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A b strac t: The paper deals with the lithology o f  Quaternary sediments that fill the Tenczynek Basin, Kraków 
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 o f which records a nearly complete glacial cycle, represented by 
glacier advance and standstill during the Elsterian-2 (Sanian-2) glacial stage. Sediments o f 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 o f diamictons, some of 
them shed by slumps. These sediments compose the middle, strongly disturbed complex which, in turn, is 
unconformably overlain by periglacial sands o f 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.

A b s tra k t: Artykuł omawia litologię osadów czwartorzędowych wypełniających Kotlinę Tenczynka na zachód od 
Krakowa. Kotlina została wyerodowana w skałach karbonu przed lub w trakcie zlodowacenia Sanu-2. Piaski i 
żwiry dolnego kompleksu osadowego powstały przed zlodowaceniem i w wyniku zatamowania odpływu przez 
lądolód. Następnie doszło do utworzenia jeziora terminoglacjalnego i sedymentacji osadów glacilimnicznych, z 
wkładkami diamiktytów o bardzo zmiennym uziamieniu. Osady te, budujące kompleks środkowy, są silnie zabu
rzone i przykryte niezgodnie przez peryglacjalne piaski pokrywowe kompleksu górnego, osadzone po zlodowa
ceniu Sanu. Skład petrograficzny żwirów i głazików w osadach glacjalnych, analizowany dla różnych przedziałów 
frakcyjnych, jest bardzo zmienny z uwagi na zróżnicowanie lokalnej egzaracji i zmiany w dostawie materiału 
ekstraglacjalnego.

Key w ords: lithology, petrography, Sanian-2 (Elsterian-2) glacial stage, Quaternary, Tenczynek Basin, Southern 
Poland.
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INTRODUCTION

T he paper deals w ith  g lacial sed im ents o f  Sanian-2  (E l
sterian-2) age tha t crop out in th e  T enczynek  B asin , K raków  
U pland, som e 25 km  w est o f  K raków  (F igs. 1, 2). These 
sedim ents are com posed  o f  h igh ly  variab le  series o f  silts, 
clays and d iam ictons, ra re ly  sands and  gravels. T hey  are un 
derlain  m ostly  by C arbon iferous rocks and overla in  by  
perig lacial sands. The T enczynek  B asin  prov ides a  rare  op
portun ity  in Southern  P o land  to  study  a nearly  com plete  
sed im entary  record  o f  the advance  and  standstill o f  the

Sanian-2 icesheet, the m ost ex tensive  from  am ong P leisto 
cene icesheets in Po land  and  the on ly  one w hich  encroached 
upon this area. T his g lacial stage is usua lly  co rrelated  w ith 
the E lsterian-2  stage o f  the W est E uropean  stratigraphic 
schem e (cf. L indner, 1991; L indner e t a l., 1998).

Sedim ents o f  the San ian-2  stage in  S outhern  Po land  are 
p reserved  only  locally  due to  strong  denudation  during the 
subsequent g lac ia l-in terg lac ia l stages. T herefore , the T en
czynek  B asin, w ith  a nearly  50 m -th ick  Q uaternary  infill,
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has been chosen  as a study  area. T he only  one ex tensive ex 
posure o f  g lacial sed im en ts and  overly ing  perig lacial sands 
in this area is situa ted  on top  o f  an ac tive  quarry  o f  Perm ian 
diabases at N iedźw iedz ia  G óra (cf. Figs. 1 -4 ) w here Q uater
nary  deposits, a  dozen or so m etres th ick , are accessib le  in a 
250-m -long, sou thern  exp lo ita tion  w all. It is th e  m ost ex ten 
sive exposure o f  g lacial sed im en ts in  Southern  Poland 
w hich  has no t y e t been  described , excep t p re lim inary  con tri
butions by  R u tkow sk i et al. (1993 , 1994). F rom  the nearby 
area, SE o f  B rod la  in the R y b n a  D epression , tills  overlain  by 
aeolian  sands have been  reported  by  D żułyńsk i (1956).

MATERIAL AND METHODS

D uring fie ld  stud ies ind iv idual exposures have been 
logged (cf. F igs. 4 -1 0 )  and  deta iled  geological m apping  o f  
the T enczynek  B asin  m arg ins near L igun iow a G óra, Ten- 
czynek, and  east o f  N ied źw ied z ia  G óra  has been  m ade (cf. 
Figs. 2, 3), supp lem en ting  the ex is ting  1:50,000 geological

Fig. 1. Tenczynek Basin versus topography o f Krzeszowice region, west o f Kraków, southern part o f the Kraków Upland: A -  
geological sketch, insert cartoon shows the maximum extent o f Odranian (Drenthe; O) and Sanian (Elsterian; S) glaciations; location of 
Niedźwiedzia Góra quarry shown by asterisk; B -  topographic sketch (hatchure denotes glaciolacustrine sediments)
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m aps o f  that area (P lonczynsk i &  L opusirisk i, 1992).
G eological setting o f  g lacial sed im en ts has been  de

scribed on the basis o f  an analysis  o f  w ell- log  data pertain ig  
to coal and diabase prospection . M ore th an  100 logs o f  w ells 
and excavation  pits have been  used, h a lf  o f  them  drilled  af
te r the W orld W ar II, up to  th e  1960s. T he num ber o f  w ells 
changes from  1-2  per sq. km  in the N E  part o f  the Basin, 
through 5 -6  per sq. km  in th e  rem ain in g  part, to  35 p e r sq. 
km  in the quarry itself. T hese w ells  served  as a basis fo r con
struction  o f  a de ta iled  m ap o f  th e  sub -Q uatem ary  topog ra
phy (cf. Fig. 2) and geo log ica l c ross-sec tions (cf. Fig. 3).

Seism ic refraction  and reflec tion  p ro files have been 
shot by S lusarczyk (1997) to  de term ine  the boundary  be
tw een Q uaternary  and underly ing  sed im ents. Seven profiles 
have been analysed by  the use  o f  24 -channel T erraloc M k6 , 
the results being  com puted  on the base o f  Seiatrix3 o r Sex
tette system s. A  com parison  betw een  geo log ical cross sec
tions and geophysical profiles m akes the unequ ivoca l de ter
m ination o f  geolog ical boundaries im possib le . T hese diffi
culties resu lt from  g reat variab ility  in g ra in -size  o f  Q uater
nary sedim ents, very  lim ited  know ledge on the velocity  o f  
propagation  o f  e lastic w aves w ith in  these  deposits, and from 
too sm all d ifferences in ve locity  ranges betw een  C arbon ifer
ous and Q uaternary  strata.

L aboratory  studies consisted  o f  g ra in -size  analyses o f  
silts, clays, d iam ictions and  sand-g ravelly  sed im ents (cf. 
Fig. 11), perform ed on sieves for g ravel and  sand fractions. 
In the course o f  the analysis sam ples w ere  successively  re
duced in size by the quartering  m ethod . F o r silt-c layey  frac
tions, sm aller than  0.1 m m , the  g ra in -size  has been  deter
m ined  using the Sartorius sed im en ta tion  w eight. T he results 
obtained by d ifferen t techn iques have then  been  com bined 
to show  the full spectrum  o f  g ra in -size  d is tribu tion  o f  
d iam ictons (cf. Fig. 11), and no t only  th a t o f  sm aller frac
tions, as it is custom ary in the Polish  literatu re . F rom  se
lected sam ples o f  silts, c lay s and d iam ictons, the fraction 
<0.002 m m  has been separated  and ana ly sed  by X -ray  dif- 
fractom etry  in respect to its qualita tive  m inera l com position . 
X -ray  d iagram s for c lay  fraction  (< 0 .002  m m ) separated  
from  4 sam ples have been  ob ta ined  by  the X -ray  d iffrac
tom eter D R O N  3.0. Q ualita tive  analysis consisted  in the 
study o f  d iffractogram s reg istered  for sam ples orien ted  due 
to sedim entation  from  suspension  o f  < 0 .002  m m  fraction , 
air-dried and saturated  w ith e thy lene g lycol.

Particular attention  has been paid  to  g ravels and cobbles 
( c f  Fig. 12), separated  from  d iam ictons and o ther sedi
m ents. T heir pe trographic  com position  has been determ ined  
for several fractions larger than  2 m m , using  ph i scale. The 
results are p resen ted  in per cen t o f  the n u m b er o f  c lasts, tak
ing each grain-size class as 100% . F rom  each class 300 
clasts have been analysed, excep t those o f  the largest d iam e
ters (R utkow ski, 1977, 1995). D ue to  in sign ifican t am ount 
o f  g ravel-size clasts w ith in  som e d iam icton  sam ples, the fo l
low ing separation  techn ique has been app lied . C lasts larger 
than 32 m m  in d iam eter have been  p icked  up in the field, 
w hereas the rem ain ing  m ateria l has been  b rough t to  the 
laboratory , then air-dried  and  sieved  to  separate  4 -3 2  m m  
clasts. The sm aller-size m aterial has been  w et-s ieved . T ak
ing into account the sm all p ropo rtion  o f  coarse-g ra ined  m a
terial, large, several hundred k ilogram  each , sam ples had  to

be collected. F o r instance, to  ob ta in  a su ffic ien t num ber o f  
<32 m m  clasts from  sam ple 3P, ca. 250  kg o f  diam icton 
m ust have been  sieved. F o r frac tions <2 m m , the am ount o f  
CaCC>3 has been  determ ined  by the vo lum etric  m ethod  (cf. 
Figs. 8 -9 ).

