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Ab stract: This pa per fo cuses on the prob lem of de po si tional en vi ron ments and the de vel op ment of gla cio mar gi nal 
zone in the Ot muchów De pres sion, SW Po land, dur ing the Odra nian (Dren the) gla cia tion. The re search was
con ducted at the Wójcice site, which is situ ated on the south ern bor der of a hill train, the so- called Otmuchów- 
Nysa Hills, ris ing on the north ern side of the Nysa K³odzka River val ley. The sedi ments un der study were
de pos ited in the dis tal zone of gla cio mar gi nal fans pro grad ing into a bay of a large lake formed in the dammed
val ley of the Nysa K³odzka River. Sedi men ta tion was char ac ter ised by fre quent os cil la tions of wa ter level in the
lake, which caused fan dis sec tion and lat eral mi gra tion of de po si tional su ben vi ron ments. These phe nom ena are
re corded by abun dant ero sion sur faces and ver ti cal suc ces sion of al ter nat ing li tho fa cies as so cia tions of the
de pos its, which are typi cal of dif fer ent parts of the dis tal fans. Sedi men to logi cal analy sis has also en abled
palaeo geo graphi cal re con struc tion of the gla cio mar gi nal zone. It is found that the ice- sheet lobe ad vanced into the
Nysa K³odzka River val ley from the NE.
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IN TRO DUC TION

The de vel op ment of a glaciomarginal zone in the fore-
 mountain reach of the Nysa K³odzka River val ley, i.e. in the
Ot muchów De pres sion (Fig. 1), has been dis cussed for dec -
ades (Behr, 1930; Woldstedt, 1932; An ders, 1939;
Schwarzbach, 1942; Rem bo cha, 1958, 1960, 1964; Wal-
czak, 1954, 1966, 1968, 1970, 1972; Szponar, 1974;
Wroñski & Koœciówko, 1982; Badura et al., 1996; Przy byl -
ski, 1998). How ever, a con sis tent con cept con cern ing the
maxi mum ex tent of the Odra nian (Dren the) ice- sheet in this
area has not been es tab lished so far (Fig. 2). In all pre vi ous
geo mor pho logi cal, geo logi cal and palaeo geo graphi cal
analy ses the at ten tion has been mainly put to the so- called
Otmuchów- Nysa Hills, clearly visi ble in the mor phol ogy.
These hills form a train stretch ing lati tu di nally along the
north ern side of the Nysa K³odzka River val ley be tween
Ka mieniec Z¹bkowicki and Nysa (Figs. 1, 2). The hills rise
up to 280 m a.s.l., i.e. about 80 m above the val ley floor. In
other parts of the Ot muchów De pres sion gla cial forms and

de pos its are ex tremely rare. The cen tral part of the de pres -
sion is oc cu pied by the Nysa K³odzka River val ley filled
with al lu vium, and its south ern part is cut by many tribu tar -
ies of the Nysa K³odzka River.

In this pa per, the re sults of re search on the de pos its oc -
cur ring on the south ern bor der of the Otmuchów- Nysa Hills 
are re ported. The re search was car ried out at the Wójcice
site, sev eral kilo me tres to the west of Nysa. The aim of this
study is to pro vide de tailed sedi men to logi cal analy sis and
in ter pre ta tion of sedi men tary en vi ron ments. The fi nal re sult 
is a re con struc tion of palaeo geo graphi cal de vel op ment of
the gla cio mar gi nal zone in this spe cific part of the Sudetic
Fore land.

RE SULTS OF PRE VI OUS STUD IES

Nu mer ous con cepts on the ori gin of the Otmuchów-
 Nysa Hills have been pub lished so far. These dis tinct land -
forms, com posed of sandy- gravelly and dia mic tic de pos its,



were most of ten in ter preted as fron tal mo raines of the Odra -
nian (Dren the) ice sheet. Such a view was pre sented by Ger -
man re search ers: Behr (1930), Woldstedt (1932), An ders
(1939), and Schwarzbach (1942), who re lated the hills to
the maxi mum ex tent of the gla cia tion (Fig. 2). Rem bo cha
(1958) de scribed the hills as “ero sional rem nants of ba sal
mo raine” de vel oped as diamictic- sandy cover over ly ing
gla cio flu vial sands, which are un der lain by al lu vial sands.
On a de tailed geo logi cal map of the Sude tes the same author 
pre sented the Otmuchów- Nysa Hills as com posed mostly of 
“pre gla cial” sands. Gla cio genic de pos its, dis tin guished as
gla cio flu vial sands and less of ten as la cus trine silts, form

