, 2016;
Doláková et al., 2020).

METHODS

Lithofacies anal y sis was based on de tailed bed-by-bed log -
ging (Tucker, 1988; Walker and James, 1992) and eval u a tion of
pri mary sed i men tary struc tures and tex tures. Siev ing and la ser
meth ods were com bined for grain-size anal y sis (7 sam ples).
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A Retsch AS200 siev ing ma chine ana lysed the coarser frac tion
(4–0.063 mm, wet siev ing). A Cilas 1064 la ser dif frac tion gra -
nulo meter was used for anal y ses of the finer frac tion
(0.0001–0.5 mm). Ul tra sonic dis per sion, dis tilled wa ter and wa -
sh ing in so dium polyphosphate were ap plied prior to anal y ses in
or der to avoid floc cu la tion of the par ti cles ana lysed. Grain size
char ac ter is tics were counted ac cord ing to Folk and Ward (1957).

Chem i cal com po si tion was de ter mined on a Rigaku NexCG
en ergy-dispersive flu o res cence spec trom e ter (ED-XRF), equi -
pped with a 50-W Pd tube and an SSD de tec tor of 145-eV res o -
lu tion. This de vice used in di rect ex ci ta tion by sec ond ary tar gets 

to im prove sig nal-to-noise ra tio. Thirty eight bulk sam ples (with
20 cm ver ti cal res o lu tion in the up per part of the sec tion and 5
cm ver ti cal res o lu tion from 80 cm depth) were dried and cleared 
of or ganic ma te rial (roots, branches etc.) and stone frag ments.
Then the sam ples were ho mog e nized and pow dered in a
Retsch PM 100 ag ate plan e tary mill. Fi nally, the sam ples as
pressed pel lets were ana lysed. The time of ex ci ta tion was 120
sec onds for each tar get. Ma trix-match ing cal i bra tion was done
ac cord ing to in ter na tional ref er ence ma te ri als and stan dards
(e.g., GBW 07406, GBW 07103, SARM42, JSO1, DC 61101,
GBW 03103, GBW 03101a, GBW 03102a, DC 78302,
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Fig. 1. Geo graphic lo ca tion of the study area

A – dig i tal el e va tion model based on LiDAR data for the area with the geo graphic po si tion and the po si tions of trenches; 
B – lo ca tion of the study area within Cen tral Eu rope; C – geo log i cal map of the study area; D – pedological map of the study area; 

E – de tailed po si tions of trenches and log ging sites



SRM2709a, BCR723, Metranal-31, Metranal-33, ERM-CC020, 
BAM-U110, NIST679, SM9939). From the re sult ing dataset,
only con cen tra tions of P, S, Ca, Ni, Cu, As and Pb ex pressed in
parts per mil lion (ppm) are dis cussed be low. These el e ments
may be as so ci ated with hu man ac tiv i ties (cf. Bintliff and
Degryse, 2022). 

Five sam ples for OSL dat ing were taken by stan dard pro ce -
dure into steel tubes with 5 cm in di am e ter, di rectly from the
trench walls to pre vent day light ir ra di a tion. Four sam ples were
col lected from Log A, while the fifth sam ple, X, was taken from
Log B and its po si tion is al most iden ti cal with the po si tion of
sam ple 1 (see Nehyba et al., 2020). Dat ing of quartz was car -
ried out at the GADAM Cen tre (lab. Code GdTL) of the Silesian
Uni ver sity of Tech nol ogy in Gliwice (Moska et al., 2021). One
wood frag ment (D18) was ana lysed in the dendrochronological
lab o ra tory in Mikulèice of the In sti tute of Ar chae ol ogy of the
Acad emy of Sci ences in Brno, pro cessed us ing stan dard den -
dro chronological meth od ol ogy (Cook and Kairiukstis, 1990). 

For palynological pur poses, sam ples were lab o ra tory pro -
cessed us ing the stan dard Erdtman method (Erdtman, 1960):
HCl, HF, KOH and acetolysis [H2SO4 +(CH3CO)2O]. Due to in -
creased palynomorph num bers in sed i ment with low or ganic
con tent, heavy liq uid ZnCl2 was em ployed. Palynomorphs were
de ter mined us ing a Nikon Alphaphot 2 op ti cal mi cro scope,
largely af ter Van Geel et al. (1983), Reille (1995), Komárek and
Jankovská (2001) and Beug (2004). The pol len di a gram was
pro cessed us ing the POLPAL programme (Walanus and Nale -
pka, 1999). 

RESULTS

SEDIMENTOLOGY AND ARCHAEOLOGY

The lithofacies of the suc ces sion stud ied are sum ma rized in 
Ta ble 1 and or ga nized into four fa cies as so ci a tions. The po si -
tions of lithological logs are il lus trated in Fig ure 2 and the logs
with the dis tri bu tion of fa cies and fa cies as so ci a tions are shown
in Fig ure 3. Fa cies as so ci a tions (FAs) are for sim plic ity la belled
with in ter pre tive ge netic names, but their de scrip tions are sep a -
rated from in ter pre ta tions in the text. These FAs are: 

– floodplain de pos its (FA 1); 
– ar ti fi cial pave ment and wood con struc tions at the bot tom

of the palaeochannel (FA 2); 
– flu vial chan nel de pos its (FA 3); 
– floodplain de pos its af fected by pedogenesis (FA 4). 

Logs, ex am ples of lithofacies, and line draw ings il lus trat ing
the dis tri bu tion of fa cies as so ci a tions in logs are shown in Fig -
ures 3A, B, 4A–E and 5A–E. Grain size data show litholo gical
dif fer ences be tween re cog nised FAs (Figs. 6 and 7).

FA 1 con sists of mo not o nous beds of fa cies M1 form ing the
basal part of the sed i men tary suc ces sion stud ied (Fig. 3A, B).
Sandy silts to clayey silts of fa cies M1 re veal a highly ir reg u lar
ero sive con cave-down top. The con tent of silt is 56.5%, of the
sand frac tion is 34.6% and of clay is 8.9%. The av er age grain
size (mean) is 5.0F (coarse silt) while the stan dard de vi a tion

4 Slavomír Nehyba et al. / Geological Quarterly, 2023, 67: 48

T a  b l e  1

De scrip tive sum mary list of lithofacies of the de pos its dis tin guished at the Pohansko lo cal ity

Sym bol De scrip tion In ter pre ta tion

Ga

Iso lated cob bles and rare boul ders. Mainly lime stones or sandy lime stones with disc 
or blade shape, mostly subrounded. Pre ferred ori en ta tion with A–B plane ori ented
hor i zon tally (par al lel to sur face). Com monly also pres ence of var i ous wood frag -
ments. Dis con tin u ous oc cur rence of this fa cies and highly vari able thick ness (“one
clast thick”).

Ev i dence of hu man ac tiv ity – clasts 
rep re sent ar ti fi cial pave ment on the 
bot tom of the flu vial chan nel. Wood 
con struction of un known pur pose(s).

