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Abstract: The paper deals with the lithology of Quaternary sediments that fill the Tenczynek Basin, Krakéw
Upland. The basin was eroded within Carboniferous strata before or during the Elsterian. The basin fill can be
subdivided into three complexes, the middle one of which records a nearly complete glacial cycle, represented by
glacier advance and standstill during the Elsterian-2 (Sanian-2) glacial stage. Sediments of the lower complex
were deposited before or during that stage. Following this deposition, a terminoglacial lake was formed and
became gradually filled with glaciolacustrine clays and silts that bear a few intercalations of diamictons, some of
them shed by slumps. These sediments compose the middle, strongly disturbed complex which, in turn, is
unconformably overlain by periglacial sands of the upper complex, deposited during a time-span comprised
between the Sanian and Weichselian. The petrographic composition of gravels and cobbles, determined for a wide
spectrum of grain-size classes, is highly variable due to differentiated exaration and the changeable supply of

extraglacial material.

Abstrakt: Artykut omawia litologie osadéw czwartorzedowych wypetniajgcych Kotling Tenczynka na zachéd od
Krakowa. Kotlina zostata wyerodowana w skatach karbonu przed lub w trakcie zlodowacenia Sanu-2. Piaski i
zwiry dolnego kompleksu osadowego powstaty przed zlodowaceniem i w wyniku zatamowania odptywu przez
ladol6d. Nastepnie doszto do utworzenia jeziora terminoglacjalnego i sedymentacji osadéw glacilimnicznych, z
wktadkami diamiktytéw o bardzo zmiennym uziamieniu. Osady te, budujace kompleks srodkowy, sg silnie zabu-
rzone i przykryte niezgodnie przez peryglacjalne piaski pokrywowe kompleksu gérnego, osadzone po zlodowa-
ceniu Sanu. Skiad petrograficzny zwiréw i gtazikéw w osadach glacjalnych, analizowany dla réznych przedziatéw
frakcyjnych, jest bardzo zmienny z uwagi na zréznicowanie lokalnej egzaracji i zmiany w dostawie materiatu

ekstraglacjalnego.
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INTRODUCTION

The paper deals with glacial sediments of Sanian-2 (El-
sterian-2) age that crop out in the Tenczynek Basin, Krakow
Upland, some 25 km west of Krakéw (Figs. 1, 2). These
sediments are composed of highly variable series of silts,
clays and diamictons, rarely sands and gravels. They are un-
derlain mostly by Carboniferous rocks and overlain by
periglacial sands. The Tenczynek Basin provides a rare op-
portunity in Southern Poland to study a nearly complete
sedimentary record of the advance and standstill of the

Sanian-2 icesheet, the most extensive from among Pleisto-
cene icesheets in Poland and the only one which encroached
upon this area. This glacial stage is usually correlated with
the Elsterian-2 stage of the West European stratigraphic
scheme (cf. Lindner, 1991; Lindner et al., 1998).

Sediments of the Sanian-2 stage in Southern Poland are
preserved only locally due to strong denudation during the
subsequent glacial-interglacial stages. Therefore, the Ten-
czynek Basin, with a nearly 50 m-thick Quaternary infill,


mailto:bluszcz@zeus.polsl.gliwice.pl
mailto:helios@geol.agh.edu.pl

248

Fig. 1.
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has been chosen as a study area. The only one extensive ex-
posure of glacial sediments and overlying periglacial sands
in this area is situated on top of an active quarry of Permian
diabases at Niedzwiedzia Gora (cf. Figs. 1-4) where Quater-
nary deposits, a dozen or so metres thick, are accessible in a
250-m-long, southern exploitation wall. It is the most exten-
sive exposure of glacial sediments in Southern Poland
which has notyet been described, except preliminary contri-
butions by Rutkowski et al. (1993, 1994). From the nearby
area, SE of Brodla in the Rybna Depression, tills overlain by
aeolian sands have been reported by Dzutynski (1956).

MATERIAL AND METHODS

During field studies individual exposures have been
logged (cf. Figs. 4-10) and detailed geological mapping of
the Tenczynek Basin margins near Liguniowa Goéra, Ten-
czynek, and east of NiedZzwiedzia Gora has been made (cf.
Figs. 2, 3), supplementing the existing 1:50,000 geological

Tenczynek Basin versus topography of Krzeszowice region, west of Krakéw, southern part of the Krakéw Upland: A -
geological sketch, insert cartoon shows the maximum extent of Odranian (Drenthe; O) and Sanian (Elsterian; S) glaciations; location of
NiedZzwiedzia Géra quarry shown by asterisk; B - topographic sketch (hatchure denotes glaciolacustrine sediments)
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maps of that area (Plonczynski & Lopusiriski, 1992).

Geological setting of glacial sediments has been de-
scribed on the basis of an analysis of well-log data pertainig
to coal and diabase prospection. More than 100 logs ofwells
and excavation pits have been used, half of them drilled af-
ter the World War Il, up to the 1960s. The number of wells
changes from 1-2 per sq. km in the NE part of the Basin,
through 5-6 per sq. km in the remaining part, to 35 per sq.
km in the quarry itself. These wells served as a basis for con-
struction of a detailed map of the sub-Quatemary topogra-
phy (cf. Fig. 2) and geological cross-sections (cf. Fig. 3).

Seismic refraction and reflection profiles have been
shot by Slusarczyk (1997) to determine the boundary be-
tween Quaternary and underlying sediments. Seven profiles
have been analysed by the use of 24-channel Terraloc Mk6,
the results being computed on the base of Seiatrix3 or Sex-
tette systems. A comparison between geological cross sec-
tions and geophysical profiles makes the unequivocal deter-
mination of geological boundaries impossible. These diffi-
culties result from great variability in grain-size of Quater-
nary sediments, very limited knowledge on the velocity of
propagation of elastic waves within these deposits, and from
too small differences in velocity ranges between Carbonifer-
ous and Quaternary strata.

Laboratory studies consisted of grain-size analyses of
silts, clays, diamictions and sand-gravelly sediments (cf.
Fig. 11), performed on sieves for gravel and sand fractions.
In the course of the analysis samples were successively re-
duced in size by the quartering method. For silt-clayey frac-
tions, smaller than 0.1 mm, the grain-size has been deter-
mined using the Sartorius sedimentation weight. The results
obtained by different techniques have then been combined
to show the full spectrum of grain-size distribution of
diamictons (cf. Fig. 11), and not only that of smaller frac-
tions, as it is customary in the Polish literature. From se-
lected samples of silts, clays and diamictons, the fraction
<0.002 mm has been separated and analysed by X-ray dif-
fractometry in respectto its qualitative mineral composition.
X-ray diagrams for clay fraction (<0.002 mm) separated
from 4 samples have been obtained by the X-ray diffrac-
tometer DRON 3.0. Qualitative analysis consisted in the
study of diffractograms registered for samples oriented due
to sedimentation from suspension of <0.002 mm fraction,
air-dried and saturated with ethylene glycol.

Particular attention has been paid to gravels and cobbles
(cf Fig. 12), separated from diamictons and other sedi-
ments. Their petrographic composition has been determined
for several fractions larger than 2 mm, using phi scale. The
results are presented in per cent ofthe number of clasts, tak-
ing each grain-size class as 100%. From each class 300
clasts have been analysed, except those ofthe largest diame-
ters (Rutkowski, 1977, 1995). Due to insignificant amount
of gravel-size clasts within some diamicton samples, the fol-
lowing separation technique has been applied. Clasts larger
than 32 mm in diameter have been picked up in the field,
whereas the remaining material has been brought to the
laboratory, then air-dried and sieved to separate 4-32 mm
clasts. The smaller-size material has been wet-sieved. Tak-
ing into account the small proportion of coarse-grained ma-
terial, large, several hundred kilogram each, samples had to

be collected. For instance, to obtain a sufficient number of
<32 mm clasts from sample 3P, ca. 250 kg of diamicton
must have been sieved. For fractions <2 mm, the amount of
CaCC>3 has been determined by the volumetric method (cf.
Figs. 8-9).