only small caps on the hill- tops (Rem bo cha, 1960, 1964).
Walc zak (1954, 1966, 1968, 1970, 1972) pub lished dif fer -
ent ge netic and mor phos tra tigraphic ideas con cern ing the
Otmuchów- Nysa Hills. At first, he con sid ered these hills as
fron tal sta dial mo raines from the pe riod of ice- sheet re ces -
sion (Walc zak, 1954). Then he came to a con clu sion that
these were ter mi no gla cial out wash fans de pos ited dur ing a
re ces sion stand still (Walc zak, 1966, 1968, 1970, 1972).
Szponar (1974) stud ied the hills in the fol low ing years, and
his opin ion was simi lar to that pub lished by Rem bo cha (op.
cit.). He di vided the de pos its into two se ries of dif fer ent ori -
gin. The lower, fine- grained sandy se ries was de pos ited by
the Nysa K³odzka River, and the up per, coarser one, built of 
sands and grav els, was de pos ited by melt wa ters flow ing
from the front of the ice sheet, stag nat ing in a more north -
erly po si tion in the Ciel nica River val ley. In his opin ion, the
present- day hills are ero sional rem nants. An other view on
the ori gin of the Otmuchów- Nysa Hills was pre sented by
Wroñski and Koœciówko (1982), who in ter preted them as
kames. Badura et al. (1996) re jected this view, and re garded 
the hills as frag ments of a delta pro grad ing into a ter mi no -
gla cial lake. Simi lar in ter pre ta tion is com prised in Przy byl -
ski’s (1998) pa laeo hy drog raphi cal analy sis of the Sudetic
Fore land. 

LO CA TION OF THE SITE
AND ITS MOR PHO LOG I CAL
AND GEO LOG I CAL SET TING

The Wójcice site is lo cated ap proxi mately 1 km south -
wards from the axis of the hills, on the lower mor pho logi cal
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Fig. 1. Re lief of the Otmuchów De pres sion and the lo ca tion of study area

Fig. 2. Max i mum ex tent of the Odranian Gla ci ation ac cord ing
to: 1 – Woldstedt (1932), 2 – Behr and Mühlen (1933), 3 – An ders
(1939), 4 – Walczak (1970)



level at 240– 250 m a.s.l. (Fig. 1). The ground sur face is
slightly un du lated. This zone is about 500-800 m wide. To -
wards the south, it passes into the next, lower mor pho logi -
cal level (about 220– 230 m a.s.l.), which is a high ter race of
the Nysa K³odzka River. The ex posed sandy and sandy-
 gravelly de pos its are up to 15 m thick. These are un der lain
by la cus trine silts (Rem bo cha, 1958; Badura et al., 1996).
Till oc curs on the north ern slopes of the Otmuchów- Nysa
Hills. Neo gene clays of the Poznañ For ma tion un der lie
Qua ter nary sedi ments.

LITHOFACIES CHAR AC TER IS TICS

Two sedi men tary se ries are dis tin guished in the ex po -
sure.

Se ries 1 is mostly com posed of fine- grained sands, less
of ten medium- grained sands. Sev eral li tho fa cies as so cia -
tions have been dis tin guished there (Fig. 3).

Li tho fa cies as so cia tion Sh, (Sl) is the most fre quent
one. It is domi nated by li tho fa cies of sand with hori zon tal
strati fi ca tion Sh. These are usu ally ac com pa nied by li tho fa -
cies of sand with low- angle cross- stratification Sl, spo radi -
cally by sand of rip ple cross- lamination Sr. Tabu lar beds are 
slightly in clined north wards (Fig. 4a). A simi lar as so cia tion
Sh, (Sl, Sp) is also found in the lower part of the ex po sure.
This as so cia tion is char ac ter ised by the oc cur rence of sec -
on dary sand li tho fa cies with pla nar cross- stratification Sp.
The pack ages are di vided by dis tinct, ex ten sive ero sional
sur faces dip ping at a 5–10o. Each ero sional sur face is usu -
ally over lain by one or two sand li tho fa cies with large- scale
pla nar cross- stratification Sp, in which the dip di rec tion of
lami nae is the same as the in cli na tion of the ba sal ero sional
sur face. 

Lo cally, the as so cia tion Sh, (Sl, Sm) oc curs, in which
li tho fa cies Sh and Sl are ac com pa nied by few li tho fa cies of
mas sive sand Sm. Some of these li tho fa cies, es pe cially Sh
units, are char ac ter ised by a rather high con tent of coarse-
 grained sand, and spo radi cally even fine- grained gravel.

