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Dendrokronoloske raziskave na koliS¢u Zaloznica in Parte

Katarina CUFAR, Tom LEVANIC in Anton VELUSCEK

Izvlecek

Prispevek obravnava dendrokronoloske raziskave na poz-
noencolitskih kolid¢arskih naselbinah ZaloZnica in Parte na
Ljubljanskem barju.

PREDGOVOR

Prva bezna srecanja domace arheoloske stro-
ke z dendrokronologijo v praksi datirajo v prejs-
nje desetletje, ko je ameriski dendrokronolog P.
J. Kuniholm analiziral nekaj kolov z Resnikove-
ga prekopa na Ljubljanskem barju, za katere se
je izkazalo, da zaradi premalo branik niso upo-
rabni. Kuniholm je vzel tudi vzorce iz lesenih najdb
iz Dolnjega Lakosa (sr. br. doba), Ajdovskega gradca
nad Vranjim pri Sevnici (pozna antika) ter Ljub-
ljanskega gradu (visoki sr. vek oz. novi vek), Ki
naj bi obetali dobre rezultate ((toda zal, ti §¢ ni-
so znani); po Turk 1991, 58).

Tem skromnim a velikopoteznim nacrtom je sledil
nekajletni premor, ki ga je prekinil ¢lanek P. Tur-
ka v reviji Arheo leta 1991. Turk ugotavlja, da je
“do neke mere gotovo presenetljivo, da disciplina
s tako perspektivo na nasem prostoru prakti¢no
sploh ni prisotna” (1991, 55) in da “beZen pregled
po sosednjih regijah je pokazal, da je Slovenija Se
vedno bela lisa v prostoru, v katerem dendrokro-
noloske raziskave intenzivno izvajajo” (1991, 58).

Nekateri posamezniki' so se zavedali pomem-
bnosti dendrokronologije kot znanstvene meto-
de in so se na podlagi rezultatov, ki jih je den-

skovalnega centra SAZU v Ljubljani.

Abstract

The contribution discusses dendrochronological research
on the late Encolithic pile dwelling settlements of ZaloZni-
ca and Parte on the Ljubljana moor.

drokronologija prinesla v tujini, zavzeli, da je treba
tudi pri nas ustanoviti dendrokronolo$ki labora-
torij z ustrezno opremo in kadri. Iskanje ustrez-
nih partnerjev je privedlo do potrebe po sodelo-
vanju med arheologi in lesarji z Biotehniske fa-
kultete v Ljubljani, ki so se v tem ¢asu ze ukvar-
jali z dendrokronologijo (cfr. Eri¢ 1992, 66). Ce-
prav je bilo sprva misljeno, da bi arheoloska stroka
imela samostojen dendrokronoloski laboratorij,
kar je mogoce slutiti tudi iz dveh ¢lankov, objav-
ljenih v 15. Stevilki Arhea (Eri¢ 1992, 64 ss; Eric,
Zupanéi¢, Umek 1992, 70 ss), se je kmalu izkaza-
lo, da je realno mozno imeti eno tak$no inStitu-
cijo v Sloveniji, ki naj bi bila na Oddelku za le-
sarstvo Biotehniske fakultete v Ljubljani. V ob-
dobju 1992 - 1995 je tako stekel prvi dendrokro-
noloski projekt pri nas “Uvajanje dendrokrono-
logije v Sloveniji”.

V Sloveniji danes razpolagamo z opremljenim
dendrokronolo$kim laboratorijem v stavbi na Veéni
poti 2 v Rozni dolini, ki ga uspe$no vodi K. Cufar
s stalnim sodelaveem T. Levani¢em in z ve¢ zuna-
njimi sodelavei. Med slednjimi je tudi A. Velus-
¢ek z InStituta za arheologijo Znanstvenorazisko-
valnega centra SAZU, ki sodeluje pri raziskavah
lesenih vzorcev predvsem z Ljubljanskega barja.’

Predvsem dr. M. Gustin s Filozofske fakultete v Ljubljani in dr. J. Dular z Indtituta za arheologijo Znanstvenorazi-

K sodelovanju so vabljeni vsi arheologi, ki delujejo na obmodju Slovenije in se pri svojem delu srecujejo s subfosilnim

in tudi recentnim lesom,
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Od leta 1996 tece tudi projekt “Dendrokronoloske
raziskave v Sloveniji”, ki pomeni vsebinsko na-
daljevanje prvega projekta.

Cilj raziskave

Cilj raziskave je bil na odvzetih ostankih lesa iz
kolis¢, dolociti lesno vrsto, ugotoviti uporabnost
lesa za dendrokronoloske analize, opraviti anali-
ze §irin branik, sestaviti plavajoce kronologije, in
prouciti moznost njihovega bodocega datiranja.