Thermoluminescence dating was performed by one of
us (A. Bluszcz) at the Gliwice Technical University on 4
samples of silts and sands, collected from the eastern part of
the NiedZzwiedzia Gora exposure (cf Figs. 7, 9). Each time
quartz grains 0f 90-150 jam fraction have been analysed.

GEOLOGICAL SETTING
OF TENCZYNEK BASIN AND ITS
SURROUNDINGS

The Tenczynek Basin represents a depression situated
south of Krzeszowice (Figs. 1, 2), within the Tenczynek
Range horst (Dzutynski, 1953; Gilewska, 1972). The basin
is filled with Quaternary sediments and its top occurs at
310-290 m a.s.l. in the south and the west, sloping to some
270-290 m a.s.l. in the north. The Tenczynek Basin is
drained mainly to the north by tributaries of the Rudawa
River, flowing through and east of Tenczynek, subordina-
tely towards the Sanka River in the SE part and the Rudno
River valley in the SW part.

The topography and geological setting of the Tenczy-
nek Basin and its surroundings are shown in Figs. 1and 2,
and described in detail by Dzutynski (1953), Doktorowicz-
Hrebnicki (1954), and Plonczynski and topusifnski (1992).

The well-log data show that the base ofthe basin isrela-
tively flat, being placed at 230-240 m a.s.l., and sloping to
some 220 m a.s.l. in the SE part only (Figs. 2, 3). Judging
from the pre-Quatemary topography (Fig. 2), the basin was
initially drained south-eastwards, toward the present Sanka
River valley and, possibly, also south-westwards, to the val-
ley of Rudno.

The central part of the basin reveals a minor uplift
(256.7 m a.s.l.), accompanied by a small depression (224.5
m a.s.l.). The lack of wells within zones of other possible
outflows and inflows from and to the basin (cf. Fig. 2) does
not enable us to comment on Dzutynski’s et al. (1966) re-
construction of the Pliocene valley pattern in the area.

QUATERNARY SEDIMENTS
OF TENCZYNEK BASIN

The description of Quaternary sediments ofthe Tenczy-
nek Basin consists of two parts. The first one includes an
analysis of well logs whieh are the only source of informa-
tion pertaining to the basin substratum. The second part
summarizes characteristics ofthe exposed surficial deposits.

The Quaternary basin fill can be subdivided into three
complexes (Figs. 3-5). The lower complex is composed of
gravels and sands bearing infrequent intercalations of
diamictons. These sediments are either of fluvial (pre-Elste-
rian) or glaciofluvial (Elsterian) origin. The middle, glacio-
lacustrine and glacial Sanian (Elsterian) complex comprises
clays, silts and diamictons, whereas the upper complex is
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composed of periglacial, mostly fluvial, sands with some in-
tercalations of gravels and angular debris.

LOWER COMPLEX

The lower complex, up to 19 m thick (Fig. 3), makes up
the lowermost part of the Tenczynek Basin fill. Its top rarely
exceeds 245-250 m a.s.l. It is composed chiefly of sands,
rarely gravels, bearing subordinate thin layers of diamictons
and clays. According to well-log data, these gravels com-
prise exclusively local material, dominated by quartz, lime-
stones, flints, diabases and infrequent melaphyres. The only
one surficial exposure of this complex occurs in the eastern
part of NiedZzwiedzia Gora quarry (Fig. 4, site 12). In a nar-
row, steep-sided furrow cut into Permian diabases (Fig. 2)
there crop out silts overlain by strongly silty and rusty sands
and sands with gravels. The topmost part of the series is
capped by varved clays, belonging to the middle complex.

Petrographic composition of gravels ofthis complex (cf.
Fig. 12, sample 14) is represented in the outcrop by exclu-
sively local material. These are Oxfordian and - rarely -

UPPER PERMIAN
JURASSIC (MELAPHYRE)
MIDDLE PERMIAN
JURASSIC (DIABASE)
TRIASSIC CARBONIFEROUS

Topography of the base of Quaternary sediments in the Tenczynek Basin

Callovian limestones, Callovian sandstones and quartz gran-
ules, being accompanied by strongly weathered clasts of di-
abases.

From the genetic point of view, the lower complex may
represent fluvial and/or glaciofluvial sediments that could
have been deposited between the late Pliocene and Elsterian
ages.

MIDDLE COMPLEX

The middle complex is composed of clays, silts, and
diamictons, with rare intercalations of sands and gravels.
The interpretation of wells drilled in the study area during
the last century is relatively difficult, since the well-log
charts are far from detail. It is for this reason why glacio-
lacustrine and glacial sediments drilled by boreholes are
treated here together; another group is represented by sands
and gravels that form interlayers within the former unit.

The thickness of sediments ranges from a few to ca. 50
m, averaging at 40 m. Their top is situated at 310-320 m
a.s.l. in marginal parts of the basin and 290 m a.s.l. in its
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Fig. 3. Geological cross-sections through Quaternary infill ofthe Tenczynek Basin. Dense hatchure in the middle complex unit denotes

lenses of sand and gravel

central, partly eroded part (Figs. 3, 5).

Outcrops within the excavation pit at NiedZzwiedzia
Géra enable us to identify the following sedimentary units
within the middle complex: varved clays, silts, diamictons,
as well as sands and gravels, the lithology of which will be
presented below. The most extensive are silts (Fig. 5);

diamictons have smaller extent. Varved clays occur at the
base of the complex, whereas sands and gravels occur spo-
radically throughout the complex.

Varved clays
Varved clays play a minor role within the middle com-
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Fig. 4. Location of analysed logs of Quaternary sediments in
the Niedzwiedzia Goéra pit

plex, occurring in the eastern and western parts of the exca-
vation pit, at its bottom (Figs. 6, 7). Their thickness ranges
from 20 cm to 50 cm. The varved clays are composed of al-
ternating light and dark laminae, each pair being a few mil-
limetres thick. Light-grey laminae comprise silts with some
admixture (ca. 10%; cf Fig. 11, sample Ib) of clay, whereas
dark-grey laminae, 2 mm thick, include up to 62% of clay.
The CaCC>3 content is 5.0-9.8% and 3.0-6.5%, respec-
tively.

X-ray studies performed for fractions <0.002 mm, sepa-
rated from dark laminae, indicate predominance of finely
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dispersive smectite with a subordinate amount of illite and
kaolinite. Quartz and traces of calcite occur as well.

Silts

The major part of glaciolacustrine sediments at Nie-
dZzwiedzia Goéra is composed of dark-grey silts, occurring
principally in the central part of the excavation pit (Fig. 5).
These are usually bluish and bluish-grey, massive, more
rarely laminated silts that contain infrequent dropstones and
rare lenses of gravels (up to 10-15% of gravel fraction; cf.
Figs. 10, 11, sample 15). The grain-size composition of
glaciolacustrine silts (cf. Fig. 11, sample 6) is dominated by
silts with a dozen or so per cent of sand, and a comparable
amount of clay. The mean grain diameter Mz is 5.64—7.09
phi, i.e. 0.01- 0.02 mm.

The CaCO03 content within unweathered silts ranges
from 7.0% to 13.4% (Figs. 7, 8). The topmost part of weath-
ered silts is greenish to yellow-grey and completely decalci-
fied. The silts contain sometimes thin intercalations ofclays,
whose grain-size composition (sample 5: 78% of clay) does
not differ much from that of dark laminae of varved clays
(Fig. 11). X-ray studies show predominance ofsmectite, ac-
companied by a dozen or so per cent of illite. Kaolinite,
quartz, as well as calcite and goethite admixtures have also
been found.

Palynological determinations revealed a very poor as-
semblage of pollen, composed of some redeposited Tertiary
taxa within varved clays and infrequent pollen of Quater-
nary conifers within silts, pointing to a cold climate. Mi-
cropalaeontological determinations, in turn, showed very
poor redeposited microfauna, composed mostly of Creta-
ceous and Miocene foraminifers, Inoceramus prisms and
sponge spicules.