As so cia tion Sh, Src, com posed of finer- grained de pos -
its, oc curs be tween the as so cia tions Sh, (Sl) in the lower
part of the se ries 1 (Figs. 3, 4b). It is also domi nated by li -
tho fa cies of fine- grained sand with hori zon tal strati fi ca tion
Sh. Sandy li tho fa cies with rip ple cross- lamination Src co ex -
ists there, too. The men tioned li tho fa cies oc cur in co sets 1 to 
3 m thick.

The finer- grained li tho fa cies as so cia tions Src, SFw,
(Sr) oc cur be tween the as so cia tions Sh, (Sl) in higher po si -
tion within se ries 1 (Fig. 3). They are domi nated by fine
sand rip ple struc tures. These are mainly 5–50 cm thick li -
tho fa cies of climb ing rip ples Src. A rip ple co set is usu ally
topped by silty sand with wavy lami na tion SFw, 1 to 10 cm
thick. Li tho fa cies Src and SFw form re peated, small- scale
fining- upwards rhythms (Fig. 4c). Silty li tho fa cies with
hori zon tal lami na tion oc cur spo radi cally, and very thin lay -
ers of sand with hori zon tal strati fi ca tion are also rare. Both
as so cia tions Src, SFw, (Sr) and Sh, (Sl) are typi fied by tabu -
lar form and large hori zon tal ex tent (Fig. 4d).

In the mid dle part of se ries 1, as so cia tion Src, Sm oc -
curs as well, be ing formed by 10– 50 cm thick sandy co sets
of climb ing rip ples Src, and thin ner (10– 25 cm) beds of
mas sive sand Sm (Fig. 3). Me dium- and small- scale sand
beds with hori zon tal strati fi ca tion Sh, and silty sand with
wavy lami na tion SFw are sec on dary li tho fa cies. The pres -
ence of dis tinct ero sional sur faces is a char ac ter is tic fea ture
of this part of the suc ces sion (Fig. 4e). The depth of in ci sion 
reaches 1.5 m. 

Sedi ments of com pletely dif fer ent struc ture and tex ture
than those de scribed above can also be found. The as so cia -
tion SGm, Sm oc curs in the mid dle part of the suc ces sion
(Figs. 3, 4f), and is char ac ter ised by a lim ited hori zon tal ex -
tent. It starts from a large- scale ero sional sur face. Two-
 metre- deep troughs are filled up with mas sive grav elly sand. 
The up per most part of this as so cia tion con tains weakly
sorted sand, with sin gle clasts of fine- grained grav els, usu -
ally with mas sive struc ture.

The up per se ries 2 is 4 m thick, and con tains con sid era -
bly coarser sedi ments, which are poorly ex posed. Me dium-
and coarse- grained sand or grav elly sand pre domi nate in the 
lower part of the se ries. Sand beds with hori zon tal strati fi ca -
tion Sh, trough cross- stratification St, and rarely sandy-
 gravelly units of the same struc ture SGt are found in some
places. The over ly ing fine- grained gravel and sandy gravel
form over 1 m thick, large- scale li tho fa cies with pla nar
cross- stratification GSp (Fig. 5a), and 25– 40 cm thick mas -
sive gravel Gm. An other char ac ter is tic ele ment of se ries 2 is 
a silty- sandy dia mic ton form ing a small lens, 30 cm thick
and sev eral me tres long (Fig. 5b).

Di rec tional data

In se ries 1, the dip di rec tions of cross- stratification
were meas ured within the li tho fa cies Sp, Sl, and Sr. The ob -
tained re sults in di cate pa laeo cur rents to wards the NNW–
NE sec tors (Fig. 3). In se ries 2, the number of meas ure -
ments of li tho fa cies Gp and GSp was smaller, how ever, they 
in di cate a simi lar di rec tion of pa laeo flow.

Petrographic com po si tion

Pet ro graphic com po si tion was ana lysed from grav els in 
the frac tion 5–10 mm and over 10 mm, sepa rated from the
sedi ments of both se ries (sam ples 1 and 2, re spec tively)
(Fig. 3, Ta ble 1). The sam ples are char ac ter ised by simi lar
com po si tion, be ing domi nated by quartz. A sec on dary
group con sists of Sudetic rocks, and the con tent of Scan di -
na vian er rat ics is very low. 

SED I MEN TARY EN VI RON MENT

In se ries 1, the most fre quent as so cia tion Sh, (Sl) is
domi nated by li tho fa cies Sh, which was de pos ited from
very shal low su per criti cal or tran si tional flows in the
upper- stage plane- bed con di tions. Sec on dary li tho fa cies Sl,
de rived from washed- out, low- relief bed forms, was pro -
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duced dur ing wan ing flood stages. Tabu lar form and large
hori zon tal ex tent of the as so cia tions Sh, (Sl) in di cate that
they were de pos ited from non- channelised flows of sheet -
flow na ture. The depo si tion of sand de pos its from ex ten sive
sheet flows is com monly re lated to the su ben vi ron ment of
dis tal fans (Ama jor, 1986; Zieli ñski & Van Loon, 1999,
2000).

