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Archers at Potocka zijalka?

Bostjan ODAR

Izvlecek

Ceprav obstajajo posamezne najdbe, ki nakazujejo
uporabo lokov in puséic v paleolitiku, v arheologki stroki
ni poenotenega mnenja o zacetkih lokostrelstva. Glavni
razlog je v minljivosti snovi, iz katerih je bila izdelana
lokostrelska oprema. Posredni dokaz o uporabi loka v
paleolitiku bi utegnile biti majhne kamene in ko$c¢ene
konice. Majhne kos¢ene konice iz Potocke zijalke so bile
povod za preverjanje domneve o obstoju lokostrelske
opreme in lokostrelstva v aurignacienu. V Potocki zijalki
je bilo odkritih 125 dobro ohranjenih ko$¢enih konic, Sest
je bilo datiranih z radiometri¢no metodo AMS !*C in so
stare okoli 32 tiso¢ let.

Klju¢ne besede: Slovenija, Potoc¢ka zijalka, paleolitik
- aurignacien, ko$c¢ene konice, lokostrelstvo

INTRODUCTION
Potocka zijalka and its bone points

The first traces of Ice Age hunters in the south-
eastern Alps, in Slovenia, were unearthed over 80
years ago in one of the largest and most picturesque
Palaeolithic sites in the high Alps, in the cave of
Potocka zijalka* (1630 m asl) on the mountain of

* Srecko Brodar spelled the name of the cave as Potocka
zijalka in his first publication in 1928. The name stuck and
has been used by authors, including myself, ever since. It
was only in 2010 that I chanced upon the correct spelling,
which is Potocka zijavka (zijavka, meaning a gaper in
English, was used in: Deschmann 1856; Laibacher Zeitung,
9. 3. 1876, 436; Deschmann 1888, 169; Krajevni leksikon
Slovenije 3, 1976, 230, 565; Slovar slovenskega knjiznega
jezika 5, 1991, 886). The erroneous spelling from 1928 is
now in general use (Slovenski pravopis, 2001, 886).

Abstract

Archaeological finds indicate the use of bows and arrows
in the Palaeolithic, though there is no consensus among
archaeologists as to its beginnings. The main reason for
this lies in the perishable materials used to make archery
equipment. Among the finds that could offer indirect
evidence for the use of bows in the Palaeolithic are small
stone and bone points. Of the latter, the small bone points
found in the cave of Potocka zijalka, Slovenia, led to a
reconsideration of the existence of archery and archery
equipment in the Aurignacian. The cave revealed 125 well
preserved bone points, six of which were established to be
roughly 32 ky old using the AMS 14C radiometric method.
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OlSeva. Systematic excavations at the cave were
conducted by Srecko Brodar in the years 1928-1935.1

Brodar found 134 well preserved bone tools,
which included the earliest needle known in the
world thus far, as well as 125 bone points. The
excavations also yielded a great number of excep-
tionally well preserved remains of the cave bear
(Ursus spelaeus), which included 150 skulls, but also
the remains of numerous other animals, such as
musk-ox teeth (Ovibos moschatus). A particularity
among the animal remains is the perforated cave
bear mandibles. The bone material as well as the
samples from the cave, kept at the old gymnasium
in Celje, was destroyed during Allied bombing
of the town in the last days of World War II. The
stone and bone tools kept at the museum of Celje,

I Brodar 1928, 3; Brodar S., Brodar M. 1983.
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Fig. 1: Small bone points from Potoc¢ka zijalka. Scale 1:2 (supplemented after Brodar S., Brodar M. 1983).
SI. 11: Majhne kos$¢ene konice iz Potoc¢ke zijalke (dopolnjeno po Brodar S., Brodar M. 1983). M. = 1:2.

however, escaped the same fate and saw the lib-
eration unscathed. Excavation at Potocka zijalka
was again conducted in the years 1997-2000.2
Apart from that, six bone points found during
the first excavation were dated with the AMS 14C
radiometric method, which established them to
be roughly 32 ky old.?

The bone points from Potocka zijalka were
treated in detail in the author’s doctoral thesis.*
They were divided into two main types, namely

2 Rabeder, Pohar 2004.
3 Pacher 2001; Turk 2007.
4 Odar 2008a.

flat and spindle-shaped.’ The largest point has
the preserved length of 19 cm, while the smallest
measures 4 cm. The bases of these points are either
flat, flat-oval or oval. The different sizes are indica-
tive of their use. The large spindle-shaped and flat
points could only have been used as lance-heads.
The small points, on the other hand, could have
been used as arrow-heads (fig. 1): PZ 20, PZ 22,
PZ 25, PZ 36, PZ 40, PZ 41, PZ 43, PZ 52, PZ 57,

5> On the typology of points see: Albrecht, Hahn, Torke

1972; Albrecht, Hahn, Torke 1975; Brodar M. 1985; Knecht
1993; Turk 2002; Turk 2005.
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PZ58,PZ59,PZ69,PZ72,PZ277,PZ97,PZ 102,
PZ 116 and PZ 132.°

Beginnings of archery

Archery and archery equipment hold a special
place in the development of the human mind
and technology. The bow differs from other cold
weapons in that it stores energy within. It is the
earliest composite weapon that acts as a spring and
transforms the slow human muscle power into fast
mechanical movement. What is most interesting is
that this simple device did not undergo significant
changes and represented, over very long periods,
the main long-range weapon for both hunters
and warriors.

The feats of technology as results of human needs
appeared and fell into disuse independently in
various parts of the world. For archery equipment,
the time and place of its first use is not known.
An important circumstance in that respect is that,
until recently, it was made of perishable organic
materials, which are only rarely preserved in the
archaeological record.

An indirect evidence of the possible use of
the bow during the Late Palaeolithic in Europe
is provided by the Solutrean shouldered points,’
one of which was found in Slovenia, at the cave
site of Jama v Lozi.®

The shouldered points were recently joined by
a wooden part of a supposed bow found in the
1970s at Mannheim, Germany. According to the
most recent interpretation put forward in 2006,
the worked piece of a pine branch supposedly
represents the earliest remains of a bow found thus
far. A particular feature of this find is a notch on
the preserved end of the branch (fig. 2). The firing
test using a reconstruction of the bow, measuring
roughly a metre when strung, was successful and
arrows, fired with the draw force of 11.36-13.64
kg, landed up to 80 m away. The wood sample
taken from the supposed bow revealed the age of
17,737 years, which is chronologically comparable,
for instance, to the Solutrean shouldered points
from Layer IV of the French cave site of Combe
Sauniére (17470 + 249 BP).°

6 Odar 2006a, 62-64.

7 Geneste, Plisson 1993, figs. 1, 5.

8 Brodar, Osole 1979a, 140-141; Brodar, Osole 1979b,
181-182, pl. 12: 7; Brodar 1986, 23-75, pl. 11: 20.

 Rosendahl et al. 2006; Geneste, Plisson 1993, 118.

Fig. 2: Remains of the supposed bow from Mannheim,
Germany (after Rosendahl et al. 2006, fig. 1).

SI. 2: Ostanek domnevnega loka iz Mannheima v Nemdiji
(po Rosendahl et al. 2006, sl. 1).

Other supposed remains of a simple bow, also
made of pine, were found at the Stellmoor site in
the German state of Schleswig-Holstein. The site
is dated into Younger Dryas, 11-10.3 ky ago. The
pine used for the bow was brought from elsewhere,
since the wider area of the site at that period is
believed to have been covered by tundra. Pine,
however, is a poor choice for archery equipment
and probably indicates the unavailability of more
suitable woods, such as yew. For instance, bows
made of pine were until recently used by hunters
in northern Siberia.!?

Ofinterest for the topic of archery is the research
by Medvedev, who treated Old Russian bows and
crossbows.!! In the catalogue, he assembled metal
arrow-heads, but also over a hundred various bone
arrow-heads. The latter appear in archaeological

10 Rausing 1997, 33-34; Bergman 1993, 100.
11 Medvedev 1966.
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Fig. 3: Small bone point from the cave of Istdlloskd, with
the remains of the split on the base, once formed part of
an arrow (after Hahn 1977, pl. 145: 6). Scale 1:1.

SI. 3: Majhna ko$¢ena konica iz jame Istalloské z ostankom
razpoke na bazi je bila neko¢ sestavni del pus¢ice (po Hahn
1977, t. 145: 6). M. = 1:1.

complexes from various periods across the world,
but also in ethnographic sources and folk tales.!2

To return to small bone points, they were also
found in the Late Palaeolithic cave sites of Vogel-
herd, Germany,!® and Istalloskd, Hungary.!'* Of
particular interest is the smallest known spindle-
shaped bone point from Istdlloské, which is only
2.5 cm long (fig. 3).!> For Potocka zijalka, Brodar
wrote as early as 1928 in the Jutro newspaper that
artefacts of prehistoric man made of bone, mostly
in the form of arrows, as well as charred wood
were found in the cave.!® A similar supposition
regarding the small points from Istalloské was
voiced by Vertes in the 1955 publication, adding
that archaeologists did not believe in the existence
of bows prior to the Holocene warm period.!”
In the revision study of Istalloské, conducted in
2002, the authors interpreted certain bone points
as arrow-heads without offering an explication.!®
The supposition that Potoc¢ka zijalka was visited
by hunters equipped with bows, has not yet been
systematically verified either.!” This incited me to
conduct a practical verification of the possibility
of archery being practiced at Potocka zijalka.

12 Ellis, 1997; Junkmanns 2001, 11, 49, figs. 10, 65;
Sirok 1961, 16-21.
13 Hahn, 1977, 87-90.
4 Hahn 1977, 121-123.
5 Hahn 1977, pl. 145: 6.
6 Brodar 1928, 3.
7 Vertes 1955, 111-131.
8 Dobosi 2002, 90-96.
9 Odar 2006a, 62-64; Odar 2008b, 12-13.
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PRACTICAL RESEARCH
Making arrows

The defining criterion for arrow-heads is tied
to the thickness of the wooden shaft of the arrow,
whereby the most suitable thickness is around one
centimetre. Autochthonous peoples across the
world came to this finding through experience.
One centimetre should thus also be the thickness
of the widest part of the base, regardless of whether
the point is flat or spindle-shaped.?’

For my experiments, I made copies of bone
points, primarily of the PZ 102 bone point with a
split base (figs. I, 4). The small, up to 10- cm long
points can be made in one of two ways. The first
involves reshaping an oblong bone fragment into
a point by using a stone tool and the technique of
planing or smoothing. The second involves cutting
the point from the whole bone.

The most difficult to make was the split on an
oval base, which took countless attempts using
stone flakes and a wooden mallet. The difficulty
lies in the fact that once the bone cracks, the crack
spreads rapidly and, more importantly, uncon-
trollably. If the mallet is struck too hard against
the stone anvil, the crack that occurs runs into
the surface of the point, whereby one of the two
halves of the split base falls off. Making a split-
base point therefore primarily requires a great
amount of feeling. One can attempt to direct the
crack by making a groove on the sides of the base,
though this does not guarantee success. The split
is easier to make if it runs parallel to the interior
and exterior wall of the compact bone.

The PZ 102 point (figs. I, 4), which served as
the model for the reconstructed points, must have
been considerably longer when first used, possibly
10 cm or more. Every time its tip broke off, the
user sharpened it.?! This is logical, due to the fact
that making points for one-time use only would
be highly time and energy consuming. Evidence
of repair can also be seen on a point from the
cave of Istdlloskd, where both halves of the split
base broke off through use (fig. 3). The user then
reshaped the base, which inevitably led to the
point being shortened. Such a point could then
only have been used as an arrow-head.

20 Cattelain 1997, 219-228.

21 On the sharpening of points: Guthrie 1983, 279,
290, 292; Knecht 1997, 204-205; Pokines 1998, 880; Turk
2002; Odar 20064, 62, fig. 4.
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Fig. 4: The smallest bone point, PZ 102 (fig. 1), measures
4 cm in length (photo D. Badovinac). Enlarged.

SI. 4: Najmanjs$a kos$¢ena konica PZ 102 (sl. 1) meri v
dolzino 4 cm (foto D. Badovinac). Povecano.

Forms of bases indicate two ways of hafting
points to wooden shafts.?? The flat-based points
are inserted into the split of the shaft and tied with
a string of natural fibres. The oval-based points
call for a different method of hafting, where the
hafting end on the shaft is hollow. The flat-oval-
based points, on the other hand, can be attached
both into the split or the hollow of the shaft.

Literature on Palaeolithic hunting equipment
reveals different graphic suggestions for the manner
of hafting of both main point types.?> However,
authors in their reconstructions do not explain
how the Aurignacian or Magdalenian makers of
hunting equipment drilled 5-10 cm deep holes into
shafts of lances or javelins by using stone tools,
since it is such holes that enable secure hafting of
spindle-shaped bone points onto wooden shafts.

Knecht, who conducted practical experiments
using replicas of supposed javelins, wrote thus: “Each
point was hafted to a wood foreshaft that, in turn,
was seated in a socket constructed of metal tubing

22 Odar 2006a, 62-63, fig. 5.
23 Guthrie 1983; Knecht 1997, fig. 2; Pokines 1998;
Horusitzky 2004, figs. 21-22.

attached to the end of a fletched wood shaft”** Also
using a metal tubular foreshaft and other artificial
materials in his experiments was Guthrie.?