T herm olum inescence  dating  w as perfo rm ed  by  one o f 
us (A. B luszcz) at the G liw ice  T echn ical U niversity  on 4 
sam ples o f  silts and sands, co llec ted  from  the eastern  part o f 
the N iedźw iedz ia  G óra exposure  ( c f  Figs. 7, 9). E ach tim e 
quartz grains o f  9 0 -1 5 0  jam frac tion  have  been analysed.

GEOLOGICAL SETTING 
OF TENCZYNEK BASIN AND ITS 

SURROUNDINGS

The T enczynek  B asin  rep resen ts  a depression  situated 
south o f  K rzeszow ice  (F igs. 1, 2), w ith in  th e  T enczynek  
R ange horst (D żułyńsk i, 1953; G ilew ska, 1972). The basin 
is filled  w ith  Q uaternary  sed im ents and  its top  occurs at 
31 0 -2 9 0  m  a.s.l. in the sou th  and  the w est, slop ing  to  som e 
2 7 0 -2 9 0  m  a.s.l. in the north . T he T enczynek  B asin is 
d rained m ain ly  to the north  by  tribu taries o f  the R udaw a 
R iver, flow ing through and  east o f  T enczynek , subordina- 
tely  tow ards the Sanka R iver in the SE part and the R udno 
R iver valley in the SW  part.

The topography  and geo log ical setting  o f  the T enczy
nek  B asin  and its su rroundings are show n in Figs. 1 and 2, 
and described  in  detail by D żułyńsk i (1953), D oktorow icz- 
H rebnick i (1954), and P lonczynsk i and  Ł opusińsk i (1992).

The w ell-log  data  show  th a t the base  o f  the basin  is re la
tive ly  flat, be ing  p laced  at 2 3 0 -2 4 0  m  a.s.l., and  sloping to 
som e 220 m  a.s.l. in the SE p art on ly  (Figs. 2, 3). Judging 
from  the p re -Q uatem ary  topog raphy  (Fig. 2), the  basin was 
in itially  d rained  sou th-eastw ards, tow ard  the p resen t Sanka 
R iver valley  and, possib ly , also  sou th -w estw ards, to  the val
ley o f  Rudno.

The central part o f  the basin  reveals a m inor uplift 
(256.7  m  a.s.l.), accom pan ied  by  a sm all depression  (224.5 
m  a.s.l.). T he lack o f  w ells  w ith in  zones o f  o ther possible 
outflow s and inflow s from  and  to  th e  basin  (cf. F ig. 2) does 
no t enable us to  com m ent on D ż u ły ń sk i’s et al. (1966) re
construction  o f  the P liocene valley  p a tte rn  in the area.

QUATERNARY SEDIMENTS 
OF TENCZYNEK BASIN

The descrip tion  o f  Q uaternary  sed im ents o f  the T enczy
nek  B asin  consists o f  tw o parts. T he first one includes an 
analysis o f  w ell logs w hięh  are the only  source o f  inform a
tion  perta in ing  to  the basin  substratum . The second part 
sum m arizes characteristics o f  the exposed  surficial deposits.

The Q uaternary  basin  fill can  be subd iv ided  into three 
com plexes (Figs. 3 -5 ) . T he low er com plex  is com posed  o f  
g ravels and sands bearing  in frequen t in tercalations o f  
d iam ictons. T hese sed im ents are e ither o f  fluvial (pre-E lste- 
rian) or g laciofluv ial (E lsterian) origin. The m iddle , glacio- 
lacustrine and glacial Sanian (E lsterian ) com plex  com prises 
c lays, silts and d iam ictons, w hereas the upper com plex is
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Fig. 2. Topography of the base o f Quaternary sediments in the Tenczynek Basin

com posed o f  perig lacial, m ostly  fluvial, sands w ith som e in 
tercalations o f  g ravels and angu lar debris.

LO W ER COM PLEX

T he low er com plex, up to  19 m  th ick  (Fig. 3), m akes up 
the low erm ost part o f  the T enczynek  B asin  fill. Its top  rarely  
exceeds 2 4 5 -2 5 0  m  a.s.l. It is com posed  ch iefly  o f  sands, 
rarely gravels, bearing  subord inate  th in  layers o f  d iam ictons 
and clays. A ccord ing  to  w ell-log  data, these  g ravels com 
prise exclusively  local m aterial, dom inated  by quartz, lim e
stones, flints, d iabases and  in frequen t m elaphyres. T he only 
one surficial exposure o f  th is com plex  occurs in the eastern  
part o f  N iedźw iedzia  G óra quarry  (Fig. 4, site  12). In a nar
row , steep-sided  furrow  cu t into P erm ian  d iabases (Fig. 2) 
there crop out silts overlain  by strongly  silty  and rusty  sands 
and sands w ith  gravels. T he to p m o st p a rt o f  the series is 
capped by varved  clays, belong ing  to  the m idd le  com plex.

Petrographic com position  o f  g ravels o f  th is com plex  (cf. 
Fig. 12, sam ple 14) is rep resen ted  in the outcrop by exclu 
sively local m aterial. T hese  are  O xford ian  and  -  ra re ly  -

C allovian  lim estones, C allov ian  sandstones and quartz gran
ules, being  accom pan ied  b y  strong ly  w eathered  clasts o f  di
abases.

From  the genetic p o in t o f  v iew , th e  low er com plex  m ay 
represen t fluv ial and /o r g lac io fluv ia l sed im ents th a t could 
have been deposited  betw een  the late P liocene and E lsterian 
ages.

M IDDLE CO M PLEX

The m idd le  com plex  is com posed  o f  c lays, silts, and 
d iam ictons, w ith  rare  in terca la tions o f  sands and  gravels. 
T he in terpre tation  o f  w ells d rilled  in  the study area during 
the last cen tury  is re la tive ly  d ifficu lt, since the w ell-log  
charts are far from  detail. It is fo r th is  reason  w hy  glacio- 
lacustrine and  glacial sed im en ts d rilled  by boreholes are 
treated  here  together; ano ther group  is rep resen ted  by sands 
and gravels th a t form  in terlayers w ith in  the fo rm er unit.

The th ickness o f  sed im ents ranges from  a few  to ca. 50 
m , averaging at 40 m . T h e ir top  is situated  at 3 1 0 -3 2 0  m
a.s.l. in m arg inal parts o f  th e  basin  and  290 m  a.s.l. in its
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Fig. 3. Geological cross-sections through Quaternary infill o f the Tenczynek Basin. Dense hatchure in the middle complex unit denotes 
lenses o f sand and gravel

central, partly  eroded part (F igs. 3, 5).
O utcrops w ith in  the excavation  p it at N iedźw iedzia  

G óra enab le  us to identify  the fo llow ing  sed im en tary  units 
w ith in  the m iddle  com plex: varved  clays, silts, d iam ictons, 
as w ell as sands and gravels, the litho logy  o f  w hich  w ill be 
p resen ted  below . T he m ost ex tensive are silts (Fig. 5);

d iam ictons have  sm aller extent. V arved  clays occur at the 
base o f  the com plex, w hereas sands and  gravels occur spo
rad ica lly  th roughou t the com plex.

Varved clays
V arved  c lays p lay  a m inor ro le  w ith in  the m idd le com -
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Fig. 4. Location of analysed logs of Quaternary sediments in 
the Niedźwiedzia Góra pit

p lex , o ccu rring  in the  eastern  and  w estern  parts o f  the  exca
vation  pit, at its bo ttom  (Figs. 6 , 7). T he ir th ickness ranges 
from  20 cm  to  50 cm . The varv ed  c lays are  com posed  o f  a l
te rn a tin g  light and  dark  lam inae, each  p a ir  be ing  a  few  m il
lim etres th ick . L igh t-g rey  lam inae  com prise  silts w ith  som e 
adm ix tu re  (ca . 10% ; c f  F ig. 11, sam ple lb )  o f  clay , w hereas 
dark -g rey  lam inae, 2 m m  th ick , inc lude  up to  62%  o f  clay. 
T he CaCC>3 con ten t is 5 .0 -9 .8% and  3 .0 -6 .5 % , respec
tively .

X -ray  stud ies p e rfo rm ed  for frac tions < 0 .002  m m , sepa
ra ted  from  dark  lam inae, ind ica te  p redom inance  o f  finely

d ispersive sm ectite  w ith  a subo rd ina te  am oun t o f  illite and 
kaolin ite. Q uartz  and  traces o f  calc ite  occur as w ell.

Silts
The m ajo r p art o f  g lac io lacustrine  sed im ents at N ie 

dźw iedzia  G óra is com posed  o f  dark -g rey  silts, occurring  
p rincipally  in  the cen tral p a rt o f  th e  excavation  p it (Fig. 5). 
These are  usually  b lu ish  and  b lu ish -g rey , m assive, m ore 
rare ly  lam inated  silts th a t con ta in  in frequen t d ropstones and 
rare lenses o f  g ravels (up to  1 0 -1 5 %  o f  g ravel fraction; cf. 
Figs. 10, 11, sam ple 15). T he gra in -size  com position  o f  
g lacio lacustrine silts (cf. F ig. 11, sam p le  6) is dom inated  by 
silts w ith  a dozen  or so p e r  cen t o f  sand, and a com parab le  
am oun t o f  clay . T he m ean  grain  d iam eter M z is 5.64—7.09 
phi, i.e. 0 .01- 0.02 m m .