Gm

Peb ble gravel, dom i nantly clast-sup ported, less com monly ma trix-sup ported (up -
wards in the bed) – sandy ma trix. Poorly sorted. Peb bles (quartz, gneiss) mostly
rounded to subrounded, up to 6 cm in di am e ter. Ir reg u lar wedge-shaped bed; its
thick ness var ies from ~15 cm to iso lated sin gle peb bles over a dis tance of ~3 m
(thin ning gen er ally in di rec tion to E). Sharp ero sive con cave-down base. Ir reg u lar
sharp undulose top.

Flu vial de pos its, base of the flu vial
chan nel, chan nel “lag“ (Miall, 2006), 
or inundite sensu Durand (2006).

Sr 

Fine, me dium, me dium- to coarse-grained sand, rip ple cross-strat i fied, micaceous.
Rel a tively well-sorted with very rare oc cur rence of iso lated gran ules to small 
peb bles. Set thick ness of ~6 cm. Cosets up to 20 cm with a fin ing up wards trend.
Broadly wedge-shaped beds thin ning to wards the E. Sharp con cave-down base, 
ir reg u lar undulose to con vex-up top.

Trac tional de po si tion, up per part 
of the lower flow re gime, mi gra tion 
of bedforms as 3D rip ples. Aggradation 
of flu vial dunes/bars (Best, 1996; 
Miall, 2006). 

Sl

Fine, me dium, me dium- to coarse-grained sand, plane par al lel lam i na tion mostly
hor i zon tal to low in cli na tion. Rel a tive well-sorted. Tab u lar beds up to 15 cm thick.
Sharp flat to undulose base. Top com monly sharp, but grad ual tran si tion up wards
into fa cies Sm also ob served.  

Trac tional de po si tion, up per-stage flow 
con di tion/higher flu vial dis charge, top
part or over flow of the flu vial dune/bar
(Miall, 2006).

Sm
Fine, fine- to me dium-grained sand, structureless/mas sive. Rel a tive well-sorted.
Tab u lar beds up to 10 cm thick. Tran si tional base from fa cies Sl, sharp ero sional
broadly con vex-down top.  

Rapid de po si tion from high-en ergy 
tur bu lent sus pen sion, de cel er at ing
flow, rapid (Miall, 2006; Zieliñski and
Widera, 2020).

Fl

Very fine sand, silty sand to sandy silt. Pla nar par al lel lam i na tion lo cally dis turbed by 
roots. Rel a tively well-sorted. Re cog nized both as tab u lar me dium thick beds and as
ir reg u lar lensoidal beds with thick nesses up to 5 cm and lat eral ex tents of max. 1 m. 
Sharp ir reg u lar bases, mostly ero sive tops (if fa cies Sr or Sl in su per po si tion), but
grad ual tran si tional tops if fa cies M2 in su per po si tion. 

De pos its from sus pen sion load 
con nected with wan ing flows or even
chan nel aban don ment. Lo cally af fected 
by pedogenic pro cesses (post-
 depositional ac tiv ity) (Miall, 2006).

M1
Mot tled dark silty sand or clayey silt, structureless. Ad mix ture of fine grained
micaceous sand with ir reg u lar, rare scat tered peb bles. Base not ex posed, ir reg u lar
ero sive con cave-down top.  

Dom i nant sus pen sion de pos its with
lim ited role of bedload trans port via
weak cur rents (Miall, 2006). Floodplain 
de pos its. 

M2 Mot tled dark sandy silt or clayey silt, structureless. Com mon root traces 
and scat tered peb bles. Thick bed, broadly tab u lar. Ir reg u lar mostly gradational base.

Floodplain de pos its with sig nif i cant role 
of pedogenesis (Miall, 2006). Sus pen -
sion set ting in sub aque ous floodplain
fol lowed by subaerial con di tions.  
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(sort ing) of 2.1 re flects poor sort ing. The de pos its of FA 1 are
cov ered by the de pos its of FA 2 or FA 3. 

FA 2 is formed by discoidal or blade-shaped cob bles or
even boul ders of lime stone or sandy lime stone (Ga lithofacies),
which are lay ered hor i zon tally i.e. A–B plane par al lel to the sur -
face (Fig. 4B, D). The larg est ob served clast reached 30 cm in
di am e ter. The clasts are deeply al tered due to the ef fect of
subsurface wa ters so the small size frac tion (i.e. peb bles) is
pre served only as lenses of whit ish sand. There are nu mer ous
wood el e ments. The finds of wood can be di vided into sev eral
types and the state of wood pres er va tion also var ies (Fig. 4D,
E). The first type rep re sents in de ter mi nate pieces of branch, or
splin ters, rods and beams. Thin ner wood ly ing hor i zon tally are
held to gether by roots grow ing through the re mains of the wood
mass. Round and trap e zoidal wood frag ments with a di am e ter
of ~5 to 12 cm and sev eral dm long were sharp ened and driven
into the bot tom of the flu vial chan nel (FA 1), ver ti cally or di ag o -
nally (Fig. 4D). These wood el e ments are over turned. Five
mas sive beams were also found, in an up turned po si tion driven
into the un der ly ing bed (i.e. FA 1) to a max i mum depth of 0.5 m
(Fig. 4E). Dur ing the re trieval and doc u men ta tion of wooden el -
e ments, we also iden ti fied tri an gu lar wedges filled with gravel
(Fig. 4C). Ce ramic shards, an i mal bones, daub and two mill -
stone frag ments were found, ran domly scat tered among stones 
and wood frag ments, with the high est con cen tra tion in the
south west ern part of the trench. De pos its of FA 2 were clearly
iden ti fied only in some parts of the trench stud ied.

FA 3 is con sti tuted mostly of me dium-thick sandy beds of
fa cies Sr, Sl, Sm and Gm with thin interbeds of fa cies Fl (Figs.
3A, B and 5A–D). FA 3 was re cog nised in the mid dle part of the
suc ces sion, an ero sive broadly con cave-down base sep a rat ing
it from FA 1 (Fig. 5A) or it ir reg u larly interfingering with de pos its
of FA 2 (Fig. 4C, E). Lithofacies Sr dom i nates in the lower por -
tion of FA 3, ac com pa nied here by fa cies Gm and Fl. Broadly
len tic u lar Gm, Sr and Fl beds with ir reg u lar con cave-down
bases are char ac ter is tic. Sandy grav els of lithofacies Gm ei ther
di rectly cover the base of FA 3 (Fig. 5A, C) or erosively cut un -
der ly ing sands of lithofacies Sr and are cov ered by the fine-
 grained lithofacies Fl. The thick ness of Gm beds is highly vari -
able, reach ing 20 cm. In some parts of the pro file Gm is rep re -
sented only by row of iso lated peb bles. The dom i nant litho -

facies Sr forms beds about 6 to 20 cm thick (Fig. 5A–C). A coset 
of lithofacies Sr can be lat er ally fol lowed for ~3 m. Fa cies Fl
com prises only cm-scale dis con tin u ous interbeds/interlaminae. 
Litho facies Sl dom i nates in the up per por tion of FA 3, ac com pa -
nied here by fa cies Sm (Fig. 5C). Both lithofacies form gen er ally 
sub-hor i zon tal beds/sheets about 20 cm thick with lat eral ex -
tents of sev eral metres. A mas sive/structureless fa cies Sm
passes lat er ally and ver ti cally into ill-de fined pla nar par al lel lam -
i na tion of fa cies Sl. A broad fin ing-up wards trend char ac ter izes
FA 3. Palaeocurrent di rec tions mea sured from cross-lam i na tion 
and in clined in ter nal sur faces in di cate trans port to wards the
south-west (see Fig. 3). 