Li tho fa cies as so cia tion Sh, (Sl, Sp) was formed in dif -
fer ent con di tions. Li tho fa cies Sp is usu ally re lated to trans -
verse bars in dica tive of a chan nel su ben vi ron ment (McDon -
ald & Bener jee, 1971; Smith, 1972; Cant, 1978; Cant &
Walker, 1978; Mi all, 1996). How ever, in the stud ied case

these li tho fa cies are not the re sult of pro gra da tion of mid-
 channel bars. The situa tion and ori en ta tion of li tho fa cies Sp
are es pe cially note wor thy. The oc cur rence of Sp li tho fa cies
di rectly above in clined ero sional sur faces in di cates that they 
were forms de pos ited in the mar ginal parts of chan nel in ci -
sions. The depo si tion was mainly con trolled by flow ve loc -
ity re duc tion in the zones of abrupt depth in crease. The oc -
cur rence of la cus trine silts un der sands in di cates that the fan 
pro graded into stand ing wa ter. Dis sec tions of chan nels (for -
ma tion of ex ten sive ero sional sur faces) in the dis tal part of
the fan could have re sulted from fal ling of wa ter level in the
lake, i.e. the fal ling base level. 
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Ta ble 1

Petrographic com po si tion of grav els in the frac tion 5–10 and >10 mm from both se ries (for sam ple lo ca tion see Fig. 3)

Origin of rocks or
minerals

Rocks/minerals
Sample 1
5–10 mm

Sample 1
> 10 mm

Sample 2
5–10 mm

Sample 2
> 10 mm

Scandinavian or
Sudetic

quartz 55.5 43.3 61.3 50.6

feldspar 0.2 0.3 0.4 0.0

quartz & feldspar aggregates 1.7 0.7 1.2 3.4

siliceous rocks 2.9 3.4 0.0 0.0

Scandinavian
crystalline rocks

granitoids 4.8 2.1 0.0 0.0

volcanic rocks 0.6 0.0 0.0 0.0

Sudetic crystalline
rocks

granitoids 4.0 0.0 7.7 4.5

gneisses 14.5 12.4 5.4 12.1

melaphyres 0.0 0.3 0.0 0.0

basaltoids 0.0 0.7 0.0 0.0

metamorphic schists 1.5 4.8 1.0 3.1

Scandinavian or
Sudetic crystalline
rocks

granitoids 0.0 1.0 0.0 0.0

gneisses 0.0 1.7 0.0 0.0

amphibolites & gabbros 0.4 0.0 0.0 0.6

volcanic rocks 0.0 0.0 1.0 0.0

Scandinavian
sedimentary rocks

sandstones 0.0 0.0 0.0 0.0

Dalarna quartzites 0.2 0.7 0.2 1.1

limestones 0.0 0.0 0.0 0.0

dolomites 0.0 0.0 0.0 0.0

Baltic and Polish
Lowland

Mesozoic limestones 0.0 0.0 0.0 0.0

flints 1.5 1.0 0.2 1.1

lignites 0.0 0.0 0.0 0.0

Sudetic sedimentary
rocks

Mesozoic sandstones 1.3 3.1 0.4 1.7

Carboniferous sandstones 0.6 4.5 3.8 3.4

Carboniferous mudstones 3.4 4.1 4.2 4.5

ignimbrites 3.2 12.4 10.3 11.5

lydite 1.3 1.4 1.6 1.1

quartzites 0.6 0.7 0.6 0.8

concretions

clay 1.1 0.3 0.0 0.0

ferrous 0.0 0.0 0.0 0.0

manganese 0.8 1.0 0.8 0.6

undetermined 0.0 0.0 0.0 0.0

TOTAL 100.0 100.0 100.0 100.0
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Fig. 3. Sed i men tary logs from Wójcice site
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Fig. 4. De pos its of se ries 1: a – tab u lar beds of lithofacies as so ci a tion Sh, (Sl); b – lithofacies as so ci a tion Sh, Src. Scale is 50 cm; c –
lithofacies as so ci a tion Src, Sfw, (Sr). Su per im posed fin ing-up ward cy cles Src-SFw are marked. Scale is 50 cm; d – con tact of two
lithofacies as so ci a tions (Src, SFw, (Sr) and Sh, (Sl)), dom i nated by fine-grained, sheet-like beds; e – lithofacies as so ci a tion Src, Sm. Two
sandy pack ages are sep a rated by large-scale ero sional sur face (marked by line and ar rows). Scale is 50 cm; f – lithofacies as so ci a tion
GSm, Sm. Erosively based fin ing-up ward suc ces sion con tains the lower mem ber of mas sive sandy gravel SGm, which passes into mas sive 
sand Sm (scale 50 cm)



Other li tho fa cies as so cia tions of se ries 1 rep re sent
mostly low- energy de po si tional en vi ron ment. In the case of
the as so cia tion Sh, Src, this is evi denced by finer grain size
of de pos its, and high fre quency of the li tho fa cies Sr and Src, 
which were de pos ited in the lower part of the lower flow re -
gime. 