T he C aC 0 3  con ten t w ith in  unw ea th e red  silts ranges 
from  7.0%  to 13.4%  (Figs. 7, 8). T he topm ost p art o f  w ea th 
ered  silts is g reen ish  to  y e llow -g rey  and  com plete ly  decalci
fied. T he silts con ta in  som etim es th in  in terca la tions o f  c lays, 
w hose grain-size  com position  (sam ple  5: 78%  o f  clay) does 
no t d iffer m uch  from  th a t o f  dark  lam inae  o f  varved  clays 
(Fig. 11). X -ray  studies show  p redom inance  o f  sm ectite , ac 
com panied  by  a  dozen  or so per cen t o f  illite. K aolin ite, 
quartz, as w ell as calc ite  and  goe th ite  adm ix tu res have also 
been found.

Palyno log ica l de term inations revea led  a very  poor as
sem blage o f  po llen , com posed  o f  som e redeposited  T ertiary  
taxa  w ith in  varved  c lays and  in frequen t po llen  o f  Q uater
nary  conifers w ith in  silts, p o in tin g  to  a  co ld  clim ate. M i- 
cropalaeon to log ica l de term inations, in tu rn , show ed very 
p o o r redeposited  m icro fauna, com posed  m ostly  o f  C re ta
ceous and M iocene foram in ifers, Inoceram us prism s and 
sponge spicules.

Diamictons
D iam ictons are the second  im portan t com ponen t o f  gla-

Q.S.l.

3 2 0

310

300 -

290 -

280 L BED RO CK SAND AND 
GRAVELS

VARVED
CLAYS

ANGULAR
DEBRIS

RECENT
COLLUV1UM © ANALYSED 

LOGS

1 0 0  m

Fig. 5. Section along the southern exploitation wall o f the Niedźwiedzia Góra quarry. Quaternary complexes: LC -  lower, MC -  
middle, UC -  upper
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cial sedim ents exposed  at N ied źw ied z ia  G óra. T hey  cluster 
m ain ly  in the eastern  part o f  the exposure  (Figs. 4 , 5, 7, 8) 
w here the ir th ickness attains 7 m ; th ey  also  occur in the cen 
tral and w estern  parts (Figs. 4 -6 ) , a lthough  show ing  a m uch 
sm aller th ickness.

These are m ostly  m assive and  m atrix -supported  sed i
m ents, som etim es w ith  ev idence o f  resed im en ta tion ; clast- 
supported  or indistinctly  stra tified  d iam ictons occur subor
d in a te ^  {c f Figs. 6- 8 , and litho facies descrip tion  g iven in 
the subsequent paragraph).

G rain-size analyses (Fig. 11) ind icate  th a t the m ain  
com ponent o f  d iam ictons are silts w ith  adm ix tu res o f  sands, 
gravels and clays in variab le  p roportions. T he d iam ictons 
contain 4 0 -6 0 %  o f  g rains <0.1 m m , inc lud ing  from  a few  to 
28%  o f  clays (<0.002 m m ), 5 -2 0 %  o f  sands, a few  to 20%  
o f  gravels, and 0 -9 %  o f  clasts la rger than  64 m m . T he larg
est clasts are a few  tens o f  cen tim etres in d iam eter and can 
be found only sporad ica lly  a t the foo t o f  th e  excavation  
wall. T heir percen tage w ith in  the d iam ictons is insign ifi
cant. T he m ean  grain d iam eter M z is 1 .3 2 -6 .1 6  phi (0 .2 7 -  
0.01 m m ), exceptionally  a tta in ing  0.44 ph i (0 .74  m m ). E x
trapo lating  the grain-size  cum ulative  curve by 2 phi w ith in  
sm all fractions, one can obtain  the so rting  index pi o f  3 .4 0 -
6.07 phi, po in ting  to  very  poo r and ex trem ely  poor sorting  
m easures.

M ineralogical stud ies perfo rm ed  on c lays separated  
from  d iam ictons (sam ples 3 and 8) show  a com position  
sim ilar to  that observed  w ith in  clay  in terca la tions w ith in  
silts. The CaCC>3 con ten t w ith in  fractions <2 m m  changes 
from  7.5%  to 15.8% {cf. Figs. 7, 8 , 10).

Special attention  has been  p a id  to  the petrograph ic  com 
position o f  clasts w ith in  the d iam ictons {cf. Fig. 12, sam ples
2, 3, 7, 9, 18). T hey represen t: local m ateria l, derived  from  
the underly ing  substratum  and  nearby  hills , m ateria l derived  
from  the South and  C entral P o land , as w ell as rocks o f  Scan
d inavian  and the B altic  Sea bo ttom  p rovenance . T he local 
m aterial is com posed  principally  o f  w h ite  o r w h ite-grey ish  
O xfordian  lim estones, w hose c lasts are usually  angular, 
po in ting  to  a very short transport. Som e o f  Ju rassic  lim e
stones, how ever, could  have been  tran spo rted  from  m ore 
distant areas situated  in the K raków  U pland . T his ty p e  o f  
m aterial occurs th roughou t all g ra in -size  c lasses, from  
< lm m  to 256 m m , its p roportion  chang ing  depend ing  on 
grain-size class and sam ple, from  ca. 1% to  >95% . The 
h ighest am ount o f  Jurassic  lim estones has been  encoun tered  
w ithin d iam ictons exposed  in the eastern  p art o f  the pit {cf. 
Fig. 12, sam ples 3, 7, 9). A no ther local com ponen t is repre
sented by coarse-grained  sandstones w ith g ravels, derived  
from  the M iddle Jurassic  rocks th a t crop  ou t in the northern  
part o f  the quarry, as w ell as by  ye llow ish -b row n, lim oni- 
tised  sandy lim estones bearing  abundan t faunistic  rem ains 
(C allovian). Jurassic lim estones are accom pan ied  by  cherts 
and flints. T hese rocks are re la tive ly  rare  w ith in  nearby  
lim estone exposures, bu t ub iqu itous in rego lith s o f  T ertiary  
(Palaeogene and P liocene) age (R utkow ski, 1987). Such re
goliths occur in the study area east o f  N ied źw ied z ia  G óra 
{cf. Fig. 12, sam ple 21; see also Fig. 2).

C herts are usually  dark -b row n and grey, som etim es y e l
low. M ore rarely , nearly  b lack  flin ts o f  irregu la r shape, cov 
ered by w hite w eathering  coatings, can  be found. C herts are

Table 1

L ithofacies codes used  in log  descrip tion  
(based  on M iall, 1977 and  E y les et al., 1983)

Code Description

Diamictons

Dmm matrix-supported, masive

Dmm(r) matrix-supported, massive, with evidence of 
resedimentation

Dms
matrix-supported, stratified diamict; 
stratification more than 10% o f  unit thickness

Dmg
matrix-supported, graded, exhibits variable 
vertical grading in either matrix or clast content

Dmg(s) matrix-supported, graded, sheared

Dcm clast-supported, masive

Dcm(r)
clast-supported, massive, with evidence of 
resedimentation

Dcs clast-supported, stratified

Dcs(r)
clast-supported, stratified, with evidence o f 
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

FI laminated

Fd with dropstones

Fr rootlet traces, seat earth

usually  angular, rare ly  w ell rounded . T he ir con ten t changes 
from  0 to ca. 10%. S trongly  silic ified  rocks o f  uncertain  
p rovenance , e ither Polish  C arbon ife rous o r S candinavian  
Palaeozoic, can also  be encoun te red . T he d iam ictons con
ta in  at p laces w hite , light and po ro u s siliceous m arls 
(opokas) o f  U pper C retaceous (S enon ian ) age.

A no ther im portan t local com p o n en t are  P erm ian  d iaba
ses. T heir c lasts w ith in  the d iam ictons im m edia te ly  overly 
ing  varved  clays (Fig. 9; see a lso  Fig. 12, sam ple 2) are usu 
ally  angular, strongly  w ea thered  and g rey  to  b row n-ye llo 
w ish . T heir con ten t w ith in  gra in -size  c lass up to  128 m m  at
ta ins even 100%. D iabase clasts have  a lso  been found  in the 
diam ictons exposed  in the w estern  p art o f  the p it {cf. Fig. 12, 
sam ple 18).
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Fig. 6. Sedimentological log of Quaternary sediments exposed in the south
western part o f 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, 1 0 -  local depression, 11 -  deformational horizon with 
vertical extent o f 0 .1 m, 12 -  increase o f CaC03 content, 1 3 -  ice-rafted debris, 14 
-  maximum clast diameter in millimetres, 15 -  sampling points, 16 -  TL age 
determinations. For location see Figs. 4 and 5

Q uartz g rains could  have  been  derived  either from  
Scandinavia, N orthern  P o land  or local rocks. In the last 
case, their source are C allov ian  sandstones (Fig. 4, site 14; 
cf. Fig. 12, sam ple 19), con ta in ing  7 0 -8 5 %  o f  quartz, or re- 
goliths o f  U pper C arbon iferous sandstones exposed  w est o f  
T enczynek  (Fig. 12, sam ple 20), and  com prising  71—96%  o f 
quartz.

T he S candinavian  m ateria l is rep resen ted  firs t o f  all by 
crysta lline  rocks. T hese are p ink  and grey  g ran ito ids, rarely  
p ink porphyres and gneisses. P ink Jo tn ian  quartzites occur 
sporadically . The p roportion  o f  Scand inav ian  rocks in indi-

v idual sam ples changes from  0 to >35% . T hese 
rocks occur in som e sam ples only, being m ost 
frequen t w ith in  d iam ictons exposed  in the 
w estern  p art o f  the p it (cf. Fig. 12, sam ple 18), 
as w ell as in g lac io fluv ia l g ravels (sam ple 15). 
C rysta lline  rocks o f  S candinavian  provenance 
are p resen t in all g ra in -size  classes. The largest 
e rratic  b locks, u sua lly  g ran ito ids, are infre
quent and a tta in  a  few  tens o f  cen tim etres in d i
am eter.

