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Ab stract: In June 2007, in a val ley side of a small stream close to Janowice in the West ern Outer Car pa thi ans of
Po land, a 1.8 m long mam moth tusk was found within loamy- debris so li fluc tion sedi ments, ca. 1 m thick. These
dis cor dantly over lie a 4- m- high strath built up of steeply dip ping sand stones of the Krosno beds of the Skole
Nappe, be ing in turn cov ered by 7.5- m- thick lo es sial silts and loess- like slope wash sedi ments. The lat ter are
over lain at the top by an other so li fluc tion cover, ca. 1.5 m thick. The mam moth tusk be longed to an adult ani mal,
proba bly 30–60 years old. The suc ces sion of mala co fau nis tic as sem blages within loess- like sedi ments in di cates a
cold, po lar cli mate, and an en vi ron ment re sem bling tun dra de vel oped upon mod er ately moist sub stra tum dur ing
the last gla cial stage. The lower part of mala co logi cal se quence en riched in meso phile spe cies proba bly re fers to
the Vis tulian (Wei chse lian) in ter pleni gla cial pe riod. The mid dle part, in dica tive of more dry habi tats, can be
as so ci ated with the younger Pleni gla cial, whereas the top part should rep re sent the ter mi nal phase of the lat ter.
Sedi ments bear ing the mam moth tusk were proba bly de pos ited at the turn of the Vis tulian older Pleni gla cial and
In ter pleni gla cial time.
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IN TRO DUC TION

In June 2007, in a val ley side of  a small stream, a right-
hand tribu tary of Lubinka brook flow ing into the Du na jec
River at Janowice, north of Zak lic zyn (me dial seg ment of
the West ern Outer Car pa thian Foot hills), a 1.8 m  long ma-
mmoth tusk was found within loamy- debris so li fluc tion
sedi ments. The sec tion was spot ted first by a group of geo-
logists of the GEOK RAK pri vate geo logi cal en ter prise in
Kraków, and M. Ci esz kowski and A. Œl¹czka, and later ex -
plored by this group ac com pa nied by W. P. Al ex androwicz, 
P. Wo jtal, J. Zasadni and W. Zuchiewicz. De tailed stud ies,
in turn, were con ducted by authors of this pa per.

The area is situ ated in the east ern por tion of the Zakli-
czyn Ba sin, be long ing to the Ro¿nów Foot hills (Starkel,
1972) (Fig. 1). The land scape is a typi cal foot hills one, with
rela tively small re lief, convex- concave slopes and broad,
rounded in ter flu ves. Flu vial ter races, pre domi nantly Holo -

cene in age, oc cupy a rela tively wide val ley bot tom of the
Du na jec River (Fig. 2). De tailed de scrip tion of geo mor phic
fea tures of the west ern por tion of the Zak lic zyn Ba sin is
com prised in a pa per by Krysowska- Iwaszkiewicz and
Zuchiewicz (1992). In 1991, in an area of D¹brówka Szcze -
panowska situ ated a few kilo me tres north of Zak lic zyn, in -
de ter min able bones of mam moth and – pos si bly – rhinoce-
ros – were found within the medial- top part of a Vis tulian
(Wei chse lian) al lu vial fan (Kli mek, 1991).

Geo logi cally, the re gion rep re sents a frag ment of the
Skole Nappe of the Car pa thian fold- and- thrust belt in Po -
land, pre domi nantly com posed of mod er ately to poorly re -
sis tant sand stone and shale- sandstone tur bid ite com plexes.
Janowice vil lage is situ ated be tween Tarnów and Zak lic zyn. 
West ward of this area, the Skole Nappe is nar row ing and
dis ap pears from the sur face (Wdowi arz, 1951; Kosz ar ski &



Ku ci ñski, 1966). This por tion of the Skole Nappe (Ksi¹¿-
kiewicz, 1977) in cludes an an ti cli no rial zone in the north,
which is built of the Lower and Up per Cre ta ceous de pos its,
and a syn cli no rial zone in the south, in which Palaeo gene
de pos its are domi nated by the Oli go cene Menil ite and
Krosno beds. The in ves ti gated site is lo cated in the syn cli -
no rial zone, and the sediments bear ing the mam moth tusk
un con forma bly over lie the eroded Krosno beds. Only a nar -
row frag ment of the syn cli no rial zone is ex posed on the sur -
face be tween Tarnów and Zak lic zyn, be cause this por tion of 
the nappe is thrust over by the Sile sian Nappe (Wdowi arz,
1951; Kosz ar ski & Ku ci ñski, 1966). South of Janowice, the
fron tal part of the Sile sian Nappe is mainly built of Lower
Cre ta ceous strata.