The solution to the problem that Knecht and
Guthrie faced in their practical experiments can be
found in the remains of archery equipment from
much later periods. Metal arrow-heads can have a
flat tang, a circular tang or a socket. These three
different forms impose three different manners
of hafting.?® The shafts for hafting points with a
flat tang or a socket could be made of any kind
of wood, whereby some species were more suit-
able than others. Tree species most suitable for
hafting tanged arrow-heads are either those with
a soft pith or a hollow stem, such as Viburnum
opulus, Sambucus nigra and various species of
reed.?’ A trilobate pyramidal arrow-head, found
at the Late Antiquity cemetery at Lajh in Kranj,
for example, even has part of the tubular wooden
shaft preserved.?® The bone points from Potocka
zijalka and elsewhere, with an oval base, demanded
a similar solution as the tanged arrow-heads made
of metal. Bases of bone points being much thicker
than bases of metal points, the only suitable wood
is elder, since it offers a wide enough tube for
hafting variously large points. Elder pith enables
a good grip to the point. %

Inserting a split-based arrow-head into an elder
shaft requires a wedge to be inserted into the ar-
row’s split (fig. 5). When, upon firing, the point
pushes into the elder shaft, the wedge subjected
to drag pushes apart the base at the split and
presses the two halves firmly against the interior
walls of the shaft. In order to prevent longitudinal
splitting of the shaft, its exterior has to be bound
with natural fibres of animal or plant origin before
inserting the point. I am of the opinion that, by
splitting the base, hunters sought to prevent the
arrow-head from falling out of the elder shaft
during flight and during extraction of the arrow
from the prey. The wedged split also prevents the
bone arrow-head from sinking into the tubular
shaft when hitting the prey.

As for elder, my initial archery experiments
with a home-made target showed it to be unsuit-

24 Knecht 1997, 197.

25 Guthrie 1983, 279.

26 Odar 2006a; Odar 2006b, 255-257.

27 Eckhard 1996, 24, fig. 4.

28 Stare 1980, 79 (cat. no. 79), pl. 125: 8.

29 Turk 2005, 459; Odar 2006a, 62-64, figs. 4-7; Odar
2008b, 12-13, fig. 3.
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Fig. 5: Reconstruction of the spindle-shaped PZ 102 point
with a wedge in the split base, inserted into a shaft. Bind-
ing of plant fibres prevents the split to spread along the
shaft. Enlarged.

Sl. 5: Rekonstrukcija konice z zagozdo v razcepu in v
naperek vstavljena vretenasta konica z razcepom na bazi.
Ovoj iz rastlinskih vlaken preprecuje podolzno $irjenje
razpoke po naperku. Povecano.

able for making shafts. The striking force caused
most elder shafts to break in several places (fig.
6). A different solution needed to be found. This
was revealed by ethnographic studies of both
extinct and extant autochthonous bow hunters.
Archers of the Kua tribe of the eastern Kalahari,
Botswana, and archers of the Hadza tribe, living
south-east of Lake Eyasi, northern Tanzania, for
example, both haft arrow-heads onto shafts by
way of a tubular foreshaft.3 This led me to use
elder to make foreshafts rather than shafts in my
experiments as a possible solution for hafting bone
arrow-heads with oval and flat-oval bases.

30 Bartram 1997, 325, 334.

Fig.6: Shots fired at a simple target as a rule caused the
elder shafts to yield due to strike force. Enlarged.
Sl 6: Pri strelih na preprosto tar¢o so bezgovi naperki
praviloma popustili zaradi udarne sile. Povec¢ano.

Archery experiment

Most arrows destroyed during previous experi-
ments left me with three reconstructed arrows to
be used in the archery experiment (fig. 7). All
three were composed of spruce shafts fletched
with bird feathers, an elder foreshaft and a bone
point. Two foreshafts were glued to the shafts
(fig. 7: a,c), while one was detachable (fig. 7: b).
The shaft with the detachable foreshaft had ex-
perienced a longitudinal break along the middle
during previous experiments. In spite of this, the
damaged arrow was reused.
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Fig. 7: Arrows composed of wooden shalfts, elder foreshafts
and bone points prior to the archery experiment (photo
L. Rozman).

Sl. 7: Pusdice, sestavljene iz lesenih naperkov, bezgovih
vmesnikov in ko$¢enih konic, pred lokostrelskim preiz-
kusom (foto L. Rozman).

Fig. 8: Archer M. Podrzaj with a simple bow just before
the first shot, positioned 20 m from the target. Draw force
of the bow was 20 kg (photo L. Rozman).

Sl. 8: Lokostrelec M. Podrzaj z enostavnim lokom tik pred
prvo sprozitvijo, oddaljenost od tarce je 20 m. Potezna sila
loka je 20 kg (foto L. Rozman).

The experiment was conducted on 2 October
2008, at the Ljubljana Zoo. Present at the experi-
ment were Marjan Podrzaj, archer, Luka Rozman,
archaeologist who photographed the event, and
the author.

- A simple Indian bow with a draw force of 20
kg was used.

- The distance between the archer and the tar-
get, in the form of a skinned leg of beef, measured
20 m (fig. 8).

First shot (fig. 9)

Arrow (fig. 7c), elder foreshaft (8 cm) glued to
the spruce shaft (80 cm), split-based bone point
(5 cm):

- lateral impact on the bone,

- bone point undamaged,

- elder foreshaft undamaged,

- spruce shaft broken.

Second shot (fig. 10)

Arrow (fig. 7a), elder foreshaft (8 cm) glued to
the spruce shaft (72 cm), split-based bone point
(7 cm):

- meat pierced,

- elder foreshaft undamaged,

- arrow undamaged.
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Fig. 9: Shot 1: a - arrow (fig. 7: ¢) hit the bone laterally;
b - shaft broke due to strike force, point and foreshaft
remained undamaged (photo L. Rozman).

SI. 9: Strel 1: a — puscica (sl. 7: ¢) je bo¢no naletela na
kost; b — naperek se je zaradi udarne sile zlomil, konica
in vmesnik sta ostala neposkodovan (foto L. Rozman).

Fig. 10: Shot 2: arrow (fig. 7: a) pierced through the target
undamaged (photo L. Rozman).

SI. 10: Strel 2: pus¢ica (sl. 7: a) je tar¢o prebila neposko-
dovana (foto L. Rozman).

Fig. 11: Shot 3: arrow (fig. 7: a) hit the bone laterally. The
strike force caused the foreshaft to yield, point and shaft
remained undamaged (photo L. Rozman).

SI. 11: Strel 3: pudcica (sl. 7: a) je bo¢no naletela na kost.
Zaradi udarne sile je vmesnik popustil, konica in naperek
pa sta ostala neposkodovana (foto L. Rozman).

Third shot (fig. 11)

Arrow (fig. 7a), elder foreshaft (8 cm) glued to
the spruce shaft (72 cm), split-based bone point
(7 cm):

— lateral contact on the bone,

- bone point undamaged,

— elder foreshaft broken,

- shaft undamaged.

Fourth and fifth shot (fig. 12)

Arrow (fig. 7b), elder foreshaft (8 cm) detachable
from the damaged spruce shaft (70 cm), full-based
bone point (10 cm):

- meat pierced,

- elder foreshaft undamaged,

- arrow undamaged.
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Fig. 12: Shots 4 and 5: arrow (fig. 7: b) pierced the target
undamaged in both shots (photo L. Rozman).
SI. 12: Strel 4 in 5: puscica (sl. 7: b) je v obeh poskusih
prebila tarco brez poskodb (foto L. Rozman).

Sixth shot (figs. 13, 14)

Arrow (fig. 7b), elder foreshaft (8 cm) detachable
from the damaged spruce shaft (70 cm), full-based
bone point (10 cm):

- frontal impact on the bone,

- tip of bone point damaged,

— elder foreshaft broken,

- shaft undamaged.

Fig. 14: Shot 6: arrow (fig.7: b) hit the bone (a) frontally.
The binding on the lower part of the foreshaft yielded
under strike force and the shaft slid into the foreshaft
(b). The tip of the point was crushed (photo L. Rozman).
Sl. 14: Strel 6: puscica (sl. 7: b) je ¢elno zadela kost. Ovoj
na spodnjem delu vmesnika je zaradi udarne sile popustil,
in naperek je zdrsnil v vmesnik. Vrh konice se je zdrobil
(foto L. Rozman).

Fig. 13: Prior to Shot 6: hafting the point with foreshaft
onto a shaft (b) after extraction from the target (a) (photo
L. Rozman).

SI. 13: Pred strelom 6: namestitev konice z vmesnikom na
naperek po izdrtju iz tarce (foto L. Rozman).
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EXPERIMENT FINDINGS

Some of the bone points from Potocka zijalka
come very close to the ideal shape of a cylindri-
cal point, which leads me to suppose that the PZ
102 point measured around 10 cm when first
used, as is the length of the PZ 72 point (fig. 1).
The PZ 102 point was most probably reused sev-
eral times as an arrow-head and sharpened after
every damage to its tip. It is less likely that archers
made arrow-heads of bone for one-time use only,
since my preparations for the experiment showed
that the difference in the time it takes to make
either a short or a long arrow-head of bone is
not substantial, and it is much easier to sharpen
a damaged bone point than make a new one each
time. For that reason I am of the opinion that the
bone arrow-heads from Potocka zijalka indicate
repeated reshaping.

I further observed in experiment preparations
that the split on the base is appropriate for oval-
based points inserted into tubular shafts. In other
hafting manners, such a split does not realize
its full potential, as several authors have already
shown.3! It seems that the split was an attempt at
technological improvement in hafting bone points
onto wooden shafts, which did not prove very
effective.>? In the development of points, some
authors sought to place the split-based points
before the appearance of solid-based ones.?®> The
former do not differ from the latter in shape, and
Mitja Brodar justifiably refuted such a develop-
ment scheme.?*

In planning the experiment itself, I had naturally
hoped for a successful bow test. However, I did not
anticipate such an interesting outcome. The bow
test involved six shots using three arrows. In the
first shot, the arrow made a lateral contact with
the bone, whereby the force of impact caused the
shaft to break in the middle. The bone point and
the elder foreshaft, which were glued together,
remained completely undamaged and the plant
binding on the foreshaft withstood the impact.
The second shot was flawless. The arrow easily
penetrated the 20 cm of flesh and remained un-
damaged. It was therefore reused in the third shot.
This time it made a lateral contact with the bone.
The elder foreshaft, glued to the shaft, disintegrated

31 Horusitzky 2004, 21-26.

32 Turk 2002, 26; Horusitzky 2004.
33 Knecht 1997, 195.

34 Brodar 1985, 19.

completely upon impact. The bone point and the
shaft remained undamaged. The third, last arrow
with detachable elder foreshaft and cracked shaft
was used in the fourth and fifth shots. It pen-
etrated the flesh undamaged. It was reused again
for the sixth shot, when it frontally hit the bone.
The binding of the foreshaft yielded at the point
of contact with the shaft, which caused the shaft
to be pushed into the foreshaft. The foreshaft with
the point was not separated from the shaft, which
withstood even the third impact. The tip of the
bone point broke off.

The archery experiment showed the small bone
points from Potocka zijalka to be suitable for use
as arrow-heads. As for hafting the oval- or flat-
oval-based bone points onto shafts, the important
technical solution would be to use a tubular fore-
shaft of elder. The latter is best not glued to the
shaft, but only stuck onto. Thus upon impact, the
elder foreshaft as the weakest link of the arrow
takes most of the strike force and breaks, leaving
the shaft undamaged, whereby the archer can
make a new foreshaft much quicker and easier
than a fletched shaft. Even a damaged shaft takes
the strike force, but only if the elder foreshaft is
detachable. The relief of the strike force by way
of the foreshaft also protects the bone arrow-head
from serious damage.

The archery experiment yielded results that
correspond closely to the results of a similar ex-
periment carried out to compare the penetration
force of arrows with either wooden or stone heads.
Surprisingly, sharpened wooden points, which are
of the same shape as the small bone points from
Potocka zijalka, were found to have a penetration
force that was only 10 per cent smaller than the
penetration force of the stone points.?

DISCUSSION

The small spindle-shaped points, such as the PZ
102, are the same as the distal ends of cylindrical
(Solutrean and Magdalenian) points (fig. 15).3 Two
cylindrical bone arrow-heads, typologically easily
comparable to the above-mentioned Solutrean or
Magdalenian points, were found fired some 5000
years ago at a 35-year-old man. One penetrated
his chest and the other hit the nasal cavity.’ It is

35 Waguespack et al. 2009.
36 pokines 1998; Petillon 2006.
37 Junkmanns 2001, 34, fig. 49.
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hardly possible for these two points to have been
hafted onto javelins thrown at the victim with the
aid of a javelin-thrower (propulseur in French),
since no such remains have yet been found in the
archaeological contexts of the European Holocene.
There have, however, been numerous finds of the
remains of archery equipment.