Diamictons
Diamictons are the second important component of gla-

100 m
SAND AND VARVED
GRAVELS CLAYS

RECENT ANALYSED
CcoLLUvV1iUM © LOGS

Section along the southern exploitation wall of the NiedZzwiedzia Gdéra quarry. Quaternary complexes: LC - lower, MC -
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cial sediments exposed at NiedZwiedzia Géra. They cluster
mainly in the eastern part of the exposure (Figs. 4, 5, 7, 8)
where their thickness attains 7 m; they also occur in the cen-
tral and western parts (Figs. 4-6), although showing a much
smaller thickness.

These are mostly massive and matrix-supported sedi-
ments, sometimes with evidence of resedimentation; clast-
supported or indistinctly stratified diamictons occur subor-
dinate® {cf Figs. 6- 8, and lithofacies description given in
the subsequent paragraph).

Grain-size analyses (Fig. 11) indicate that the main
component ofdiamictons are silts with admixtures of sands,
gravels and clays in variable proportions. The diamictons
contain 40-60% ofgrains <0.1 mm, including from a few to
28% of clays (<0.002 mm), 5-20% of sands, a few to 20%
of gravels, and 0-9% of clasts larger than 64 mm. The larg-
est clasts are a few tens of centimetres in diameter and can
be found only sporadically at the foot of the excavation
wall. Their percentage within the diamictons is insignifi-
cant. The mean grain diameter Mz is 1.32-6.16 phi (0.27-
0.01 mm), exceptionally attaining 0.44 phi (0.74 mm). Ex-
trapolating the grain-size cumulative curve by 2 phi within
small fractions, one can obtain the sorting index pi of 3.40-
6.07 phi, pointing to very poor and extremely poor sorting
measures.

Mineralogical studies performed on clays separated
from diamictons (samples 3 and 8) show a composition
similar to that observed within clay intercalations within
silts. The CaCC=3 content within fractions <2 mm changes
from 7.5% to 15.8% {cf. Figs. 7, 8, 10).

Special attention has been paid to the petrographic com-
position of clasts within the diamictons {cf. Fig. 12, samples
2, 3, 7,9, 18). They represent: local material, derived from
the underlying substratum and nearby hills, material derived
from the South and Central Poland, as well as rocks of Scan-
dinavian and the Baltic Sea bottom provenance. The local
material is composed principally of white or white-greyish
Oxfordian limestones, whose clasts are usually angular,
pointing to a very short transport. Some of Jurassic lime-
stones, however, could have been transported from more
distant areas situated in the Krakéw Upland. This type of
material occurs throughout all grain-size classes, from
<Imm to 256 mm, its proportion changing depending on
grain-size class and sample, from ca. 1% to >95%. The
highest amount of Jurassic limestones has been encountered
within diamictons exposed in the eastern part of the pit {cf.
Fig. 12, samples 3, 7, 9). Another local component is repre-
sented by coarse-grained sandstones with gravels, derived
from the Middle Jurassic rocks that crop out in the northern
part of the quarry, as well as by yellowish-brown, limoni-
tised sandy limestones bearing abundant faunistic remains
(Callovian). Jurassic limestones are accompanied by cherts
and flints. These rocks are relatively rare within nearby
limestone exposures, but ubiquitous in regoliths of Tertiary
(Palaeogene and Pliocene) age (Rutkowski, 1987). Such re-
goliths occur in the study area east of NiedZwiedzia Gora
{cf. Fig. 12, sample 21; see also Fig. 2).

Cherts are usually dark-brown and grey, sometimes yel-
low. More rarely, nearly black flints of irregular shape, cov-
ered by white weathering coatings, can be found. Cherts are

Table 1

Lithofacies codes used in log description
(based on Miall, 1977 and Eyles et al., 1983)

Code Description
Diamictons
Dmm matrix-supported, masive
matrix-supported, massive, with evidence of
Dmm(r) - -
resedimentation
Dms matrix-supported, stratified diamict;
stratification more than 10% of unit thickness
matrix-supported, graded, exhibits variable
Dmg . A .
vertical grading in either matrix or clast content
Dmg(s) matrix-supported, graded, sheared
Dcm clast-supported, masive
clast-supported, massive, with evidence of
Dem(r) . PP :
resedimentation
Dcs clast-supported, stratified
clast-supported, stratified, with evidence of
Dcs(r) . .
resedimentation
Gravels
Gp stratified gravel
Sands
Sm massive
Sr rippled
St trough cross stratification
Sh horizontal lamination
Se erosional scours with intraclasts, crude cross
bedding
Sd soft-sediment deformation
Silts
Fm massive
Fl laminated
Fd with dropstones
Fr rootlet traces, seat earth

usually angular, rarely well rounded. Their content changes
from 0 to ca. 10%. Strongly silicified rocks of uncertain
provenance, either Polish Carboniferous or Scandinavian
Palaeozoic, can also be encountered. The diamictons con-
tain at places white, light and porous siliceous marls
(opokas) of Upper Cretaceous (Senonian) age.

Another important local component are Permian diaba-
ses. Their clasts within the diamictons immediately overly-
ing varved clays (Fig. 9; see also Fig. 12, sample 2) are usu-
ally angular, strongly weathered and grey to brown-yello-
wish. Their content within grain-size class up to 128 mm at-
tains even 100%. Diabase clasts have also been found in the
diamictons exposed in the western part ofthe pit {cf. Fig. 12,
sample 18).
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vidual samples changes from 0to >35%. These

LOG. 1 SW PART
A B c D rocks occur in some samples only, being most
frequent within diamictons exposed in the
Sm western part of the pit (cf. Fig. 12, sample 18),
Se as well as in glaciofluvial gravels (sample 15).
upper Crystalline rocks of Scandinavian provenance
Sm complex are present in all grain-size classes. The largest
erratic blocks, usually granitoids, are infre-
quent and attain a few tens ofcentimetres in di-
ameter.
An important component of the sediments
Fm 557 in question are also grey or blue-grey, some-
times marly limestones that bear abundant re-
mains of brachiopods, bivalves, crinoids and,
Ft rarely, trilobites, derived from Ordovician and
Fd Silurian strata of the south-eastern Scandina-
via. Their occurrence is restricted to glacial
Dmm (r) diamictons wherein their content attains some
25%.
Fi/Fa  caidflex Glacial diamictons contain as well hard,
o compact limestones of unknown age. They
v could represent either more compact varieties
Dms o1 n of Jurassic limestones or Lower Carboniferous
1 limestones that crop out near Czatkowice.
Dms/Dmm | » In exceptional cases, the diamictons con-
Dcs ¢ tain fragmented shells of oysters, several
Dms R s milimetres thick, pitted sometimes by Cliona-
produced burrows, 1 mm in diameter. These
EICS " MAX v shells have been derived from marine Miocene
8o strata. There also occur fragments of white cal-
sh s cirudites and medium- to coarse-grained cal-
® careous sandstones of similar provenance. In
s 150 Ka s addition, dark-grey, nearly black, hard and
_ wand compact chunks of lignite derived from fresh-
s intercalations water Miocene sediments, have also been
found.
ooooa gavel | . diamic” il ‘ ' Erom the petr(.Jgraphic POir,]t F)fv?ew, t'he
- >« tons MINY diamictons occurring at NiedZwiedzia Gora

Fig. 6.

determinations. For location see Figs. 4 and 5

Quartz grains could have been derived either from
Scandinavia, Northern Poland or local rocks. In the last
case, their source are Callovian sandstones (Fig. 4, site 14;
cf. Fig. 12, sample 19), containing 70-85% of quartz, or re-
goliths of Upper Carboniferous sandstones exposed west of
Tenczynek (Fig. 12, sample 20), and comprising 71-96% of
quartz.