SITE DE SCRIP TION

The mam moth tusk- bearing so li fluc tion loams dis cor -
dantly over lie a 4- m- high strath built up of steeply dip ping
sand stones of the Oli go cene Krosno beds. These sand stones 
in clude clasts of brown shales de rived from the Menil ite
beds and oc ca sional clasts of the Glo bi gerina marls. The
strath is cov ered with a rela tively thin ve neer of very poorly
rounded and ex tremely poorly sorted grav els of the small
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Fig. 1. Lo ca tion sketch of the stud ied site

Fig. 2. Sketch-map of Qua ter nary sed i ments near the Janowice site



stream, upon which a so li fluc tion cover com posed of brown 
and brownish loams with an gu lar de bris oc curs (Figs 3, 4).
This cover is over lain, in turn, by 7.5- m- thick lo es sial silts
and loess- like slope wash sedi ments, com posed of al ter nat -
ing coarse- to medium- grained silts, sandy silts and clayey
silts, show ing in dis tinct and – rarely – more dis tinct lami na -
tion par al lel to the pa laeo slope. The lat ter sedi ments are
capped at the top by an other so li fluc tion cover, ca. 1.5 m
thick, the lower (ca. 1 m thick) part of which is com posed of 
an gu lar de bris (5 to 15–20 cm in di ame ter), the up per part
be ing built of brown loams bear ing in fre quent an gu lar
clasts, 2 to 5 cm in di ame ter. Both the grav els and the so li -
fluc tion cover con tain lo cal flysch ma te rial con sist ing of
pieces of the Krosno sand stones, Menil ite shales, and oc ca -

sional cherts. The en tire se quence is cov ered by re cent soil.
In the in ter val oc cur ring 6.5 to 6.9 m above the strath, two
lami nae com posed of whit ish car bon ate silts oc cur. Silty
sedi ments ex posed be tween 2.7 m and 8.5 m above the
strath com prise nu mer ous mol lusc shells (Fig. 3). The cal -
cium car bon ate con tent in the en tire sec tion usu ally changes 
be tween 4.2 and 7 %, in creas ing to 10% close to the above-
 mentioned car bon ate lami nae, and 14–20% in the up per so -
li fluc tion cover (Fig. 3).

As far as grain-size anal y ses are con cerned, the graphic
mean di am e ter Mz in the mid dle and up per parts of the sec -
tion is be tween 5 and 6 (6.5) phi, in the lower part chang ing
be tween 2 and 6.5 phi (Fig. 5). The graphic stan dard de vi a -
tion is usu ally poor, and in the up per part very poor.
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Fig. 3. Log of Janowice site show ing po si tion of sam ples, for which grain-size com po si tion and CaCO3 con tent were ex am ined



Graphic skew ness val ues fall in the in ter val of 0.5–1, show -
ing higher dif fer en ti a tion in the basal and top parts of the
sec tion, whereas those of kurtosis are more or less uni form,
ex cept the basal part (Fig. 5). Grain-size fre quency curves

(Fig. 6) are unimodal for the gross part of the sec tion, be ing
dom i nated by coarse- to me dium-grained silts, while the
bot tom and – par tic u larly – up per solifluction cov ers show a 
strongly polymodal pat tern. Di a grams SK-1 vs. sigma-1 and 
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Fig. 4. Sec tion at Janowice: A – over all view, B – po si tion of mam moth tusk within solifluction cover be fore ex ploi ta tion, C – mam -
moth tusk af ter ex ca va tion



Mz vs. sigma-1 show quasi-lin ear re la tion ships, ex cept for
sam ples de rived from the up per solifluction cover, which
clearly stand out of the re main ing ones (Fig. 7a,b). The pat -
tern shown in Fig. 7b is typ i cal for ae olian sed i ments (cf.
Mycielska-Dowgia³³o, 1995), again ex cept sam ples rep re -
sent ing the up per solifluction cover. The Passega’s (1964)
di a gram (Fig. 7c) dis plays dif fer en ti ated val ues of C (first
per cen tile of the cu mu la tive grain-size curve scaled in phi
units) at mod er ately scat tered val ues of graphic mean di am -
e ter. Sam ples de rived from the up per solifluction cover do
not match the re main ing set of data.