UvoD

V uvodu bomo predstavili lego posameznega
najdisc¢a in pregled zgodovine razsikovanj na naj-
discu.

Zaloznica
Koda najdisc¢a: 082705.01

1. Zaloznica; 2. Kamnik pod Krimom; 3. Kam-
nik pod Krimom; 4. Podpec¢-Preserje; 5. Ljublja-
na VIII;

Lega: Koliscarska naselbina ZalozZnica je bila
na juzni strani Ljubljanskega barja, v barjanskem
zalivu, tik pod vasjo Kamnik pod Krimom (karta
1321y

Z veckratnimi topografskimi obhodi kolis¢ar-
skega obmocja je ugotovljeno, da se najdisce raz-
prostira na parcelah §t. 178/1, 184/1, 184/2, 183/
5, 190, 191, 192, 195 k.o. Kamnik pod Krimom.

Zgodovina raziskav: Prve sledove o nekdanji na-
selbini so odkrili delavei pri kopanju jarka Za-
loznica ali Crnelnik leta 1953. Na Institutu za ar-
heologijo hranijo porocilo o odkritju Kolis¢a, ki
ga je napisal S. Jesse: “Dne 31. 12. 1954 si je pod-
pisani skupaj z as. Sercljem A. in as. Sifrerjem
M. ogledal novo odkrito kolis¢e, ki so ga nasli
delavci pri kopanju jarka Zaloznice, ki bo vodil v
Ljubljanico.

Kolis¢e lezi pribl. 300 m juzno od ceste Pod-
pe¢ - Preserje. Koli potekajo v smeri jugozahod
severovzhod v vrstah, med seboj oddaljenih 50
do 90 cm; zabiti so v sivo polzarico, nad katero
lezi rjavkastosiva glina z rastlinskimi in kulturni-
mi ostanki. Poleg kolov so delavei nasli veliko $tevilo
razbitih in ozganih Zivalskih kosti (govedo, jaz-

‘l)

bec, pes, jelen, bober), med njimi pa je bila tudi
¢elnica neke mlajse zenske osebe. Fragmenti hi-
Sne, na ¢rno in sivo pecene, keramike so lezali
deloma v jarku deloma pa na njivah, kamor so jih
odvrgli delavcei. Keramika je sorodna izanski, vendar
jo po kvaliteti dela in ornamentaciji ne dosega™
(S. Jesse, Porocilo o ogledu kolis¢a pri Kamniku
pod Krimom. - Hrani Institut za arheologijo ZRC
SAZU, Porocila o izkopavanjih itd. sekcije za ar-
heologijo v letih 1948-1964, 4. 1. 1955; cfr. Jesse
1955, 264 ss).

Sercelj je palinolosko obdelal ro¢no vrtino s koliséa
Zaloznica (Sercelj 1955, 269 s; 1981-1982, 102).

Oktobra 1995 je InStitut za arheologijo v so-
delovanju z Oddelkom za arheologijo Filozofske
fakultete in Oddelkom za lesarstvo Biotehniske
fakultete organiziral za potrebe dendrokronoloskih
raziskav vzorcenje lesa v sveze ocis¢enih jarkih
na obmoéju koliséa.?

Kronologija: Jesse je takoj po odkritju prvih ko-
liscarskih najdb sodil, da sestavlja kolis¢e Zaloz-
nica skupaj z ze znanimi kolis¢i na Igu t.i. “izan-
sko skupino”, ki je starej$a od kolisca Sivéev pre-
kop, Blatna Brezovica in brzkone tudi Notranje
Gorice ter kolis¢a na Velikem mostisc¢u pri Igu
(Jesse 1955, 2606).

Kolis¢arske najdbe v Zaloznici je nekoliko dru-
gace uvrstil Korosec; po njegovo je kolis¢e pod
Kamnikom mlajse od kolis¢ pri Igu, pa vsekakor
starejSe od kolis¢a pri Blatni Brezovici (KoroSec
1964, 35).

Po Hareju ima ZalozZnica Se najve¢ analogij med
Dezmanovim gradivom oz. v stopnji Ig I (1976,
101), pri tem poudarja, da sta skupini Ig I in Ig
11 kronolosko so¢asni (1974, 80 s; 1978, 74 s; 1981-
1982, 49 s; 1986, 85 ss; 1987, 147 ss). Za krono-
losko umestiteyv kolis¢a je pomembna tudi Hare-
jeva ugotovitev, da naj bi bilo kolis¢e ZaloZnica
starej§e od kolis¢ Notranje Gorice, Blatna Bre-
zovica in Maharski prekop (1976, 101).

