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The petrographic and min er al og i cal char ac ter is tics of gla cial de pos its from the lo cal i ties in the north ern foot hills of the Hrubý Jeseník
and Rychlebské Mts. have been stud ied. Grain-size, petrographic com po si tion, heavy min er als, clast shape and round ness have been in -
ves ti gated. The data ob tained  have been used to cre ate a prob a bil ity model to dif fer en ti ate the stra tig ra phy of par tic u lar ac cu mu la tions
and for par tial re con struc tion of the ad vance di rec tion of the ice sheet in the area. The main ad vance di rec tion of the ice sheet was pre -
sumed to be from the NW to SE in this re gion. The er ratic ma te rial was prob a bly pre dom i nantly trans ported in the basal ice lay ers ac cord -
ing to the clast shape and round ness. An Elsterian age of the sed i men tary bod ies in ves ti gated  is sug gested by cor re la tion with anal o gous
de pos its in ad ja cent parts of Po land. This model con tra dicts pre vi ous cor re la tions. How ever, fur ther con straints on the strati graphic po si -
tion of these de pos its would re quire the ap pli ca tion of dat ing tech niques.
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INTRODUCTION

The north ern part of Moravia was af fected by con ti nen tal
gla ci ation dur ing the Mid Pleis to cene (e.g. Macoun et al., 1965;
Prosová, 1981; Macoun and Králík, 1995; Nývlt, 1998). In this
pa per we fo cus on the gla ci ated re gion in the north ern foot hills
of the Rychlebské Mts. and the Hrubý Jeseník Mts. This re gion
ex tends from the Rychlebské Mts. and Hrubý Jeseník Mts.,
rang ing into the Žulová Up lands in the W and the Vidnava Low -
land in the E. The study area is geo log i cally very com pli cated.
Pre cam brian to Palaeozoic rocks com prise mainly the
Orlice-Snìžník Unit and the Desná Unit of the Silesian Meta -
mor phic Unit (Žáèek et al., 2004; Pecina et al. in press). The
Žulová Mas sif of Late Car bon if er ous to Early Perm ian age is
formed mainly of gran ite and granodiorite (Zachovalová et al.,
2002; Pecina et al. in press). Ter tiary  de pos its cover the NE part
of the area (Žáèek et al., 2004; Pecina et al. in press).

The for mer pres ence of ice masses has made char ac ter is tic
changes to the lo cal re lief and de pos ited sub stan tial ac cu mu la -
tions of glacigenic and glaciofluvial sed i ments. These de pos its
con tain lo cal as well as far-trav elled ma te rial, which may have

orig i nated ei ther from the Cen tral Eu ro pean Low land in Po land 
and/or Ger many or may be of Bal tic or Fennoscandian or i gin.
The prov e nance of the ma te rial de pos ited by gla cial pro cesses
in the area stud ied has al ready been ana lysed (e.g. Gába, 1974,
2001; Kopeèný and Pek, 1974; Gába and Pek, 1999; Pecina et
al. in press).

Ex posures of gla cial de pos its were cho sen for sed i men -
tary-pet ro log i cal anal y ses in this study. Grain-size, gravel clast
pe trog ra phy, heavy min er als, clast shape and round ness have
been in ves ti gated. The re sults have been used to de fine and
com pare the li thol ogies of par tic u lar ac cu mu la tions and es tab -
lish their stra tig ra phy. These sed i men tary-pet ro log i cal meth ods 
are sen si tive to the na ture of the palaeogeographic re con struc -
tion; e.g. for the par tial re con struc tion of the ad vance di rec tion
of the ice sheet in the area.

FIELD SITES

Sam ples were taken from lo cal i ties at Kolnovice,
Supíkovice, the Vidnava for mer ka olin mine (marked here as



Vidnava), Dolní Èervená Voda, Bernartice and Javorník
(Fig. 1, Ta ble 1).

The ex po sures stud ied at Kolnovice, Supíkovice, Vidnava,
Dolní Èervená Voda and Bernartice lo cal i ties are sit u ated
within proglacial glaciofluvial sed i ments. A com plex pro file of 
subglacial and supraglacial melt-out tills may be seen at the
Javorník lo cal ity (Pecina et al. in press).