The li tho fa cies as so cia tion Src, Sm rep re sents a simi lar
en vi ron ment of low- energy flows. The li tho fa cies of mas -
sive sand Sm, con nected with these flows, is con sid ered by
some authors to be in dica tive of sheet flows (cf. He ward,
1978; Todd, 1989). Ero sion on flat fan sur faces (Fig. 4e)
had to be con nected with a sud den change of en vi ron mental
con di tions. It did not re sult from the in crease of flow en -
ergy, be cause the dis sec tion is filled with the low- energy
rhythms Sm- Src. Most proba bly, ero sion started like in the
former case, i.e. as a re sult of the lake level fall.

The li tho fa cies as so cia tions Src, SFw, (Sr), al ter nat ing
with those of Sh, (Sl) in the up per part of the com plex, were
de pos ited from very low- energy, pe ri odi cally de cay ing
flows. The pe ri ods of weak cur rents were fol lowed by epi -
sodes of la cus trine depo si tion. At that time, the li tho fa cies
of silty sand SFw were set tled from sus pen sion. Simi lar
sandy- silty as so cia tions, re lated to dis tal sheet flows, were
no ticed, i.a. by Ama jor (1986), Zieli ñski (1992), Wu et al.
(1992), Dreyer (1993), and Har tley (1993). 

All men tioned li tho fa cies as so cia tions were de pos ited
from shal low flows of sheet flow na ture. Gen er ally, they
rep re sent su ben vi ron ments of the dis tal fan. Some de pos its,
for ex am ple the as so cia tion Sh, SFw, (Sr), can be cor re lated
with the su ben vi ron ment of shal low subaque ous part of the
fan. Ad di tion ally, the oc cur rence of nu mer ous ero sional
dis sec tions sup ports the hy pothe sis that the dis tal al lu vial
fan was bor dered by a lake char ac ter ised by fre quent fluc -
tua tions of wa ter level. On the other hand, al ter nat ing oc cur -
rence of Sh, (Sl), and Src, SFw, (Sr, Sh) as so cia tion se -
quences in di cates highly vari able con di tions of depo si tion,
con trolled by ris ing and fal ling lake level.

The as so cia tion SGm, Sm, found in the mid dle part of
the suc ces sion, rep re sents com pletely dif fer ent con di tions
of depo si tion. Dis tinct ero sion sur face with troughs, con sid -
era bly coarser grain size of de pos its, and mas sive struc ture
in di cate an epi sode of depo si tion from much more in ten sive

and higher flows. Chan nel bed was eroded in the ini tial
phase of this epi sode, and fol lowed by abrupt depo si tion of
sandy- gravelly sedi ment. The de scribed as so cia tion is the
rec ord of a sud den out burst of ab la tion wa ter on the ice-
 sheet fore land. As a re sult of this flood, the fa cies typi cal of
more proxi mal zones was shifted to the dis tal part of the fan.

The de pos its of se ries 2 rep re sent a higher- energy de po -
si tional en vi ron ment. The de pos its coarsen up wards within
the stud ied suc ces sion in di cat ing an in creas ing en ergy of
flows. Grav elly li tho fa cies Gp, oc cur ring in the up per part
of se ries 2, can be re garded as typi cal of proxi mal gla ci mar -
gi nal en vi ron ment. The prox im ity of the ice- sheet mar gin is
in di cated by the oc cur rence of a dia mic ton lens, which was
proba bly a pack age of flow till re de pos ited from the ice-
 sheet sur face.