The de pos its of FA 3 are mainly me dium- to coarse-grained
sands or silty sands with a sand con tent of 71.4–92.7% (Fig. 6).
The gravel con tent is very low (0.1–1.0%) sim i larly to the con -
tent of clay (0.4–4.8%). The con tent of silt var ies greatly
(6.0–21.8%). The sand con tent be tween 70.6 and 81.8% is sig -
nif i cantly lower and the fine frac tions sig nif i cantly higher than in
the basal parts of the pro file (silt: 2.1–8.5%, clay: 0.3–1.1%).
The av er age grain size (mean) of the de pos its is be tween 1.1
and 2.8 F (me dium/fine sand) and val ues of 1.5–2.6 of the stan -
dard de vi a tion (sort ing) re flect poor to very poor sort ing. 

FA 4 is com posed of mot tled dark structureless sandy silts
and clayey silts with root traces and scat tered peb ble-sized
clasts (fa cies M 2) and re cent soil on the top. They di rectly over lie 
the de pos its of FA 3 (Figs. 5D and 8). The de pos its of FA 4 have
a silt con tent of 52.6–69.7% (Fig. 6). The con tent of sand var ies
be tween 7.4 and 36.5% and gen er ally rises in the lower part of
the suc ces sion. The con tent of clay also var ies (8.9–22.9%), be -
ing greater in the up per parts of the FA 4 pro file. The av er age
grain size (mean) of the sed i ments is be tween 5.3 and 6.8 F
(me dium/fine silt) and val ues of 1.8 to 2.0 of the stan dard de vi a -
tion (sort ing) re flect poor to very poor sort ing (Folk and Ward,
1957). The or ganic con tent in creases to wards the top of FA 4.
The base is ir reg u lar and tran si tional to the un der ly ing FA 3.  

GEOCHEMICAL COMPOSITION

The geo chem i cal data are shown in Fig ure 7 and Ta ble 2.
FA 1 has the high est S val ues. All other chem i cal el e ments de -
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Fig. 2. Sim pli fied sketch of the ar ti fi cial trenches with po si tions of the lithological logs

For po si tion of trenches in the area un der study see Fig ure 1



ter mined (P, Ca, Ni, Cu, As and Pb) are rel a tively more abun -
dant in FA 1. The abun dance of all these el e ments de creases in 
the lower part of the suc ceed ing FA 2, while in creas ing in its up -
per part.

In FA 3, val ues of S are rel a tively low with three lo cal max -
ima at depths of 200, 175 and 145 cm. The val ues of heavy
met als are also low and rel a tively sta ble ex cept for val ues of Cu
and Ni at the bot tom of FA 3. Though P reaches a very low
value in the up per most part of FA 3 (105 cm), val ues are gen er -
ally high, and gen er ally show an in creas ing trend to wards the
top. In FA 4, S val ues are sta ble and low. All val ues of heavy

met als in crease to wards the top, with max ima of about 20 cm.
The val ues of Ca also rise and are more or less sta ble. P
reaches high val ues with lo cal max ima at 95 cm and at the top
of the pro file. 

PALYNOLOGY 

The veg e ta tion of the wider sur round ings of the floodplain in 
the early Mid dle Ages close to the pro file stud ied com prised a
mo saic of both for ested (mesophile horn beam woods with lin -
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den trees and al lu vial hard woods and soft wood spe cies) and
open ar eas (dryer to marshy char ac ter) as was shown by ear lier 
palynological and macropalaeobotanical study (e.g., Opravil,
1978, 1983, 2000; Svobodová, 1990; Doláková et al., 2010,
2020). The land scape shows con stant hu man in flu ence (de for -
es ta tion, graz ing, cul ti va tion of crops and the pres ence of
weeds) from the Neo lithic (e.g., Svobodová, 1990; Doláková et
al., 2010; Dreslerová et al., 2013, 2020; Petøík et al., 2019). 11

sam ples were ana lysed paly no logi cal ly (Ta ble 4). Three sam -
ples were taken from clays and sands in the underlayer of
wooden stakes (FA 1). Eight sam ples came from FA 3 and their
po si tions are il lus trated in Fig ures 3 and 8. The higher part of
the pro file was not suit able for pre serv ing palynomorphs, and
there fore lacks a palynological re cord.

Sam ples from FA 1 (sam ples Z–ZZZ) con tain mainly Neo -
gene palynomorphs (Fig. 9) (e.g., Engelhardia, Myrica, Nyssa,
Celtis, Sciadopitys, Cathaya spores Leiotriletes wolfii, Torois -
po ris and ma rine Dinophytes). The up per most sam ple con tains
a very small num ber of palynomorphs.

Palynospectra from FA 3 (sam ples A–H) have a rel a tively
uni form char ac ter (ex cept for the up per most sam ple H). The
veg e ta tion in the area cor re sponds to that of a typ i cal floodplain
close to wa ter courses. Herbs pre vail (65–76%) in all sam ples,
and woody plants make up 24–35% of the as so ci a tion (Ta ble
4). For ested mesophilic hab i tats were in hab ited mainly by oaks
(Quercus) with a smaller pres ence of lin den (Tilia), birch
(Betula) and an ad mix ture of co ni fers. Grains of horn beam
(Carpinus) are miss ing in some sam ples. Mar ginal scrub is rep -
re sented by Pru nus, Cornus, Corylus and Sambucus nigra. Al -
lu vial stands are more fre quent: soft wood (Salix – wil low, with
less Fraxinus – ash) and hard wood (Alnus – al der, Ulmus –
elm). The open ar eas con sisted of dry, slightly wet and wet sites 
with vary ing pro por tions of grasses and changes in the di ver sity
of other herbs. Marsh veg e ta tion con nected with wa ter courses
is rich (Cyperaceae, Typha, Potamogeton, Caltha, rare aquatic
Myriophyllum and Nuphar). Hu man ac tiv i ties are in di cated
mainly by ce real palynomorphs in clud ing Triticum (wheat) and
Panicum (mil let) types, as well as by those of Cucumis sativus
(cu cum ber), Apium (cel ery) and Allium (gar lic). Juglans (nut -

Slavomír Nehyba et al. / Geological Quarterly, 2023, 67: 48 9

Clay

Clay

S
ilty C

lay

S
an

dy
 C

la
y

Sandy 
Silty
Clay

Silt
Sandy Silt

C
la

ye
y S

ilt

Sandy
Clay
Silt

Silt
Sand

Sand

Silty
Clay
Sand

C
la

ye
y 

S
an

d

Silty Sand

FA 3

FA 4

FA 1

Fig. 6. Re sults of grain size anal y sis from Pohansko
 in a ter nary sand-silt-clay di a gram (ac cord ing to Pettijohn

 et al., 1973, mod i fied)