Seven sam ples for grain-size anal y sis and three ad di tional
sam ples for petrographic anal y sis were taken at the Kolnovice 
lo cal ity. The par ti cle size coars ens up wards from gravely
sands in the lower part of the ac cu mu la tion to wards sandy
grav els higher up. Seven fur ther sam ples for petrographic
anal y sis were taken at Supíkovice. The os cil la tion be tween
sandy grav els and gravely sands is sim i lar to that at the pre vi -
ous lo cal ity. At Vidnava two sam ples of me dium-grained
sand were taken. The Bernartice lo cal ity was sam pled for two
sam ples at the same depth, but from dif fer ent sec tions; the
par ti cle size of these two sam ples var ies from gravel to sand.
Three sam ples were taken at Dolní Èervená Voda, that shows
a sim i lar coars en ing-up wards trend as at the other lo cal i ties
sam pled. The last lo cal ity sam pled is at Javorník, where two
sam ples of supraglacial melt-out till were taken, both of them
be ing sandy grav els.

METHODS

Sam ples were col lected from cleared sec tions. The rel a tive
depth from the sur face was mea sured by tape. The size of sam -
ples ranged be tween 1 and 6 kg de pend ing on the par ti cle size
dis tri bu tion of the de posit sam pled. The sam ples were dried.

In di vid ual sam ples were dry-sieved us ing coarse wo ven
wire to micromesh sieves and a sieve shaker. The par ti cle size
frac tions ob tained were weighed by a pre cise dig i tal bal ance

with dec i mal ac cu racy, at the Lab o ra tory of Phys i cal ge og ra -
phy and geoecology, Fac ulty of Sci ence, Charles Uni ver sity in
Prague and at the De part ment of Geo log i cal Sci ence, Masaryk
Uni ver sity in Brno. The meth od ol ogy of sam pling and lab o ra -
tory anal y ses fol lows the meth od ol ogy of Gale and Hoare
(1991). The raw data were plot ted on a his to gram and a cu mu -
la tive fre quency dis tri bu tion curve. The cu mu la tive fre quency
curves pro vided val ues for cal cu la tions of sta tis ti cal pa ram e ters 
of par ti cle size fol low ing Folk and Ward (1957) as: Graphic

Mean (Mz), Graphic Stan dard De vi a tion (s), Graphic Skew -
ness (Sk), Graphic Kurtosis (KG), and Me dian (Md). For fur ther
de tails on the meth od ol ogy of par ti cle size anal y ses used in this
study see Folk and Ward (1957) and Gale and Hoare (1991).

For petrographic anal y sis the 8–16 and 16–64 mm frac tions
from the par ti cle size anal y ses were used. Fur ther sam ples of the
coarser units were taken at some lo cal i ties. These sam ples were
sieved in situ and used only for pet ro graph i cal anal y sis, and so
have the pre fix “S” (Ta ble 1). On the ba sis of the ini tial
petrographic anal y ses cat e go ries re flect ing dif fer ent prov e -
nances were de ter mined. The lo cal cat e go ries are: Žulová Gran -
ite, gneiss, quartz ite, phyllite and silicite. Cat e go ries of Sudetes
por phyry, ba salt and sand stone of “near” prov e nance were iden -
ti fied. Granitoids, por phy ries, sand stone and flint re garded as
Nordic in or i gin were also rec og nized, though some flint clasts
may also orig i nate from Me so zoic sed i men tary units in Po land.
Quartz and un de ter mined rocks do not fall into any of the cat e go -
ries noted above (Gába and Wójcik, 1990; Gába and Pek, 1999)
and are marked here as of indetermined prov e nance. Amounts of 
in di vid ual cat e go ries were cal cu lated and con verted into per -
cent ages. The O/K co ef fi cient show ing the pro por tion of sed i -
men tary to crys tal line rocks was cal cu lated. The other pet ro -
graph i cal co ef fi cients (K/W, A/B) com monly used in Po land
were not cal cu lated, be cause lime stones and dolomites have not
been de tected at the lo cal i ties ex am ined. Due to the ab sence of

lime stones and dolomites we were re stricted
to the use of the O/K co ef fi cient for com par i -
son with Pol ish data.