The Scandinavian material is represented first of all by
crystalline rocks. These are pink and grey granitoids, rarely
pink porphyres and gneisses. Pink Jotnian quartzites occur
sporadically. The proportion of Scandinavian rocks in indi-

Sedimentological log of Quaternary sediments exposed in the south-
western part of the quarry (log 1): A - processes and structures, B - lithological
log, C - sampling sites, maximum clast fraction, palaeotransport directions, D -
lithofacies codes; symbols: 1 - depositional contact, 2 - erosional contact, 3 -
distinct hiatus, 4 - ripplemarks, 5 - gravity flow, 6 - rootlets, 7- shear plane, 8 -
slip plane, 9 - fault plane, 10- local depression, 11 - deformational horizon with
vertical extent of 0.1 m, 12 - increase of CaC03 content, 13- ice-rafted debris, 14
- maximum clast diameter in millimetres, 15 - sampling points, 16 - TL age

can be subdivided into two groups. The first
crops out in the eastern part of the exposure,
where the diamictons contain mainly Jurassic
limestones (Fig. 12, samples 3, 7, 9), and
whose petrographic composition does not
change from one grain-size class to another.
The other components, like crystalline rocks
and limestones of Scandinavian provenance, as
well as sandstones, quartzites and cherts make
up 30%, exceptionally to 40% of all clasts. Ju-
rassic limestones are abundant both in gravelly
and more clayey varieties of diamictons.

The second group, occurring in the western part of the
exposure (Fig. 12, sample 18), comprises mostly Scandina-
vian material (crystalline rocks and Lower Palaeozoic lime-
stones), with aminor admixture, up to few percent, of Juras-
sic limestones. There also occur clasts of diabases, whose
ratio increases from a few per cent within small-size grains
to a dozen or so per cent in coarse-grained sediment. Quartz
shows the opposite tendency.

Another character display two samples of diamictons
collected in the eastern part of the pit. The material immedi-
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Fig. 7. Sedimentological log of Quaternary middle complex
sediments exposed in the eastern part of the quarry (log 9-10); E -
CaCO03 content in per cent. For location see Figs. 4 and 5; other
explanations in Fig. 6 and Table 1

ately overlying varved clays (Figs. 7, 12, sample 2) contains
nearly exclusively diabases, with a negligible admixture
(0.6%) of cherts and crystalline rocks of Scandinavian
provenance. A sample collected from the higher part of the
section contains only angular fragments of Jurassic lime-
stones. These sediments can be interpreted as representing

LOG 8 EAST - CENTRAL PART

Fm

Sr

Fl

Fl
Fl

Fl
128

Fd

Fig. 8. Sedimentological log of Quaternary middle complex
sediments exposed in the east-central part ofthe quarry (log 8). For
explanations see Figs. 6, 7 and Table 1; location in Figs. 4 and 5

debris flows shed from diabase or limestone weathering
mantles.

The inventory of heavy minerals (Table 2), fraction
<0.5 mm, is dominated by zircon. The ratio of poorly resis-
tant (amphiboles, pyroxenes, andalusite, sillimanite) miner-
als, most probably glacially-derived, is clearly higher in
sample 18 than in sample 3, which conforms with the higher
content of crystalline rocks in the former sample (Fig. 12,
samples 18, 3).

Gravels

The middle complex of glacial sediments in the
Tenczynek Basin contains infrequent intercalations of sands
and gravels. Their thickness, judging from well-log descrip-
tion, ranges from 2-3 m to even 10 m (Fig. 3). An irregular
intercalation of gravels, a dozen cm thick, has been found
within glaciolacustrine silts (Fig. 10, sample 15) in the cen-
tral part of the pit.

These gravels (Figs. 11, 12, sample 15) represent a
poorly sorted mixture ofsand, gravel and silt. Cobbles occur
sporadically. Petrographic composition of small-size clasts
(Fig. 12) is dominated by quartz and Scandinavian-derived
crystalline rocks, whose proportion diminishes with the di-
minishing grain size. Another tendency display cherts,
whose ratio in the coarsests fractions exceeds 50%. Such a
feature is typical for Quaternary gravels of the Krakéw re-
gion (Rutkowski & Sokotowski, 1983; Rutkowski, 1995).
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LOG 11 EAST CENTRAL PART
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Fig. 9.  Sedimentological log of Quaternary sediments exposed
in the east-central part of the quarry (log 11 situated above log
9-10). For explanations see Figs. 6, 7 and Table 1; location in Figs.
4 and 5

LOG 3 CENTRAL- WESTERN
PART
8 cC D
Sh/FI
© sd/Gp
Sr

Sr

Sr
Sh

Fig. 10. Sedimentological log of Quaternary middle complex
sediments exposed in the central-western part of the quarry (log 3).
For explanatons see Fig. 6 and Table 1; location in Figs. 4 and 5

One should take notice of the complete lack of carbonate
clasts which have probably been dissolved by ground wa-
ters. Similar regularity has been observed throughout glacial
sediments of the Krakéw, Miech6w and Witdw areas
(Rutkowski, 1995).

The assemblage of heavy minerals differs from that of
diamictons by higher content of zircon and a smaller amount
of poorly-resistant minerals (Table 2, sample 15).

The gravels in question are of glaciofluvial origin.
However, the relatively high ratio of cherts indicates that

128 64 32 16 8 4 2 1 05 0.125 0.031 0.008 0.002
mm

128 64 32 16 8 4 2 1 05 0.126 0.031 0.008 0.002
mm

128 64 32 16 8 4 2 1 05 0.125 0.031 0.008 0.002
mm
SANDS AND TILLS
GRAVELS SILTS
ANGULAR

DEBRIS

Fig. 11. Grain-size composition of main types of Quaternary
sediments in the NiedZzwiedzia Goéra pit: A - lower complex and
varved clays from the base of the middle complex, B - middle
complex, C - upper complex

transporting water must have been enriched in extraglacial
material. This is also confirmed by the character of heavy
mineral assemblages. The lack of carbonates can be associ-
ated with postdepositional decalcification.

Discussion

Comparing the petrographic composition of diamictons
(fraction 16-32 mm) of Tenczynek Basin with clayey tills
from Bibice near Krakéw (cf. Rutkowski, 1993) one can
conclude that the latter comprise 16.4% of Scandinavian
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Fig. 12. Petrographic composition of gravel-size fraction. Quaternary sediments (cf. Figs. 2 and 6-10) - upper complex: 17 - debris
flow, 16 - gravels; middle complex: !5 - glaciofluvial gravels, 3- diamictons from the eastern part (log 9-10), 9 and 7 - diamictons from
the east-central part (log 8), 18 - diamicton from the western part (log 1), Brodla- diamictons of Elsterian age, 2 - debris flow deposits
from the base of log 9-10; lower complex: 14-gravels. Pre-Quaternary strata (cf. Fig. 2): 21 - Tertiary (close to NiedZzwiedzia Géra), 19
- Callovian (Niedzwiedzia Géra), 20 —Upper Carboniferous regoliths (west of Tenczynek)
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Table 2

Heavy mineral composition (%) of Quaternary sediments
expoased at the NiedZwiedzia Géra pit
(det. by M. Krysowska-lwaszkiewicz); fraction <0.5 mm

sediment diamictons glazi;\\//leul\slial coversands
sample # 3 18 15 1 13
garnet 36.0 53.5 11.0 25.0 42.0
zircon 26.5 10.5 40.0 38.5 175
tourmaline 4.0 35 55 6.0 5.5
rutile 5.0 2.0 12.0 85 15
staurolite 2.0 15 8.0 4.0 6.5
kyanite 35 15 15 - 15
epidote 45 45 3.5 6.5 115
zoisite 0.5 1.0 - 1.0 0.5
titanite 4.5 - 25 - -
topase 1.0 2.0 35 25 1.0
monazite 1.0 2.0 15 2.0 15
amphibole 6.5 145 6.0 3.5 7.0
pyroxene 4.0 2.5 3.5 15 25
andalusite 1.0 1.0 1.0 0.5 1.0
syllimanite - - - 0.5 0.5
crystalline rocks, 20.7% of cherts and 35.3% of un-

weathered Jurassic, Scandinavian and Miocene limestons.
Such a picture resembles that encountered at NiedZwiedzia
Gora. As compared to glaciofluvial gravels from north-east-
ern Poland, the described gravels include considerably more
local material at the expense of the Scandinavian one.