MAM MOTH RE MAINS

Mam moth bones were fre quently be ing found in Late
Pleis to cene sedi ments of Cen tral and South Po land (Ku -
biak, 1965; Wo jtal, un pub lished data). They are usu ally col -

lected ac ci den tally dur ing ex ploi ta tion of gravel pits. Re -
mains of these ani mals are pre sented, some times in large
num ber, also at ar chaeo logi cal open- air sites: Kraków Spa-
dzista Street (B) or Kraków Nowa Huta (Wo jtal, 2007). In
caves of the Kraków- Czêstochowa Up land, only iso lated
mam moths bones or teeth were col lected (Wo jtal, 2007). It
should be men tioned that re mains of woolly mam moth were 
noted from the Pol ish seg ment of the Car pa thi ans in the
Pieniny and Ta tra Moun tains (Kulc zycki & Halicki, 1950;
Ku biak, 1965), as well as in the Outer Car pa thi ans (Ku biak,
1980; Ku biak et al., 1989). In Ob³azowa cave, Pi en iny Mts., 
one of the most fa mous Pa laeo lithic site in Europe, apart
from a “boo mer ang” made from mam moth tusk, also other
re mains of this ani mal were dis cov ered (Valde- Nowak et
al., 1987, 2003).

Mam moth tusks are one of the most char ac ter is tic fea -
tures of this ani mal. They grew spi rally: in some cases quite
tightly, in oth ers very openly. The left and right tusks are

MAM MOTH TUSK IN LOESS-LIKE SEDIMENTS OF THE ZAKLICZYN BA SIN 93

Fig. 5. Grain-size char ac ter is tics of the Janowice sec tion, show ing dif fer en ti a tion of ba sic Fold and Ward’s (1957) pa ram e ters: Mz –
graphic mean di am e ter (phi), sigma-1 – graphic stan dard de vi a tion, SKI – graphic skew ness, KG – graphic kurtosis



twisted in op po site di rec tions and oc ca sion ally form al most
com plete cir cle (Hay nes, 1991; Lister & Bahn, 1994). More
typi cal mam moth male tusks meas ure 2.4–2.7 m and weight 
about 45 kg. Typi cal fe male tusks are about 1.5 – 1.8 m long 
and weight only 9–11 kg (Lister & Bahn, 1994).

The state of pres er va tion of the found tusk is quite
good. Un for tu nately, it is pre served as a frag ment of only
about 180 cm in length when meas ured along the great est
curve of the tusk. Two parts are missed: that which was at -
tached to the socket in the skull, and the tip of the tusk. The
girth of the pre served part is 52 cm and the great est di ame ter 
is 16 cm. It is pos si ble to de ter mine in di vid ual age of ele -
phant on the ba sis of girth and di ame ter of the tusk (Hay nes, 
1991; Verešèagin & Tik honov, 1986). The meas ure ments
should be made at the lip line or the al veo lar in ser tion. Un -
for tu nately, the tusk from Zak lic zyn has a dam aged proxi -
mal part. How ever, on the ba sis of girth and di ame ter it
could be stated that this tusk cer tainly be longed to an adult
ani mal, proba bly be tween 30 to 60 years old. The tusk’s di -
ame ter in di cates that it be longed to a male.