Long (a), in ter me di ate (b) and short (c)
par ti cle axes were mea sured us ing a ver nier
cal li per on se lected petrographic cat e go ries
for par ti cle shape anal y ses. Ter nary di a -
grams, which fol low the Benn and
Ballantyne (1993) mod i fi ca tion of the di a -
gram of Sneed and Folk (1958), were used
for pre sen ta tion of the data and anal y ses of
the par ti cle shapes. Ideal par ti cle shapes are
shown in Fig ure 2. In di vid ual mea sured
val ues were pro jected on to tri an gu lar di a -
grams by us ing the TRI-PLOT spread sheet
method of Gra ham and Midgley (2002).

Sep a ra tion and iden ti fi ca tion of heavy
min er als was car ried out an 200–250 ml
sam ples of ma te rial. These sam ples were
sieved on a 0.5 mm mesh. The <0.5 mm
frac tion was washed to get re move the silt
and clay frac tion and was then dried.
1,1,2,2–tetrabromethan (C2H2Br4) with a
den sity of 2.96 g/cm3 was used for the sep a -
ra tion of the sam ples. Sep a ra tion of heavy
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Fig. 1. Sketch map of the area stud ied with in di vid ual lo cal i ties

1 — Kolnovice, 2 — Supíkovice, 3 — Vidnava, 4 — Dolní Èervená Voda, 5 — Bernartice, 6 —
Javorník; solid line shows max i mum ex tent of con ti nen tal gla ci ation; the dashed line shows the
bound ary be tween Po land and the Czech Re pub lic



min er als was done at lab o ra to ries of Czech Geo log i cal Sur vey
in Prague. Heavy min eral sam ples were stud ied by bin oc u lar
and po lar iza tion mi cro scopes. Semi-quan ti ta tive method was
used to de ter mine the dis tri bu tion of in di vid ual min er als or
min eral groups.

RESULTS

Sam pling at Kolnovice was be tween 4.5 and 15.1 m be low
the sur face. The grain-size char ac ter is tics here vary from very
well sorted me dium-grained sands in the lower part, through
poorly sorted gravely sands in the mid dle part to very poorly
sorted sandy grav els in the up per part. Graphic skew ness is
nearly sym met ri cal in the sam ples; only two gravely sand sam -
ples (3K, 5K) from the mid dle part are coarse-skewed. The
over all graphic kurtosis of the sam ples is rather flat-peaked
(platikurtic) rather than neu tral. All his to grams of sam ples from 
Kolnovice lo cal ity were unimodal. The sta tis ti cal vari ables of
the sam ples stud ied are shown in Ta ble 2.

At the Supíkovice lo cal ity five sam ples were taken in depth
range of 6.4 to 21.1 m. The grain-size char ac ter is tics grade neg -
a tively from mod er ately sorted me dium-grained sands to very
poorly sorted sandy grav els anal o gous to those at Kolnovice.
Graphic skew ness is nearly sym met ri cal, only sam ple 4S is
very coarse-skewed due to the ab sence of fines. Graphic
kurtosis var ies sig nif i cantly be tween slightly platikurtic sam -
ples and very leptokurtic ones with marked peaks due to sig nif -
i cantly better sort ing in the cen tre of the dis tri bu tion. His to -
grams of the sam ples from the Supíkovice lo cal ity are
unimodal, ex cept for the bi modal up per most sam ple 1S.