PALAEO GEO GRAPHI CAL
IN TER PRE TA TION

Both se ries, to gether with the un der ly ing silts, form a
se quence con nected with the ice- sheet ad vance. How ever,
the di rec tions of pa laeo flows re corded in the sedi men tary
suc ces sion are not typi cal for such an in ter pre ta tion. All
meas ure ments in di cate that ab la tion wa ters flowed to wards
the N-NNE. Szponar (1974) ob tained simi lar di rec tional
data. There fore, he con sid ered the de pos its, proba bly cor re -
spond ing to se ries 1, as al lu via of the Nysa K³odzka River.
In the case of the over ly ing sandy- gravelly de pos its, he re -
lated the same dip di rec tions of cross- stratifications to an ti -
dunes, as sum ing a pri ori that the se ries had to be de pos ited
from the N-NE di rec tion. How ever, the style of sedi men ta -
tion of fine- grained de pos its of se ries 1 does not cor re spond
with the al lu via of the Nysa K³odzka River en vi ron ment.
North ward di rec tions of pa laeo flow sug gest that gla cial ice
oc curred rather to the south of the study area. There fore,
these in di cate that the ice sheet en tered the lati tu dinal val ley 
of the Nysa K³odzka River from the NE, i.e. from the Odra
River val ley. The ice sheet had to ad vance into the Ot -
muchów De pres sion as a small lobe. The de scribed gla cio -
mar gi nal fans were formed at its north ern mar gin, and de -
pos ited to wards the si mul ta ne ously formed Otmuchów-
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Fig. 5. De pos its of se ries 2: a – sandy gravel with pla nar-cross strat i fi ca tion GSp (scale bar is 50 cm long), b – glaciofluvial sandy
gravel de pos its with a lens of flow till (marked ba rrow)



 Nysa Hills. How ever, these forms did not have any di rect
ge netic link. Walc zak (1968) docu mented the de pos its of
the Otmuchów- Nysa Hills. They were out crop ping in sev -
eral pits which do not ex ist nowa days. Sedi men tary suc ces -
sions con tained thick sand pack ages with hori zon tal, wavy
or cross- stratification, with in ter beds of coarse er ratic grav -
els, and sub or di nate sandy till, es pe cially at the tops of hills
and their north ern slopes. In the light of sedi men to logi cal
analy sis it seems likely that the de po si tional en vi ron ment of
these sedi ments was not an out wash plain, as Walc zak sug -
gested, but most proba bly the end- moraine fans, as it was
as sumed ear lier by Ger man re search ers (Wold sted, 1932;
Behr & Müh len, 1933; An ders, 1939). Till and silty sand,
oc cur ring as in ter beds within sandy de pos its, and also in
thicker pack ages on hill tops, are proba bly mass- flow de pos -
its, which were gravi ta tion ally trans ported from the sur face
of the ice sheet to its fore land. Li tho fa cies of such type are
in di ca tor units of the en vi ron ment of end- moraine fans, es -
pe cially of their proxi mal parts (Ruszczyñska- Szenajch
1982; Kasprzak & Ko zar ski, 1984; Ko zar ski 1990; Zieliñ-
ski 1992; Zieli ñski & Van Loon, 1996, 1999). 

A sur pris ingly low con tent of Scan di na vian ma te rial in
the ex am ined de pos its ap pears to con firm our hy pothe sis
about the ice- sheet ad vance from the NE di rec tion. The lobe 
ad vanced into the area of the Ot muchów De pres sion from
the Odra River val ley, and along the Nysa K³odzka River

val ley, which were the source of abun dant lo cal ma te rial.
Gla cial de pos its in the East ern Sude tes fore land of ten con -
tain only sev eral per cent of Scan di na vian rocks. There fore,
their low con tent should not be sur pris ing in the con di tions
of ice- sheet ad vance along the river val ley cov ered with al -
lu via. The ad vance of the ice sheet along the Nysa K³odzka
River val ley is also in di cated by the ori en ta tion of gla cio tec -
tonic struc tures ar ranged along the val ley, for ex am ple at
the Niwnica site in the SW part of the G³ubczyce Pla teau
(Sa la mon, 2005), and in the east ern most part of the
Otmuchów- Nysa Hills (Badura & Przy byl ski, 1993, 1997).
At Niwnica, the di rec tion of the ice- sheet ad vance from
NE/ENE is also evi denced by the ori en ta tion of clasts
within till (Sa la mon, 2005).

Bas ing on the above dis cus sion, sev eral stages of gla -
cio mar gi nal zone de vel op ment in the Ot muchów De pres -
sion can be pre sented. Dur ing the first stage, the ice sheet
reached the line of the Otmuchów- Nysa Hills. The end-
 moraine fans started to form at the ice mar gin, and dur ing
long stand still they grew into a large row of hills (Fig. 6A).
The ice front was slightly ac tive, as is evi denced by only
small de for ma tions of gla cio tec tonic na ture (Walc zak,
1968). When the ice- sheet front was stag nat ing at the line of 
the Otmuchów- Nysa Hills, a small lobe ad vanced from the
NE along the lati tu dinal reach of the Nysa K³odzka River
val ley (Fig. 6B), into the area to the south of the hills. Gla -
cio mar gi nal fans de vel oped on its mar gin and pro graded to
the north, in con trast to the Otmuchów- Nysa mo raines.