MALACOLOGICAL COM PO SI TION

The sec tion ex posed at Janowice in cludes flu vial, slope
and loess- like de pos its, ca. 10 m thick, in the lower part of
which a mam moth tusk was found. Silty sedi ments com -
prised in an in ter val be tween 2.7 and 8.5 m above the strath
com prise nu mer ous mol lusc shells (Fig. 8). From this por -
tion of the sec tion 13 sam ples were col lected, all of them
situ ated above the mam moth tusk (Fig. 8 S). The sam ples
were washed be fore pick ing up both com pletely pre served
and frag men tary, but iden ti fi able, shells. Such a ma te rial
was ana lysed us ing stan dard mala co logi cal tech niques (cf.
Ložek, 1964; Al ex androwicz, 1987). Al to gether, 1543
speci mens be long ing to 12 taxa were iden ti fied (Ta ble 1).
The number of taxa in in di vid ual sam ples var ied be tween 4
and 10 (Ta ble 1, Fig. 8 N). The great est dif fer en tia tion in
spe cies com po si tion was noted in the in ter val 3.5–5.5 m
(sam ples Zl-3 – Zl-7), whereas the low est and up per por -
tions of the sec tion (sam ples Zl-1, Zl-2 and Zl-8 – Zl- 13)
were clearly less dif fer en ti ated. The number of speci mens in 
a sam ple var ied be tween 4 and 460, at tain ing the high est
fig ures in sam ples Zl-3 – Zl-7 (Fig. 8 N).

Spe cies be long ing to four eco logi cal groups were iden -
ti fied.

Spe cies of open habi tats (group O) in clude four taxa:
Pupilla mus co rum (L.), Pu pilla mus co rum lo es sica (Lo-
žek), Pu pilla mus co rum den se gy rata (Ložek), and Val lo nia
tenuilab ris (Braun). Three above- mentioned forms of the
Pu pilla ge nus used to be con sid ered sepa rate spe cies for a
long time. The first one lives now in Po land and is also fre -
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Fig. 6. Grain-size fre quency curves for in di vid ual sam ples col -
lected from the Janowice site. For sam ple lo ca tion – see Figs. 3
and 5
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Fig. 7. Re la tions be tween grain-size pa ram e ters in the Janowice sec tion: a – graphic skew ness vs. graphic stan dard de vi a tion, b –
graphic mean di am e ter vs. graphic stan dard de vi a tion, c – Passega’s (1964) di a gram (C – first per cen tile, M – me dian)

Ta ble 1

Com po si tion of malacofauna as sem blages from site Janowice

EG
    Smple

Taxon      
Zl-1 Zl-2 Zl-3 Zl-4 Zl-5 Zl-6 Zl-7 Zl-8 Zl-9 Zl-10 Zl-11 Zl-12 Zl-13

O Pupilla muscorum 5 19 10 20 32 32 7 2 9 6 2 17

O
Pupilla muscorum
densegyrata

8 12 35 48 20 8 1 2

O
Pupilla muscorum
loessica

16 73 95 41 16 3

O Vallonia tenuilabris 1 12 3 21 19 5 1 1 1 2

M Columella columella 2 8 6 10 2 2 3

M Limacidae (small) 1 2 1 1 2

M Clausilia dubia 10 10 1 1 3 4

M Trichia hispida 12 17 30 122 75 39 13 2 8 4 1 2

M Succinea oblonga 2 21 41 22 161 96 71 7 2 16 1 3 13

H Vertigo genesii 7

H Vertigo parcedentata 1 1

W Lymnaea truncatula 1 8 10 7 12 21 4 5

 S – T         4 4 8 8 9 10 10 6 6 5 4 7 9

 S – S         6 46 125 111 460 399 216 53 11 36 12 11 56

EG – eco log i cal groups (see Fig. 8 for ex pla na tion), S – T – num ber of taxa, S – S – num ber of spec i mens



quently be ing found in Qua ter nary sedi ments. The re main -
ing two be came ex tinct at the end of the Pleis to cene. Re sults 
of bio met ric stud ies (£opuszyñska, 2002) in di cate, how -
ever, that these taxa can not be treated as sepa rate spe cies.
In stead, they ap pear to rep re sent eco forms, and conchiolo-
gical dif fer ences re sult from en vi ron mental char ac ter is tics,
mainly cli matic con di tions. Val lo nia tenuilab ris (Braun)
dis ap peared from Po land at the end of the Pleis to cene, but
re cent popu la tions of this spe cies are known from Si be ria.
The above taxa are typi cal for com pletely open and rela -
tively dry habi tats. They are typi fied by high tol er ance to
low tem pera tures and com monly oc cur in sedi ments as so ci -
ated with cold cli matic phases of the Pleis to cene (Alexan-
drowicz, 1985, 1995) (Ta ble 1).