A n im portan t com ponen t o f  the sedim ents 
in question  are also  grey  or b lue-grey , som e
tim es m arly  lim estones th a t bear abundant re 
m ains o f  b rach iopods, b ivalves, crinoids and, 
rarely , trilob ites, derived  from  O rdovician  and 
S ilurian  stra ta  o f  the sou th-eastern  Scandina
via. T heir o ccu rrence  is restric ted  to  glacial 
d iam ictons w here in  th e ir  con ten t attains som e 
25% .

G lacia l d iam ictons con tain  as well hard, 
com pact lim estones o f  unknow n age. They 
could  rep resen t e ither m ore com pact varieties 
o f  Jurassic  lim estones o r L ow er C arboniferous 
lim estones th a t crop ou t n ear C zatkow ice.

In excep tional cases, the d iam ictons con
ta in  fragm en ted  shells o f  oysters, several 
m ilim etres th ick , p itted  som etim es by C liona- 
p roduced  burrow s, 1 m m  in d iam eter. These 
shells have been  derived  from  m arine  M iocene 
strata. T here also  occu r fragm ents o f  w hite cal- 
c irud ites and  m ed ium - to coarse-grained  ca l
careous sandstones o f  sim ilar provenance. In 
addition , dark -g rey , nearly  b lack , hard and 
com pact chunks o f  lign ite  derived  from  fresh
w ater M iocene sed im en ts, have  also been 
found.

From  the petrog raph ic  po in t o f  view , the 
d iam ictons occu rring  at N iedźw iedz ia  G óra 
can be subd iv ided  in to  tw o groups. The first 
crops ou t in the eastern  part o f  the exposure, 
w here the d iam ictons contain  m ain ly  Jurassic 
lim estones (F ig. 12, sam ples 3, 7, 9), and 
w hose petrograph ic  com position  does no t 
change from  one gra in -size  class to  another. 
T he o ther com ponen ts, like crysta lline  rocks 
and lim estones o f  S candinav ian  provenance, as 
w ell as sandstones, quartz ites and cherts m ake 
up 30% , ex cep tiona lly  to  40%  o f  all clasts. Ju 
rassic lim estones are abundan t both  in gravelly  

and m ore c layey  varie ties o f  d iam ictons.
The second  group, occu rring  in th e  w estern  part o f  the 

exposure (Fig. 12, sam ple 18), com prises m ostly  Scandina
vian  m aterial (crystalline rocks and  L ow er Palaeozoic  lim e
stones), w ith  a m inor adm ix tu re , up  to  few  percen t, o f  Ju ras
sic lim estones. T here also  occu r c lasts o f  d iabases, w hose 
ratio  increases from  a few  per cen t w ith in  sm all-size  grains 
to a dozen or so per cen t in co arse-g ra ined  sed im ent. Q uartz 
show s the opposite  tendency .

A nother character d isp lay  tw o  sam ples o f  d iam ictons 
co llected  in the eastern  p art o f  the pit. T he m aterial im m edi-
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Fig. 7. Sedimentological log o f Quaternary middle complex 
sediments exposed in the eastern part o f the quarry (log 9-10); E -  
CaC03 content in per cent. For location see Figs. 4 and 5; other 
explanations in Fig. 6 and Table 1

ately overly ing  varved  c lays (F igs. 7, 12, sam ple 2 ) contains 
nearly  exclusively  d iabases, w ith  a neg lig ib le  adm ix ture  
(0 .6% ) o f  cherts and crysta lline  rocks o f  S candinav ian  
provenance. A  sam ple co llec ted  from  the h igher p art o f  the 
section contains only  angu lar fragm ents o f  Ju rassic  lim e
stones. These sedim ents can  be in terp re ted  as rep resen ting

Fm

Sr

FI

Fm
FI
FI
Gp

FI

12.8

Fd

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

debris flow s shed  from  d iabase  or lim estone w eathering  
m antles.

The inven to ry  o f  heavy  m inera ls (T able  2), fraction 
<0.5  m m , is dom inated  by zircon. T he ra tio  o f  poorly  resis
tan t (am phibo les, py roxenes, andalusite , sillim an ite) m iner
als, m ost p robab ly  g lac ia lly -derived , is clearly  h igher in 
sam ple 18 than  in sam ple 3, w h ich  confo rm s w ith  th e  higher 
con ten t o f  crysta lline  rocks in the fo rm er sam ple (Fig. 12, 
sam ples 18, 3).

Gravels
The m idd le com plex  o f  glacial sedim ents in the 

T enczynek  B asin  contains in frequen t in tercalations o f  sands 
and  gravels. T he ir th ickness, ju d g in g  from  w ell-log  descrip
tion , ranges from  2 -3  m to even  10 m  (Fig. 3). A n irregular 
in tercalation  o f  gravels, a  dozen  cm  th ick , has been  found 
w ith in  g lacio lacustrine silts (Fig. 10, sam ple 15) in the cen
tra l part o f  the pit.

T hese gravels (Figs. 11, 12, sam ple  15) rep resen t a 
poorly  sorted m ix tu re  o f  sand, g ravel and  silt. C obbles occur 
sporad ically . P etrographic  com position  o f  sm all-size  clasts 
(Fig. 12) is dom inated  by  quartz  and  Scandinav ian-derived  
crystalline rocks, w hose p ropo rtion  d im in ishes w ith  the di
m in ish ing  grain size. A n o ther tendency  display  cherts, 
w hose ratio  in the coarsests fractions exceeds 50% . Such a 
feature  is typ ica l for Q uaternary  gravels o f  the K raków  re
gion (R utkow ski & Sokołow ski, 1983; R utkow ski, 1995).
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Fig. 11. Grain-size composition of main types o f Quaternary 
sediments in the Niedźwiedzia Góra pit: A -  lower complex and 
varved clays from the base o f the middle complex, B -  middle 
complex, C -  upper complex

Fig. 10. Sedimentological log o f Quaternary middle complex 
sediments exposed in the central-western part o f the quarry (log 3). 
For explanatons see Fig. 6 and Table 1; location in Figs. 4 and 5
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Fig. 9. Sedimentological log of Quaternary sediments exposed 
in the east-central part o f the quarry (log 11 situated above log 
9-10). For explanations see Figs. 6 , 7 and Table 1; location in Figs. 
4 and 5
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O ne should take no tice o f  the com plete  lack o f  carbonate 
clasts w hich have probab ly  been d isso lved  by g round  w a
ters. S im ilar regu larity  has been  observed  th roughou t glacial 
sedim ents o f  the K raków , M iechów  and  W itów  areas 
(R utkow ski, 1995).

The assem blage o f  heav y  m inerals d iffers from  that o f  
diam ictons by h igher con ten t o f  z ircon  and  a sm aller am ount 
o f  poorly -resistan t m inerals (T ab le  2, sam ple  15).

The gravels in question  are o f  g lac io fluv ia l origin. 
H ow ever, the relatively  high ratio  o f  cherts ind ica tes that

transporting  w ater m ust have  been  en riched  in extraglacial 
m aterial. T his is also confirm ed  by the character o f  heavy 
m ineral assem blages. T he lack  o f  carbonates can be associ
ated  w ith postdepositional decalc ification .

Discussion
C om paring  the petrog raph ic  com position  o f  diam ictons 

(fraction  16 -32  m m ) o f  T enczynek  B asin  w ith  c layey  tills 
from  B ib ice near K raków  (cf. R u tkow ski, 1993) one can 
conclude tha t the la tter com prise  16.4%  o f  Scandinavian
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Table 2

H eavy m ineral com position  (% ) o f  Q uaternary  sedim ents 
expoased at the N ied źw ied z ia  G óra  pit 

(det. by M. K rysow ska-Iw aszk iew icz); fraction  <0.5 m m

sediment diamictons
glaciovluvial

gravels coversands

sample # 3 18 15 11 13

garnet 36.0 53.5 11.0 25.0 42.0

zircon 26.5 10.5 40.0 38.5 17.5

tourmaline 4.0 3.5 5.5 6.0 5.5

rutile 5.0 2.0 12.0 8.5 1.5

staurolite 2.0 1.5 8.0 4.0 6.5

kyanite 3.5 1.5 1.5 - 1.5

epidote 4.5 4.5 3.5 6.5 11.5

zoisite 0.5 1.0 - 1.0 0.5

titanite 4.5 - 2.5 - -

topase 1.0 2.0 3.5 2.5 1.0

monazite 1.0 2.0 1.5 2.0 1.5

amphibole 6.5 14.5 6.0 3.5 7.0

pyroxene 4.0 2.5 3.5 1.5 2.5

andalusite 1.0 1.0 1.0 0.5 1.0

syllimanite - - - 0.5 0.5

crystalline rocks, 20 .7%  o f  cherts and  35.3%  o f  un 
w eathered  Jurassic, S candinav ian  and M iocene lim estons. 
Such a picture resem bles tha t encoun te red  at N iedźw iedzia  
G óra. A s com pared to g lac iofluv ial g ravels from  north -east
ern Poland, the described  g ravels include considerab ly  m ore 
local m aterial at the expense o f  the Scand inav ian  one.