The earliest examples of javelin-throwers ap-
pear in the Solutrean. An example was found at
Combe Sauniére, in Layer I1V,?® where also 170
shouldered points were unearthed. Geneste and
Plisson attempted, on the basis of practical experi-
ments, to establish whether these points formed
parts of either javelins or arrows. Their finding is
significant:3® “The kinetic energy of a spear thrown
with a spearthrower is considerable, principally
because of its large mass (150 g). The speed of the
spear thrown with a spear-thrower, on the order
of 20 to 25 m/s ... never attains the speed of those
thrown with bows.*® The weakness of the charac-
teristics of impact left on the Solutrean shouldered
points ... could therefore be attributed to either the
light weight of the Solutrean projectiles, or the weak
force of the Solutrean system of projectile technology
or even to a combination of these two factors. ...
The ballistic characteristics of Solutrean shouldered
points ... indicate that these slender, light projectile
points are improper for arming heavy handles”

It follows from the above that heavy shafts could
only have formed parts of javelins and light shafts of
arrows. In spite of this, however, the authors leave
the question of javelins versus arrows open. The
answer would perhaps be easier to give if they knew,
at the time of their experiment, of the supposed
bow remains from Mannheim mentioned above.

This leads us to the possibility of the use of
javelins in the Aurignacian and, consequentially,
at Potocka zijalka. Javelin hunting would be con-
clusively proven by javelin-throwers, yet so far,
no such remains dating to either the Aurignacian
or the Gravettian have been found. The known
remains ofjavelin-throwers, some 130 parts in
various states of preservation, were made of bone
or antler, while the wooden parts have disinte-
grated. By far the highest number came to light
in southern France, along the Dordogne River and
in the Pyrenees. Other sites are situated in Spain,
Switzerland and Germany. The oldest example is
roughly 20 ky old and the youngest some 12 ky,

38 Geneste, Plisson 1993, 119.
39 Geneste, Plisson 1993, 131.
40 JTunkmanns 2001, 57.

Fig. 15: Reconstruction of point PZ 102. The point was
supposedly much longer when first used. Scale = 1:1.

SI. 15: Rekonstrukcija konice PZ 102. Konica je bila pred
prvo uporabo veliko daljsa. M = 1:1.

while the great majority of the datable javelin-
throwers fall into the narrow timeframe between
13,800 and 12,400 BP.4!

However, absence of evidence is not yet evidence
of absence, and the answer needs to be sought
elsewhere. Concerning the topic of the use of ar-
rows, the research of most interest is that on the
cross-section forms of humeri in the males of both

41 Cattelain 1997; Stodiek 2009.
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human species, Neanderthals and Cro-Magnons,*?
since the form of upper extremity bones could
indicate certain activities of the individuals. The
bones of male representatives of Neanderthals
(Mousterian) and the early Cro-Magnons (Au-
rignacian, Gravettian) show a difference in the
thickness and form of the compact bone in left
and right humeri. The humeri of leading arms,
usually the right, have a thicker compact bone.
The same difference in both human species led
some authors to infer that Neanderthals and early
Cro-Magnons performed the same movements, con-
nected to the hunting technique.** They also drew
attention to the difference in the form of humeri
between the early (Aurignacian, Gravettian) and
later Cro-Magnons (Solutrean, Magdalenian and
later), which they explained through the change
in the hunting technique during the Late Upper
Palaeolithic. The humeri of Neanderthals and the
early Cro-Magnons of the male sex are thicker
in both anteroposterior and mediolateral planes.
Furthermore, the right humeri are evenly thicker
than the left ones in both planes. The humeri of
the male representatives of the later Cro-Magnons
are rounder in cross-section and therefore have
the same resistance force on both planes. The even
thickening of the humeri on mediolateral and an-
teroposterior planes was thought to prove throwing
and, consequentially, the use of javelins.** Since
this was only a supposition, Schmitt, Churchill
and Hylander set out to test it in practice.*> The
experiment was to show whether, in thrusting, it
is the lagging arm holding the rear of the lance
that provides most force and how the strike force
in thrusting is transferred from the lance to the
front and rear arms. The findings of this thrusting
experiment confirm the supposition put forward
by the study of bone remains, namely that Ne-
anderthals and early Cro-Magnons hunted with
lances and that javelins had not yet been in use.
The users of bone points strove to mortally
wound their prey as soon as possible. For this
reason, they were making variously long points,
whereby the size of the point was linked to the
size and aggressiveness of the prey as well as to

42 Trinkaus, Churchill, Ruff 1994; Churchill, Formicola
1997; Trinkaus, Churchill 1999; Trinkaus, Ruff 1999a;
Trinkaus, Ruff 1999b.

43 Churchill, Weaver, Niewoehner 1996.

44 Tullos, King 1973; Ganior et al. 1980; Pappas, Za-
wacki, Sullivan 1985.

45 Schmitt, Churchill, Hylander 2003.

the manner of hunting. Hunting with a lance is
dangerous, since the hunter is in direct contact
with the animal fighting for its life. The lances
must therefore have been durable enough to with-
stand the forces appearing in repeated thrusting
into the animal.

Lances with slender cylindrical and other small
points would not be effective, since these kinds of
points would break at first thrust into an irritated
animal due to their small thickness. Moreover,
hafted onto 2-3 cm thick shafts they would be too
small to be effective. For thrusting with a lance,
bone points needed to be thick or wide enough
as well as long enough. This corresponds closely
to the findings from the study of large flat and
spindle-shaped bone points from Potocka zijalka
and other sites. The distal ends of these points
widen from the apex to the base and the points
are widest on the transition from the distal end to
the base. Javelins with such points would not be
effective and were rather equipped with slender
cylindrical (Magdalenian) bone points.*®

Javelin-throwers were found predominantly in
southern France and in Spain, as stated above.?
In my opinion, the introduction of hunting using
a javelin in these areas is tied to the ecological
changes during the last glacial maximum (OIS
2) and directly after it. These ecological changes
certainly caused a change in dietary habits of the
hunter-gatherer communities, who developed
a new kind of hunting weapon - javelin with a
javelin-thrower — as a response to the change. Due
to poor reliability, such javelins were only suitable
for hunting large mammals living in troops in open
country. The technique of hunting with javelins
and javelin-throwers appeared in southern France
and in Spain in the Solutrean, and fell into disuse
with the end of the Palaeolithic.

Of all cold weapons, it is the bow and arrow
that enables hunting of the widest range of prey
on land, in water and in the air, which explains
the development of numerous variants of bows,
arrow shafts and arrow-heads up to this day. In
the Palaeolithic (as well as Mesolithic and Neo-
lithic), arrow-heads were made of wood, bone and
stone. The wooden arrow-heads have not been
preserved. The advantage of the bone arrow-heads
lies in the possibility of repeated use, since the
stone heads usually break at first use, especially
if the arrow misses the prey. In connection with

46 Stodiek, Paulsen 1996; Pokines 1998; Petillon 2006.
47 Stodiek 1993; Cattelain 1997; Stodiek 20009.
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that, S. L. Kuhn observed, when studying Italian
sites, a considerably stronger presence of bird
bone remains in the Aurignacian layers than in
the Mousterian layers beneath; ground-nesting
birds, such as partridges, apparently became an
important element in the food chain in the Early
Aurignacian.*® Moreover, it is to the Aurignacian
that date the first numerous finds of flutes, which
were made of bird bones.*® Kuhn went on to write
that Stone Age communities during the Holocene
warm period used bow and arrow mostly to hunt
animals difficult to catch, such as rabbits, birds
or fish. At Combe Sauniére, numerous remains
of birds, but also wolves and foxes were found.*®
Foxes and small mammals are not most effectively
hunted with a javelin. Much more suitable is the
bow, with which animals down to the size of a
partridge can be shot within a 25-40 m range.”!

If the supposition on the use of bow and arrow
in the Aurignacian is correct, than the question of
the origin of archery is naturally posed. For the
moment, it seems that we can tie the appearance of
bow and arrow hunting in Europe to the arrival of
anatomically modern humans, the Cro-Magnons.
Hunters may have used numerous other hunting
techniques, but these cannot be proven with the
archaeological method.

CONCLUSION

Potoc¢ka zijalka, due to the great number of
various bone points, enables a good insight into
the hunting techniques of the Aurignacian hunters.
The archery experiment using replicas of small
bone points from Potocka zijalka was successful
and justifiably allows, together with all other data,
the use of archery equipment during the Aurigna-
cian to be proposed.
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CATALOGUE
(fig. 1)

PZ 20 (inv. no. 774)

Position: rear of the cave, layer unknown.

Bone point with upper distal end broken off. Fracture
surface rounded. Planing traces well visible. Cuts, probably
forming a spiral, heavily planed away across the entire
surface. Edges wavy along the entire length. Base oval.
Distal end goes from oval to round in section towards
the tip. L. 79.0 mm; w. 9.0 mm; th. 6.0 mm; weight 4.7 g.

PZ 22 (inv. no. 773)

Position: rear of the cave, layer unknown.

Bone point with upper distal end broken off. Fracture
surface rounded. Planing traces visible. Cuts, probably form-
ing a spiral, heavily planed away across the entire surface,
fresh cuts on the edges not planed. Edges wavy along the
entire length. Base flat. Distal end goes from oval to round
in section towards the tip. Spongiosis preserved on the
base. L. 71.0 mm; w. 10.7 mm; th. 6.0 mm; weight 4.6 g.

PZ 25 (inv. no. 777)

Position: rear of the cave, layer unknown.

Bone point with upper distal end broken off. Fracture
surface rounded. Planing traces visible. Cuts visible. Edges
wavy along the entire length. Base flat. Distal end goes
from oval to round in section towards the tip. Spongiosis
and medullary channel preserved along the entire length.
L. 53.0 mm; w. 10.0 mm; th. 4.6 mm; weight 2.4 g.

PZ 36 (inv. no. 786)

Position: rear of the cave, Layer 4, above.

Bone awl/point on a bladelet. Distal end rounded.
Base flat. Distal end goes from oval to round in section.
Spongiosis preserved on the base. L. 65.7 mm; w. 2.6 mm;
th. 1.4 mm; weight 1.4 g.

PZ 40 (inv. no. 790)

Position: rear of the cave, Layer 5, middle.

Bone point, almost completely preserved. Tip broken
off. Fracture surface sharp. Planing traces visible. Cuts,
probably forming a spiral, heavily planed away, fresh cuts
visible on the edges of the distal end. Edges wavy along
the entire length. Base oval. Distal end goes from oval to
round in section towards the tip. Compact bone almost



446 Bostjan ODAR

fully reshaped. Spongiosis preserved on the base. L. 70.0
mm; w. 8.0 mm; th. 6.0 mm; weight 3.2 g.

PZ 41 (inv. no. 791)

Position: rear of the cave, Layer 4, below.

Bone point, almost completely preserved. Tip broken
off. Fracture surface sharp. Planing traces well visible. Cuts
heavily planed away. Edges almost straight. Base oval. Distal
end goes from oval to round in section towards the tip.
Compact bone almost fully reshaped. Spongiosis remains
preserved on the bottom of the base. L. 93.0 mm; w. 9.5
mm; th. 8.5 mm; weight 6.5 g.

PZ 43 (inv. no. 793)

Position: rear of the cave, Layer 4 below.

Bone point, almost completely preserved. Tip broken
off. Fracture surface sharp. Planing traces well visible. Cuts
heavily planed. Edges wavy along the entire length. Base
flat. Distal end goes from oval to round in section towards
the tip. Spongiosis and medullary channel preserved on
the base and partly on the distal end. L. 74.0 mm; w. 8.5
mm; th. 3.6 mm; weight 2.5 g.

PZ 52 (inv. no. 801)

Position: rear of the cave, Layer 5, above.

Bone point, almost completely preserved. Tip broken
off. Fracture surface sharp. Planing traces visible. Cuts
heavily planed away on the edges. Edges wavy along the
entire length. Base flat-oval. Distal end goes from oval to
round in section towards the tip. Spongiosis and medullary
channel preserved on the base on partly on the distal end.
L. 92.0 mm; w. 9.8 mm; th. 6.0 mm; weight 4.7 g.

PZ 57 (inv. no. 805)

Position: rear of the cave, Layer 4, above.

Bone point with distal end broken off. Fracture surface
sharp. Planing traces visible. Cuts not visible. Edges slightly
wavy on the distal end. Base flat. Distal end goes from oval
to round in section towards the tip. Spongiosis preserved
along the entire length. Point made on a fragment. L. 59.0
mm; w. 8.2 mm; th. 4.0 mm; weight 2.2 g.

PZ 58 (inv. no. 3652)

Position: rear of the cave, Layer 5, above.

Bone awl/point, almost completely preserved. Tip broken
off. Fracture surface sharp. Planing traces visible. Cuts not
visible. Edges slightly wavy on the distal end. Base oval.
Distal end goes from oval to round in section towards the
tip. Spongiosis preserved along the entire length. Point
made on a fragment. L. 66.0 mm; w. 6.5 mm; th. 4.0 mm;
weight 1.7 g.

PZ 59 (inv. no. 806 - replica of artificial material)

Position: rear of the cave, Layer 5, middle.

Bone point, destroyed. Replica made of artificial ma-
terial with distal end broken off. Fracture surface sharp.
Planing traces visible. Cuts not visible. Edges wavy along
the entire length. Base flat. Distal end goes from oval to
round in section towards the tip. L. 46.0 mm; w. 7.3 mm;
th. 4.0 mm.