The difference between clasts separated from diamic-
tons and those of glaciofluvial gravels consists in postdepo-
sitional dissolution of carbonates in the latter. Analogous
processes have commonly been observed within glacioflu-
vial sediments in Krakéw (Prokocim, Library of Collegium
Medicum) that comprise 30.4% of crystalline rocks and
11.7% od cherts, but not carbonates. At another site west of
Krakéw (Bogucianka near Tyniec), glacial and glaciofluvial
sediments contain 26.4% of crystalline rocks, 19.2% of
cherts, and only 2.6% of Jurassic limestones derived from
the bedrock.

UPPER COMPLEX

The upper complex is composed predominantly of
sands which unconformably overlie the eroded top of sedi-
ments of the middle complex. The thickness of this discon-
tinuous cover in the Tenczynek Basin does not exceed 10 m
(Fig: 3, section VI-VI’). Moreover, the sands build a vast
cover overlying older sediments upon slopes and interfluves
of nearby hills, rising up to 400 m a.s.l. In few cases, the

sand cover is overtopped by small dunes, particularly west
of Tenczynek.

In the excavation pit at Niedzwiedzia Géra the sands are
usually yellow-greyish, rarely rusty, and medium to fine-
grained (Fig. 11, samples 11, 13). They are either rippled,
massive or showing horizontal lamination. Infrequent
erosional scours are to be encountered as well. The mean
grain diameter Mz is 1.69-1.88 phi (0.27-0.31 mm). The
sands are moderately sorted (ci 0.64-0.69). Coarse-grained
sand grains reveal surfaces indicative of aeolian reworking.
The sands are mostly devoid of carbonates or contain a mi-
nor admixture of CaCC>3.

The variable proportion of resistant and nonresistant
heavy minerals (Table 2) indicates that these sands have
been derived both from glacial sediments and pre-Quater-
nary bedrock.

The base of the sand cover (Figs. 5, 6, 9) contains at
places a marked admixture of gravels. The mean grain di-
ameter Mz is is here 0.27 phi (0.83 mm), the sorting is very
poor (ai ca. 3.2 phi), and gravels are usually composed of
diabase clasts (Figs. 5, 12, sample 16). Some of these clasts
are unweathered or show traces of aeolian reworking.

In the eastern part of the pit (Figs. 4, 5, log 13, Fig. 12,
sample 17) an interlayer of angular debris, 0.5 m thick, has
been found within the sands. It comprises 52.7% of gravel
and 5.9% of cobble-size fraction. The mean grain diameter
Mz is 2.07 phi (0.24 mm), the sorting is very poor (oi 3.23
phi), and the largest clasts attain a dozen centimetres in di-
ameter (Fig. 11). The latter are mainly angular fragmens of
Oxfordian limestones with subordinate admixture of sandy
and organogenic Callovian limestones (Fig. 12, sample 17).
The whole intercalation appears to represent a solifluction
tongue.

DIAMICTON LITHOFACIES OF THE
MIDDLE COMPLEX: DESCRIPTION

The middle complex comprises the major part of sedi-
ments exposed at the NiedZzwiedzia Géra pit (Fig. 5) and,
therefore, provides some clues to sedimetological interpre-
tation of glacigenic sediments of the Elsterian stage. The
poor state of exposure does not allow us to draw a detail pic-
ture of spatial distribution of individual diamicton lithofa-
cies; the following description is based on a few logs which
were accessible to observation (Figs. 4-10, Table 1).

Matrix-supported, massive diamictons [Dmm]

These deposits occur in logs 9-10 and 1 (Figs. 6,7), be-
ing represented by 0.4 to 1.1 m thick bodies of brown and
brown-grey diamictons with infrequent, chaotically dis-
persed clasts 0.5-1 cm to 7 cm in diameter, averaging at 2-4
cm. No striation or polishing has been found. The CaCO03
content increases from the bottom upwards.

Matrix-supported, massive diamictons with evidence of
resedimentation [Dmm(r)]

They build lenticular bodies, 10-45 cm thick, observed
at logs 9-10, 8 and 1 (Figs. 7, 8, 6) and composed of dark-
brown, calcareous, clayey diamictons, resting within mas-



GLACIAL SEDIMENTS

sive, brown-grey and calcareous sediments with small clasts
of limestones (log 9-10). At the top of log 9-10 (Fig. 7)
these deposits are represented by wedges of clayey diamic-
tons, underlain by a 20-30 cm thick layer of lacustrine
rhythmites, embedded within very fine-grained and silty
sands. The whole unit is here strongly disturbed and cut on
the SW by a normal fault, separating the diamictons from
lacustrine silts. The diamictons of log 8 (Fig. 8) bear rare
clasts, 0.5-3 cm in diameter, and isolated lenses of light-
grey silts and ellipsoidal lumps of very fine-grained and
silty sands, 6 15 cm in size. They are underlain by massive
silts with ice-rafted debris and overlain by laminated silts. It
is the only one interlayer of diamictons observed in this log.
In log 1 (Fig. 6), 20 cm-thick lenses of massive diamictons
with lumps of sands embedded within silt-clayey matrix,
and bearing infrequent clasts 2-5 mm to 1 cm in diameter,
have been found.

Matrix-supported, stratified diamictons [Dins/

The topmost part of diamicton series in log 9-10 (Fig.
7) is represented by 1.3 m thick brown-grey, strongly cal-
careous, diamictons with irregular intercalations of silts and
showing faint lamination. Clasts are small and infrequent,
usually 2-4 mm to 2 cm in diameter, and chaotically orien-
tated. In the topmost part, isolated clasts of Jurassic lime-
stones, 5-7 cm across, occur. In log 1 (Fig. 6), this lithofa-
cies occurs twice. The lower layer is 0.8 m thick and com-
posed of grey diamictons with isolated clasts 0.5-1 ¢cm to 3—
5 c¢m in diameter, including lenticular bodies of finely lami-
nated silts, 5-8 c¢cm long. The upper part of this layer bears
more lenses of cross-laminated, white-grey silts, alternating
with silty clays and steel-grey clays. Lenticular silt bodies,
2-4 cm thick and 5-6 cm long, resemble flow structures.
The topmost part, 20 cm thick, shows discontinuous wavy
lamination. The second, upper layer of Dms in log 1 (Fig. 6)
is 1.5 m thick and composed of grey diamictons with chaoti-
cally orientated clasts, 0.5-2 c¢m in diameter, and bearing
thin, irregular lenses enriched in clasts 2-3 mm to 1.5 cm in
diameter.

Matrix-supported, graded diamictons [Dmg]

These are 0.5 m thick bodies of grey-brown, calcareous
diamictons occurring in log 9-10 (Fig. 7). They contain
clasts 2-3 mm to 1-2.5 cm in diameter, their size decreasing
from the bottom upwards. The top is truncated by a melt-out
depression, 1 m in diameter and 0.5-0.6 m deep, filled with
grey-bluish silts.

Matrix-supported, graded and sheared diamictons
[Dmg(s)!

In log 9-10 (Fig. 7) they are represented by a 1.4 m
thick layer of grey-brown, calcareous diamictons with clasts
0.5-1 cm to 6-7 cm in diameter, averaging at 2-3 cm. The
diamictons are massive, show platy fissility, and are cut at
places by subvertical joints. Apart from dominant Jurassic
limestones, infrequent
quartz granules, 1 cm across, are to be found. The contact
with underlying Dcm(r) is sheared, the upper boundary of
sedimentary character.

cherts 3-3.5 cm in diameter and
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Clast-supported, massive diamictons [Dcm]

In log 9-10 (Fig. 7) these are 2.1 m thick light-grey and
brown-grey, massive diamictons with numerous clasts,
20-27 cm to 60 cm in diameter, dominated by Jurassic lime-
stones. The base is of tectonic character; the whole unit is
tilted to S20°W. Thin interlayers of light-grey diamictons
occur as well. The CaCC=8 content is variable, from moder-
ate to significant. The top is truncated by a depression, 4.5-5
m long and 0.6 m deep, probably of melt-out origin, filled
with a 5 cm thick layer of laminated clays overlain by bluish
massive silts.