At the Vidnava lo cal ity two sam ples from depths 1.3 and
8.4 m were taken. The up per sam ple is poorly sorted sandy
gravel that pro duced a nearly sym met ri cal, flat-peaked and
unimodal his to gram. The lower sam ple is a nearly sym met ri cal
mod er ately sorted me dium-grained sand giv ing a mark edly
peaked unimodal his to gram. Two sam ples were taken from the
same depth (1.5 m), but from dif fer ent ex po sures at the
Bernartice lo cal ity. One sam ple is a poorly sorted sandy gravel
with a nearly sym met ri cal, nor mal his to gram with a bi modal dis -
tri bu tion. The other is a very poorly sorted gravely sand, coarse
skewed, flat-peaked with a unimodal dis tri bu tion. Three sam ples 
were taken at depth range of 1.4 to 2.5 m at Dolní Èervená Voda. 
All sam ples are poorly sorted with nor mal and unimodal his to -
grams. Two sam ples from the up per part are gravely sands with
nearly sym met ri cal dis tri bu tions; the low est sandy sam ple is
slightly coarse skewed. Two sam ples from depths of 0.8 and
1.2 m were sam pled at the Javorník lo cal ity. Both sam ples are
sandy grav els with rea son ably flat-peaked and bi modal his to -
grams. The up per sam ple is poorly sorted and nearly sym met ri -
cal, the lower sam ple is very poorly sorted and fine-skewed.

The amounts of in di vid ual petrographic cat e go ries were
cal cu lated and trans ferred into per cent age shares (Ta ble 3). The 
O/K petrographic co ef fi cient is quite low for all the stud ied
sam ples, ly ing be tween 0.12 and 0.40. 

Clasts of Nordic granitoid, Nordic por phyry, Nordic sand -
stone, “near” sand stone, Sudetes por phyry, Žulová Gran ite and 
quartz from pet ro graph i cal anal y sis in the 8–16 mm frac tion
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Fig. 2. Ter nary di a grams used by Sneed and Folk (1958); A — def i ni -
tion of api ces of tri an gu lar di a gram and po si tions of se lected ide al ized
shapes; B — the scal ing of tri an gu lar di a grams

For ex pla na tions see the text

T a  b l e  1

Ta ble of lo cal i ties with al ti tudes, sam ple
names and their depths from

 the un dis turbed sur face

Lo cal ity (al ti tude) Sym bol of
sam ple

Depth
[m]

Kolnovice
 (388 m)

1K   4.5

2K   6.5

3K   7.1

4K   8.0

5K   8.2

6K 14.6

7K 15.1

S1K   5.1

S2K   7.5

S3K   8.2

Supíkovice 
(397 m)

1S   6.4

2S   8.0

3S 15.4

4S 17.5

5S 21.1

S1S 14.6

S2S 16.1

Vidnava 
(278 m)

1V 1.3

2V 8.4

Bernartice
(308 m)

1B 1.5

2B 1.5

Dolní Èervená Voda
(311 m)

1D 1.4

2D 1.8

3D 2.5
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Lo cal ity/sam ple Depth
[m]

MZ 
[f]

Md
 [f]

s
 [f]