Mesophile spe cies (group M) in clude: Columella Colu-
mella (Mart.), Clausilia dubia Drap., Trichia hispida (L.)
and Succinea oblonga Drap. All these forms are known
both from re cent fauna and nu mer ous sites of Pleis to cene
and Ho lo cene strata. This group in cludes as well cal car e ous

plates of slugs Limacidae. The above taxa also show high
tol er ance to low tem per a tures and tend to set tle in slightly
shaded and rel a tively hu mid hab i tats. They rep re sent a typ i -
cal com po nent of as sem blages oc cur ring in loess (Alexan-
drowicz, 1985, 1995) (Table 1).

Snails typ i cal for hu mid hab i tats (eco log i cal group H)
are rep re sented by two spe cies: Ver tigo genesii (Gredl.) and
Ver tigo parcedentata (Braun). Both forms typ ify moist hab -
i tats de vel op ing in cold cli mate, par tic u larly in tun dra
zones. They are ex tremely rare in the ana lysed ma te rial (sin -
gle spec i mens in few samples) (Table 1).

Wa ter spe cies (eco log i cal group W) are rep re sented by
Galba truncatula (Müll.) only. This snail set tles in tem po -
rary wa ter res er voirs and shows high ther mal tol er ance. It
oc curs mainly in the low er most part of the ana lysed section
(Table 1).

Eco log i cal char ac ter is tics of the mol lus can as sem blage
from Janowice was based on the malacological spec trum of
in di vid u als (MSI) and the two-com po nent di a gram (Fig. 8
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Fig. 8. Malacofauna in silty sed i ments ex posed at Janowice. Eco log i cal groups (Ložek, 1964; Alexandrowicz, 1987): O – spe cies of
open hab i tats, M – mesophile spe cies, H – hygrophile spe cies, W – wa ter spe cies; Ma – lo ca tion of mam moth tusk; S – sam pling lev els, Zl
– sam ple num bers, N – num ber of taxa (nt) and spec i mens (ns), SM – malacological spec trum of in di vid u als (Ložek, 1964;
Alexandrowicz, 1987), D – two-com po nent di a gram, E – eco log i cal char ac ter is tics; Mo – moist hab i tats, Dr – dry hab i tats



SM, D). The en tire shell ma te rial is dom i nated by snails of
open hab i tats and mesophile spe cies. The for mer are most
nu mer ous in the mid dle part of the se quence, their share ex -
ceed ing 50%. The basal and top in ter vals, in turn, are char -
ac ter ized by mesophile forms. Wa ter spe cies oc cur mainly
in the low er most part of the se quence, amount ing up to 10% 
of the as sem blage (Fig. 8 SM, D). The sec tion de scribed can 
be sub di vided into three in ter vals show ing dif fer ent hu mid -
ity of hab i tats (Fig. 8 E). The basal and top por tions are
char ac ter ized by dom i na tion of more hu mid hab i tats,
wherein malacofauna is less dif fer en ti ated and dom i nated
by mesophile spe cies. The mid dle part of the se quence is
typ i fied by higher amount of spe cies pre fer ring dry and
open hab i tats. The molluscan assemblage of this interval is
most differentiated (Fig. 8 E).

Three of the twelve spe cies iden ti fied in the Janowice
sec tion (Pupilla muscorum (L.), Trichia hispida (L.) and
Succinea oblonga Drap.) oc cur in the en tire se quence and
are usu ally rep re sented by nu mer ous spec i mens. Be sides
these, three other forms are im por tant for in ter pre ta tion:
Pupilla muscorum loessica (Ložek), Pupilla muscorum
densegyrata (Ložek) and Galba truncatula (Müll.). These
are fairly nu mer ous, but oc cur only in cer tain seg ments of
the sec tion. The re main ing six taxa are subordinate or
accessory.