PZ 69 (inv. no. 813)

Position: rear of the cave, Layer 4, middle.

Bone point with upper distal end broken off. Fracture
surface sharp. Planing traces visible. Cuts not visible. Edges
wavy along the entire length. Base flat. Distal end goes
from oval to round in section towards the tip. Spongiosis
preserved along the entire length. L. 62.0 mm; w. 9.0 mm;
th. 4.0 mm; weight 2.6 g.

PZ 72 (inv. no. 816)

Position: rear of the cave, Layer 5, above.

Bone point, almost completely preserved. Tip broken
off. Fracture surface rounded. Planing traces well visible.
Cuts heavily planed. Edges wavy along the entire length.
Base flat-oval. Distal end goes from oval to round in section
towards the tip. Spongiosis preserved on the basal and distal
ends. L. 96.0 mm; w. 9.0 mm; th. 5.5 mm; weight 4.1 g.

PZ 77 (2006 returned from Erlangen)

Position: rear of the cave, Layer 5, middle.

Bone point, completely preserved. Planing traces poorly
visible. Cuts visible. Edges slightly wavy on the distal end.
Base flat. Distal end goes from oval to round in section
towards the tip. Spongiosis preserved almost along the entire
length. L. 80.0 mm; w. 8.7 mm; th. 4.0 mm; weight 2.6 g.

PZ 97 (inv. no. 835)

Position: cave entrance, Layer 7.

Point made on a tusk with upper distal end broken off.
Fracture surface sharp. Planing traces visible. Cuts forming a
spiral well visible across the entire surface. The surface wavy
along the entire length. Oval in section. Compact bone fully
reshaped. L. 56.0 mm; w. 9.3 mm; th. 6.0 mm; weight 3.3 g.

PZ 102 (inv. no. 837a)

Position: cave entrance, Layer 5.

Bone point, completely preserved. Planing traces not
visible. Cuts on the base heavily planed. Surface not wavy.
Oval split base. Distal end round in section. Compact
bone fully reshaped. L. 38.0 mm; w. 6.0 mm; th. 5.0 mm;
weight 0.8 g. (fig. 4).

PZ 116 (inv. no. 852)

Position: cave entrance, Layer 7.

Bone point, almost completely preserved. Tip and
bottom of the base broken off. Fracture surfaces sharp.
Planing traces well visible. Cuts not visible. Edges slightly
wavy along the entire length. Base oval. Distal end goes
from oval to round in section towards the tip. Spongiosis
remains preserved on the distal end. L. 61.0 mm; w. 10.0
mm; th. 7.0 mm; weight 3.2 g.

PZ 132 (inv. no. 836a)

Position: cave entrance, Layer 7.

Bone point with preserved base and lower distal end.
Fracture surface sharp. Planing traces well visible. Cuts
visible on the edges of the distal end below the fracture.
Edges wavy. Base oval. Compact bone fully reshaped. L.
46.6 mm; w. 9.8 mm; th. 6.0 mm; weight 2.1 g.

Translation: Andreja Maver



Archers at Potoc¢ka zijalka? 447

ALBRECHT, G.,]. HAHN and W. G. TORKE 1972, Merkma-
lanalyse von GeschofSspitzen des mittleren Jungpleistozins
in Mittel- und Osteuropa. — Archaeologica Venatoria 2.

ALBRECHT, G., J. HAHN and W. G. TORKE 1975, Neue
Untersuchungen zu den Geschoflspitzen des frithen
Jungpaldolithikums. — Archdologisches Korrespondenz-
blatt 5, 99-106.

BARTRAM jr.,, L. E. 1997, A Comparison of Kua (Botswana)
and Hadza (Tanzania) Bow and Arrow Hunting. - In:
H. Knecht (ed.), Projectile Technology, 191-212, New
York, London.

BERGMAN, C. A. 1993, The Development of the Bow in
Western Europe: A Technological and Funktional Per-
spective. — In: G. L. Peterkin, H. M. Bricker, P. Mellars
(eds.), Hunting and Animal Exploitation in the Later
Paleolithic and Mesolithic of Eurasia, Archaeological
Papers of the American Anthropological Association
4, 95-105.

BRODAR, S. 1928, Dragocene prazgodovinske najdbe pod
Olsevo. - Jutro, 17. 10. 1928, str. 3.

BRODAR, S. and M. BRODAR 1983, Potocka zijalka,
visokoalpska postaja aurignacienskih lovcev / Potocka
zijalka, eine hochalpine Aurignacjdgerstation. — Dela
1. razreda SAZU 24.

BRODAR, M. 1985, Potocka zijalka in Mokriska jama. —
Arheoloski vestnik 36, 11-23.

BRODAR, M. 1986, Jama v Lozi. — Arheoloski vestnik 37,
23-75.

BRODAR, M. and F. OSOLE 1979a, Nalazista paleolit-
skog i mezolitskog doba u Sloveniji. - In: Praistorija
jugoslovenskih zemalja 1. Paleolitsko i mezolitsko doba,
135-157, Sarajevo.

BRODAR, M. and E. OSOLE 1979b, Paleolitske i mezolitske
regije i kulture u Sloveniji. — In: Praistorija jugosloven-
skih zemalja 1. Paleolitsko i mezolitsko doba, 159-194,
Sarajevo.

CATTELAIN, P. 1997, Hunting during the Upper Palaeo-
lithic: Bow, sperthrower, or both? — In: H. Knecht (ed.),
Projectile Technology, 213-240, New York, London.

CHURCHILL, S. E. and V. FORMICOLA 1997, A case
of marked bilateral asymetry in the upper limbs of an
Upper paleolithic male from Barma Grande (Liguria),
Italy. — International Journal of Osteoarchaeology 7, 18-38.

CHURCHILL, S. E., A. H. WEAVER and W. A. NIE-
WOEHNER 1996, Late Pleistocene human technological
and subsistence behavior: Functional interpretations
of upper limb morphology. - In: A. Bietti, Grimaldi
S. (eds.), Reduction Process ("Chaines Operatoires”) in
the European Mousterian, Quaternaria Nova 6, 18-51.

CONARD, N. J. 2009, Die Anfinge der Musik. - In: S.
Rau, D. Naumann, M. Barth (eds.), Eiszeit. Kunst und
Kultur, 324-326, Ostfildern, Esslingen.

DESCHMANN, C. 1856, Bericht iiber die Versammlungen
der Freunde der Naturwissenschaften im Laibacher
Museum im Jahre 1849. - Jahresheft des Vereines des
krainischen Landes-Museums 1, 21-47.

DESCHMANN, K. 1888, Fiihrer durch das Krainische
Landes-Museum Rudolfinum in Laibach. - Laibach.

DOBOSI, V. T. 2002, Bone finds from Istalloské cave. —
Praehistoria 3, 79-102.

ECKHARDT, H. 1996, Pfeil und Bogen. Eine archdologisch-
technologische Untersuchung zu urnenfelder- und hall-
stattzeitlichen Befunden. — Internationale Archiologie
21, Espelkamp.

ELLIS, C. J. 1997, Factors Influencing the Use of Stone
Projectile Tips. An Ethnografic Perspectives. — In: H.
Knecht (ed.), Projectile Technology, 37-74, New York,
London.

GANIOR, B. J. et al. 1980, The throw: biomechanics and
acute injury. — American Journal of Sports Medicine 8,
114-118.

GENESTE, J.-M. and H. PLISSON 1993, Hunting Technolo-
gies and Human Behaviour: Lithic Analyses of Solutrean
Schouldered Points. — In: H. Knecht, A. Pike-Tay, R.
White (eds.), Before Lascaux. The Complex Record of
the Early Upper Paleolithic, 137-162, London, Tokyo.

GUTHRIE, R. D. 1983, Osseous projectile points: Biolo-
gical considerations affecting raw material selection
and design among Paleolithic and Paleoindian peoples.
- In: J. Clutton-Brock, C. Grigson (eds.), Animals and
Archaeology, BAR. International Series 163, 273-249.

HAHN, J. 1977, Aurignacien. Das dgltere Jungpaldolithikum in
Mittel- und Osteuropa. - Fundamenta A/9, Koln, Wien.

HORUSITZKY, E. Z. 2004, Les artefacts en os et bois cerf
a Bukovac, Lokve (Croatie). Une seconde fliite possible?
— Arheoloski vestnik 55, 9-37.

JUNKMANNS, J. 2001, Pfeil und Bogen. Herstellung und
Gebrauch in der Jungsteinzeit. — Biel.

KNECHT, H. 1993, Splits and Wedges: The Techniques and
Technology of Early Aurignacian Antler Working. - In:
H. Knecht, A. Pike-Tay, R. White (eds.), Before Lasca-
ux. The Complex Record of the Early Upper Paleolithic,
137-162, London, Tokyo.

KNECHT, H. (ed.) 1997, Projectile Points of Bone, Antler,
and Stone. Experimental Explorations of Manufacture
and Use. — In: H. Knecht (ed.), Projectile Technology,
191-212, New York, London.

KUHN, S. L. 2002, Pioneers of Microlithisation: The ”Proto-
Aurignacian” of Southern Europe. - In: R. G. Elston, S.
L. Kuhn (eds.), Thinking Small: Global Perspectives on
Microlithization, Archaeological Papers of the American
Anthropological Association 12, 83-93, Washington.

MEDVEDEYV, A. F. 1966, Rucnoe metatelnoe oruzie (Luk i
strelj, samostrel) VIII-XIV vv. Arheologija SSSR, Svod
arheologiceskih isto¢nikov E 1-36, Moskva.

MUNZEL, S. C., N. J. CONARD 2009, Flotenklang aus
fernen Zeiten. - In: S. Rau, D. Naumann, M. Barth
(eds.), Eiszeit. Kunst und Kultur, 317-323, Ostfildern,
Esslingen.

ODAR, B. 2006a, Ledenodobni lovci v visokogorju. - In:
T. Cevc (ed.), Clovek v Alpah. Desetletje (1996-2006)
raziskav o navzolnosti cloveka v slovenskih Alpah.
59-70, Ljubljana.

ODAR, B. 2006b, The archer from Carnium / Lokostrelec
iz Karnija — Arheoloski vestnik 57, 243-265.

ODAR, B. 2008a, Izdelava in uporaba koscenih konic iz
Potocke zijalke (Making and use of bone points from
Potocka zijalka). — Unpublished PhD thesis / neobja-
vljena disertacija, Oddelek za arheologijo, Filozofska
fakulteta Univerze v Ljubljani, Ljubljana.



448 Bostjan ODAR

ODAR, B. 2008b, A Dufour bladelet from Potocka zijalka
(Slovenia) / Klinica Dufour iz Potocke zijalke (Slove-
nija). — Arheoloski vestnik 59, 9-14.

PACHER, M. 2001, New excavation campaigns in the
Upper Pleistocene cave bear site Potocka zijalka, Slove-
nia - state of investigation. — In: A. Grandal-d’Anglade
(ed.), Proceedings of the 7th cave bear symposium, La
Coruna,Cadernos do Laboratorio Xeldxico de Laxe 26,
301-310.

PACHER, M., V.POHAR, G. RABEDER (eds.) 2004, Potocka
zijalka. Palaeontological and Archaeological Results of the
Campaigns 1997-2000. - Mitteilungen der Kommission
fiir Quartirforschung der Osterreichischen Akademie
der Wissenschaften 13.

PAPPAS, A. M., R. M. ZAWACKI and T. J. SULLIVAN
1985, Biomechanics of baseball pitching: a prelimi-
nary report. — American Journal of Sports Medicine
13, 216-222.

PETILLON, J.-M. 2006, Des magdaléniens en Armes. Tech-
nologie des Armature des Projectile en Bois de cervidé du
Magdalénien Supérieur de la Grotte d’Isturitz (Pyrénées-
Atlantiques). — Artefacts 10,Treignes.

POKINES, J. T. 1998, Experimental Replication and Use
of Cantabrian Lower Magdalenian Antler Projectile
Points. — Journal of Archaeological Science 25, 875-886.

POPE, S. T. 1991, Hunting with Bow and Arrow. — Prescott.

RABEDER, G. and V. POHAR 2004, Stratigraphy and
Chronology of the Cave Sediments from Potocka zijalka
(Slovenia). — In: M. Pacher, V. Pohar, G. Rabeder (eds.)
Potocka zijalka. Palaeontological and Archaeological
Results of the Campaigns 1997-2000, Mitteilungen der
Kommission fiir Quartirforschung der Osterreichischen
Akademie der Wissenschaften 13, 235-246.

RAUSING, G. 1997, The Bow. — Manchester.

ROSENDAHL, G., K.-W. BEINHAUER, M. LOSCHER,
K. KREIPL, R. WALTER and W. ROSENDAHL 2006,
Le plus vieil arc du monde ? Une piéce intéressante en
provenance de Mannheim, Allemagne. - L'anthropologie
110/3, 371-382.

SCHMITT, D., S. E. CHURCHILL and W. L. HYLANDER
2003, Experimental Evidence concerning spear Use in
Neanderthals and Early Modern Humans. - Journal of
Archaeological Science 30, 103-114.

STARE, V. 1980, Kranj. Nekropola iz ¢asa preseljevanja
ljudstev. — Katalogi in monografije 18.