Sk KG His to gram Clas si fi ca tion

Kolnovice

1K    4.5 –2.71 –2.60 2.25 –0.03 0.77 unimodal sandy gravel

2K    6.5 –2.15 –2.30 2.13   0.00 0.86 unimodal sandy gravel

3K    7.1 –0.76 –0.48 1.55 –0.29 1.09 unimodal gravely sand

4K    8.0 –1.50 –1.20 2.11 –0.01 1.01 unimodal sandy gravel

5K   8.2 –1.01 –0.73 1.84 –0.22 0.78 unimodal gravely sand

6K 14.6   1.53   1.50 0.31   0.09 0.81 unimodal me dium-grained sand

7K 15.1   1.53   1.53 0.36   0.08 0.97 unimodal me dium-grained sand

Supíkovice

1S    6.4 –2.30 –2.05 2.34 –0.01 0.83 bi modal sandy gravel

2S    8.0 –1.77 –1.80 1.84   0.00 0.94 unimodal sandy gravel

3S 15.4   2.54   2.55 0.67   0.09 1.59 unimodal me dium-grained sand

4S 17.5   1.15   1.28 0.83 –0.38 1.46 unimodal me dium-grained sand

5S 21.1   1.41   1.41 0.58 –0.08 1.24 unimodal me dium-grained sand

Vidnava
1V   1.3 –1.76 –1.81 1.96   0.04 0.82 unimodal sandy gravel

2V   8.4   1.39   1.40 0.76 –0.04 1.16 unimodal me dium-grained sand

Bernartice
1B   1.5 –1.95 –1.90 1.94   0.00 1.06 bi modal sandy gravel

2B   1.5 –1.00 –0.63 2.03 –0.25 0.82 unimodal gravely sand

Dolní Èervená 
Voda

1D   1.4 –0.01   0.10 1.52 –0.10 0.92 unimodal gravely sand

2D   1.8 –0.03   0.20 1.24 –0.03 1.10 unimodal gravely sand

3D   2.5   0.55   0.60 1.33 –0.11 1.10 unimodal sand 

Javorník
1J   0.8 –2.18 –2.00 1.82 –0.01 0.71 bi modal sandy gravel

2J   1.2 –2.04 –2.43 2.41  0.2 0.68 bi modal sandy gravel

T a  b l e  2

Sta tis tic pa ram e ters of grain-size dis tri bu tions of the sam ples us ing the sta tis ti cal in di ces 
of Folk and Ward (1957)

For other ex pla na tions see the text

 
   

 
 

 
 

 
 

    
 

         

          

         

         

         

         
 

         

          

         
 

         

          

         
 

         

T a  b l e  3

Re sults of pet ro log i cal anal y sis; per cent age shares of clasts di vided into lo cal, “near”, 
Nordic and indetermined prov e nances from the lo cal i ties stud ied 

For other ex pla na tions see the text



were taken for shape anal y sis. The lengths of the three mea -
sured axes were put into the TRI-PLOT spread sheet di a gram of 
Gra ham and Midgley (2002); see Fig ure 3. The shape anal y sis
was car ried out for the whole study area col lec tively.

An da lu site, ap a tite, bi o tite, epidote group, Fe sec ond ary
min er als group, gar net group, hornblende group, illmenite,
kyan ite, mag ne tite, py rite, pyroxene group, rutile, sillimanite, ti -
tan ite, tour ma line and zir con were de ter mined in se lected sam -
ples. Per cent age shares of con tents of in di vid ual min er als or
min eral groups were de ter mined by a semi-quan ti ta tive method
and the gar net-hornblende ra tio was cal cu lated (see Ta ble 4).

DISCUSSION

Par ti cle size anal y sis was used as one of the cri te ria to con -
strain the gen e sis of de pos its from the lo cal i ties stud ied. A
unimodal dis tri bu tion with a sym met ri cal to coarse-skewed his -
to gram is typ i cal of glaciofluvial sed i ments while a polymodal
(bi modal is the most com mon) dis tri bu tion with fine-skewed his -
to grams is more typ i cal of tills (see Dreimanis and Vagners,
1971, 1972; Haldorsen, 1981; Rzechowski, 1982).

A bi modal dis tri bu tion is seen on his to grams of both sam -
ples from the Javorník lo cal ity and in the up per -
most sam ples from Supíkovice and Bernartice.
Sam ples from Javorník were taken from
supraglacial melt-out till and were rich in the fine
frac tion, which to gether with pos i tive skew ness
and platikurtic kurtosis is typ i cal of tills
(Rùžièková et al., 2001). The up per most sam ples 
from Supíkovice and Bernartice were prob a bly
de pos ited in a prox i mal glaciofluvial set ting.
Though the sam ples are poorly sorted, the low
con tents of fines are not typ i cal of tills. The up -
per most sam ple from Kolnovice is ex cept for be -
ing unimodal, very sim i lar to the up per most sam -
ples from Supíkovice and Bernartice and was
prob a bly de pos ited in a sim i lar en vi ron ment.