Gla cio mar gi nal forms, which were de pos ited from dif -
fer ent di rec tions, pro graded into stand ing wa ter. In the case
of the ex am ined de pos its, it was most proba bly a bay of a
ter mi no gla cial lake formed in the ice- dammed val ley of the
Nysa K³odzka River, though fre quent and con sid er able
fluc tua tions of wa ter level sug gest that it could have been
also a small- size, iso lated lake. There fore, it is pos si ble that
in ten sive gla cio mar gi nal depo si tion re sulted in, at least tem -
po rary, cut- off of the bay from the main ter mi no gla cial lake. 
The ac cu mu la tion of de pos its in the lake shore zone was
con firmed by Przy byl ski (1998), who in ves ti gated the
Goœwi nowice site situ ated about 4 km away (Fig. 1). He in -
ter preted the large- scale li tho fa cies of sands with in clined
strati fi ca tion as delta slope fa cies, and the un der ly ing silty-
 sandy de pos its as la cus trine ones. 

The small lobe formed in the Nysa K³odzka River val -
ley was a sec on dary sub- lobe of the con sid era bly larger lobe 
unit, i.e. the Up per Odra lobe, which ad vanced along the de -
pres sion of the Sile sian Low land to wards the Ra cibórz Ba -
sin.

CON CLU SIONS

The mar ginal zone of the ice sheet in the Ot muchów
Depression was formed in a dif fer ent way than it has been
ac cepted so far. In its north ern part, in the area of the
Otmuchów- Nysa Hills, the ice sheet was sta tion ary, but an -
other lobe en tered the val ley of the Nysa K³odzka River
from the NE-E di rec tion, from the Odra River val ley.
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Fig. 6. Model of evo lu tion of the glaciomarginal zone in the
Otmuchów De pres sion. 1 – glaciomarginal fans, 2 – glaciomargi-
nal lake, 3 – outwash plain, 4 – up land. De tailed ex pla na tion in the
text



A small lobe bor dered the east ern part of the Otmuchów-
 Nysa Hills from the south.

A ter mi no gla cial lake was formed at the ice- sheet front
in the dammed val ley. At the north ern mar gin of the lobe,
sedi ments were de pos ited as gla cio mar gi nal fans pro grad -
ing into a nar row bay of the lake. 

Two sedi men tary se ries have been dis tin guished in the
stud ied suc ces sion. The de pos its of the lower se ries rep re -
sent the dis tal zone of ter mi no gla cial fans, pre domi nated by
the low- energy sheet flows. Sedi men ta tion was char ac ter -
ised by fre quent os cil la tions of wa ter level in the lake,
which caused fan trench ing and lat eral mi gra tion of de po si -
tional zones. These phe nom ena are re corded by the ex is -
tence of evi dent ero sional sur faces, which are not typi cal of
the fans domi nated by sheet flows, es pe cially in their dis tal
parts, and by the ver ti cal suc ces sion of al ter nat ing li tho fa -
cies as so cia tions Sh, (Sl), and Src, SFw, (Sr, Sh), typi cal of
dif fer ent parts of the fan dis tal zones. 

The up per se ries rep re sents flows of con sid era bly
higher en ergy. These de pos its were formed in a more proxi -
mal po si tion to the ice- sheet mar gin. To gether with the oc -
cur rence of the low er most silt se ries, the stud ied sedi men -
tary sec tion can be re garded as a typi cal pro gra da tional suc -
ces sion of a gla cio mar gi nal zone.
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Streszczenie

SEDYMENTACJA GLACIMARGINALNA
NA OBSZARZE OBNI¯ENIA

OTMUCHOWSKIEGO (SW POLSKA)
I WYNIKAJ¥CE Z NIEJ IMPLIKACJE

PALEOGEOGRAFICZNE

Tomasz Salamon, Janusz Badura & Bo gus³aw Przybylski

Rozwój strefy glacimarginalnej na obszarze przedgórskiego
odcinka doliny Nysy K³odzkiej, zajmuj¹cego Obni¿enie Otmu-
chowskie (Fig. 1), od dziesiêcioleci stanowi przedmiot dyskusji.
We wszystkich dotychczasowych rozwa¿aniach geomorfolo-
giczno-geologicznych i paleogeograficznych najwiêcej uwagi
poœwiêcano wyraŸnie zaznaczonym w rzeŸbie Wzgórzom Otmu-
chowsko-Nyskim (Figs. 1, 2). W pracy analizie poddano osady
deponowane na po³udniowym obrze¿eniu wzgórz. Badania pro-
wadzono w stanowisku Wójcice, kilka kilometrów na zachód od
Nysy. Szczegó³owa analiza sedymentologiczna osadów umo¿li-

wi³a rekonstrukcjê œrodowisk sedymentacji w rejonie SE obrze-
¿enia Wzgórz Otmuchowsko-Nyskich oraz wnioskowanie na te-
mat paleogeografii strefy glacimarginalnej na obszarze Obni¿enia
Otmuchowskiego.