Fig. 7. The re sults of se lected chem i cal el e ments and grain-size dis tri bu tions from trench A
 in the con text of lithofacies

Depth of FAs are slightly shifted from those in Fig ure 3 be cause of the dif fer ent sam pling points

https://doi.org/10.1016/j.quaint.2018.04.013
https://doi.org/10.35686/AR.2020.19
https://doi.org/10.35686/AR.2020.19


cracker) is also re corded in some places in low num bers. Sec -
ond ary in di ca tors of hu man pres ence such as weeds (Plantago
lanceolata, Polygonum aviculare, Rumex acetosa/acetosella)
and plants de mand ing an in creased ni tro gen con tent (Cheno -
podiaceae in clud ing Chenopodium bo nus-henricus, Ar te mi sia,

Asteraceae/Liguliflorae, Galium) are ob vi ous. The high est sam -
ple (H) of the pro file (Figs. 8, 9 and Ta ble 3) con tains the few est
in di ca tors of hu man ac tiv i ties.

Ob serv ing the palynospectra of FA 3 in de tail, changes in
quan ti ta tive rep re sen ta tion of in di vid ual plants can be ob served
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T a  b l e  2

Re sults of se lected el e ment con cen tra tions and el e ment ra tios as so ci ated with pos si bly hu man ac tiv i ties, 
grain-size dis tri bu tion and weath er ing

Depth 
[m]

FA P S Ca Mn Fe Ni Cu As Pb Si/Al Ti/Al Rb/Sr

0  4 796 529 6720 387 40500 67.9 62.5 22.6 50.2 3.2 0.06 2.3

0.2 4 717 295 6290 538 46600 65.0 36.3 15.0 32.3 3.2 0.06 3.0

0.4 4 816 258 6100 514 44000 50.9 31.4 14.1 30.1 3.4 0.06 2.6

0.6 4 847 216 6070 761 43100 50.7 28.6 14.8 31.6 3.7 0.06 2.6

0.8 4 778 212 5900 740 30100 41.7 21.7 11.1 22.8 4.3 0.06 1.5

 0.85 4 905 217 6130 652 31300 38.8 21.3 12.6 26.6 4.4 0.06 1.5

0.9 4 871 182 6050 685 27400 36.1 19.2 9.8 19.8 4.6 0.06 1.3

  0.95 4 839 203 6000 513 26300 35.5 18.7 9.5 19.0 4.6 0.05 1.2

1  4 778 174 6010 507 29100 36.3 20.8 8.2 16.1 4.6 0.06 1.5

  1.05 4 899 182 5840 432 29300 33.8 18.3 9.1 18.1 4.9 0.06 1.3

1.1 4 773 178 5560 318 24500 31.8 18.2 8.7 17.2 4.6 0.05 1.2

  1.15 4 407 110 3480 102 5170 7.2 ND 6.7 12.3 7.6 0.02 0.6

1.2 3 524 151 3990 142 9400 13.8 7.5 7.9 15.1 6.6 0.03 0.6

  1.25 3 791 197 5580 299 21200 26.3 15.8 8.5 16.8 5.4 0.05 1.0

1.3 3 859 152 5680 331 26300 28.8 14.2 9.1 18.1 5.1 0.06 1.1

  1.35 3 822 126 4630 266 14700 14.5 6.8 7.4 14.0 6.6 0.03 0.7

1.4 3 739 129 4300 253 12500 14.8 4.5 6.9 12.9 6.8 0.03 0.7

  1.45 3 747 186 4750 245 15900 18.4 7.0 7.3 13.8 6.3 0.04 0.8

1.5 3 937 263 5850 307 25800 29.3 14.8 9.6 19.5 5.0 0.05 0.9

  1.55 3 733 790 6150 252 18600 26.4 13.4 7.7 14.7 5.0 0.05 0.9

1.6 3 601 281 5160 214 10600 15.0 6.7 6.0 10.7 6.2 0.04 0.6

  1.65 3 656 143 5300 236 11800 18.2 8.1 6.2 11.2 6.5 0.04 0.7

1.7 3 650 152 4730 278 15500 18.2 9.2 7.9 15.2 6.1 0.04 0.7

  1.75 3 512 138 4430 178 9800 14.7 7.3 6.6 11.9 6.6 0.03 0.7

1.8 3 567 141 4910 313 10700 15.2 4.2 6.1 10.9 7.3 0.04 0.6

  1.85 3 776 1190 6060 345 20600 31.6 15.4 8.7 17.1 5.0 0.04 0.9

1.9 3 582 120 4500 328 12000 12.1 3.8 7.3 13.7 7.2 0.04 0.6

  1.95 3 508 242 4670 230 11500 17.3 10.4 7.2 13.4 6.0 0.03 0.5

2  3 449 209 4180 208 8150 13.8 8.1 7.1 13.2 6.9 0.03 0.5

  2.05 3 436 226 3980 154 7320 10.2 7.1 7.4 13.9 7.0 0.02 0.5

2.1 3 628 602 6160 301 29700 60.1 34.7 9.9 20.3 3.9 0.05 1.6

  2.15 3 625 608 5660 289 23900 50.8 29.2 10.6 21.7 4.5 0.05 1.1

2.2 2 659 309 5210 308 19100 33.1 18.4 9.0 18.0 5.2 0.04 0.8

   2.25 2 493 201 4740 275 13900 19.0 8.8 7.2 13.5 6.4 0.04 0.8

2.3 2 642 666 6090 320 24200 45.3 24.3 10.3 20.9 4.7 0.05 1.2

2.4 1 837 1730 6630 348 26600 52.8 25.9 11.9 24.8 4.4 0.05 1.4

ND – not de tected



in the suc ces sion (see Fig. 8). The low er most sam ples (A, B)
have the high est pro por tion of grasses and low amounts of hu -
man in di ca tors. A no tice able change is con nected with the
sam ples in the mid dle of the FA 3 suc ces sion (C, D, E, see Fig.
8). A de crease in soft wood al lu vial for ests and in grasses with
an in crease in the va ri ety of herbs and the high est rep re sen ta -
tion of ce re als and nitrophilous in di ca tors (Chenopodiaceae,
Ar te mi sia) are ob served here, as is an in crease in the pro por -
tion of herbs of dry hab i tats (Centaurea, Del phin ium, Lo tus, Sal -
via and other) ac com pa nied by a de crease in swamp sig nals
(Cypera ceae, Lythraceae).  

The di ver sity of the herbal spec trum (es pe cially dry hab i -
tats) de creases in the up per part of the FA 3 suc ces sion (sam -
ples F, G). An in crease in the con tent of mois ture-lov ing herbs
and floodplain trees as well as an in crease in the con tent of
Pinus  was ob served. The find ing of a Trichiuris (round worm)
egg to gether with more ce re als (in the sam ple G) in di cate hu -
man ac tiv ity. 