T he d ifference betw een  clasts separa ted  from  diam ic- 
tons and those o f  g laciofluv ial g ravels consists in postdepo- 
sitional d issolution  o f  carbonates in the latter. A nalogous 
processes have com m only  been  observed  w ith in  g lac io flu 
vial sedim ents in K raków  (Prokocim , L ib rary  o f  C ollegium  
M edicum ) that com prise 30 .4%  o f  crystalline rocks and
11.7% od cherts, bu t no t carbonates. A t ano ther site w est o f  
K raków  (B ogucianka near T yniec), g lacial and g laciofluvial 
sedim ents contain  26.4%  o f  crysta lline  rocks, 19.2%  o f  
cherts, and only 2 .6%  o f  Ju rassic  lim estones derived  from  
the bedrock.

UPPER CO M PLEX

T he upper com plex is com posed  predom inan tly  o f  
sands w hich unconform ably  overlie  the eroded  top o f  sed i
m ents o f  the m id d le  com plex. T he th ickness  o f  this d iscon
tinuous cover in the T enczynek  B asin  does no t exceed  10 m 
(Fig: 3, section V I -V I ’). M oreover, the sands bu ild  a vast 
cover overly ing  o lder sed im ents upon slopes and in terfluves 
o f  nearby  hills, rising  up to 400  m a.s.l. In  few  cases, the

sand cover is overtopped  by  sm all dunes, particu larly  w est 
o f  Tenczynek.

In the excavation  p it at N ied źw ied z ia  G óra the sands are 
usually  yellow -grey ish , ra re ly  rusty , and m edium  to fine
grained (Fig. 11, sam ples 11, 13). T hey  are e ither rippled , 
m assive or show ing  horizontal lam ination . Infrequent 
erosional scours are to  be encoun tered  as w ell. The m ean 
grain d iam eter M z is 1 .69 -1 .88  phi (0 .27 -0 .31  m m ). The 
sands are m odera te ly  so rted  ( c i  0 .6 4 -0 .6 9 ). C oarse-grained 
sand grains reveal surfaces ind ica tive  o f  aeolian  rew orking. 
The sands are m ostly  devo id  o f  carbonates or contain  a m i
nor adm ixture o f  CaCC>3.

T he variab le  p roportion  o f  res is tan t and  nonresistan t 
heavy m inerals (T able 2) ind ica tes th a t these sands have 
been derived both from  g lacial sed im en ts and  pre-Q uater- 
nary  bedrock.

The base o f  the sand  cover (F igs. 5, 6 , 9) contains at 
p laces a m arked  adm ix ture  o f  gravels. The m ean  grain d i
am eter M z is is here  0.27 phi (0.83 m m ), the sorting  is very 
poo r ( a i ca. 3.2 phi), and  gravels are usually  com posed o f  
d iabase clasts (Figs. 5, 12, sam ple 16). Som e o f  these clasts 
are unw eathered  or show  traces o f  aeo lian  rew orking.

In the eastern  part o f  th e  p it (F igs. 4, 5, log 13, Fig. 12, 
sam ple 17) an in terlayer o f  angu lar debris, 0.5 m  thick, has 
been found w ith in  the sands. It com prises 52 .7%  o f  gravel 
and 5.9%  o f  cobble-size  fraction. T he m ean grain d iam eter 
M z is 2.07 ph i (0 .24 m m ), the so rting  is very poo r (o i 3.23 
phi), and the largest clasts attain  a dozen cen tim etres in d i
am eter (Fig. 11). The la tter are m ain ly  angu lar fragm ens o f  
O xfordian lim estones w ith  subord inate  adm ix ture  o f  sandy 
and organogenic C allov ian  lim estones (Fig. 12, sam ple 17). 
T he w hole in tercalation  appears to  rep resen t a solifluction 
tongue.

DIAMICTON LITHOFACIES OF THE 
MIDDLE COMPLEX: DESCRIPTION

The m iddle  com plex  com prises the m ajo r p art o f  sed i
m ents exposed at the N ied źw ied z ia  G óra p it (Fig. 5) and, 
therefore, p rov ides som e clues to  sed im eto log ical in terpre
tation  o f  g lacigen ic  sed im ents o f  the E lsterian  stage. The 
poor state o f  exposure does no t a llow  us to draw  a detail p ic 
ture o f  spatial d istribu tion  o f  ind iv idual d iam icton lithofa- 
cies; the fo llow ing  descrip tion  is based  on a few  logs w hich 
w ere accessib le  to  observation  (Figs. 4 -1 0 , T ab le  1).

Matrix-supported, massive diamictons [Dmm]
T hese deposits occur in logs 9 -1 0  and 1 (F igs. 6 , 7), b e 

ing represen ted  by 0.4 to  1.1 m  th ick  bodies o f  brow n and 
brow n-grey  d iam ictons w ith  in frequent, chaotically  d is
persed  clasts 0 .5 -1  cm  to  7 cm  in d iam eter, averag ing  at 2 -4  
cm. N o striation  or po lish ing  has been  found. T he C aC 0 3  
content increases from  the b o ttom  upw ards.

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

They bu ild  len ticu lar bodies, 1 0 -4 5  cm  th ick , observed 
at logs 9 -1 0 , 8 and 1 (F igs. 7, 8 , 6) and  com posed  o f  dark- 
brow n, ca lcareous, c layey  d iam ictons, resting  w ith in  m as
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sive, brow n-grey and ca lcareous sed im ents w ith  sm all clasts 
o f  lim estones (log 9 -1 0 ) . A t the top  o f  log 9 -1 0  (Fig. 7) 
these deposits are rep resen ted  by w edges o f  c layey  d iam ic- 
tons, underlain  by a 2 0 -3 0  cm  th ick  layer o f  lacustrine 
rhythm ites, em bedded  w ith in  very  fine-g ra ined  and  silty 
sands. T he w hole unit is here  strongly  d is tu rbed  and  cu t on 
the SW  by a norm al fault, separa ting  th e  d iam ictons from  
lacustrine silts. The d iam ictons o f  log 8 (Fig. 8) bear rare 
clasts, 0 .5 -3  cm  in d iam eter, and  iso la ted  lenses o f  light- 
grey silts and ellipsoidal lum ps o f  very  fine-g ra ined  and 
silty sands, 6 15 cm  in size. T hey  are underla in  by  m assive 
silts w ith ice-rafted  debris and  overlain  by  lam inated  silts. It 
is the only  one in terlayer o f  d iam ictons observed  in th is log. 
In log 1 (Fig. 6), 20 cm -th ick  lenses o f  m assive  d iam ictons 
w ith lum ps o f  sands em bedded  w ith in  silt-c layey  m atrix , 
and bearing  in frequen t clasts 2 -5  m m  to 1 cm  in d iam eter, 
have been found.

Matrix-supported, stratified diamictons [Dins/
The topm ost part o f  d iam icton  series in log 9 -1 0  (Fig. 

7) is represen ted  by 1.3 m  th ick  b row n-g rey , strongly  ca l
careous, d iam ictons w ith  irregu la r in terca la tions o f  silts and 
show ing fain t lam ination. C lasts are sm all and infrequent, 
usually  2 -4  m m  to 2 cm  in d iam eter, and  chao tica lly  o rien
tated. In the topm ost part, iso la ted  clasts o f  Jurassic  lim e
stones, 5 -7  cm  across, occur. In log 1 (F ig. 6 ), th is lithofa- 
cies occurs tw ice. The low er layer is 0 .8  m  th ick  and  com 
posed o f  grey d iam ictons w ith iso lated  c lasts 0 .5 -1  cm  to 3—
5 cm in diam eter, including len ticu lar bod ies o f  finely  lam i
nated  silts, 5 -8  cm  long. T he  u pper part o f  th is layer bears 
m ore lenses o f  cross-lam ina ted , w h ite -g rey  silts, a lternating  
w ith silty clays and steel-grey  clays. L en ticu lar silt bodies, 
2 -4  cm  th ick  and 5 -6  cm  long, resem ble  flow  structures. 
The topm ost part, 20 cm  th ick , show s d iscon tinuous w avy 
lam ination. The second, upper layer o f  D m s in log 1 (Fig. 6) 
is 1.5 m th ick  and com posed  o f  grey  d iam ictons w ith  chaoti
cally orien tated  clasts, 0 .5 -2  cm  in d iam eter, and bearing  
thin, irregular lenses en riched  in clasts 2 -3  m m  to 1.5 cm  in 
diam eter.

Matrix-supported, graded diamictons [Dmg]
These are 0.5 m  th ick  bod ies o f  g rey -b row n , calcareous 

d iam ictons occurring  in log 9 -1 0  (F ig. 7). T hey  contain  
clasts 2 -3  m m  to 1 -2 .5  cm  in d iam eter, th e ir size decreasing  
from  the bottom  upw ards. T he top  is trunca ted  by a m elt-ou t 
depression , 1 m in d iam eter and  0 .5 -0 .6 m  deep , filled  w ith 
grey-bluish  silts.

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

In log 9 -1 0  (Fig. 7) they  are rep resen ted  by  a 1.4 m  
th ick  layer o f  grey-brow n, ca lcareous d iam ictons w ith  clasts
0 .5 -1  cm  to 6 -7  cm  in d iam eter, averag ing  at 2 -3  cm . The 
d iam ictons are m assive, show  p laty  fissility , and are cut at 
p laces by subvertica l jo in ts . A part from  dom inan t Jurassic  
lim estones, cherts 3 -3 .5  cm  in d iam eter and in frequent 
quartz granules, 1 cm  across, are to  be found. T he con tac t 
w ith underly ing  D cm (r) is sheared, the u pper boundary  o f  
sedim entary  character.