STODIEK, U. 1993, Zur Technologie der jungpaldolithischen
Speerschleuder. Eine Studie auf Basis archdologischer,

ethnologischer und experimenteller Erkenntnisse. — Tii-
binger Monographien fiir Urgeschichte 9.

STODIEK, U. 2009, Der verldngerte Arm. Durschlagende
Waffen am ende der Eiszeit. — In: S. Rau, D. Naumann,
M. Barth (eds.), Eiszeit. Kunst und Kultur, 192-195,
Ostfildern.

STODIEK, U. and H. PAULSEN 1996, "Mit dem Pfeil, dem
Bogen ..." Technik der Steinzeitlichen Jagd. — Oldenburg.

SIROK, A. (ed.) 1961, Indijanske pravljice. — Ljubljana.

TRINKAUS, E. and S. E. CHURCHILL 1999, Diaphyseal
Cross-sectional Geometry of Near Eastern Middle
Paleolithic Humans: The Humerus. - Journal of Archa-
eological Science 26, 173-184.

TRINKAUS, E., S. E. CHURCHILL and C. B. RUFF 1994,
Postcranial Robusticity in Homo. II: Humeral Bilateral
Asymetry and Bone Plasticity. — American Journal of
Physical Anthropology 93, 1-34.

TRINKAUS, E. and C. B. RUFF 1999a, Diaphyseal Cross-
sectional Geometry of Near Eastern Middle Paleolithic
Humans: The Femur. - Journal of Archaeological Science
26, 409-424.

TRINKAUS, E. and C. B. RUFF 1999b, Diaphyseal Cross-
sectional Geometry of Near Eastern Middle Paleolithic
Humans: The Tibia. - Journal of Archaeological Science
26, 1289-1300.

TULLOS, H. S. and J. W. KING 1973, Throwing mecha-
nisms in sports. — Orthopedic Clinics of North America
4, 709-720.

TURK, I. 2002, Morfometri¢na analiza zgodnjih ko$¢enih
konic v povezavi z najdbami ko§c¢enih konic iz Divjih
bab I / Morphometric analysis of early bone points in
connection with finds of bone points from Divje babe
1. — Arheoloski vestnik 53, 9-29.

TURK, I. 2005, Zagovor morfometri¢ne analize ko§¢enih
konic / In defence of morphometric analysis of bone
points. — Arheoloski vestnik 56, 453-464.

TURK, I. 2007, Martina Pacher, Vida Pohar, Gernot
Rabeder (ur.), Potocka zijalka. Paleontological and
Archaeological Results of the Campaigns 1997-2000.
Wien 2004. — Arheoloski vestnik 58, 453-455.

VERTES, L. 1955, Neuere Ausgrabungen und paldolithische
Funde in der Hohle von Istalloské. — Acta Archaeologica
Academiae Scientiarum Hungaricae 5, 111-131.

WAGUESPACK N. M,, T. A. SUROVELL, A. DENOYER,
A. DALLOW, A. SAVAGE, ]J. HYNEMAN and D. TAP-
STER 2009, Making a point: wood- versus stone-tipped
projectiles. — Antiquity 83, 786-800.



Archers at Potoc¢ka zijalka? 449

Lokostrelci v Potocki zijalki?

UVOD

Potocka zijalka in ko$cene konice

Pred 83 leti so bile odkrite prve sledi ledeno-
dobnih lovcev v jugovzhodnih Alpah na ozemlju
Slovenije. Sre¢ko Brodar je v letih med 1928 in
1935 vodil sistemati¢na izkopavanja v enem od
najmogoc¢nejsih in najslikovitejsih paleolitskih naj-
dis¢ v alpskem visokogorju, v jami Poto¢ka zijalka’
(1630 m) na Olgevi.!

Srecko Brodar je odkril 134 dobro ohranjenih
kos¢enih orodij, od tega najstarej$o do sedaj znano
kos¢eno $ivanko in 125 kosc¢enih konic. Z izkopavanji
je prislo na dan izjemno $tevilo dobro ohranjenih
ostankov jamskega medveda (Ursus spelaeus),
vklju¢no s 150 lobanjami, kot tudi ostanki mnogih
drugih zivali, npr. zobje mogkatnega goveda (Ovibos
moschatus). Svojevrstno posebnost predstavljajo
naluknjane ¢eljusti jamskega medveda. Vse kostno
gradivo in vzorci, shranjeni v stari gimnaziji v Celju,
so bili uni¢eni med zavezniskim bombardiranjem
Celja v zadnjih dneh druge svetovne vojne. Kamena
in ko$c¢ena orodja, ki so bila shranjena v muzeju,
pa so osvoboditev docakala neposkodovana. Nova
izkopavanja v Potocki zijalki so potekala v letih
1997 do 2000.2 Sest kos¢enih konic je bilo datiranih
z radiometri¢no metodo AMS C in so stare okoli
32 tiso¢ let.?

S kosc¢enimi konicami iz Potocke zijalke sem se
podrobno ukvarjal v doktorski disertaciji.* Kos¢ene

" Sre¢ko Brodar je ime jame ¢rkoval kot Potocka zi-
jalka v prvi objavi leta 1928. Ta zapis se je ustalil in smo
ga nato uporabljali vsi. Sele leta 2010 sem po nakljuéju
spoznal, da je pravilno ¢rkovanje imena jame Potocka
zijavka (ZIJAVKA: Deschmann 1856; Laibacher Zeitung,
9. 3. 1876, 436; Deschmann 1888, 169; Krajevni leksikon
Slovenije III, 1976, 230, 565; Slovar slovenskega knjiznega
jezika V, 1991, 886). Crkovanje iz leta 1928 je preslo v
splo$no rabo (Slovenski pravopis 2001, 886).

I Brodar 1928, 3; Brodar S., Brodar M. 1983.

2 Rabeder, Pohar 2004.

3 Pacher 2001; Turk 2007.

4 Odar 2008a.

konice iz Potocke zijalke delimo v dva glavna tipa,
ploscate in vretenaste.’ Najve¢ja konica ima ohranjeno
dolzino 19 cm, najmanjsa 4 cm. Baze teh konic so
ploscate, plos¢ato ovalne ali ovalne. Razli¢ne velikosti
konic kazejo na njihovo uporabnost. Velike vretenaste
in ploscate konice so bile lahko uporabljene le kot
suli¢ne osti. Predstavljene majhne kos¢ene konice
pa bi lahko bile uporabljene kot puséi¢ne osti (sl
1): PZ 20, PZ 22, PZ 25, PZ 36, PZ 40, PZ 41, PZ
43, PZ 52, PZ 57, PZ 58, PZ 59, PZ 69, PZ 72, PZ
77, PZ 97, PZ 102, PZ 116 in PZ 132.°

Zacetki lokostrelstva

Lokostrelstvo in lokostrelska oprema imata
posebno mesto v zgodovini razvoja ¢loveske misli
in tehnologije. Lok se od ostalega hladnega orozja
lo¢i po tem, da v sebi shrani energijo. Gre za naj-
starejSe sestavljeno orodje, ki deluje kot vzmet in
pocasno ¢lovekovo misi¢no moc¢ spremeni v hiter
mehanski gib. Najzanimiveje je, da se ta preprosta
naprava ni dosti spreminjala in da je bila skozi dolga
obdobja glavno orozje na daljavo tako za lovce kot
za bojevnike.

Tehnoloski podvigi, ki so posledica potreb ljudi,
so se na razli¢nih delih nasega planeta neodvisno
pojavljali in izginjali v pozabo. Kdaj in kje je bila
lokostrelska oprema prvi¢ uporabljena, ne vemo.
Do nedavnega je bila namre¢ izdelana iz minljivih
organskih snovi, ki se le redko ohranijo v arheoloskih
sklopih. Posredni dokaz o morebitni uporabi loka
v evropskem mlajsem paleolitiku so solutreenske
izrobljene konice.” V Sloveniji je bila izrobljena
konica odkrita v Jami v Lozi.8

Izrobljenim konicam se je nedavno pridru-
Zil leseni del domnevnega loka iz Mannheima v

5 O tipologiji konic: Albrecht, Hahn, Torke 1972; Al-

brecht, Hahn, Torke 1975; Brodar M. 1985; Knecht 1993;
Turk 2002; Turk 2005.

6 Odar 2006a, 62-64.

7 Geneste, Plisson 1993, sl. 1, 5.

8 Brodar, Osole 1979a, 140-141; Brodar, Osole 1979b,
181-182, t. 12: 7; Brodar 1986, 23-75, t. 11: 20.
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Nemciji. Obdelan kos borove veje je bil odkrit v
70. letih 20. stoletja. Po najnovejsi razlagi iz leta
2006 naj bi predstavljal do sedaj najstarejsi ostanek
loka. Najdba je pritegnila pozornost zaradi zareze
na ohranjenem koncu obdelane borove veje (sl. 2).
Preizkus streljanja z rekonstruiranim lokom, ki vpet
meri okoli 1 m, je bil uspeSen. Puscice, ki so bile
sprozZene s potezno silo 11,36-13,64 kg, so poletele
do 80 m dale¢. Vzorec lesa iz domnevnega loka je
pokazal starost 17.737 let, kar je ¢asovno primerljivo
s solutreenskimi izrobljenimi konicami iz plasti IV
v francoskem jamskem najdis¢u Combe Sauniére
(17470 + 249 BP).?

Domnevni ostanki enostavnega loka, ki je bil
prav tako izdelan iz bora, so bili odkriti tudi na
najdiscu Stellmoor v nemski dezeli Schleswig-Hol-
stein. Najdi$ce Stellmoor je datirano v mlajsi dryas
pred 11.000-10.300 leti. Bor za izdelavo lokov je bil
prinesen od drugod, saj naj bi na $irSem obmocju
takrat uspevala tundra. Ker je borov les slaba su-
rovina za izdelavo lokostrelske opreme, verjetno
drugih primernejsih vrst lesa, kot je na primer tisa,
ni bilo na razpolago. Loke iz bora so Se nedavno
uporabljali lovci v severni Sibiriji.!?

Zanimiva je raziskava Medvedeva, ki je obravna-
val staroruske loke in samostrele.!! Poleg kovinskih
pusci¢nih osti je v katalogu zbranih tudi nad 100
najrazli¢nejsih koscenih pusci¢nih osti. Te se po-
javljajo v arheoloskih sklopih iz razli¢nih obdobij
po vsem svetu, v etnografskih virih in v ljudskih
pripovedkah.!?

Majhne ko$c¢ene konice so bile odkrite v mlajse-
paleolitskih jamskih najdis¢ih Vogelherd v Nem¢iji'?
in Istdlloské na Madzarskem.!* Posebej zanimiva
je najmanjsa znana vretenasta ko$¢ena konica iz
jame Istalloskd, ki v dolzino meri le 2,5 cm (sl.
3).15 O nekaterih konicah iz Potocke zijalke je S.
Brodar Ze leta 1928 v dnevniku Jutro zapisal, da so
odkrili “izdelke (artefakte) prazgodovinskega ¢loveka
iz kostnine, pred vsem v obliki puscic ali strelic, pa
tudi lesno oglje”.'® Podobno je leta 1955 o majhnih
konicah iz jame Istallosk6 domneval Vertes, a je
dodal, da stroka ne verjame v obstoj lokov pred

9 Rosendahl idr. 2006; Geneste, Plisson 1993, 118.

10 Rausing 1997, 33-34; Bergman 1993, 100.

11 Medvedev 1966.

12 Ellis, 1997; Junkmanns 2001, 11, 49, sl. 10, 65; Sirok
1961, 16-21.

13 Hahn, 1977, 87-90.

14 Hahn 1977, 121-123.

15 Hahn 1977, t. 145: 6.

16 Brodar 1928, 3.

holocensko otoplitvijo.!” V revizijski §tudiji jame
Istallosko iz leta 2002 so avtorji nekatere koscene
konice opredelili kot puscicne osti brez dodatne
obrazlozitve.!® Domneva, da so v Potocko zijalko
zahajali z loki opremljeni lovci, e ni bila sistema-
ti¢no preverjena.'® Zato sem se odlo¢il za praktic-
no preverjanje moznosti o obstoju lokostrelstva v
Potocki zijalki.

RAZISKAVA
Izdelava pusdic

Kriterij, ki opredeljuje pus¢i¢ne osti, je povezan
z debelino lesenega naperka. Najprimernejsa je
debelina okoli 1 cm. Do te ugotovitve so prisla
prvobitna ljudstva po vsem svetu po izkustveni

.....

na to, ali gre za plo$cato ali vretenasto konico.?

Pri izdelavi posnetkov kos¢enih konic za po-
trebe razli¢nih preizkusov sem pozornost usmeril
predvsem v izdelavo posnetkov ko$cene konice PZ
102 z razcepom na bazi (sl. 1, 4). Majhne, do 10
cm dolge ko$cene konice je mogoce izdelati na dva
nacina. Pri prvem s kamenim orodjem preobliku-
jemo v konico podolgovat odlomek kosti s tehniko
struzenja ali bruenja. Drugi nacin je izrezovanje
konice iz cele kosti.