Clast-supported, massive diamictons with evidence
of resedimentation [Dcm(r)]

In log 9-10 (Fig. 7), these deposits immediately overlie
the basal varved clays and form an intercalation within the
middle part of the diamicton series. The lower layer is rep-
resented by yellow-brown and rusty, sandy, carbonate-free
loams, bearing abundant angular debris of diabases, 0.5-7.0
cm in diameter, averaging at 1.2-2.5 cm. No traces of Scan-
dinavian material has been found. The layer dips 200/20 and
resembles a debris-flow deposit shed from the nearby slope.
The upper layer in this log, also of the debris-flow type, is
represented by grey loams with abundant angular debris of
Jurassic limestones, 2-3 cm in diameter.

Clast-supported, stratified diamictons [Dcsj

In log 1 (Fig. 6) these deposits, 20 cm thick, rest within
Dms sediments. These are sandy diamictons with numerous
clasts 2-5 mm to 2-3 cm in diameter.

Clast-supported, stratified diamictons with evidence ofre-
sedimentation [Dcs(r)]

In log 1 (Fig. 6) they immediately overlie the basal
varved clays. These are 20 cm thick, rusty-brown, sandy
silts bearing angular clasts of diabases, 0.5-8 cm in diame-
ter, as well as erratic clasts, 5 cm across. The base is ero-
sional, the contact with overlying deposits being of sedi-
mentary character.

Discussion

The thickest series of diamictons has been found in the
eastern and east-central part of the NiedZwiedzia Gdra pit.
The central and western parts bear no or only isolated, thin,
lense-like bodies of diamictons (Fig. 5). These bodies either
overlie the basal varved clays (logs 1and 9-10; Figs. 6,7) or
form irregular intercalations within massive or - rarely -
laminated silts with dropstones. Poor state of the exposure
does not allow for reconstruction of the diamicton architec-
ture; it appers, however, that individual layers are discon-
tinuous and certainly do not resemble lodgement tills. The
predominantly matrix-supported diamictons, either showing
traces of resedimentation or crude stratification, underlined
by thin interlayers of silts or sands, probably represent flow
tills or - at least in case of some of the layers in log 9-10
(Fig. 7) - melt-out tills (cf. criteria listed in Bennett & Glas-
ser, 1996). The clast-supported diamicton varieties, found
both in log 9-10 (Fig. 7) and 1 (Fig. 6) represent debris flow
deposits, probably shed from nearby slopes built up from
Permian diabases or Jurassic limestones.
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AGE OF THE MIDDLE COMPLEX

Thermoluminescence age determinations, performed on
silts sampled in the eastern and east-central parts ofthe mid-
dle complex exposed at the Niedzwiedzia Géra pit (Figs. 7,
9) are, from the bottom upwards: >100 ka (GdTL-342),
>350 ka (GdTL-344), and >150 ka (GdTL-343). These ages
and their inversion indicate that the material studied is be-
yond the lower datable limit.

INTERPRETATION

The facies inventory described in the preceding para-
graphs suggests that the exposed part ofthe middle complex
at NiedZwiedzia G6rawas deposited in a terminoglacial lake
(sensu Brodzikowski, 1993), close to the icesheet margin.
The most complete sequence of sediments is represented by
logs 9-10, 8 and 11 (Figs. 5,7-9) that appear to reflect apart
ofthe cycle of glacial advance and standstill.

The onset of the terminoglacial lake formation is
marked by a relatively thin cover of varved clays, upon
which debris flows from the surrounding slopes were shed.
Higher up the section thin layers of melt-out and/or flow tills
appear, being replaced by glaciolacustrine silts with occa-
sional cross-laminated silt intercalations, marking episodes
ofsporadic flow. Infrequent dropstones shed from small ice-
bergs occur as well. The topmost part ofthe eastern log (Fig.
7) is marked by lacustrine rhythmites, disturbed by wedges
of flow tills. The deformation pattern of the deposits in-
cludes compaction-induced fissility, minor faults, subverti-
cal fractures, diapiric and flow structures (Figs. 13-18),
which may indicate ice disintegration, associated with areal
deglaciation (cf. Eyles et al., 1983; Kozarski, 1987; Brodz-
ikowski & Van Loon, 1991; Brodzikowski, 1993; Bennett &
Glasser, 1996).

In the western section of the NiedZwiedzia Géra expo-
sure (log 1, Fig. 6) the lithofacies transition within the mid-
dle complex reflects the nearly complete record of a glacial
cycle: starting from outwash sands overlain by varved clays,
through a reduced sequence of melt-out and flow tills, to
glaciolacustrine silts with infrequent dropstones, bearing as
well isolated wedges of flow tills. The top part of the se-
quence is dissected again by erosional scours filled by fine-
grained, cross-bedded and then massive sands. The upper
parts of logs 9-10 and 1 (Figs. 6, 7), dominated by facies Fl
and Fm, appear to resemble the Slims type facies assem-
blage of outwash rivers, distinguished by Miall (1978,
1996).

The lacustrine sediments in logs 8 and 11 (Figs. 5, 8,9)
are cut by an erosional surface, upon which much more
younger sands were deposited. These sands are either mas-
sive or show low-angle cross lamination, rarely horizontal
lamination, and bear traces of erosional scours and ice-
wedge casts, alongside with debris flows with local material
(log 13, Fig. 5) that represent solifluction tongues. All these
properties point to activity of flowing waters under
periglacial conditions, aided by aeolian remodelling of the
topmost part of the sediments. From the stratigraphic point
of view, the sands ofthe upper complex could have been de-

posited in a time-span ranging from the decline of Elsterian
stage up to the Holocene. A TL date of 13.2 + 2.4 ka (GdTL-
341) from the eastern part of the pit (Fig. 4, site 11; Fig. 9)
points, however, to a Late Weichselian age.

DEFORMATIONS IN QUATERNARY
SEDIMENTS

Quaternary sediments that compose the middle complex
at NiedZwiedzia Géra are strongly disturbed by faults, frac-
tures, folds, tilting and overturning of beds (Figs. 6, 7; cf.
also Figs. 13-18). These disturbances can be either of syn-
sedimentary or glaciotectonic character (Figs. 14-18).

Minor synsedimentary deformations include those re-
lated to dropstones shed from the melting icebergs. These
structures, few centimetres deep, have been observed within
glaciolacustrine silts and silty clays in the eastern part ofthe
pit. The other examples are represented by ellipsoidal lumps
of diamictons slumped into lacustrine silts (Fig. 6).

The second group comprises deformations probably
formed due to dynamic and/or static pressure of ice. Such
structures are ubiquitous throughout the excavation pit
(Figs. 13-18), their frequency and intensity increasing from
the bottom towards the top of the middle horizon. In the
eastern part (Fig. 7) the bedding is nearly horizontal, al-
though individual layers of diamictons display minor dis-
placements along subhorizontal surfaces. The upper part of
the log in question is cut by a steeply dipping normal fault
that separates very fine-grained and silty sands and clayey
diamictons (Fig. 7). In the central part of the southern exca-
vation wall (Fig. 4, site 3) silts and diamictons lie subhori-
zontally. Immediately east of this site (site 9-10), however,
the diamictons are cut by a subvertical fault, across which
strongly clayey diamictons occur. A moderate, several de-
grees tilting of silty beds is also observed in the central part
of the pit, close to the gravel intercalation (Fig. 7). Further
west of this site, in turn, the beds dip a few tens of degrees
towards the SW in a limb ofan overturned fold. Subhorizon-
tal folds, sometimes of the sheath fold type within glacio-
lacustrine silts (Fig. 17), frequently observed in the south-
western part ofthe exposure, represent at places a transition
from folding to tectonic lamination (cf. Bennett & Glasser,
1996).

We conclude that most of the above structures are the
effects of penecontemporaneous deformations, whereas
static pressure exerted by ice produced diamicton wedges or
diapirs (Figs. 13, 14, 18), similar to those described by
Brodzikowski (1985) from the Kleszczéw Graben. Some of
the deformation structures could have also been related to
dynamic pressure of the icesheet front (Figs. 15, 16).

FINAL REMARKS

The Tenczynek Basin is the only locality of glacial
diamictons and glaciolacustrine sediments near Krakéw that
due to its location in an open diabase quarry is easily acces-
sible to Quaternary geologists.