Clast-supported, massive diamictons [Dcm]
In log 9 -1 0  (Fig. 7) these  are 2.1 m  th ick  light-grey  and 

brow n-grey , m assive d iam ictons w ith  num erous clasts, 
2 0 -2 7  cm to 60 cm  in d iam eter, dom inated  by Ju rassic  lim e
stones. The base  is o f  tec ton ic  character; the w ho le  unit is 
tilted  to  S20°W . T hin  in terlayers o f  ligh t-g rey  d iam ictons 
o ccur as w ell. T he CaCC>3 con ten t is variab le , from  m oder
ate to significant. The top  is trunca ted  by  a depression , 4 .5 -5  
m  long and 0.6 m  deep, p robab ly  o f  m elt-ou t origin, filled 
w ith  a 5 cm  th ick  layer o f  lam ina ted  c lays overlain  by  bluish 
m assive silts.

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

In log 9 -1 0  (Fig. 7), these  deposits  im m edia te ly  overlie 
th e  basal varved  c lays and  fo rm  an in te rca la tion  w ith in  the 
m iddle  part o f  the d iam icton  series. T he low er layer is rep 
resen ted  by yellow -brow n and  rusty , sandy , carbonate-free 
loam s, bearing  abundan t angu la r debris o f  d iabases, 0 .5 -7 .0  
cm  in diam eter, averag ing  at 1 .2 -2 .5  cm . N o  traces o f  Scan
dinavian  m aterial has been found. T he layer dips 200/20  and 
resem bles a debris-flow  deposit shed  from  the nearby  slope. 
T he upper layer in this log, also  o f  the debris-flow  type, is 
rep resen ted  by  grey  loam s w ith  ab undan t angular debris o f  
Jurassic  lim estones, 2 -3  cm  in d iam eter.

Clast-supported, stratified diamictons [Dcsj
In log 1 (Fig. 6) these  deposits, 20  cm  th ick , res t w ithin 

D m s sedim ents. T hese are sandy  d iam ictons w ith  num erous 
clasts 2 -5  m m  to 2 -3  cm  in d iam eter.

Clast-supported, stratified diamictons with evidence o f  re- 
sedimentation [Dcs(r)]

In log 1 (Fig. 6) they  im m edia te ly  overlie  the basal 
varved  clays. T hese are 20 cm  th ick , rusty -b row n, sandy 
silts bearing  angu lar clasts o f  d iabases, 0 .5 -8  cm  in d iam e
ter, as w ell as erratic  c lasts, 5 cm  across. The base  is ero- 
sional, the con tac t w ith  overly ing  deposits  be ing  o f  sed i
m entary  character.

Discussion
The th ickest series o f  d iam ictons has been  found  in the 

eastern  and east-cen tral p art o f  the  N ied źw ied z ia  G óra pit. 
T he  central and w estern  parts  b ear no  or only  iso lated , thin, 
lense-like bodies o f  d iam ictons (Fig. 5). T hese bod ies either 
overlie the basal varved  c lays (logs 1 and  9 -1 0 ; Figs. 6 , 7) or 
form  irregu lar in tercalations w ith in  m assive or -  rarely  -  
lam inated  silts w ith  dropstones. P oor state o f  the exposure 
does no t allow  for reconstruc tion  o f  th e  d iam icton  arch itec
ture; it appers, how ever, th a t ind iv idual layers are d iscon
tinuous and certa in ly  do no t resem b le  lodgem ent tills. The 
p redom inantly  m atrix -supported  d iam ictons, e ither show ing 
traces o f  resed im en ta tion  or crude stra tification , underlined  
by  th in  in terlayers o f  silts or sands, p robab ly  rep resen t flow  
tills or -  at least in case o f  som e o f  the layers in log  9 -1 0  
(Fig. 7) -  m elt-ou t tills (cf. crite ria  listed  in B ennett & G las- 
ser, 1996). The clast-supported  d iam icton  varie ties, found 
both  in log 9 -1 0  (Fig. 7) and 1 (Fig. 6) rep resen t debris flow  
deposits, p robab ly  shed  from  nearby  slopes b u ilt up from  
Perm ian  d iabases or Ju rassic  lim estones.
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AGE OF THE M IDDLE CO M PLEX

T herm olum inescence age determ inations, perfo rm ed  on 
silts sam pled in the eastern  and east-cen tra l parts o f  the m id 
dle com plex exposed  at the N ied źw ied z ia  G óra p it (Figs. 7, 
9) are, from  the bottom  upw ards: > 100  ka (G dT L -342), 
>350 ka (G dT L -344), and > 150  ka (G dT L -343). T hese ages 
and their inversion ind ica te  th a t the m ateria l stud ied  is be
yond the low er datab le  lim it.

INTERPRETATION

The facies inventory  described  in the p reced ing  para
graphs suggests th a t the exposed  part o f  the m idd le  com plex 
at N iedźw iedzia  G óra  w as deposited  in a  te rm inoglacial lake 
(sensu  B rodzikow ski, 1993), close to  th e  icesheet m argin. 
The m ost com plete  sequence  o f  sed im en ts is rep resen ted  by 
logs 9 -1 0 , 8 and 11 (Figs. 5 ,7 - 9 )  tha t app ea r to  re flec t a p a r t  
o f  the cycle o f  glacial advance  and standstill.

T he onset o f  the te rm inog lac ia l lake fo rm ation  is 
m arked by a re la tive ly  th in  cover o f  varved  clays, upon 
w hich debris flow s from  the su rround ing  slopes w ere  shed. 
H igher up the section  th in  layers o f  m elt-ou t and /o r flow  tills 
appear, being rep laced  by  g lac io lacustrine  silts w ith  occa
sional cross-lam ina ted  silt in terca la tions, m ark ing  episodes 
o f  sporadic flow. In frequen t d ropstones shed  from  sm all ice
bergs occur as w ell. T he to p m o st part o f  the eastern  log  (Fig. 
7) is m arked  by lacustrine rhy thm ites, d is tu rbed  by  w edges 
o f  flow  tills. T he defo rm ation  pattern  o f  the deposits in 
cludes com pac tion-induced  fissility , m inor faults, subverti
cal fractures, d iapiric and flow  structu res (Figs. 13-18), 
w hich m ay indicate ice d is in teg ration , associa ted  w ith  areal 
deglac iation  (cf. E yles et al., 1983; K ozarsk i, 1987; B rodz
ikow ski & V an L oon, 1991; B rodzikow sk i, 1993; B ennett & 
G lasser, 1996).

In  the w estern  section  o f  th e  N ied źw ied z ia  G óra expo
sure (log  1, Fig. 6) the lithofacies transition  w ith in  th e  m id 
dle com plex  reflects the nearly  com plete  record  o f  a glacial 
cycle: starting  from  outw ash  sands overla in  by varved  clays, 
through a reduced  sequence o f  m elt-ou t and flow  tills, to 
g lacio lacustrine silts w ith  in frequen t d ropstones, bearing  as 
w ell iso lated  w edges o f  flow  tills. T he top  p art o f  the se
quence is d issec ted  again by  erosional scours filled  by  fine
grained, cross-bedded  and  then  m assive sands. T he upper 
parts o f  logs 9 -1 0  and  1 (Figs. 6 , 7), dom inated  b y  facies FI 
and Fm , appear to resem ble the S lim s ty p e  facies assem 
blage o f  ou tw ash  rivers, d is tingu ished  by M iall (1978, 
1996).

The lacustrine sedim ents in logs 8 and 11 (Figs. 5, 8 , 9) 
are cut by an erosional surface, upon w hich m uch  m ore 
younger sands w ere deposited . T hese sands are e ither m as
sive or show  low -angle  cross lam ination , rarely  horizontal 
lam ination , and bear traces o f  erosional scours and  ice- 
w edge casts, alongside w ith  debris flow s w ith  local m aterial 
(log  13, Fig. 5) tha t rep resen t so lifluction  tongues. A ll these 
properties po in t to  activ ity  o f  flow ing  w aters under 
perig lacial conditions, a ided  by aeo lian  rem odelling  o f  the 
topm ost part o f  the sedim ents. F rom  the stra tig raphic  poin t 
o f  v iew , the sands o f  the upper com plex  cou ld  have been de

posited  in a tim e-span  rang ing  from  the decline o f  E lsterian 
stage up to  the H olocene. A  T L  date o f  13.2 ±  2.4 ka (G dTL- 
341) from  the eastern  p a rt o f  the p it (Fig. 4, site 11; Fig. 9) 
points, how ever, to a L ate  W eichselian  age.

DEFORMATIONS IN QUATERNARY 
SEDIMENTS

Q uaternary  sed im ents th a t com pose the m idd le  com plex 
at N iedźw iedzia  G óra are strongly  d is tu rbed  by faults, frac
tures, folds, tilting  and overtu rn ing  o f  beds (Figs. 6 , 7; cf. 
also Figs. 13 -18). T hese d is tu rbances can be either o f  syn- 
sedim entary  or g lac io tec ton ic  charac te r (Figs. 14-18).