A rel a tively large change can be seen in the high est palyno -
logical sam ple (sam ple H). Ar bo real pol len of a hard wood
floodplain for est pre vails in the as so ci a tion (es pe cially Alnus –
75%).  How ever, al der pro duces pol len in cat kins, and there fore 
these pol len con tents in the sed i ment can lead to over es ti mates 
of over all tree fre quency. The high est rep re sen ta tion of oak pol -
len can also be ob served here. There is ab sence of ce re als and 
few other anthropogenic in di ca tors. 

GEOCHRONOLOGY OF THE DEPOSITS 

Ce ramic shards, spe cif i cally frag ments of the edges and
bulges of Mikulèice ce ram ics as signed to the mid dle hillfort pe -
riod of Great Moravian pe riod, were found in FA 2. This ce ramic 
type is al lo cated to the sec ond half of the 9th and the first half of
the 10th cen tury at Pohansko as well as at a nearby ar chae o -
log i cal site of Valy u Mikulèic (Macháèek, 2001; Mazuch, 2013).

The fell ing of wood D18, found in an up turned po si tion with
its point point ing into pil lar pit 2 (Fig. 4D, E), is dendro chrono -
logically dated to 894 CE. 

The po si tion of OSL sam ples 1–4 is shown in Fig ures 3A
and 4A and the po si tion of sam ple X is vis i ble in Fig ure 3B. Ex -

cept for one sam ple (sam ple 4), the date of which is in con sis tent 
with the stra tig ra phy, the OSL dat ing in di cates the ac cu mu la tion 
of FA 3 in the pe riod be tween 9th and 11th cen tu ries (Ta ble 3).   

DISCUSSION

The re sults of multidisciplinary re search in the Dyje River
floodplain near Early Mediaeval ar chae o log i cal site Pohansko
il lus trate pri mary shifts in the Late Ho lo cene river dy nam ics,
most spe cif i cally in the Mediaeval pe riod. The study site pro -
vided in sights into the im pact of hu man in flu ences on the flu -
vial sed i men tary de pos its through var i ous lo cal/di rect and dis -
tal/in di rect agents. Ef fec tive time con trol of the de pos its en -
abled con nec tion of these sig nals with pro cesses in the river
catch ment.

One of the con se quences of cli ma tic warm ing at the Pleis to -
cene-Ho lo cene tran si tion was a change of the flu vial style of
rivers in Eu rope and North Amer ica from braided depositional
styles to me an der ing or anastomosing (Gibbart and Lewin,
2002; Bábek et al., 2018). The strong pre dom i nance of over -
bank fa cies (FA 1 and FA 4) over chan nel infill fa cies (FA 3)
seems to sig nal ize an anastomosing flu vial style of the Dyje
River. Trig gered chan nel avul sion might be ex plained by pro -
cesses in the floodplain (e.g., vari a tions in veg e ta tion cover, in -
ten sity of ag ri cul tural ac tiv i ties or and fur ther anthropogenic in -
ter ven tions). Cli mat i cally con di tioned phases of in creased flu -
vial ac tiv ity have been doc u mented in many cen tral Eu ro pean
large river sys tems and dated mostly to the 10 th cen tury
(Kalicki, 2006). 

OLDER OVERBANK DEPOSITS

The mo not o nous de pos its of FA 1 re flect dom i nant de po si -
tion from sus pen sion with only lim ited bedload trans port via
weak cur rents and these are in ter preted as overbank de pos its. 
These de pos its prob a bly drape un der ly ing Neo gene (Panno -
nian) la goonal to open lake de pos its of the Vi enna Ba sin
(Nehyba et al., 2020) which partly served as a source of the FA
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T a  b l e  3

Com pre hen sive ta ble of de ter mined pol len and spores taxa and their sums in in di vid ual sam ples

Sam ple num ber H G F E D C B A X XX XXX

Depth [cm] 155 165 175 183 195 200 205 220 230 240 250

Ar bo real pol len (AP)

Abies  3 3  1 1 1 1    

Acer 1           

Alnus 115 8 7 10 13 8 10 3 2   

Betula 3 3 1 2 6 4 6  1   

Cornus    2 1  2 1    

Corylus    1 2 3   1   

Fagus   1 2 3 4      

Fraxinus 2 1 2 2 6 1 7 3    

Juglans 1  1 1   1     

Loranthus      1      

Picea   3    2     

Pinus silvestris 4 30 24 10 8 8 6 2 1   

Quercus 27 16 10 11 18 11 19 6 2   

Rubus t., Pru nus 2 1   2   2    

Salix 13 12 11 26 20 7 26 7 2   

Sambucus nigra   1    1 1    

Tilia 6 1 6  2  2     

Ulmus 5 6 4 3 3 1  2    

Viscum 2           

            sum of  AP 181 81 74 70 85 49 83 28 9   

Nonarboreal pol len (NAP)

Ar te mi sia 2 1 8 8 3 13 3 1 2   

Asteraceae Liguliflorae  6 1 1 1 5  4 1   

Astraceae Tubiflorae 2 4 4 3 2 3 2 5 1   

Brassicaceae   1 7 3       

     t. Barbarea 1 7   4 2 6     

     t. Cardamine       2     

Centaurea sp.    1        

Centaurea jacea  4 1  2 4      

Centaurea scabiosa     1 1 1     

Cerealia  38 7 26 28 26 9  2   

Panicum type   1 1  3  1    

Cerinthe 1           

Cucumis sativus     1       

Cuscuta      2      

Cyperaceae 12 51 25 21 21 13 37 9    

       Daucaceae 4 1 2 9 4 4 7     

       Daucus t.   2  2 4      

       Oeanthe       1     

       Apium 2   2    1    

      Peucedanum palustris      2      

     Chaerophyllum bulbosum    2 1       

 Euphorbia  1     1     

Euphrasia 1       1    

Fabaceae    1 2 2 2     

        Dorycnium     2       

       Lo tus t.  1  1 4 2  1    

      Trifolium/Lathyrus     1       

Galium 3 6 9 7 3 2 11 3    
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Tab. 3 cont.