The basin represents a depression formed in the poorly
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SILTS
DUMP
TILLS

Fig. 13. Drawings of deformations visible within the middle complex at NiedZzwiedzia Géra pit. Circled numbers refer to logs shown in
Figs. 4 and 5

resistant Carboniferous coal measures. Its origin is not fully as well as the Sanka and Rudno stream valleys (cf. Dzulyri-
understood, since the basin margins have been drilled by in- skietal., 1966), remains unclear. The basin could have been
frequent wells and, therefore, their possible association with eroded either due to fluvial activity before or during the Sa-
Pliocene valleys, passing through the Krzeszowice Graben, nian (Elsterian-2) icesheet advance, or due to glacial scour-
Fig. 14. Diapiric fold deforming clayey diamictons, squeezed Fig. 15. Inclined fauit-propagation fold deforming glaciolacus-

into glaciolacustrine silts. Central part of the NiedZzwiedzia Géra trine silts in the central part of the NiedZwiedzia Géra pit, close to
pit, close to log 6 log 7. Exposure ca. 7 m tall
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Fig. 16. Hinge zone of an upright open fold, cut by small-scale
normal faults and joints. Central part of the NiedZzwiedzia Gora pit

Fig. 17. Hinge zone of an overturned fold deforming glacio-
lacustrine silts in the south-western part of the Niedzwiedzia Géra

pit

Fig. 18. Conjugated shears within laminated glaciolacustrine
silts in the central part of the NiedZzwiedzia Géra pit

ing. It appears, however, that the basin is clearly of erosional
character and that it existed long before the Elsterian ad-
vance. Some gravels ofthe lower complex are of Pliocene or
early Quaternary age. The advancing icesheet blocked the
outflow from the basin at an elevation of 240-250 m a.s.l.
Melting waters could have deposited sands and gravels that
now build the topmost part of the lower complex.

A younger episode of blocking the outflow, at ca. 300 m
a.s.l. or higher, turned the basin into a terminoglacial lake,
gradually filled with varved clays and laminated silts that
compose the lower part of the middle complex. Infrequent
delivery of coarse-clastic material was provided by the melt-
ing icebergs. In the next stage, the basin became covered by
the advancing Elsterian-2 icesheet which, at the incipient
phase, encroached upon outliers built up of Jurassic lime-
stones. The melting of such a lobe led to deposition of dia-
mictons rich in Jurassic material, which are exposed now in
the eastern part of the NiedZwiedzia Géra pit. Higher-situ-
ated ice layers were sliding over stagnating basal ice, their
contact with the bedrock being negligible. The diamictons
left by these layers, presently exposed in the western part of
the pit, contain a minor admixture of Permian diabases and
Jurassic limestones, but are enriched in far-travelled mate-
rial. Similar regularities have been described by Lamparski
(1970) from the northern slopes of the Holy Cross Mts. of
Central Poland.

Both in- and extraglacial waters played a minor role
during the deposition of glacial deposits ofthe middle com-
plex, leaving infrequent layers of sands and gravels. These
waters carried a large proportion of local material, domi-
nated by Jurassic cherts.

Diamictons and glaciolacustrine sediments have under-
gone significant syn- and postdepositional deformation, due
to either lateral and vertical pressure exerted by the advanc-
ing icesheet or during another (?), short-term icesheet ad-
vance. Similar features have been reported from Brzozo-
wica near Bedzin, where varved clays and sands of Elsterian
(Lewandowski, 1987) or Middle-Polish Glacial age (Gilew-
ska, 1963) were strongly deformed during a subsequent os-
cillation ofthe same icesheet.

The extensive sand cover in the Tenczynek Basin ap-
pears to be of mostly fluvial origin and contains at places
wedges of debris flows that represent solifluction tongues.
Aceolian remodelling made its appearance in the final stage
of sand deposition.
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Streszczenie

litologia osadéw GLACJALNYCH
Z PIETRA SANU-2 W KOTLINIE TENCZYNKA
NA ZACHOD OD KRAKOWA

Jacek Rutkowski, Witold Zuchiewicz, Andrzej Bluszcz
& Edeltrauda Helios-Rybicka

Artykut omawia osady lodowcowe zlodowacenia Sanu-2,
wypetniajace Kotling Tenczynka (Fig. 1-3) i odstaniajgce sie w
potudniowej czesci kamieniotomu permskich diabazéw w Niedz-
wiedziej Gorze (Fig. 4), okoto 25 km na zachdd od Krakowa. Sg
one wyksztatcone jako zmienna seria mutkéw, glin zwatowych
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oraz itéw, rzadziej piaskéw i zwiréw (Fig. 3, 5). Jest to najlepsze
odstoniecie tego typu osadéw w potudniowej Polsce.

Kotlina Tenczynka (Gilewska, 1972)jest inwersyjnym zagte-
bieniem morfologicznym o wys. 310-270 m n.p.m., potozonym w
obrebie zrebowego Pasma Tenczynskiego (Fig. 1). Morfologie i
budowe geologiczng otaczajacych jg wzgérz ilustruje Fig. 2. Kot-
lina zostata wyerodowana w mato odpornych skatach karbonu pro-
duktywnego przed lub w czasie transgresji lagdolodu Sanu-2.

Zroznicowanie litologiczne osadow czwartorzedowych

Osady czwartorzedowe Kotliny Tenczynka dzielg sie na trzy
kompleksy (Fig. 3-5). Dolny reprezentujg piaski, rzadziej zwiry,
niekiedy z przetawiceniami glin lub itéw, o migzszosci do ok. 19
metréw. Ich strop nie przekracza na ogét 245-250 m n.p.m. Z
opiséw wiercen wynika, ze zwiry zawierajg materiat miejscowy i
krystaliczny, w tym pochodzenia skandynawskiego. W odstonie-
ciu w Niedzwiedziej Gérze (Fig. 4, 5, 12; préba 14) zwiry zawie-
rajajedynie materiat miejscowy.

Kompleks $rodkowy budujg mutki, diamiktyty oraz ity, z
wktadkami piaskéw i zwiréw. Lezy on na osadach kompleksu dol-
nego lub karbonu, permu i jury (Fig. 2”t). Migzszo$¢ osadow
kompleksu $rodkowego wynosi od kilku do 50 m. Ich erozyjny
strop znajduje sie na wys. 310-320 m n.p.m. na obrzezeniu Kot-
liny, aw czesci Srodkowej nie przekracza 290 m n.p.m.

W odstonieciu ity warwowe (Fig. 5-7) maja migzszo$¢ 20-
50 cm. Laminy jasne sg zbudowane z pytéw z niewielkg domiesz-
ka frakcji ilastej (Fig. 11); laminy ciemne zawierajg ok. 60% itu.
Badania rentgenograficzne frakcji <0.002 mm, wyseparowanej z
laminy ciemnej wykazaty, ze ich gtdwnym sktadnikiem jest smek-
tyt, z podrzednym udziatem pakietéw illitowych. Stwierdzono
takze obecno$¢ kaolinitu i muskowitu. Zblizony sktad ma frakcja
ilasta zawarta w przetawiceniach ilastych w obrebie rnutkéw i w
diamiktytach.

Mutki barwy ciemnoszarej, laminowane, rzadziej masywne,
stabo wapniste (7.5-13.4% CaCO03), stanowig wiekszg cze$¢ osa-
déw glacilimnicznych w NiedZzwiedziej Go6rze (Fig. 5). W sktadzie
ziarnowym (Fig. 11) przewaza frakcja pytowa z domieszka piasku
i ilu. Niekiedy obserwuje sie zrzutki (dropstones), zwigzane z
opadaniem klastéw wytapianych z kier lodowych, przetawicenia z
domieszka frakcji zwirowej oraz cienkie wkiadki itow (préba 5).