W ods³oniêciu Wójcice wyró¿niono dwa kompleksy osadów.
Kompleks 1, o mi¹¿szoœci ok. 10–12 m, zbudowany jest g³ównie
z piasków drobnoziarnistych. W jego obrêbie wyró¿niono kilka
tabularnych zespo³ów litofacji o nieznacznie odmiennym wy-
kszta³ceniu: Sh, (Sl); Sh (Sl, Sp); Sh, (Sl, Sm); Sh, Src; Src, SFw,
(Sr) (Figs. 3, 4). W œrodkowej czêœci kompleksu obserwowano
równie¿ bardziej gruboziarnisty zespó³ SGm, Sm (Fig. 3). Cech¹
charakterystyczn¹ kompleksu 1 jest obecnoœæ powierzchni erozyj- 
nych oraz naprzemianleg³e wystêpowanie zespo³ów litofacji o nie- 
znacznie ró¿nym poziomie energetycznym. Kompleks 2 obejmuje 
osady o mi¹¿szoœci ok. 4 m i charakteryzuje siê grubszym uziar-
nieniem (Figs. 3, 5). W dolnej czêœci przewa¿aj¹ œrednio i grubo-
ziarniste piaski lub piaski ¿wirowe (litofacje Sh, St, SGt). Wy¿ej
obserwowano drobnoziarniste ¿wiry i ¿wiry piaszczyste (GSp,
Gm) (Fig. 5a). W kompleksie 2 obserwowano ponadto niewielkie
soczewy diamiktonu z materia³em skandynawskim (Fig. 5b).
Pomiary azymutów upadu warstwowañ przek¹tnych w obu kom-
pleksach wykaza³y paleoprzep³ywy w kierunku NNW–NNE (Fig.
3). Analiza sk³adu petrograficznego ¿wirów wykaza³a du¿y udzia³
kwarcu, a tak¿e ska³ sudeckich oraz bardzo ma³¹ zawartoœæ mate-
ria³u pó³nocnego (Tab. 1). 

Osady kompleksu dolnego deponowane by³y w dystalnej
strefie sto¿ka prograduj¹cego do zbiornika wodnego. Depozycja
odbywa³a siê g³ównie z niskoenergetycznych zalewów warstwo-
wych. Specyficzn¹ cech¹ sedymentacji by³y czêste wahania po-
ziomu wody w zbiorniku powoduj¹ce rozcinanie sto¿ków i obocz- 
ne przemieszczanie siê stref depozycyjnych. Zapisem tego s¹ nie-
typowe dla sto¿ków zdominowanych zalewami warstwowymi
powierzchnie erozyjne oraz powtarzaj¹ce siê w sukcesji pionowej
zespo³y litofacji osadów w³aœciwych dla ró¿nych czêœci dystal-
nych stref sto¿ków. 

Górny kompleks osadów zwi¹zany by³ ze znacznie wy¿ej-
energetycznymi przep³ywami. Osady te by³y deponowane bli¿ej
czo³a l¹dolodu, co wraz z mu³kami podœcielaj¹cymi ca³¹ seriê
osadów piaszczystych wskazuje na transgresywny charakter ca³ej
sukcesji.

Strefa marginalna l¹dolodu na obszarze Obni¿enia Otmu-
chowskiego kszta³towa³a siê w inny sposób ni¿ przyjmowano do
tej pory (Fig. 6). W pó³nocnej jej czêœci l¹dolód stacjonowa³ w re-
jonie Wzgórz Otmuchowsko-Nyskich, natomiast w dolinê Nysy
K³odzkiej wsun¹³ siê z kierunku NE od strony doliny Odry w po-
staci niewielkiego lobu okalaj¹cego wschodni¹ czêœæ Wzgórz
Otmuchowsko-Nyskich od po³udnia. 

U czo³a l¹dolodu w podpartej dolinie powsta³o rozleg³e zas-
toisko. U pó³nocnej krawêdzi lobu osady by³y deponowane w po-
staci glacimarginalnych sto¿ków prograduj¹cych do w¹skiej za-
toki zastoiska, która przypuszczalnie przez pewien okres by³a
odizolowana od g³ównego zbiornika.
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