Sam ple num ber H G F E D C B A X XX XXX

Depth [cm] 155 165 175 183 195 200 205 220 230 240 250

Humulus/Can na bis  1  1  2      

Hypericum/Scrophularia     3   1    

Chenopodiaceae  6 3 6 15 11 3 3 2   

Chenopodium bo nus-henricus  1   3 2  2    

Chrysosplenium 3 6 18 7 4 5 9 4 1   

Lamiaceae  1  1 3 4      

      Teucrium     2       

      Sal via     1 3 1     

Liliaceae Scilla t./Allium    1 3 1 1     

Malva neglecta  1          

Myriophyllum    1        

Oxalis acetosella        1    

Papaver rhoeas       1     

Plantago lanceolata  1 2 4 2   1    

Poaceae 9 35 36 13 35 10 42 23 6   

Polygonum aviculare  2  4 2 6 1 5    

Ranunculaceae 2 4 3 2 3 4 5  1   

        Anem one/Pulsatilla     2 2      

        Caltha  1 5 1 1       

        Del phin ium 1 2 2 2 6 5 8 2    

Rosaceae  2 1 1  4 1 1  1   

        Alchemilla  2 3 3  1      

       Potentilla    1 1 1      

       Sanguisorba officinale         1   

Rumex acetosa/acetosella 1 2 1   1  1    

Silenaceae    1 3 2  1    

Typha/Sparganium/Potamogeton 1 10 4 4 2 1 1     

Nuphar 1    1       

Succissa      1      

Lythraceae      2  1    

Scabiosa     1       

Symphytum 1 1 1 1 2       

Urtica 1  1     1    

Thalictrum/Illecebrum  2 1 2  2      

       sum of NAP 51 200 142 145 186 155 155 72 18   

             suma  AP 181 81 74 70 85 49 83 28 9   

sum of AP + NAP 232 281 217 215 271 204 238 100 rare
pol len   

       AP: NAP v% 78:22 28:72 34:66 32:68 31:69 24:76 35:65 28:72   

Sporophyta

Polypodiaceae smooth 4 2 6 2 2 2  3 1   

Sphag num 1 3       1   

Pteridium typ 1           

Riccia  3          

           Fungi    

            Al gae    

Botryococcus  x xxx x x x xxx x    

Glomus  x x x xx  xxx x    

Rivularia xx x x x x x      

          Trichiuris egg  1          

Neogene pol len /redeposition 1  5 2 5 4   4 35 20
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Fig. 9. Pho tos of typ i cal pol len from the de pos its stud ied 

1 – Quercus – H; 2 – Loranthus europeus  – C; 3 – Salix – H; 4 – clump of Alnus – H; 5 – Nuphar – H; 6 – Myriophyllum – E; 7 – Symphytum –
E; 8 – clump of Cyperaceae – G; 9 – Caltha type – H; 10 – Humulus/Can na bis – E; 11 – Potentilla – C; 12 – Pru nus – D; 13 – Sal via – C; 14 –
Hypericum/Scrophularia – D; 15 – Polygonum aviculare – C; 16 – Chenopodium bo nus-henricus – D; 17 – clump of Cerealia–Triticum type –
C; 18 – Daucus carota type – D; 19 – Cucumis sativus – D, Neo gene pol len; 20 – Nyssa – XX;  21 – Sciadopitys – XX; 22 – Cathaya – X



1 de pos its, as cor rob o rated by palynology (see chap ter Geo -
chron ol ogy of the de pos its, Ta ble 4). In situ Neo gene (Panno -
nian) palynological as so ci a tions have been ob served from the
lower part of ear lier-stud ied bore holes at Pohansko. Re de pos -
ited Neo gene palynomorphs have pre vi ously been ob served in
Ho lo cene de pos its (Machá èek et al., 2007; Doláková and
Ková èová, 2008; Doláková et al., 2010).

The be gin ning of sed i men ta tion of the older overbank de -
pos its at Pohansko as well as at the nearby ar chae o log i cal site
of Mikulèice is es ti mated to be in the Late Ho lo cene,
~4000–3000 BP (Opravil, 1983; Havlíèek, 2001, 2004; Bøízová
and Havlíèek, 2002; Havlíèek and Smolíková, 2002). Ac cord ing 
to Opravil (1999) the first ero sion and ac cu mu la tion of such
overbank sed i ments was as so ci ated with the plough ing of fields 
on the up per reaches of rivers dur ing the Bronze Age in the re -
gion. The same trend is gen er ally vis i ble in Cen tral Eu rope flu -
vial ar chives with the first ero sion pe riod dated to the Late
Bronze Age and Iron Age (Dreibrodt et al., 2010). Based on dat -
ing of the over ly ing de pos its of FA 2 and FA 3 and the
sedimentological char ac ter is tics of FA 1, we in fer that the FA 1
de pos its may be anal o gous to the older overbank de pos its
noted above. The overbank de pos its have in creased con cen -
tra tions of P and S as well as of heavy met als, which could be
as so ci ated with ei ther nat u ral pro cesses or hu man ac tiv i ties
(e.g., Schlezinger and Howes, 2000; Holliday and Gart ner,
2007). Mac ro scop i cally, the FA 1 de pos its con tained much or -
ganic mat ter, which may be re flected in higher con tents of P
and S as well as of heavy met als, which may be bound to
organics (Kwiatkowska-Malina, 2018). More over, be fore the
9th cen tury, the hu man ac tiv i ties in the area are very rarely de -
tected (Dostál, 1968). There fore, we in fer that the higher con -
cen tra tion of these el e ments does not cor re spond to sig nals of
hu man ac tiv ity in the catch ment. 

ARTIFICIAL PAVEMENT AND WOOD 
CONSTRUCTIONS

FA 2 is in ter preted as an ar ti fi cial pave ment with wooden
con struc tions built on the bot tom of a flu vial palaeochannel
which eroded older overbank de pos its (FA 1) and the ac cu mu -
la tion of which con se quently con tin ued as FA 3. The flu vial
palaeochannel it self served prob a bly as a part of the de fence
sys tem of the Pohansko strong hold, and so there might have
been de mand for sta bili sa tion of the river course. We in ter pret
the cob bles and boul ders as a hu man at tempt to sta bi lize the
bot tom of the flu vial chan nel. The in de ter mi nate branch frag -
ments can mostly be con sid ered as struc tural el e ments of un -
known pur pose. We also con sider splin ters that could have
been driven into the bot tom of palaeochannel and serve as part

of a wooden struc ture. We in ter pret the round and trap e zoidal
wood el e ments as stakes. Some stakes were driven ver ti cally
or di ag o nally and were part of struc tures of un known func tion,
per haps a sys tem for catch ing fish. The tri an gu lar wedges filled
with gravel are in ter preted as ev i dence of stakes, which were
pulled out in the past, ei ther in ten tion ally by hu mans or due to
the ac tion of ice and wa ter level fluc tu a tions. Mas sive and large
wooden beams in ver ti cal or iso lated po si tions were in ter preted
as rem nants of a bridge (Nehyba et al., 2020). A sim i lar wooden 
bridge con struc tion was doc u mented in the nearby Mikulèice
Great Moravian cen tre (~15 km NE of the Pohansko site)
(Poláèek and Hladík, 2014).

A piece of con struc tion wood was dated to year 894 CE.
This age is sup ported by a com bi na tion of ra dio car bon dat ing
and dendrochronology of an other wood frag ment (D17) of
which the most prob a ble time of fell ing was es ti mated at be -
tween 841 and 842 CE (Nehyba et al., 2020). A nu mer i cal age
of OSL sam ple 1 from the over ly ing FA 3 was cal cu lated to the
in ter val from 756 to 914 CE (Ta ble 3). We there fore can ex pect
the start of FA 2 ac cu mu la tion be tween 894 and 914 CE. The
con struc tion of a pave ment and wooden struc ture may cor re -
late with the Early Mediaeval ac tiv i ties at Pohansko dated to the 
end of 9th and/or the be gin ning of 10th cen tu ries CE when
Pohansko be came the Great Moravian cen tre (Macháèek et al., 
2021). 