Diamiktyty wystepuja gtéwnie we wschodniej czesci wyro-
biska w NiedZzwiedziej Gdrze (Fig. 5). Ich sktad ziarnowy jest
bardzo zréznicowany (Fig. 11). Zawarto$¢ CaC03 we frakcji
<2mm wynosi zazwyczaj 11.4-15.8%. W$rod klastow zawartych
w diamiktytach wystepuje material miejscowy, pochodzacy z bez-
posredniego podtoza i okolicznych wzg6rz, materiat z Polski $rod-
kowej oraz skandynawski. Materiat miejscowy to gtéwnie wapie-
nie oksfordu (do >95%), piaskowce i wapienie piaszczyste z faung
keloweju oraz diabazy. Z wapieni oksfordu lub ich trzeciorzedo-
wych zwietrzelin (paleogen i/lub pliocen; por. Rutkowski, 1987)
pochodza krzemienie (do 10%; Fig. 12). W glinach wystepuja
takze twarde i zwiezte wapienie, pochodzace ze skat dolnego kar-
bonu rejonu Czatkowic, wzglednie jury. Kwarc moze pochodzié¢
ze Skandynawii, z Polski $rodkowej oraz z materiatu lokalnego
(zwiry $rodkowej jury i zwietrzeliny karbonu). Materiat skandy-
nawski (0-35%) to gtéwnie skaty krystaliczne, rzadziej r6zowe
kwarcyty oraz szare lub niebieskawoszare wapienie (do 25%),
czesto z bogatg faung brachiopodéw, matzéw, krynoidéw, spora-
dycznie trylobitéw (sylur i ordowik).

Diamiktyty ze wschodniej cze$ci fomu zawieraja gtéwnie wa-
pienie jurajskie (Fig. 12; proby 3, 9). Pozostate skiadniki wyste-
puja w ilosci do 40%. Skiad petrograficzny frakcji zwirowej nie
wykazuje zwigzku z uziarnieniem diamiktytéw. Diamiktyty z za-
chodniej czesci wyrobiska (Fig. 12, préba 18) zawierajg materiat
skandynawski z kilkuprocentowg domieszke wapieni jurajskich.
Na uwage zastuguje obecnos$¢ diabazow.

Wystepujg tu takze diamiktyty zawierajgce ostrokrawedziste
okruchy wapieni jurajskich lub diabazéw (Fig. 5, 12; préby 2, 3),
reprezentujace sptywy soliflukcyjne.

Piaski i zwiry w kompleksie srodkowym osiggajg miazszos¢
10 m (Fig. 3). Zwiry drobnokalibrowe (Fig. 5, 11, 12; préba 15)
zawierajg gtéwnie kwarc i krystaliczne skaty skandynawskie. We
frakcjach grubych wzrasta ilo$¢ krzemieni (do >50%), co jest
cechg typowa dla zwiréw rejonu krakowskiego (Rutkowski & So-
kotowski, 1983; Rutkowski, 1995). Brak tutaj skat weglanowych,
ktore ulegty rozpuszczeniu dzieki dziatalnosci wéd gruntowych,
co obserwowano takze w rejonie Krakowa, Miechowa i Witowa
(Rutkowski, 1995). Omawiane zwiry s pochodzenia wodnolo-
dowcowego. Znaczna zawarto$¢ krzemieni i zespét mineratéw
ciezkich wskazujg na duzg domieszke materiatu ekstraglacjalnego.

Kompleks gorny buduja piaski, o migzszosci do 10 m (Fig. 3,
5), lezace niezgodnie na $cietej erozyjnie powierzchni osadéw
kompleksu $rodkowego lub starszym podtozu. Piaski sg prze-
waznie $rednio i drobnoziarniste (Fig. 11), umiarkowanie wysor-
towane, na og6t bezwapniste. Grubsze ziarna sg w znacznym
stopniu zmatowiate wskutek eolizacji. Zréznicowana zawarto$¢
odpornych i nieodpornych mineratéw ciezkich (Tab. 2) moze
sugerowac, ze pochodza one zaréwno z osadéw lodowcowych, jak
i ze starszego podtoza. W spagu piaski zawierajg niekiedy domie-
szke zwiru (Fig. 4, 5, 6, 12; préba 16), utworzonego gtéwnie z dia-
bazéw, czasem ze $ladami obrébki eolicznej. We wschodniej
czeéci wyrobiska w piaskach wystepuje wktadka rumoszu soli-
flukcyjnego (Fig. 5, 12, profil 13; préba 17), ztozonego z ostrokra-
wedzistych okruchéw wapieni.

Zréznicowanie litofacjalnc komplekséw $rodkowego
i gérnego

Litofacje wyr6znione w osadach kompleksu $rodkowego
(por. Fig. 6-10; Tab. 1) wskazujana depozycje wzbiomiku termi-
noglacjalnym. Sekwencja osadéw w profilach 9-10 (Fig. 7) i 1
(Fig. 6) rejestruje zapis cze$ci cyklu, obejmujacego transgresje i
postéj ladolodu. W poczatkowym etapie w dnie kotliny byty osa-
dzane piaski glacifluwialne. Nastepnie powstato jezioro termino-
glacjalne, w ktérym nastgpita depozycja cienkiej warstwy itéw
warwowych, na ktére wkroczyty sptywy rumoszu z otaczajacych
wzgdrz, transportujace gtéwnie rumosz diabazéw lub skat juraj-
skich. Wyzej w profilu pojawiaja sie cienkie poktady glin zwato-
wych, w wiekszosci wytopnieniowych oraz sptywowych, zastg-
pione nastepnie przez mutki glacilimniczne. W gérnej partii profili
wschodniej czesci wyrobiska (Fig. 5, 7, 9) wystepuja rytmity je-
ziorne przechodzace w stropie w mutki z laminacjg riplemarkowsa,
zaburzone ponownie przez ptaty glin sptywowych. Stan odstonie¢
nie pozwala na blizsze okre$lenie relacji przestrzennych miedzy
poszczegblnymi typami osadéw; w szczeg6lnosci dotyczy to
charakteru deformacji (Fig. 13-18) obserwowanych w czesci stro-
powej kompleksu $rodkowego, przypuszczalnie genezy glacitek-
tonicznej.

Uwagi koncowe

Zwiry i piaski dna kotliny (kompleksu dolnego) reprezentujg
okres od pliocenu po pietro Sanu-2, ktérego ladoléd zabarykado-
wat odptyw na wys. 240-250 m n.p.m. Po zabarykadowaniu
odptywu nawys. 300 m n.p.m. lub wyzej, w Kotlinie utworzyto sie
jezioro, w ktérym byly osadzane ity warwowe oraz mutki kom-
pleksu $rodkowego. Na powierzchni jeziora ptywaty kry lodowe,
bedace zrédtem materiatu gmboklastycznego w osadach drobno-
ziarnistych.

W kolejnym etapie caty obszar zostat przykryty ladolodem.
Poczatkowo przesuwat sie on po podtozu zbudowanym z wapieni
jurajskich, pobierajgc z nich materiat. Po stopieniu lodu pozostaty
diamiktyty bogate w materiat jurajski, odstaniajace sie we wscho-
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dniej czesci wyrobiska (Fig. 12; proba 3). Kolejne warstwy lgdo-
lodu przesuwaly sie juz po lodzie stagnujgcym i mogty mie¢ bar-
dziej ograniczony kontakt z podfozem (diamiktyty z zachodniej
czesci wyrobiska; Fig. 12; préba 18). Zblizone prawidtowosci ob-
serwowat Lamparski (1970) na p6tnocnym obrzezeniu Gér Swie-
tokrzyskich.

Osady kompleksu $rodkowego zostaty zaburzone przez syn-
sedymentacyjne ruchy masowe oraz - przypuszczalnie - w wyni-

ku nacisku lagdolodu. Stan odstoniecia uniemozliwia jednoznaczng
interpretacje tych deformacji (Fig. 13-18).

Piaski kompleksu gérnego moga reprezentowaé okres od
schytku zlodowacenia Sanu po holocen. Mogty by¢ one w tym
czasie przerabiane przez procesy peryglacjalne oraz wiatr. Data
13,3 + 2,4 ka (GdTL-341; Fig. 5, 9) sugeruje jednak, iz badane
osady powstaty u schytku vistulianu.