Najvec tezav je povzrocala izdelava razcepa na
ovalni bazi. Po vztrajnem pridobivanju izkusenj
s kamenimi odbitki in z lesenim tolkacem mi je
vendarle uspelo izdelati razcepe na bazah konic.
Tezava je v tem, da ni lahko narediti Zelene razpoke
ali razcepa na kosti. Ko kost enkrat po¢i, razpoka
hitro in predvsem nenadzorovano potuje po svoje.
Ce z lesenim tolka¢em premoéno udarimo po ka-
menem cepicu, se razpoka iztece v povrsino konice,
pri tem pa eden od dveh krakov odpade. Zato je za
izdelavo razcepljene baze potrebno predvsem obilo
obcutka. Razpoko ali razcep je veliko lazje narediti,
Ce ta poteka vzporedno z notranjo in zunanjo steno
kostne kompakte. Z izdelavo utora na bokih baze
lahko poskusamo usmeriti razpoko, vendar taksen
utor ni zagotovilo za uspeh.

Konica PZ 102 (sl. I, 4) je morala biti precej
daljsa pred prvo uporabo, dolga lahko tudi 10 cm ali
vec¢. Po vsakem zlomu vrha konice jo je uporabnik

17 Vertes 1955, 111-131.

18 Dobosi 2002, 90-96.

19 Odar 2006a, 62-64; Odar 2008b, 12-13.
20 Cattelain 1997, 219-228.
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ponovno osilil.2! To je povsem logi¢no, saj bi bila
izdelava konic za enkratno uporabo nepotrebna
izguba casa in energije. Dokaz o popravilu kaze
tudi konica iz jame Istallosko, pri kateri sta se ob
uporabi odlomila tudi oba kraka na bazi (sl. 3).
Zato je uporabnik na novo oblikoval bazo. Pri tem
je nujno prislo do skrajsanja baze. Tako skrajsano
konico je bilo mogoce uporabiti le kot pusci¢no ost.

Oblike baz nas vodijo k dvema na¢inoma pritrje-
vanja konic na lesen drog .2 Najobicajnejsi nacin je
vsaditev konice s plos¢ato bazo v razcep droga, ki je
nato povezan z naravnimi vlakni. Drugacen nacin
pritrjevanja narekujejo konice z ovalno bazo. Pri
teh je moralo biti nasadilo na drogu votlo. Konice
s plos¢ato ovalno bazo pa je mogoce pritrditi tako
v razcep droga kot tudi v cevast drog.

V literaturi o paleolitski lovski opremi najdemo
razlicne nazorne predloge o nacinih pritrditve obeh
glavnih tipov konic na lesen drog.?* Avtorji pri svojih
rekonstrukcijah ne pojasnijo, na kaksen nacin naj bi
aurignacienski in magdalenienski izdelovalci lovske
opreme v lesene drogove sulic ali kopij navrtali 5-10
cm globoke luknje premera do 1 cm s kamenimi
orodji. Prav tovrstne luknje omogocajo zanesljivo
pritrditev vretenaste ko$c¢ene konice v lesen drog.

Pri Knechtovi, ki je izvedla prakti¢ne preizkuse
metanja posnetkov domnevnih kopij, beremo,?* da
”je bila vsaka konica pritrjena na lesen vmesnik, ta
pa je bil nasajen v kovinsko cev, ki je bila namesce-
na na operjen lesen drog”.. S kovinskim cevastim
vmesnikom in drugimi umetnimi snovmi si je pri
svojih preizkusih pomagal tudi Guthrie.?®

Resitev tezave, s katero sta se soocila Knechto-
va in Guthrie pri prakti¢nih preizkusih, ponujajo
ostanki lokostrelske opreme iz veliko mlajs$ih ob-
dobij. Kovinske pus¢icne osti lahko imajo ploscat
trn, tulec ali okrogel trn. Tri nasadila narekujejo
tri razli¢ne nac¢ine nasaditve na lesen naperek.?®
Naperki za nasaditev konic s plo$¢atim trnom ali
s tulcem so bili lahko iz poljubnega lesa, pri ¢cemer
so nekatere vrste lesa primernejSe od drugih. Za
nasaditev pus¢i¢nih osti s trnom so bile primer-
ne tiste vrste lesa, ki imajo mehko sredico ali pa
so votle, na primer mlada brogovita (Viburnum

21 O siljenju konic: Guthrie 1983, 279, 290, 292; Kne-
cht 1997, 204-205; Pokines 1998, 880; Turk 2002; Odar
2006 , 62, sl. 4.

22 Odar 2006a, 62-63, sl. 5.

23 Guthrie 1983; Knecht 1997, sl. 2; Pokines 1998;
Horusitzky 2004, sl. 21-22.

24 Knecht 1997, 197. Prevedel B. Odar.

25 Guthrie 1983, 279.

26 Odar 2006a; Odar 2006b, 255-257.

opulus), bezeg (Sambucus nigra) in razli¢ne vrste
trstike.?” Trokrilna piramidasta pus¢i¢na ost, ki je
bila odkrita na poznoanti¢cnem grobis¢u na Lajhu
pod Kranjem, ima ohranjen del cevastega lesenega
naperka.?®

Koscene konice iz Potocke zijalke, pa tudi od
drugod, ki imajo ovalno bazo, so zahtevale podobno
reSitev kot kovinske pusci¢ne osti s trnom. Ker so
baze koscenih konic veliko debelejse od baz kovinskih
konic, je primeren le bezeg, ki ima dovolj velik premer
cevi za nasaditev razli¢no velikih konic. Bezegima v
sredini strzen, ki omogoca dober oprijem konice.?’

Kadar zelimo pusc¢i¢no ost z razcepom na bazi
vstaviti v bezgov naperek, je treba v razcep pusci¢ne
osti vstaviti zagozdo (sl. 5). Ob potisku konice v
bezgov naperek deluje na zagozdo sila upora zaradi
strzena. Zato zagozda vse bolj razpira krilci na bazi
konice in ju trdno pritiska ob steno naperka z notranje
strani. Da prepre¢imo podolzno cepljenje naperka,
je treba njegovo zunanjost povezati z naravnimi
vlakni rastlinskega ali Zivalskega izvora, preden
vstavimo konico. Menim, da so lovci z razcepom
na bazi poskusali preprediti izpad pusci¢ne osti iz
bezgovega naperka med letom in pri izdrtju plena.
Zagozden razcep v cevastem naperku preprecuje,
da bi se ko$¢ena pusci¢na ost pri zadetku v plen
ugreznila v naperek.

Zacetni lokostrelski preizkusi z doma narejeno
tarco so pokazali, da je bezeg kot naperek neprime-
ren. Zaradi udarne sile so bezgovi naperki praviloma
po¢ili na ve¢ mestih (sl. 6). Poiskati je bilo treba
drugac¢no resitev. To ponujajo etnografske Studije
izumrlih kot $e danes Zivecih prvobitnih lovcev lo-
kostrelcev. Lokostrelci pri plemenu Kua na vzhodu
puscave Kalahari v Botsvani in pri plemenu Hadza
jugovzhodno od jezera Eyasi v severni Tanzaniji
pusci¢ne osti pritrdijo na naperek s pomocjo ce-
vastega vmesnika.’® Zato sem v preizkusu namesto
naperka iz bezga uporabil bezgov vmesnik. To je
mozna re$itev za namestitev ko$¢enih pusci¢nih
osti z ovalno in plosc¢ato ovalno bazo na naperek.

Lokostrelski preizkus

Ker sem v predhodnih lokostrelskih preizkusih
unicil vec¢ino rekonstruiranih puscic, so mi bile na

27 Eckhardt 1996, 24, sl. 4.

28 Stare 1980, 79 (kat. &t. 79), t. 125:8.

29 Turk 2005, 459; Odar 2006a, 62-64, sl. 4-7; Odar
2008b, 12-13, sl. 3.

30 Bartram 1997, 325, 334.
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razpolago le $e tri (s. 7). Vse tri so bile sestavljene iz
smrekovega naperka s krilci iz pti¢jega perja, bezgovega
vmesnika in ko$¢ene konice na vrhu. Dva vmesnika
sta bila na naperek prilepljena (sl. 7a-c), en vmesnik
s kosceno konico je bil snemljiv (sl. 7b). Naperek
puscice s snemljivim vmesnikom je pri predhodnih
lokostrelskih preizkusih vzdolzno pocil po sredini.
Kljub temu smo poskodovano puscico uporabili.

Lokostrelski preizkus smo izvedli leta 2008 v
Zivalskem vrtu Ljubljana. Pri preizkusu je bil nav-
zo¢ lokostrelec M. Podrzaj, arheolog L. Rozman pa
je dogodek fotografiral. Uporabili smo enostaven
indijanski lok s potezno silo 20 kg. Razdalja med
lokostrelcem in tarco je merila 20 m (sl. 8). Tarca
je bila goveje stegno z odstranjeno kozo.

Prvi strel (sl. 9)

Puscica (sl 7c), bezgov vmesnik (8 cm), prile-
pljen na smrekov naperek (80 cm), kosc¢ena konica
z razcepom na bazi (5 cm):

- bo¢ni dotik kosti

— koscena konica neposkodovana

- bezgov vmesnik neposkodovan

- zlom smrekovega naperka.

Drugi strel (sl. 10)

Pus¢ica (sl 7a), bezgov vmesnik (8cm), prilepljen
na smrekov naperek (72 cm), kos¢ena konica z
razcepom na bazi (7 cm):

- preboj skozi meso

- bezgov vmesnik neposkodovan

- pusdica brez poskodb.

Tretji strel (sl. 11)

Pus¢ica (sl 7a), bezgov vmesnik (8cm), prilepljen
na smrekov naperek (72 cm), kos¢ena konica z
razcepom na bazi (7 cm):

- bo¢ni dotik kosti

- kos¢ena konica neposkodovana

- zlom bezgovega vmesnika

- naperek neposkodovan.

Cetrti in peti strel (sl. 12)
Pusc¢ica (sl. 7b), bezgov vmesnik (8 cm), snemljiv

s poskodovanega smrekovega naperka (70 cm),
kosc¢ena konica s polno bazo (10 cm):

- preboj skozi meso
- bezgov vmesnik neposkodovan
- puscica brez poskodb.

Sesti strel (sl. 13, 14)

Pus¢ica (sl. 7b), bezgov vmesnik (8 cm), snemljiv
s poskodovanega smrekovega naperka (70 cm),
ko$c¢ena konica s polno bazo (10 cm):

— Celni nalet na kost

— vrh kos$cene konice poskodovan

- zlom bezgovega vmesnika

- naperek neposkodovan.

UGOTOVITVE IZ PREIZKUSA

Ker se nekatere kosc¢ene konice iz Potocke zi-
jalke moc¢no priblizajo idealni obliki cilindri¢nih
konic, domnevam, da je bila konica PZ 102 pred
prvo uporabo dolga okoli 10 cm, kot je dolga ko-
nica PZ 72 (sl. I). Konica PZ 102 je bila verjetno
uporabljena veckrat kot pusci¢na ost in po vsaki
poskodbi vrha na novo osiljena. Malo je namrec
verjetno, da bi lokostrelci izdelali pus¢i¢no ost iz
kosti samo za enkratno uporabo. Pri izdelavi krajse
ali daljse puscicne osti iz kosti ni bistvene razlike v
¢asovnem vlozku. Veliko lazje je namre¢ oéiliti po-
$kodovano kosceno konico kot vsakic izdelati novo.
Zato menim, da lahko v Potoc¢ki zijalki opazujemo

Izkaze se, da je razcep na bazi primeren za konice
z ovalno bazo, ki so nasajene v cevast naperek. Pri
drugih nacinih pritrjevanja pa taksen razcep ne
pride do prave veljave, kot so pokazali ze drugi.®!
Zdi se, da je bil razcep na bazah konic poizkus
tehnoloske izboljsave pri pritrjevanju koscenih
konic na lesen drog, ki pa se ni najbolje obnesel.*?
Nekateri avtorji so poskusali konice z razcepljeno
bazo razvojno umestiti pred pojav konic s celo
bazo.?* Konice z razcepljeno bazo se po obliki ne
razlikujejo od konic s celo bazo, zato je M. Brodar
tak$no razvojno shemo upravi¢eno zavrnil >

Ceprav sem upal na uspesen lokostrelski preizkus,
pa se kljub vsemu nisem nadejal tako zanimivega
izida. S tremi pusc¢icami smo izvedli $est strelov.
Pri prvem strelu se je pu$cica bo¢no dotaknila

31 Horusitzky 2004, 21-26.

32 Turk 2002, 26; Horusitzky 2004.
33 Knecht 1997, 195.

34 Brodar 1985, 19.
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kosti. Silovitost trka je povzro¢ila zlom naperka v
sredini. Ko$cena konica in bezgov vmesnik, ki sta
bila zlepljena, sta ostala povsem neposkodovana,
rastlinska ovoja na vmesniku sta zdrzala. Drugi strel
je bil brezhiben. Puscica, ki je z lahkoto prebila meso
debeline 20 cm, je ostala neposkodovana. Zato smo
jo ponovno uporabili pri tretjem strelu. Tokrat je
puscica boc¢no zadela kost. Bezgov vmesnik, ki je
bil zlepljen z naperkom, je zaradi udarca povsem
razpadel. Kosc¢ena konica je ostala neposkodovana,
prav tako naperek. S tretjo, zadnjo puscico smo
zaceli Cetrti strel. Puscica s snemljivim bezgovim
vmesnikom in z razpokanim naperkom je v cetrtem
in petem strelu meso prebila brez poskodbe. Isto
puscico smo sprozili $e tretji¢. V Sestem strelu je
puscica s snemljivim vmesnikom ¢elno zadela kost.
Ovoj vmesnika je popustil na spoju z naperkom,
zato je naperek zdrsel vanj. Vmesnik s konico je se
vedno ti¢al na vrhu naperka. Razpokan naperek je
vzdrzal tudi v tretje. Vrh koscene konice se je zdrobil.