Other sam ples show a unimodal dis tri bu tion
and their partical size char ac ter is tics are typ i cal of
glaciofluvial sed i ments. The di a gram of graphic
mean ver sus graphic stan dard de vi a tion of the
sam ples stud ied com pared with un pub lished data
of Z. Gába from the same study area is given in
Fig ure 4. The mea sured par ti cle size and graphic
mean de vi a tion of sam ples from Javorník lo cal ity
should lie higher in both cases. Our sam ples have
not con tained large clasts, the long axes of which
can ex ceed 1 m at this lo cal ity.

A dif fer ence be tween the ma te rial of lo cal,
near and Nordic prov e nance was rec og nized in
the study area by means of pet ro graph i cal anal y -
ses. The high est amounts of Nordic ma te rial
were at the Javorník and Dolní Èervená Voda
lo cal i ties (>16%). Sam ples from Vidnava,
Supíkovice and Bernartice con tain 5–15% of
Nordic ma te rial. All sam ples from the
Kolnovice lo cal ity are char ac ter ized by less then 
10% of Nordic ma te rial.

In lo cal i ties where more than one sam ple
was taken for pet ro graph i cal anal y sis, an en rich -
ment in Nordic ma te rial up wards has been ob -
served. This phe nom e non was de scribed by
Nývlt and Hoare (2000) from north ern Bo he mia 
and was ex plained as due de po si tion dur ing gla -
cier re treat, when far-trav elled ma te rial co mes
later into the proglacial outwash depositional
sys tem.

Petrographic anal y sis of ma te rial from the
Bernartice and Kolnovice lo cal i ties car ried out
by Gába (1974, 2001) show some 5% more
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Fig. 3. TRI-PLOT di a grams of Nordic granitoid, Žulová Gran ite, Nordic
prophyry, Sudetes por phyry, Nordic sand stone, “near” sand stone 

and quartz clasts in the 8–16 mm frac tion 



Nordic ma te rial in com par i son with our re sults. This en rich -
ment can be ex plained by us ing a finer frac tion and/or by sam -
pling from the up per parts of the sec tions. Pet ro log i cal anal y ses 
in the area stud ied have shown a de crease in the rel a tive amount 
of Nordic ma te rial in a NE–SW di rec tion. This pat tern is con -
sis tent with con clu sions of the di rec tion of the ice sheet ad -
vance and/or gla cier melt wa ter dis charge by Gába (1972) and
Gába and Wójcik (1990) in the study area and is anal o gous
with the con cept of the ice sheet ad vance in the near Pol ish area
dur ing the Elsterian stadials (Czerwonka and Krzyszkowski,
1992, 1994; Krzyszkowski and Ibek, 1996). This may be also
sup ported by the lower val ues of the O/K co ef fi cient, which
cor re spond only with those of the Pietrzykowice Till For ma tion 
of the South Pol ish Gla ci ation (Elsterian) in nearby parts of Po -
land (Czer wonka, 2004), in spite of us ing a coarser frac tion
than is com monly used in Pol ish stud ies. The youn ger gla cial
de pos its of Po land con tain a higher amount of sed i men tary
rocks as a re sult of higher in put of that ma te rial into the sys tem.
Al ter na tively they have not been af fected by weath er ing pro -
cesses for long enough to re move sed i men tary clasts from the
frac tions stud ied.
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Lo cal ity Semi-quan ti ta tive per cent ages [%] ednelbnro
H/te nra

G

ednelbnro
H

eti su la dn
A

eti t ap
A

eti t oi
B

.ni
m .ces e

F

ste nra
G

etine
mllI

et inay
K

eti te nga
M

eti ry
P

sen exo ry
P

elitu
R

etina
milli

S

setodip
E

etiloruat
S

et ina ti
T

eni la
 mruo

T

no cri
Z

Sam ple Depth 
[m]