M inor synsed im en tary  defo rm ations inc lude  those re 
lated to d ropstones shed  from  the m elting  icebergs. These 
structures, few  cen tim etres deep , h ave  been  observed  w ith in  
g lacio lacustrine silts and silty  c lays in  th e  eastern  part o f  the 
pit. The o ther exam ples are rep resen ted  by ellipsoidal lum ps 
o f  diam ictons slum ped  in to  lacustrine silts (Fig. 6 ).

The second  group com prises deform ations probably  
form ed due to  dynam ic and /o r static p ressure o f  ice. Such 
structures are ub iqu itous th roughou t the excavation  pit 
(Figs. 13 -18), their frequency  and  in tensity  increasing  from  
the bottom  tow ards the top  o f  th e  m idd le  horizon. In the 
eastern p art (Fig. 7) th e  bedd ing  is nearly  horizontal, a l
though ind iv idual layers o f  d iam ictons d isplay  m inor d is
p lacem ents a long  subhorizon ta l surfaces. The u pper part o f  
the log in question  is cu t by  a steep ly  d ipp ing  norm al fault 
tha t separates very  fine-g ra ined  and  silty  sands and clayey 
d iam ictons (Fig. 7). In the central part o f  the southern  exca
vation  w all (Fig. 4, site 3) silts and  diam ictons lie subhori- 
zontally . Im m ediately  east o f  this site  (site  9 -1 0 ) , how ever, 
the d iam ictons are cut by  a subvertica l fault, across w hich 
strongly c layey  d iam ictons occur. A  m oderate, several de
grees tilting  o f  silty  beds is also  observed  in  th e  central part 
o f  the pit, c lose to the gravel in terca la tion  (Fig. 7). Further 
w est o f  this site, in turn, th e  beds dip a few  tens o f  degrees 
tow ards the S W  in a lim b o f  an overtu rned  fold. S ubhorizon
tal folds, som etim es o f  the sheath  fo ld  type w ith in  g lacio
lacustrine silts (Fig. 17), frequen tly  observed  in the sou th
w estern  part o f  the exposure, rep resen t at p laces a transition  
from  fo ld ing  to  tec ton ic  lam ination  (cf. B ennett & G lasser, 
1996).

W e conclude tha t m ost o f  the above structures are the 
effects o f  penecon tem poraneous defo rm ations, w hereas 
static p ressu re  exerted  by ice p ro d u ced  diam icton  w edges or 
diapirs (F igs. 13, 14, 18), s im ilar to  those  described  by 
B rodzikow ski (1985) from  the K leszczów  G raben. Som e o f  
the deform ation  structures could  have  also been  related to 
dynam ic pressure o f  the icesheet fron t (Figs. 15, 16).

FINAL REMARKS

The T enczynek  B asin  is th e  o n ly  locality  o f  glacial 
d iam ictons and g lac io lacustrine  sed im en ts near K raków  that 
due to  its location  in an open  d iabase quarry  is easily  acces
sible to  Q uaternary  geologists.

The basin  rep resen ts a depression  form ed in the poorly
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Fig. 13. Drawings of deformations visible within the middle complex at Niedźwiedzia Góra pit. Circled numbers refer to logs shown in 
Figs. 4 and 5

resistan t C arbon iferous coal m easures. Its o rig in  is no t fully 
understood , since the basin  m arg ins have b een  d rilled  b y  in
frequen t w ells and, therefore , the ir possib le  associa tion  w ith 
P liocene  valleys, passing  th rough  the K rzeszow ice  G raben,

as w ell as the Sanka and  R udno  stream  valleys (cf. Dzulyri- 
ski et al. , 1966), rem ains unclear. T he b asin  cou ld  have been 
eroded  either due to  fluv ial ac tiv ity  befo re  or du ring  the Sa- 
n ian  (E lsterian-2) icesheet advance, o r due to  g lac ia l scour-

Fig. 14. Diapiric fold deforming clayey diamictons, squeezed Fig. 15. Inclined fauit-propagation fold deforming glaciolacus- 
into glaciolacustrine silts. Central part o f the Niedźwiedzia Góra trine silts in the central part o f the Niedźwiedzia Góra 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 o f the Niedźwiedzia Góra pit

Fig. 17. Hinge zone of an overturned fold deforming glacio- 
lacustrine silts in the south-western part o f the Niedźwiedzia Góra 
pit

Fig. 18. Conjugated shears within laminated glaciolacustrine 
silts in the central part o f the Niedźwiedzia Góra pit

ing. It appears, how ever, tha t the basin  is c learly  o f  erosional 
character and  tha t it ex is ted  long befo re  the E lsterian  ad 
vance. Som e gravels o f  the low er com plex  are o f  P liocene or 
early  Q uaternary  age. T he advancing  icesheet b locked  the 
outflow  from  the basin  at an  e leva tion  o f  2 4 0 -2 5 0  m  a.s.l. 
M elting  w aters could  have  deposited  sands and gravels that 
now  bu ild  the topm ost p a rt o f  the low er com plex.

A younger episode o f  b lock ing  the outflow , at ca. 300 m 
a.s.l. or h igher, tu rned  the basin  into a term inoglacial lake, 
gradually  filled  w ith  varved  c lays and  lam inated  silts that 
com pose the  low er p art o f  th e  m idd le  com plex. Infrequent 
delivery  o f  coarse-c lastic  m ateria l w as p rov ided  by  the m elt
ing icebergs. In  the n ex t stage, the b asin  becam e covered by 
the advancing  E lsterian-2  icesheet w hich , at the incipient 
phase, encroached  upon  ou tliers bu ilt up o f  Jurassic  lim e
stones. T he m elting  o f  such a lobe led  to  deposition  o f  dia- 
m ictons rich  in  Jurassic  m ateria l, w h ich  are exposed  now  in 
the eastern  p art o f  the N ied źw ied z ia  G óra pit. H igher-situ- 
ated  ice layers w ere  slid ing  over stagnating  basal ice, their 
contact w ith  the bedrock  b e in g  neg lig ib le . T he d iam ictons 
left by these layers, p resen tly  ex posed  in the w estern  part o f  
the pit, con tain  a m inor adm ix tu re  o f  Perm ian  d iabases and 
Jurassic lim estones, bu t are en riched  in far-travelled  m ate
rial. S im ilar regu larities have  been  described  by  L am parski 
(1970) from  the northern  slopes o f  the H oly C ross Mts. o f  
Central Poland.

B oth in- and extrag lacial w aters p layed  a m inor role 
during the deposition  o f  g lacial deposits o f  the m iddle  com 
plex, leav ing  in frequen t layers o f  sands and gravels. These 
w aters carried  a  large p ropo rtion  o f  local m ateria l, dom i
nated  by  Jurassic  cherts.

D iam ictons and  g lac io lacustrine  sed im ents have u nder
gone sign ifican t syn- and  postdepositional deform ation , due 
to either la teral and vertica l p ressu re  exerted  by the advanc
ing icesheet or during ano ther (?), sho rt-term  icesheet ad 
vance. S im ilar features have  been  repo rted  from  B rzozo- 
w ica near B ędzin , w here  varved  c lays and sands o f  E lsterian 
(L ew andow ski, 1987) o r M idd le -P o lish  G lacia l age (G ilew 
ska, 1963) w ere  strongly  defo rm ed  during  a subsequent o s
cillation  o f  the sam e icesheet.

The ex tensive sand cover in th e  T enczynek  B asin ap 
pears to be o f  m ostly  fluvial orig in  and  contains at p laces 
w edges o f  debris flow s th a t rep resen t so lifluction  tongues. 
A eolian  rem odelling  m ade its appearance  in the final stage 
o f  sand deposition .
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Streszczenie

l i t o l o g i a  o s a d ó w  GLACJALNYCH  
Z PIĘTRA SANU-2 W  K O TLINIE TENCZYNKA  

NA ZACHÓD OD KRAKOW A

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

Artykuł omawia osady lodowcowe zlodowacenia Sanu-2, 
wypełniające Kotlinę Tenczynka (Fig. 1-3) i odsłaniające się w 
południowej części kamieniołomu permskich diabazów w Niedź
wiedziej Górze (Fig. 4), około 25 km na zachód od Krakowa. Są 
one wykształcone jako zmienna seria mułków, glin zwałowych
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oraz iłów, rzadziej piasków i żwirów (Fig. 3, 5). Jest to najlepsze 
odsłonięcie tego typu osadów w południowej Polsce.

Kotlina Tenczynka (Gilewska, 1972) jest inwersyjnym zagłę
bieniem morfologicznym o wys. 310-270 m n.p.m., położonym w 
obrębie zrębowego Pasma Tenczyńskiego (Fig. 1). Morfologię i 
budowę geologiczną otaczających ją  wzgórz ilustruje Fig. 2. Kot
lina została wyerodowana w mało odpornych skałach karbonu pro
duktywnego przed lub w czasie transgresji lądolodu Sanu-2.

Zróżnicowanie litologiczne osadów czwartorzędowych
Osady czwartorzędowe Kotliny Tenczynka dzielą się na trzy 

kompleksy (Fig. 3-5). Dolny reprezentują piaski, rzadziej żwiry, 
niekiedy z przeławiceniami glin lub iłów, o miąższości do ok. 19 
metrów. Ich strop nie przekracza na ogół 245-250 m n.p.m. Z 
opisów wierceń wynika, że żwiry zawierają materiał miejscowy i 
krystaliczny, w tym pochodzenia skandynawskiego. W odsłonię
ciu w Niedźwiedziej Górze (Fig. 4, 5, 12; próba 14) żwiry zawie- 
rająjedynie materiał miejscowy.