The de pos its of FA 2 show clear and rich ev i dence of
anthropogenic ac tiv i ties which di rectly af fected the depositional
el e ments within the flu vial chan nel. The con cen tra tions of
chem i cal el e ments which can be re ferred to hu man ac tiv i ties
(e.g., P or heavy met als) are low in the basal part of FA 2 which
re flect a sig nal of nat u ral palaeochannel de pos its. How ever, the 
sig nal in creases in the up per part, prob a bly re flect ing the on set
of con struc tional ac tiv i ties at the site. 

FLUVIAL CHANNEL DEPOSITS

De pos its of FA 3 are in ter preted as flu vial chan nel de pos its/
i.e. a side or point bar. Lithofacies Gm was de pos ited in the mid -
dle to up per part of the lower flow re gime and in ter preted as an
in cip i ent chan nel gravel bar and chan nel lag (Miall, 2006). 

Thin interlaminae of lithofacies Fl are in ter preted as de pos -
its from sus pen sion load con nected with wan ing flows or even
chan nel aban don ment (Miall, 2006). Most de po si tion oc curred
from sus pen sion set tling with only lim ited bedload trans port via
weak cur rents. Beds of fa cies Fl rep re sent ero sional rel ics con -
nected with ero sive flow af ter a stillstand event. 

Beds of lithofacies Sl are in ter preted as trac tional de pos its
con nected with the up per flow re gime, higher flu vial dis charge
and the up per parts of the flu vial dune/bar. The prev a lent
lithofacies Sr was formed by mi gra tion of rip ple bedforms in
flow ing shal low wa ter and a lower flow aggradational re gime
(Best, 1996). The rip pled beds can be re garded as in di ca tions
of the mar ginal parts of the chan nel, and/or de po si tion in ar eas
of slack or slug gish wa ter on the bar or along its pe riph eral
parts. 

Small sets of Sr cross-lam i na tion in di cate very shal low but
faster cur rents (Best, 1996). On the other hand, lithofacies Sr
points to a flow with lim ited bedload con cen tra tion (Sum ner et
al., 2008). Rip pled beds are of ten formed by flows with sed i -
ment con cen tra tions of 0.01–0.2 g/l (Simons et al., 1965).
These are con di tions typ i cal of low land rivers in tem per ate cli -
mates, where washload con cen tra tion is in the range of
0.02–0.4 g/l (Mulder and Syvitski, 1995; Skolasiñska and No -
wak, 2018; Zieliñski and Widera 2020). Such con di tions can be
at trib uted to pe ri ods of inter-flood dis charge, es pe cially in shoal
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T a  b l e  4

Re sults of OSL dat ing of the sam ples 

Sam ple OSL age Re sulted dat ing (AD)

X 1.183 (72) ka 767 (72)

1 1.115 (79) ka 835 (79)

2 0.944 (69) ka 1006 (69)

3 0.906 (72) ka 1044 (72)

4 1.050 (74) ka 900 (74)

For po si tion of the sam ples re fer to Fig ures 3 A, B and 4A

https://doi.org/10.1016/j.sedgeo.2020.105677
https://doi.org/10.2110/jsr.2008.062
https://doi.org/10.2110/jsr.2008.062
https://doi.org/10.1002/rra.3234
https://doi.org/10.1002/rra.3234
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https://doi.org/10.5817/GVMS2020-13285
https://doi.org/10.5817/GVMS2020-13285
https://www.jstor.org/stable/30071222
https://doi.org/10.5817/CZ.MUNI.M210-9893-2021
https://doi.org/10.1016/j.apsoil.2017.06.021
https://doi.org/10.1016/j.jas.2006.05.004
https://doi.org/10.1016/j.jas.2006.05.004
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zones. Miss ing climb ing rip ples, which are as so ci ated with fi nal
phases of wan ing floods, re veal a rel a tively sta ble con di tion of
de po si tion and rel a tively lim ited sed i ment load. How ever, the
interbed of lithofacies Gm and lithofacies Fl points to a highly
vari able flu vial dis charge. Thus, a high fre quency of Sr litho -
facies to gether with the ab sence of flu vial dunes is ad di tional
ev i dence that the lower sec tion of FA 3 de pos its were formed by 
flows with lim ited load (Simons et al., 1965). 

The typ i cal in ter pre ta tion of lithofacies Sl is for ma tion un der
up per plane bed con di tions and in con nec tion with flu vial bar
tops (Miall, 2006). How ever, Allen and Leeder (1980) found that 
a sig nif i cant in crease of bedload con cen tra tion re sulted in bed -
form dis ap pear ance and the in cep tion of a plane bed con fig u ra -
tion (Zieliñski and Widera, 2020). Sim i larly, the Sm lithofacies
re cords rapid de po si tion of sand pre dom i nantly from sus pen -
sion in a de cel er at ing flow where the rate of de po si tion was too
rapid to al low pri mary struc tures to form (Zieliñski and Widera,
2020). Both lithofacies Sl and Sm oc curred in the up per part of
FA 3. There fore, an in creased sed i ment load of the flows is in -
ferred for this part of the FA 3 suc ces sion by con trast with its
lower por tion. The gen er ally fin ing-up wards trend of FA 3 points 
to an ac tive suc ces sive fill ing of the palaeochannel ac com pa -
nied by mi gra tion of the chan nel axis/ thalweg.

Ap prox i mately 40 cm of flu vial sands of FA 3 was dated
from the 9th to 11th cen tu ries CE. The in con sis tent age of OSL
sam ple 4 might have been caused by in com plete re set ting of
the sig nal of some grains, as sug gested by Wallinga (2008). We 
can sup pose rel a tively sig nif i cant sed i ment sup ply into the flu -
vial chan nel dur ing a hy po thet i cal 200 years. Look ing at the
river geo mor phol ogy and sed i men tary re cord, it may be sug -
gested that the chan nel de pos its stud ied rep re sents one chan -
nel of an anastomosing Dyje River. An anastomosing style re -
flects in creased bedload and flow as oc curs dur ing flood events 
(Makaske, 2001). The pace and na ture of the fill ing of flu vial
chan nels de pend on the flood re gime (sed i ment sup ply) as well
as on lo cal con trols (dis tance from the main chan nel, veg e ta -
tion, di ver sion an gle, wa ter ta ble level) (Gautier et al., 2007;
Constantine et al., 2010; Toonen et al., 2012; Dépret et al.,
2017). The fa cies anal y sis sug gests an up wards in crease in
sed i ment load for this part of the suc ces sion. The in crease in
sed i ment de liv ery dur ing the pe riod prob a bly re flects some in -
crease in ero sion within the catch ment area (i.e. more dis tant to
the site). The rea son for this may have been ei ther cli ma tic
(more ex treme cli ma tic con di tions) or hu man ac tiv ity (such as
de for es ta tion). How ever, the flu vial chan nel was rel a tively sta -
ble in the area with out any clear sig nal of ero sive scours con -
nected with large floods or chan nel aban don ment (Brooks,
2003). FA 3 did not re veal di rect ev i dence of hu man ac tiv i ties.
Val ues of heavy met als cor re late with grain size changes (see
Al/Si and Ti/Al) and with or ganic con tent (see S), but in some
parts may re flect past hu man ac tiv i ties. In creased val ues of Cu
and Ni are es pe cially no tice able at the bot tom of FA 3, which
may be con nected with hu man ac tiv i ties at the end of the 9th
cen tury CE and/or at the be gin ning of 10th cen tury CE when
Pohansko was an Early Mediaeval cen tre (Macháèek, 2005;
Dresler, 2016). In gen eral, FA 3 has gen er ally sim i lar at trib utes
to the floodplain de pos its of unit 3 in Trench 1 in the NE sub urb
of Pohansko, which were in ter preted as chan nel or dis tal de -
pos its (Petøík et al., 2019). How ever, the age in di cated in this
pa per (9th–11th cen tury CE) re mains older com pared to unit 3
of the SE sub urb (dated to the 15th cen tury). Changes in hu -
man ac tiv ity are also ev i dent from the pol len di a gram (Fig. 9).
The great est hu man im pact was ob served in the mid dle part of
FA 3 with the high est amount of ce re als and nitrophilous in di ca -
tors (Chenopodiaceae, Ar te mi sia) in di cat ing ag ri cul tural ac tiv i -
ties in the sur round ing area, con sis tent with pre vi ous stud ies