Kolnovice

1K 4.5 18 0 3 2 26 7 10 1 2 0.5 9 2 0.5 3 9 1 1 5 0.40

3K 7.1 19 0 3 2 21 6 7 4 1 0 10 1 2 1 9 2 2 10 0.30

5K 8.2 21 0 0.5 2 25 6 6 0 1 2 21 0.5 2 2 4 2 1 4 0.30

6K 14.6 24 0 2 3 27 3 8 0.5 1 0.5 20 1 2 2 1 2 2 1 0.10

7K 15.1 15 2 0.5 2 28 7 8 4 2 1 8 2 0 2 4 0.5 5 9 0.45

Supíkovice

3S 15.4 13 0 2 4 19 6 13 5 1 0 5 2 3 2 6 1 6 12 0.45

4S 17.5 14 0 0 1 28 9 9 2 0.5 1 8 0 3 4 8 1 0.5 11 0.65

5S 21.1 12 0 1 1 25 9 16 5 0.5 0 4 1 2 3 5 0.5 3 12 0.75

Vidnava

1V 1.3 21 0 4 0.5 24 12 8 0 1 1 9 1 1 3 7 0 0.5 7 0.55

Bernartice

2B 1.5 19 0 3 0.5 25 9 10 3 1 0.5 10 1 1 2 8 0 2 5 0.45

Dolní Èervená Voda

1D 1.4 13 0.5 3 2 29 7 10 4 2 0.5 7 2 3 2 6 0 2 7 0.55

3D 2.5 13 0 3 2 27 9 10 4 2 1 7 2 3 2 5 0 1 9 0.70

Javorník

2J 1.2 18 0 4 1 27 7 7 3 1 0.5 10 1 0.5 2 7 0 4 7 0.40

T a  b l e  4

Per cent age con tent of heavy min er als and gar net-hornblende ra tios for se lected sam ples from the lo cal i ties stud ied 

Fig. 4. The di a gram of graphic mean (MZ) to graphic stan dard

 de vi a tion (d) ra tio of the sam ples stud ied



Shape anal y sis was car ried out on se lected cat e go ries from
the ma te rial used for petrographic anal y sis. Sim i lar cat e go ries
with dif fer ent or i gins were cho sen for com par i son. The cou ples:
Nordic granitoid — Žulová Gran ite, Nordic por phyry —
Sudetes por phyry, Nordic sand stone — “near” sand stone and
cat e gory of quartz were mea sured. It is pos si ble to place
TRI-PLOT di a grams of se lected cat e go ries in the se quence:
Nordic por phyry, Nordic granitoid, Sudetes por phyry and
Žulová Gran ite, with in creas ing area scat ter. The se quence fol -
lows the rule that the lon ger the trans port dis tance, the more
spher i cal-shaped the trans ported ma te rial and the smaller the
scat ter (see Benn and Ballantyne, 1993, 1994; Huddart, 1994).
Di a grams of Nordic and “near” sand stones are very sim i lar and
they could not be dif fer en ti ated us ing their shapes. The lower
pos si bil ity of com par ing Nordic sand stones to “near” sand stones 
may be due to the sim i lar litho logies of these sand stones.

Di a grams of Nordic granitoid, Nordic and Sudetes por phy -
ries and quartz show a slight clus ter ing to the right side of the
di a gram field. This clus ter ing is caused by the short en ing of the 
b-axis. Such b-axis short en ing is usu ally caused by ac tive
subglacial trans port of gla cial ma te rial (Benn and Ballantyne,
1993, 1994; Bennett et al., 1997). 

A typ i cal as so ci a tion of clearly gla cially-derived heavy
min er als has been de ter mined in se lected sam ples, with gar -
nets, epidote group min er als and hornblendes con sid ered as be -
ing “typ i cal Nordic heavy min er als” (Choma–Moryl et al.,
1991; Otava et al., 1991; Czerwonka and Krzyszkowski, 1992;
De Jong, 1993; Krzyszkowski and Ibek, 1996; Skupin and
Speetzen, 1998).