Lokostrelski preizkus je pokazal, da bi bile majhne
koscene konice iz Potocke zijalke primerne za uporabo
kot pusci¢ne osti. Pomembna tehnic¢na resitev bi bil
cevast vimesnik iz bezga. Ta je omogocal namestitev
kosc¢enih konic z ovalno ali plos¢ato ovalno bazo
na naperek. Pomembno je tudi spoznanje, da je za
pusci¢no ost bolje, ¢e bezgov vmesnik ni zlepljen z
naperkom, temve¢ je nanj le nataknjen. Pri naletu
puscice v trdo snov bezgov vmesnik kot najsibkejsi
¢len pri puscici sprejme vecino udarne sile in se
zlomi, naperek pa zato ostane neposkodovan. Kot
je pokazal preizkus, udarno silo prenese tudi po-
$kodovan naperek, ce je bezgov vmesnik snemljiv.
Lokostrelec veliko hitreje in lazje naredi nov bezgov
vmesnik kot naperek s krilci. Ublazitev udarne sile
s pomocjo bezgovega vmesnika varuje tudi ko$¢ene
pusci¢ne osti pred vec¢jimi poskodbami.

Rezultati lokostrelskega preizkusa se povsem
skladajo s podobnim preizkusom, pri katerem so
strokovnjaki primerjali prebojnost puscic z lesenimi
in kamenimi konicami. Najbolj preseneca ugotovitev,
da je prebojnost lesenih osiljenih konic, ki so po
obliki enake majhnim kos¢enim konicam iz Potocke
zijalke, le za 10 odstotkov manjs$a kot prebojnost
kamenih konic.?®

RAZPRAVA

Majhne vretenaste konice, kot je konica PZ 102,
so enake kot terminalni deli cilindri¢nih (solutre-

35 Waguespack idr. 2009.

enskih in magdalenienskih) konic (sI. 15).3¢ Dve
cilindri¢ni kos¢eni pusc¢i¢ni osti, ki bi ju tipolosko
zlahka pripisali solutreenu ali magdalenienu, sta
bili pred priblizno 5000 leti sprozeni v 35-letnega
moskega. Ena konica se mu je zarila v prsi, druga
je zadela nosno votlino.?” Zato bi se lahko vprasali,
ali nista bili ti konici names$ceni na kopji, ki sta
bili s pomoc¢jo metalnega vzvoda (fr. propulseur)
sprozeni v Zrtev. Odgovor je nikalen, saj v celotnem
holocenu v evropskih arheoloskih sklopih $e niso
bili odkriti ostanki metalnih vzvodov, zato pa precej
ostankov lokostrelske opreme.

Najzgodnejsi primerki metalnih vzvodov se pojavijo
v solutreenu, npr. v plasti IV v Combe Sauniéru.*®
V isti plasti je bilo 170 izrobljenih konic. Geneste
in Plisson sta posku$ala na podlagi prakti¢nih
preizkusov ugotoviti, ali so bile izrobljene konice
namescene na kopja ali na pusc¢ice. Pomenljiva
je njuna ugotovitev:*° "Kineti¢na energija kopja,
sproZenega z metalnim vzvodom, je zavidljiva zaradi
teze kopja (150 g). Hitrost kopij (20-25 m/s) nikoli
ne doseze hitrosti puscic. Zlomi na solutreenskih
izrobljenih konicah kazejo na to, da so bile pritrje-
ne na lahke naperke, ali pa kazejo na Sibko jakost
lovskega pribora ali celo na kombinacijo obojega ...
Balisti¢ne znacilnosti solutreenskih izrobljenih konic
kazejo, da so bile te vitke in lahke konice neprimerne
za namestitev na tezke naperke.”

Tezki naperKki so torej lahko le naperki kopij, lahki
pa le naperki puscic. Kljub vsemu avtorja pustita
odprto vprasanje: kopja ali pus¢ice? Mogoce bi bil
odgovor lazji, ¢e bi ze v ¢asu njunega preizkusa
vedela za domnevni ostanek loka iz Mannheima,
ki ga omenjam na zacetku.

Kako pa je z moznostjo uporabe kopij v aurigna-
cienu in posledi¢no v Potocki zijalki?

Do sedaj niti v aurignacienu niti v gravettienu
niso bili odkriti ostanki metalnih vzvodov, ki bi
nedvomno dokazovali lov s kopjem. Od metalnih
vzvodov so se do danes ohranili le tisti deli, ki so bili
izdelani iz kosti in rogovja, leseni pa so propadli. Vseh
do sedaj odkritih in razlicno ohranjenih ko$cenih
delov metalnih vzvodov je vsega 130. Zdale¢ najvec
vzvodov je bilo odkritih v juzni Franciji ob reki
Dordonji in na obmo¢ju Pirenejev. Nekaj preostalih
kosov izhaja iz Spanije, Svice in Nem¢ije. Najstarejsi
primerek je star priblizno 20.000 let, najmlajsi pa
dobrih 12.000 let. Velika vec¢ina vzvodov, ki se dajo

36 Pokines 1998; Petillon 2006.

37 Junkmanns 2001, 34, sl. 49.

38 Geneste, Plisson 1993, 119.

39 Geneste, Plisson 1993, 131. Prevod B. Odar.
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¢asovno umestiti, sodi v ozek ¢asovni okvir med
13.800 in 12.400 pred sedanjostjo.*

Ker pa odsotnost dokaza $e ni dokaz odsotnosti,
je treba odgovor poiskati drugje.

Glede na obravnavano temo so najzanimivejse
tiste raziskave, ki se ukvarjajo z obliko presekov
nadlahti pri obeh ¢loveskih vrstah moskega spola,
pri neandertalcih in kromanjoncih.*! Oblika kosti
zgornjih okoncin bi bila lahko izpovedna pri razlagi
nekaterih aktivnosti posameznikov. Pri moskih
predstavnikih neandertalcev (mousterien) in zgo-
dnjih kromanjoncih (aurignacien, gravettien) je
izrazena razlika v debelini in obliki kostne kompakte
pri levih in desnih nadlahteh. Nadlahti vodilne
roke, praviloma desnice, imajo debelejso kostno
kompakto. Ista razlika pri obeh ¢loveskih vrstah
je nekatere strokovnjake pripeljala do sklepa, da so
neandertalci in zgodnji anatomsko moderni ljudje
izvajali enake gibe, ki so povezani s tehniko lova.*
Opozorili so tudi na razliko v obliki nadlahti med
zgodnjimi (aurignacien, gravettien) in poznejsimi
kromanjonci (solutreen, magdalenien itd.), ki jo
pojasnjujejo s spremembo tehnike lova v poznem
mlajsem paleolitiku. Neandertalci in kromanjonci
moskega spola imajo nadlahti debelejse v antero-
posteriorni ravnini kot v mediolateralni. Poleg tega
so desne nadlahti debelejse od levih enakomerno
v obeh ravninah. Moski predstavniki poznejsih
kromanjoncev imajo nadlahti, ki so v preseku bolj
okrogle, zato imajo enako upornost proti silam v
obeh ravninah. Enakomerna odebelitev nadlahti v
mediolateralni in anteroposteriorni ravnini naj bi
dokazovala metanje in posledi¢no uporabo kopij.*?
Ker je $lo le za domnevo, so Schmitt, Churchill in
Hylander izvedli prakti¢ni preizkus.** Z njim naj bi
preverili, ali pri suvanju ve¢jo mo¢ prispeva sledeca
roka, ki drzi zadek sulice, in kako se udarna sila
pri suvanju prenese s sulice na sprednjo in zadnjo
roko. Ugotovitve iz prakti¢nega preizkusa s suvanjem
potrjujejo domnevo, ki izhaja iz preucevanja kostnih
ostankov, da so neandertalci in zgodnji kromanjonci
lovili s sulicami in da kopja $e niso bila v uporabi.

Uporabniki ko$c¢enih konic so stremeli k temu,
da so plenu, kolikor hitro je bilo mogoce, zadali
smrtno rano. S tem ciljem so izdelovali razli¢no

40 Cattelain 1997; Stodiek 2009.

41 Trinkaus, Churchill, Ruff 1994; Churchill, Formicola
1997; Trinkaus, Churchill 1999; Trinkaus, Ruff 1999a;
Trinkaus, Ruff 1999b.

42 Churchill, Weaver, Niewoehner 1996.

43 Tullos, King 1973; Ganior idr. 1980; Pappas, Zawacki,
Sullivan 1985.

4 Schmitt, Churchill, Hylander 2003.

velike konice. Torej je bila velikost konice povezana
z velikostjo in napadalnostjo plena ter na¢inom lova.
Lov s ulicami je nevarno pocetje, saj je lovec med
lovom v neposrednem stiku z zivaljo, ki se bori za
zivljenje. Zato so morale biti sulice dovolj trpezne,
da so vzdrzale sile, ki nastanejo pri veckratnem
suvanju v Zival.

Sulice s slokimi cilindri¢nimi in drugimi majh-
nimi konicami ne bi bile uc¢inkovite, saj bi se za-
radi majhne debeline zlomile Ze ob prvem sunku
v razdrazeno zival. Poleg tega na debelih suli¢nih
drogovih s premerom 2-3 cm zaradi svoje majhnosti
tudi ne bi bile uc¢inkovite. Za suvanje s sulico so
zato morale biti kosc¢ene, dovolj debele ali $iroke in
tudi dovolj dolge. Ta ugotovitev se povsem sklada
z ugotovitvami, ki izhajajo iz preucevanja velikih
ploscatih in vretenastih ko$c¢enih konic iz Potocke
zijalke in z drugih najdis¢. Terminalni del teh konic
se §iri od vrha proti bazi. Na prehodu terminalnega
dela v bazo so konice najsir§e. Kopja, ki bi imela
names$cene take konice, ne bi bila u¢inkovita. Zato
so bile na kopja pritrjene sloke cilindri¢ne (mag-
dalenienske) kosc¢ene konice.*

Metalni vzvodi za kopja so bili odkriti predvsem v
juzni Franciji in v Spaniji.*® Vpeljavo lova s kopjem
na omenjenem obmocju povezujem z ekoloskimi
spremembami na visku zadnje poledenitve (OIS 2)
in neposredno po njej. Ekoloske spremembe so
zagotovo povzrocile spremembo prehranjevalnih
navad lovsko nabiralnih skupnosti, ki so za te potrebe
razvile nov tip lovskega orozja, kopja z metalnimi
vzvodi. Taksna kopja so zaradi precej$nje nezaneslji-
vosti primerna le za lov na velike sesalce, ki zivijo
v krdelu na odprtih prostranstvih. Tehnika lova s
kopji in metalnimi vzvodi se je v juzni Franciji in
Spaniji pojavila v solutreenu, s koncem paleolitika
pa je odsla v pozabo.

Po drugi strani lokostrelska oprema od vseh hladnih
kopnem, v vodi in zraku. Prav v tem lahko vidimo
razlog za razvoj $tevilnih razli¢ic lokov, pus¢i¢nih
naperkov in pusci¢nih osti vse do danes. Paleolit-
ske (pa tudi mezolitske in neolitske) pusc¢i¢ne osti
so bile lesene, kos$¢ene in kamene. Medtem ko se
lesene pus¢i¢ne osti niso ohranile, je bila prednost
kos¢enih v moznosti veckratne uporabe. Kamene
konice se po navadi zlomijo Ze ob prvi uporabi,
$e posebej ¢e puscica zgresi plen. S. L. Kuhn je
na najdiscih v Italiji opazil veliko vecjo prisotnost
kostnih ostankov ptic v aurignacienskih plasteh kot

45 Stodiek, Paulsen 1996; Pokines 1998; Petillon 2006.
46 Stodiek 1993; Cattelain 1997; Stodiek 2009.
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v spodaj leze¢ih mousterienskih. Pomemben prehra-
njevalni ¢len v zgodnjem aurignacienu so postale
talne ptice, kot je na primer jerebica.*” Zanimivo
je, da prav v aurignacienu prvic¢ srecamo Stevilne
ko3cene piscali, ki so bile izdelane iz pti¢jih kosti.*3
V nadaljevanju Kuhn omeni, da so kamenodobne
skupnosti v holocenski otoplitvi uporabljale lok in
puscice predvsem za lov tezko ulovljivih zivali, kot
so zajci, ptice ali ribe. V jami Combe Sauniére je
bilo odkrito veliko ostankov ptic kot tudi volkov
in lisic.* Lov na ptice in majhne sesalce s kopji ni
primeren. Veliko primernejsa je bila uporaba loka, s
katerim lahko dosezemo natancen strel do velikosti
prepelice na razdalji 25-40 m.>

Ce domneva o uporabi lokostrelske opreme v
aurignacienu drzi, potem se samo po sebi postavlja
vprasanje o izvoru lokostrelstva. Novo tehniko lova
povezujem s prihodom anatomsko modernih ljudi
v Evropo. Lovci so lahko uporabljali se mnoge
druge tehnike lova, ki pa jih z arheolosko metodo
ni mogoce dokazati.