(e.g., Doláková and Kováèová, 2007). In the high est part, ce re -
als com pletely dis ap peared which may re flect re duc tion in the
in ten sity of ag ri cul ture con nected with aban don ment of the
strong hold in the first part of the 10th cen tury CE (Macháèek,
2005).

YOUNGER OVERBANK DEPOSITS

De pos its of FA 4 are in ter preted as overbank sed i ments de -
pos ited af ter the 11th cen tury CE, with sig nif i cant signs of
pedogenesis. The sharp and abrupt tran si tion be tween FA 3
and FA 4 as well as the change of grain-size dis tri bu tion (from
sands of FA 3 into silty muds of FA 4) is prob a bly con nected
with chan nel aban don ment due to avul sion up stream. This
means that flu vial sys tem un der went a sig nif i cant change in the
area un der study. Chan nel de po si tion was fol lowed by a flood -
plain de po si tion as the river course was trans formed. The root
traces in the up per part of FA 4 sug gest pro longed subaerial ex -
po sure fol low ing sus pen sion set tling on a floodplain, which led
to the de vel op ment of Fluvisol (IUSS Work ing Group WRB,
2014). The oc cur rence of Fluvisol is typ i cal of ex ten sive flood -
plain ar eas and has al ready been de scribed and stud ied from
the area and its sur round ings (Adameková et al., 2022). 

 FA 4 is very sim i lar to unit 4 of Trench 1 (log B) in the NE
sub urb of Pohansko in terms of li thol ogy (silt, sandy silt in ter -
preted as overbank de pos its) and thick ness (Petøík et al.,
2019). The time of de po si tion of unit 4 is es ti mated at the 15th to 
20th cen tu ries CE ac cord ing to dat ing which pre ceded the pe -
riod of by pass and non-de po si tion within the Dyje floodplain
from 11th to 15th cen tu ries CE (Petøík et al., 2019). We there -
fore in fer that the overbank de pos its un der study started to ac -
cu mu late from the 15th cen tury at the ear li est. Kadlec et al.
(2009) re ported aggradation of the neigh bour ing Morava River
floodplain since the 13th cen tury. Al though the depositional
rates of these two rivers are gen er ally in con cor dance (Dyje:
0.17–0.2 cm/yr and Morava: 0.2 cm/yr) the tem po ral and spa tial 
vari a tion in sed i men ta tion on these floodplains may have been
con nected with the dif fer ent sizes of the in di vid ual river bas ins,
vari a tions in flu vial chan nel di men sions, sed i ment load, and the
his tory and ex tent of Mid dle age col o ni za tion. In creas ing aggra -
dation of flu vial sed i ments in the Post-Mediaeval and Mod ern
pe ri ods was in gen eral re corded all across Cen tral Eu rope (e.g., 
Starkel et al., 2006; Dreibrodt et al., 2010). FA 4 is clearly hu -
man-im pacted as re flected by in creas ing trends of heavy met -
als and phos pho rus. Sim i lar in creased con cen tra tions of heavy
met als were also doc u mented in the overbank de pos its of unit 4 
(Petøík et al., 2019) and were also re ported for the sed i ments of
Morava River dated to the 20th cen tury CE (Bábek et al., 2008;
Grygar et al., 2011). The high est val ues in the up per part of FA
4 are com pa ra ble to re cent soils cap tured in trench R 18
(Adameková et al., 2022). 

CONCLUSIONS

Multidisciplinary ex am i na tion of Dyje River sed i ments de -
pos ited in close prox im ity to the Early Me di eval for ti fied site of
Pohansko al lowed iden ti fi ca tion of its depositional en vi ron ment, 
the re con struc tion of pro cesses in the river catch ment and pro -
vided in for ma tion on hu man in flu ences in the catch ment, mainly 
dur ing the Me di eval pe riod. 

The low er most part of the suc ces sion stud ied was in ter -
preted as Late Ho lo cene overbank de pos its ac cu mu lated be -
fore the 9th cen tury CE. Palynology cor rob o rated the im por tant
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role of Neo gene (Pannonian) de pos its of the Vi enna Ba sin in
their source area. These de pos its are over lain by a tab u lar to
broadly wedge-shaped bed of mostly rip pled and lam i nated
sands de pos ited above the ero sive base cov ered by a peb ble
lag. This most prom i nent part of the suc ces sion was in ter preted 
as flu vial chan nel de pos its ac cu mu lated in the pe riod be tween
the 9th and 11th cen tu ries CE. Flat lime stone cob bles and boul -
ders lo cally interfingered with these flu vial chan nel sands and
cov ered the base of the flu vial chan nel. They were in ter preted
as an ar ti fi cial pave ment. More over, nu mer ous wood el e ments
as mas sive stakes and beams were rec og nized in up turned po -
si tions driven into the basal overbank de pos its. These wood
frag ments were in ter preted as an anthropogenic con struc tion,
serv ing as a bridge, an un known fish ing sys tem or wooden
struc ture span ning the years 894 to 914 CE. Both ar ti fi cial con -
struc tions are as so ci ated with the pe riod of great est hu man ac -

tiv ity on the di rectly ad ja cent Early Mediaeval for ti fied site of
Pohansko. Palynological stud ies cor rob o rate the high est in ten -
sity of ag ri cul ture in the river catch ment at this time, with its re -
duc tion up wards in the suc ces sion. In the lower part of the
palaeochannel sands, el e men tal con cen tra tions as so ci ated
with hu man ac tiv i ties also in creased.

The up per most part of the suc ces sion stud ied is rep re -
sented by youn ger overbank de pos its with a re cent Fluvisol at
the top, the ac cu mu la tion of which started af ter the 11th cen tury
CE. 
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