A pyroxene-bear ing ho ri zon was found in the mid dle part
of the sec tion sam pled at Kolnovice. This ho ri zon is very sim i -
lar to the Oleœnice Pyroxene For ma tion, which was de scribed
near Wroc³aw by Czerwonka and Krzyszkowski (1992). The
Oleœnice Pyroxene For ma tion was prob a bly de pos ited dur ing
the Elsterian interstadial. The higher amounts of pyroxene and
hornblende in the mid dle part of the Kolnovice sec tion is ex -
cep tional within the sam ples stud ied. It is pos si ble to cat e go rize 
lo cal i ties into those en riched in Nordic heavy min er als (gar -
net-hornblende-epidote) group (Vidnava and Bernartice lo cal i -
ties) and those im pov er ished in them (Supíkovice and Dolní
Èervená Voda lo cal i ties), with the Kolnovice and Javorník lo -
cal i ties show ing an in ter me di ate amount of Nordic heavy min -
er als. Czerwonka and Krzyszkowski (1992) also de scribed a
slight dif fer ence in the gar net-hornblende ra tio be tween the
Pietrzykowice till of an older Elsterian stadial and the
Wierzbno till from a youn ger Elsterian stadial. The sam ples
from Supíkovice and Dolní Èervená Voda lo cal i ties have the
high est gar net-hornblende ra tios; sam ples from the Kolnovice
lo cal ity have by con trast the low est gar net-hornblende ra tio.
How ever, con sid er ing that dif fer ences in the gar net-
 hornblende ra tio of all the sam ples stud ied are slight, it is not
pos si ble to make a dis tinc tion be tween these de pos its on the ba -
sis of the gar net-hornblende ra tio.   

CONCLUSIONS

The pres ence of typ i cal sed i men tary struc tures (though not
dis cussed in this pa per) and par ti cle size char ac ter is tics in the
study area in di cate the pres ences of gla cial deposits. Those of
the Kolnovice, Supíkovice, Dolní Èervená Voda, Bernartice
and Vidnava lo cal i ties have ac cu mu lated as glaciofluvial sed i -
ments, while the material from the Javornik lo cal ity formed as
subglacial melt-out till.

On the ba sis of pet ro graph i c anal y sis it is pos si ble to ob -
serve a de crease in the rel a tive amount of Nordic ma te rial in a
NW–SE di rec tion. This di rec tion is con sid ered as be ing the
main course of gla cial move ment and melt-wa ter run off dur ing
the Elsterian. A greater content of Nordic ma te rial strati -
graphically up wards is a fea ture of sed i men ta tion dur ing the re -
treat stage of this gla ci ation. Shape anal y sis of ig ne ous rocks
in di cates an in crease of round ness with the greater trans port
and suggests mostly subglacial trans port of the ma te rial. 

A pyroxene-bear ing ho ri zon was found at the Kolnovice lo -
cal ity. This en rich ment in pyroxene and hornblende may cor re -
late with the Oleœnice Pyroxene For ma tion in Po land, which is
of the flu vial or i gin and was de pos ited dur ing Elsterian
interstadial. Gar net-hornblende ra tios and the low O/K co ef fi -
cients from up per and lower sam ples from the Kolnovice lo cal -
ity co in cide with those from tills (Pietrzykowice and
Wierzbno) from the ad ja cent Pol ish area from older and youn -
ger Elsterian stadials re spec tively. Nev er the less all mea sured
ra tios are very sim i lar and it is not pos si ble to use them as the 
sole dis tin guish ing method. 

Our study mod i fies the interpretion of the Mid Pleis to cene
gla ci ation in the area stud ied. Ice sheet masses en tered the study
area prob a bly dur ing both Elsterian stadials. Most of the ma te rial 
was de pos ited dur ing the re treat stages of both glaciations. The
ma te rial was ac tively trans ported in the subglacial zone at least
for some part of the trans port path. The fi nal strati graphic cor re -
la tion of the gla cial de pos its of the study area needs fur ther sed i -
men tary-pet ro log i cal, strati graphic and dat ing stud ies. The in -
crease in Nordic ma te rial to the NW and stratigraphically up -
wards sup ports the hy poth e sis of gla cier ad vance from the NW
to the area of study and the prev a lence of proglacial sed i men ta -
tion dur ing the re treat phases of each gla ci ation. Sed i men -
tary-pet ro log i cal data could serve for cor re la tion of gla cial de -
pos its in the bor der zone of the Czech Re pub lic and Po land.
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