SKLEP

Potocka zijalka prav zaradi velikega $tevila raz-
li¢nih ko$éenih konic omogoca dober vpogled v
lovske tehnike aurignacienskih lovcev. Lokostrelski
preizkus s posnetki majhnih ko$c¢enih konic iz Po-
tocke zijalke je bil uspesen. Ob upostevanju vseh
drugih podatkov je domneva o uporabi lokostrelske
opreme Vv aurignacienu upravicena.

Zahvala

Ta ¢lanek temelji na $tevilnih razpravah o mozni uporabi
kos¢enih konic iz Potocke zijalke, ki sva jih imela z Ivanom
Turkom z Instituta za arheologijo ZRC SAZU in so me vo-
dile k ideji o lokostrelskem preizkusu s posnetki majhnih
kos$cenih konic iz Potocke zijalke. Preucevanje ko$cenih
konic iz Potocke zijalke je omogocil Pokrajinski muzej v
Celju ob dragoceni podpori Darje Pirkmajer. Predmete iz
Potocke zijalke je fotografiral David Badovinac. Lokostrelski
preizkus v Zivalskem vrtu Ljubljana ne bi bil mogo¢ brez
sodelavcev. Robert Flere je poskrbel za primerno tarco, pre-
izkus je izvedel lokostrelec Marjan Podrzaj, dogodek pa je
fotografiral arheolog Luka Rozman. Za pripravo slikovnega
gradiva so poskrbeli Dragica Lunder-Knific, Mateja Belak in
Drago Valoh. Vsem posameznikom in ustanovam se iskreno

47 Kuhn 2002, 89.

48 Miinzel, Conard 2009; Conard 2009.
49 Geneste, Plisson 1993, 118.

50 Pope 1991, 26-28.

zahvaljujem za njihovo sodelovanje in trud. Zahvaljujem
se tudi vsem recenzentom za njihove dragocene pripombe.

KATALOG
(sL. 1)

PZ 20 (inv. §t. 774)

Lega: zakljucek jame, plast neznana.

Kos$cena konica ima odlomljen zgornji terminalni del.
Mesto preloma je zaobljeno. Sledi struzenja so dobro
vidne. Vrezi, verjetno vija¢nica, so mo¢no postruzeni po
vsej povrsini. Robova valovita po celi dolzini. Baza konice
je ovalna. Terminalni del proti vrhu prehaja iz ovalnega v
okrogli presek. Dolz. 79,0 mm; $ir. 9,0 mm; deb. 6,0 mmy;
teza 4,7 g.

PZ 22 (inv. §t. 773)

Lega: zakljucek jame, plast neznana.

Kos$cena konica ima odlomljen zgornji terminalni del.
Mesto preloma je zaobljeno. Sledi struzenja so vidne. Vrezi,
verjetno vija¢nica, so mo¢no postruzeni po celotni povrsini,
na robovih so svezi vrezi nepostruzeni. Robova valovita po
celi dolzini. Baza konice je plo$¢ata. Terminalni del proti
vrhu prehaja iz ovalnega v okrogli presek. Spongioza je
ohranjena na bazi. Dolz. 71,0 mm; $ir. 10,7 mm; deb. 6,0
mm; teza 4,6 g.

PZ 25 (inv. §t. 777)

Lega: zakljucek jame, plast neznana.

Kos$cena konica ima odlomljen zgornji terminalni del.
Mesto preloma je zaobljeno. Sledi struzenja so vidne. Vrezi
so vidni. Robova rahlo valovita po celi dolZini. Baza konice
je plo$cata. Terminalni del proti vrhu prehaja iz ploscatega
v okrogli presek. Spongioza in medularni kanal sta ohran-
jena po celi dolzini. Dolz. 53,0 mm; $ir. 10,0 mm; deb. 4,6
mm; teza 2,4 g.

PZ 36 (inv. §t. 786)

Lega: zakljucek jame, plast 4, zgoraj.

Kosceno $ilo/konica na lameli. Terminalni del $ila/konice
je oglajen. Baza Sila/konice je plo$¢ata. Terminalni del prehaja
iz plo$catega v okrogli presek. Spongioza je ohranjena na
bazi. Dolz. 65,7 mm; §ir. 2,6 mm; deb. 1,4 mm; teza 1,4 g.

PZ 40 (inv. §t. 790)

Lega: zakljuek jame, plast 5, sredina.

Kos¢ena konica je skoraj v celoti ohranjena. Vrh konice je
odlomljen. Mesto preloma je ostro. Sledi struzenja so vidne.
Vrezi, verjetno vija¢nica, so mo¢no postruzeni, svezi vrezi
so vidni na robovih terminalnem delu. Robova valovita po
celi dolzini. Baza konice je ovalna. Terminalni del proti vrhu
prehaja iz ovalnega v okrogli presek. Kostna kompakta je
skoraj v celoti preoblikovana. Spongioza je ohranjena na
bazi. Dolz. 70,0 mm; $ir. 8,0 mm; deb. 6,0 mm; teza 3,2 g.

PZ 41 (inv. §t. 791)

Lega: zakljucek jame, plast 4, spodaj.

Ko$cena konica je skoraj v celoti ohranjena. Vrh konice
je odlomljen. Mesto preloma je ostro. Sledi struZenja so do-
bro vidne. Vrezi so mo¢no postruzeni. Robovi skoraj ravni.
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Baza konice je ovalna. Terminalni del proti vrhu prehaja
iz ovalnega v okrogli presek. Kostna kompakta je skoraj v
celoti preoblikovana. Ostanek spongioze je ohranjen na dnu
baze. Dolz. 93,0 mmy; $ir. 9,5 mm; deb. 8,5 mm; teza 6,5 g.

PZ 43 (inv. §t. 793)

Lega: zakljucek jame, plast 4 spodaj.

Kos¢ena konica je skoraj v celoti ohranjena. Vrh konice je
odlomljen. Mesto preloma je ostro. Sledi struZenja so dobro
vidne. Vrezi so mo¢no postruzeni. Robova valovita po celi
dolzini. Baza konice je plo$cata. Terminalni del proti vrhu
prehaja iz ploscatega v okrogli presek. Spongioza in medu-
larni kanal sta ohranjena na bazi in deloma na terminalnem
delu. Dolz. 74,0 mm; $ir. 8,5 mm; deb. 3,6 mm; teza 2,5 g.

PZ 52 (inv. §t. 801)

Lega: zakljucek jame, plast 5, zgoraj.

Kos¢ena konica je skoraj v celoti ohranjena. Vrh konice je
odlomljen. Mesto preloma je ostro. Sledi struzenja so vidne.
Vrezi so mo¢no postruzeni na robovih. Robova valovita po
celi dolzini. Baza konice je plo$¢ato ovalna. Terminalni del
proti vrhu prehaja iz ovalnega v okrogli presek. Spongioza
in medularni kanal sta ohranjena na bazi in deloma na
terminalnem delu. DolZz. 92,0 mm; $ir. 9,8 mm; deb. 6,0
mm; teza 4,7 g.

PZ 57 (inv. §t. 805)

Lega: zakljutek jame, plast 4, zgoraj.

Kos$cena konica ima odlomljen zgornji terminalni del.
Mesto preloma je ostro. Sledi struzenja so vidne. Vrezi
niso vidni. Robova rahlo valovita na terminalnem delu.
Baza konice je ploscata. Terminalni del proti vrhu prehaja
iz plosc¢atega v okrogli presek. Spongioza je ohranjena po
celi dolzini. Konica je izdelana na odlomku kosti. Dolz. 59,0
mm; §ir. 8,2 mm; deb. 4,0 mm; teza 2,2 g.

PZ 58 (inv. §t. 3652)

Lega: zakljutek jame, plast 5, zgoraj.

Kosceno $ilo/konica je skoraj v celoti ohranjena. Vrh je
odlomljen. Mesto preloma je ostro. Sledi struzenja so vidne.
Vrezi niso vidni. Robova rahlo valovita na terminalnem delu.
Baza konice je ovalna. Terminalni del proti vrhu prehaja iz
ploscatega v okrogli presek. Spongioza je ohranjena po celi
dolzini. Konica je izdelana na odlomku kosti. Dolz. 66,0
mm; §ir. 6,5 mm; deb. 4,0 mm; teza 1,7 g.

PZ 59 (inv. §t. 806 — posnetek iz umetne snovi)

Lega: zaklju¢ek jame, plast 5, sredina.

Ko$c¢ena konica je uni¢ena. Zgornji terminalni del je
bil odlomljen, mesto preloma ostro. Vidne so bile sledi
struzenja. Vrezi niso bili vidni. Robova sta bila valovita po
celi dolzini. Baza konice je bila plo$c¢ata. Terminalni del je
proti vrhu prehajal iz ovalnega v okrogli presek. Dolz. 46,0
mm; §ir. 7,3 mm; deb. 4,0 mm; teza 4,1 g.

PZ 69 (inv. §t. 813)

Lega: zakljucek jame, plast 4, sredina.

Kos$cena konica ima odlomljen zgornji terminalni del.
Mesto preloma je ostro. Sledi struzenja so vidne. Vrezi
niso vidni. Robova valovita po celi dolzini. Baza konice je
plos¢ata. Terminalni del proti vrhu prehaja iz ovalnega v
okrogli presek. Spongioza je ohranjena po celi dolZini. Dolz.
62,0 mm; $ir. 9,0 mm; deb. 4,0 mm; teza 2,6 g.

PZ 72 (inv. ét. 816)

Lega: zakljuek jame, plast 5, zgoraj.

Kos¢ena konica je skoraj v celoti ohranjena. Vrh je
odlomljen. Mesto preloma je zaobljeno. Sledi struzenja so
dobro vidne. Vrezi so mo¢no postruzeni. Robova valovita
po celi dolzini. Baza konice je plo$¢ato ovalna. Terminalni
del proti vrhu prehaja iz plo$c¢ato ovalnega v okrogli presek.
Spongioza je ohranjena na bazalnem in terminalnem delu.
Dolz. 96,0 mm; $ir. 9,0 mm; deb. 5,5 mm; teza 4,1 g.

PZ 77 (2006 vrnjena iz Erlangna)

Lega: zakljucek jame, plast 5, sredina.

Ko$c¢ena konica je v celoti ohranjena. Sledi struzenja
so slabo vidne. Vrezi so vidni. Robova rahlo valovita na
terminalnem delu. Baza konice je plo$c¢ata. Terminalni del
proti vrhu prehaja iz ovalnega v okrogli presek. Spongioza
je ohranjena skoraj po vsej dolZini konice. Dolz. 80,0 mm;
§ir. 8,7 mm; deb. 4,0 mm; teza 2,6 g.

PZ 97 (inv. §t. 835)

Lega: vhod jame, plast 7.

Konica izdelana iz okla ima odlomljen zgornji terminalni
del. Mesto preloma je ostro. Sledi struzenja so vidne. Vrezi
v obliki vija¢nice so dobro vidni po celi povrsini. Povr$ina
valovi po celi dolzini. Konica ima ovalni presek. Kostna
kompakta je v celoti preoblikovana. Dolz. 56,0 mm; $ir. 9,3
mm; deb. 6,0 mm; teza 3,3 g.

PZ 102 (inv. §t. 837a)

Lega: vhod jame, plast 5.

Koscena konica je v celoti ohranjena. Sledi struzenja niso
vidne. Vrezi na bazi so mo¢no postruzeni. Povrsina konice
ne valovi. Razcepljena baza je ovalna. Terminalni del ima
okrogli presek. Kostna kompakta je v celoti preoblikovana.
Dolz. 38,0 mm; $ir. 6,0 mm; deb. 5,0 mm; teza 0,8 g (sl. 4).

PZ 116 (inv. §t. 852)

Lega: vhod jame, plast 7.

Ko$cena konica je skoraj v celoti ohranjena. Vrh konice
in dno baze sta odlomljena. Mesti preloma sta ostri. Sledi
struzenja so dobro vidne. Vrezi niso vidni. Robova rahlo
valovita po celi dolZini. Baza konice je ovalna. terminalni
del proti vrhu prehaja iz ovalnega v okrogli presek. Ostanek
spongioze je ohranjen na terminalnem delu. Dolz. 61,0 mm;
§ir. 10,0 mm; deb. 7,0 mm; teza 3,2 g.

PZ 132 (inv. §t. 836a)

Lega: vhod jame, plast 7.

Ko$cena konica ima ohranjeno bazo s spodnjim termi-
nalnim delom. Mesto preloma je ostro. Sledi struzenja so
dobro vidne. Vrezi so vidni na robovih terminalnega dela
pod prelomom. Robova valovita. Baza konice je ovalna.
Kostna kompakta je v celoti preoblikovana. Dolz. 46,6 mm;
§ir. 9,8 mm; deb. 6,0 mm; teza 2,1 g.
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