Kompleks środkowy budują mułki, diamiktyty oraz iły, z 
wkładkami piasków i żwirów. Leży on na osadach kompleksu dol
nego lub karbonu, permu i jury (Fig. 2^ t). Miąższość osadów 
kompleksu środkowego wynosi od kilku do 50 m. Ich erozyjny 
strop znajduje się na wys. 310-320 m n.p.m. na obrzeżeniu Kot
liny, a w części środkowej nie przekracza 290 m n.p.m.

W odsłonięciu iły warwowe (Fig. 5-7) mają miąższość 2 0 - 
50 cm. Laminy jasne są zbudowane z pyłów z niewielką domiesz
ką frakcji ilastej (Fig. 11); laminy ciemne zawierają ok. 60% iłu. 
Badania rentgenograficzne frakcji <0.002 mm, wyseparowanej z 
laminy ciemnej wykazały, że ich głównym składnikiem jest smek- 
tyt, z podrzędnym udziałem pakietów illitowych. Stwierdzono 
także obecność kaolinitu i muskowitu. Zbliżony skład ma frakcja 
ilasta zawarta w przeławiceniach ilastych w obrębie rnułków i w 
diamiktytach.

Mułki barwy ciemnoszarej, laminowane, rzadziej masywne, 
słabo wapniste (7.5-13.4% CaC03), stanowią większą część osa
dów glacilimnicznych w Niedźwiedziej Górze (Fig. 5). W składzie 
ziarnowym (Fig. 11) przeważa frakcja pyłowa z domieszką piasku 
i iłu. Niekiedy obserwuje się zrzutki (dropstones), związane z 
opadaniem klastów wytapianych z kier lodowych, przeławicenia z 
domieszką frakcji żwirowej oraz cienkie wkładki iłów (próba 5).

Diamiktyty występują głównie we wschodniej części wyro
biska w Niedźwiedziej Górze (Fig. 5). Ich skład ziarnowy jest 
bardzo zróżnicowany (Fig. 11). Zawartość CaC03 we frakcji 
<2mm wynosi zazwyczaj 11.4-15.8%. Wśród klastów zawartych 
w diamiktytach występuje materiał miejscowy, pochodzący z bez
pośredniego podłoża i okolicznych wzgórz, materiał z Polski środ
kowej oraz skandynawski. Materiał miejscowy to głównie wapie
nie oksfordu (do >95%), piaskowce i wapienie piaszczyste z fauną 
keloweju oraz diabazy. Z wapieni oksfordu lub ich trzeciorzędo
wych zwietrzelin (paleogen i/lub pliocen; por. Rutkowski, 1987) 
pochodzą krzemienie (do 10%; Fig. 12). W glinach występują 
także twarde i zwięzłe wapienie, pochodzące ze skał dolnego kar
bonu rejonu Czatkowic, względnie jury. Kwarc może pochodzić 
ze Skandynawii, z Polski środkowej oraz z materiału lokalnego 
(żwiry środkowej jury i zwietrzeliny karbonu). Materiał skandy
nawski (0-35% ) to głównie skały krystaliczne, rzadziej różowe 
kwarcyty oraz szare lub niebieskawoszare wapienie (do 25%), 
często z bogatą fauną brachiopodów, małżów, krynoidów, spora
dycznie trylobitów (sylur i ordowik).

Diamiktyty ze wschodniej części łomu zawierają głównie wa
pienie jurajskie (Fig. 12; próby 3, 9). Pozostałe składniki wystę
pują w ilości do 40%. Skład petrograficzny frakcji żwirowej nie 
wykazuje związku z uziarnieniem diamiktytów. Diamiktyty z za
chodniej części wyrobiska (Fig. 12, próba 18) zawierają materiał 
skandynawski z kilkuprocentową domieszkę wapieni jurajskich. 
Na uwagę zasługuje obecność diabazów.

W ystępują tu także diamiktyty zawierające ostrokrawędziste 
okruchy wapieni jurajskich lub diabazów (Fig. 5, 12; próby 2, 3), 
reprezentujące spływy soliflukcyjne.

Piaski i żwiry w kompleksie środkowym osiągają miąższość 
10 m (Fig. 3). Żwiry drobnokalibrowe (Fig. 5, 11, 12; próba 15) 
zawierają głównie kwarc i krystaliczne skały skandynawskie. We 
frakcjach grubych wzrasta ilość krzemieni (do >50%), co jest 
cechą typową dla żwirów rejonu krakowskiego (Rutkowski & So
kołowski, 1983; Rutkowski, 1995). Brak tutaj skał węglanowych, 
które uległy rozpuszczeniu dzięki działalności wód gruntowych, 
co obserwowano także w rejonie Krakowa, Miechowa i Witowa 
(Rutkowski, 1995). Omawiane żwiry są pochodzenia wodnolo- 
dowcowego. Znaczna zawartość krzemieni i zespół minerałów 
ciężkich wskazują na dużą domieszkę materiału ekstraglacjalnego.

Kompleks górny budują piaski, o miąższości do 10 m (Fig. 3, 
5), leżące niezgodnie na ściętej erozyjnie powierzchni osadów 
kompleksu środkowego lub starszym podłożu. Piaski są prze
ważnie średnio i drobnoziarniste (Fig. 11), umiarkowanie wysor- 
towane, na ogół bezwapniste. Grubsze ziarna są w znacznym 
stopniu zmatowiałe wskutek eolizacji. Zróżnicowana zawartość 
odpornych i nieodpornych minerałów ciężkich (Tab. 2) może 
sugerować, że pochodzą one zarówno z osadów lodowcowych, jak 
i ze starszego podłoża. W spągu piaski zawierają niekiedy domie
szkę żwiru (Fig. 4, 5, 6 , 12; próba 16), utworzonego głównie z dia
bazów, czasem ze śladami obróbki eolicznej. We wschodniej 
części wyrobiska w piaskach występuje wkładka rumoszu soli- 
flukcyjnego (Fig. 5, 12, profil 13; próba 17), złożonego z ostrokra- 
wędzistych okruchów wapieni.

Zróżnicowanie litofacjalnc kom pleksów środkowego
i górnego

Litofacje wyróżnione w osadach kompleksu środkowego 
(por. Fig. 6-10; Tab. 1) w skazująna depozycję w zbiom iku termi- 
noglacjalnym. Sekwencja osadów w profilach 9-10 (Fig. 7) i 1 
(Fig. 6) rejestruje zapis części cyklu, obejmującego transgresję i 
postój lądolodu. W początkowym etapie w dnie kotliny były osa
dzane piaski glacifluwialne. Następnie powstało jezioro termino- 
glacjalne, w którym nastąpiła depozycja cienkiej warstwy iłów 
warwowych, na które wkroczyły spływy rumoszu z otaczających 
wzgórz, transportujące głównie rumosz diabazów lub skał juraj
skich. Wyżej w profilu pojawiają się cienkie pokłady glin zwało
wych, w większości wytopnieniowych oraz spływowych, zastą
pione następnie przez mułki glacilimniczne. W górnej partii profili 
wschodniej części wyrobiska (Fig. 5, 7, 9) występują rytmity je 
ziorne przechodzące w stropie w mułki z laminacją riplemarkową, 
zaburzone ponownie przez płaty glin spływowych. Stan odsłonięć 
nie pozwala na bliższe określenie relacji przestrzennych między 
poszczególnymi typami osadów; w szczególności dotyczy to 
charakteru deformacji (Fig. 13-18) obserwowanych w części stro
powej kompleksu środkowego, przypuszczalnie genezy glacitek- 
tonicznej.

Uwagi końcowe
Żwiry i piaski dna kotliny (kompleksu dolnego) reprezentują 

okres od pliocenu po piętro Sanu-2, którego lądolód zabarykado
wał odpływ na wys. 240-250 m n.p.m. Po zabarykadowaniu 
odpływu na wys. 300 m n.p.m. lub wyżej, w Kotlinie utworzyło się 
jezioro, w którym były osadzane iły warwowe oraz mułki kom
pleksu środkowego. Na powierzchni jeziora pływały kry lodowe, 
będące źródłem materiału gmboklastycznego w osadach drobno
ziarnistych.

W kolejnym etapie cały obszar został przykryty lądolodem. 
Początkowo przesuwał się on po podłożu zbudowanym z wapieni 
jurajskich, pobierając z nich materiał. Po stopieniu lodu pozostały 
diamiktyty bogate w materiał jurajski, odsłaniające się we wscho
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dniej części wyrobiska (Fig. 12; próba 3). Kolejne warstwy lądo- 
lodu przesuwały się już po lodzie stagnującym i mogły mieć bar
dziej ograniczony kontakt z podłożem (diamiktyty z zachodniej 
części wyrobiska; Fig. 12; próba 18). Zbliżone prawidłowości ob
serwował Lamparski (1970) na północnym obrzeżeniu Gór Świę
tokrzyskich.

Osady kompleksu środkowego zostały zaburzone przez syn- 
sedymentacyjne ruchy masowe oraz -  przypuszczalnie -  w wyni

ku nacisku lądolodu. Stan odsłonięcia uniemożliwia jednoznaczną 
interpretację tych deformacji (Fig. 13-18).

Piaski kompleksu górnego mogą reprezentować okres od 
schyłku zlodowacenia Sanu po holocen. Mogły być one w tym 
czasie przerabiane przez procesy peryglacjalne oraz wiatr. Data 
13,3 ± 2,4 ka (GdTL-341; Fig. 5, 9) sugeruje jednak, iż badane 
osady powstały u schyłku vistulianu.