Four types of fauna can be dis tin guished in the ana lysed 
malacological se quence (Fig. 9):

– as sem blage with Galba truncatula (Gt) (sam ples Zl-1
and Zl-2). This fauna typ i fies open and rel a tively hu mid
hab i tats. The oc cur rence of Galba truncatula (Müll.) points
to the pres ence of pe ri od i cal wa ter res er voirs. High hu mid -
ity of hab i tats is also pointed out by the pres ence of
Columella columella, and small share of spe cies pre fer ring
dry hab i tats (ecological group O);

– as sem blage with Trichia hispida (Th) (sam ples Zl-3 – 
Zl-7). This malacocoenosis is char ac ter ized by dom i na tion
of mesophile spe cies: Trichia hispida (L.) and Succinea
oblonga Drap., and is typ i cal for mod er ately hu mid en vi -
ron ments. Pro ceed ing up the sec tion, one can ob serve in -
creas ing dry ing up of hab i tats, in di cated by in creas ing share 
of snails be long ing to the ge nus Pupilla, par tic u larly
Pupilla muscorum loessica (Ložek);

– as sem blage with Pupilla muscorum loessica (Pml)
(sam ples Zl-8 and Zl-9). It is char ac ter ized by a large
amount of spe cies of dry and open hab i tats, par tic u larly the
nom i nal taxon. This malacocoenosis rep re sents a phase of
marked dry ing up of habitats;

– as sem blage with Succinea oblonga (So) (sam ples
Zl-10 – Zl-13). It is a poor and poorly dif fer en ti ated as so ci a -
tion, bear ing a high amount of the nom i nal taxon. More -
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Fig. 9. Mol lus can fauna from site Janowice: SP – fre quency of spe cies, ST – suc ces sion of as sem blages: Gt – Galba truncatula, Th –
Trichia hispida, Pml – Pupilla muscorum loessica, So – Succinea oblonga. For other ex pla na tion see Fig. 1



over, the fre quency of spe cies of open hab i tats clearly di -
min ishes, point ing to increasing humidity.

Malacofauna of the Janowice sec tion in cludes only spe -
cies of high ther mal tol er ance and com monly noted from
other sec tions of loess and loess-like sed i ments (Alexandro- 
wicz, 1985, 1988, 1995). The suc ces sion of fau nal as sem -
blages makes it pos si ble to re con struct en vi ron men tal
changes dur ing sed i ment de po si tion. Malacofauna points to
a cold, po lar cli mate and tun dra en vi ron ment of mod er ate
hu mid ity of the sub stra tum. The pres ence of fairly nu mer -
ous spec i mens of Galba truncatula (Müll.) in the basal in -
ter val in di cates the pres ence of pe ri od i cal wa ter res er voirs.
Pro ceed ing up the sec tion, grad ual dry ing up of hab i tats can
be seen, in di cated by in creas ing amount of pre fer ring dry
con di tions rep re sen ta tives of the ge nus Pupilla, par tic u larly
Pupilla muscorum loessica (Ložek) and Pupilla muscorum
densegyrata (Ložek). An other episode of increasing humi-
dity reappears in the top part of the sequence.

The above pre sented fau nal com po si tion and suc ces -
sion of mol lus can as sem blages are very much alike malaco-
log i cal se quences de scribed from sev eral other sites of silty
sed i ments of the Outer Carpathians (Alexandrowicz, 1988), 
par tic u larly those from the Ro¿nów Foot hills (Alexandro-
wicz & Zuchiewicz, 1988, 1990, 1993; Alexandrowicz et
al., 1991). The ob served mi nor dif fer ences in the com po si -
tion and struc ture of mol lus can as sem blages re sult from lo -
cal differentiation of habitats.

CON CLU SIONS

We con clude that malacofauna-bear ing silty sed i ments
at Janowice were formed dur ing the last gla cial stage. The
lower part of malacological se quence, en riched in meso-
phile spe cies, prob a bly re fers to the Vistulian (Weichselian) 
Interpleniglacial pe riod. The mid dle part, in turn, in dic a tive
of more dry hab i tats, can be as so ci ated with the youn ger
Pleniglacial, whereas the top part should rep re sent the ter -
mi nal phase of the lat ter. Hence, solifluction sed i ments
bear ing the mam moth tusk are most prob a bly as so ci ated
with the turn of the Vistulian (Weichselian) older Plenigla -
cial and Interpleniglacial time. The dis cov ered mam moth
re mains, a typ i cal an i mal of the Pleis to cene steppe-tun dra,
con firm the re sults of malacological stud ies. The girth and
di am e ter of the tusk are large, sug gest ing that this tusk be -
longed to an adult an i mal, prob a bly a male of woolly mam -
moth.
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