Parzinger uvr§ca najdbe s kolis¢a Zaloznica v
stopnjo Ljubljansko barje V oz. v horizont No-
tranje Gorice-c - Parte - Ig-a, L.j. v pozni encoli-
tik. Najdbe s kolis¢ Blatna Brezovica, Maharski
prekop in delno tudi s kolis¢a Notranje Gorice
so starejSe od kolis¢arskih najdb v Zaloznici (Par-
zinger 1984, 50, Abb. 7; cfr. Bregant 1984, 25).

Leta 1995 smo pri topografiji na obmocju ko-
lis¢arske naselbine Zaloznica nasli kronolosko po-
membno najdbo, tj. fragment krizne noge, ki je
bila del posode oz. sklede na nogi. Po Koros¢evi
je to tipicen predstavnik skupine Ig I (glej Koro-
Sec, KoroSec 1969, 15, t. 144).

ri vzorcenju so sodelovali J. Dirjee, M. Eri¢, T. Levani¢ in P. Pavlin, Geodetsko izmero je opravil 1. Dirjec ml.
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Karta I: Ljubljansko barje - (1) ZaloZnica, (2) Parte.
Map 1: Ljubljana moor - (1) ZaloZnica, (2) Parte.

Parte
Koda najdi$ca: 081407.05

1. Parte; 2.; 3. Ika Loka; 4. Ig; 5. Ljubljana
VIII;

Lega: Najdis¢e* lezi na ledini v Partih zahodno
od Is¢ice, na parcelah §t. 1420, 1421, 1422, 1423,
1424, 1425, 1426, 1427, 1428, 1429, 1430, 1431,
1432, 1433, 1434, 2860/1 (potok Is¢ica) k.o. Stu-
denec-lIg (karta 1: 2).

Zgodovina raziskav: Koli¢e na ledini v Partih
je v literaturi znano tudi kot I11. Dezmanovo ko-
lis¢e (npr. Jesse 1975, 181 s).

V ¢asu izkopavanj I1. Dezmanovega kolis¢a so
delavei 1877. leta med kopanjem v Iscici opazili
navpiéno zabite kole, ki so se izkazali kot del nek-
danje kolis¢arske naselbine; Dezman je $¢ isto leto
izkopal na levem bregu I¢ice dve vedji sondi (zwei
Schurfgriiben), (Deschmann 1878, 4,18), ki sta bili
v literaturi interpretirani kot dva daljSa jarka (glej

Bregant 1964-1965, 182). Iz nacrtov izkopavanj v
letih 1876 in 1877 (Arhiv knjiznice NM Sloveni-
je, Ljubljana, 133/1876) je jasno razvidno, da je
Dezman leta 1877 izkopal ob Is¢ici dve veliki sondi
(vzhodnej$a sonda je obsegala pribl. 688 m? po-
vrdine (12x8,5;: 15x4,2in 21 x 1 seznjev), zahod-
nejsa sonda pa pribl. 487 m? (13,5 x 10 seZnjev)).

V zacetku 20. stoletja in verjetno tudi kasneje
so na SirSem obmodju koli§¢a kopali neznani iz-
kopavalci (Bregant 1964-1965, 180, 182 s; Vuga
1974, 94).

Leta 1963 Bregantova zastavi na ledini v Par-
tih ve¢ poskusnih sond z namenom, da bi ugoto-
vila mesto t.i. III. Dezmanovega kolis¢a.

V letih od 1976 do 1981 so bila na ledini v Par-
tih pod Harejevim vodstvom izvedena raziskovalna
izkopavanja. V §tirih izkopavalnih sezonah je bi-
la raziskana 640 m? velika povriina oz. obmodje
40 kvadratov v velikosti 4 x 4 m na parcelah 1425
in 1426 k.o. Studenec-Ig.

S ksilotomskimi analizami so ugotovili, da med
gradbenim lesom na celotnem raziskanem obmo¢ju

4 Najdis¢e Parte je sicer zdruZeno pod enotnim imenom, gre pa po obsegu za eno od vedjih kolis¢arskih obmodij, na
katerem je gotovo obstajalo ve¢ manjsih naselbinskih komplcksov (cfr. Harej 1986, 17; Bregant 1996, 29).
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kolis¢a prevladuje veliki jesen (Fraxinus excelsior),
nekoliko manj je hrastovega lesa (Quercus sp.),
posamezno pa so zastopane tudi druge vrste, kot
npr. mali jesen (Fraxinus ornus), ¢rna jelsa (Al-
nus glutinosa), jerebika (Sorbus aucuparia) itd. Pe-
lodne in karpoloske analize so potrdile prisotnost
zit v kulturni plasti, najdena pa so bila tudi se-
mena vinske trte (Vitis vinifera ssp. sylvestris), (po
Culiberg, Sercelj 1978, 95 ss; 1980, 89 ss; Ser-
celj, Culiberg 1980, 83 ss; Sercelj 1981-1982, 103
s; Culiberg 1984, 91 ss).

Leta 1996 je InStitut za arheologijo pod Ve-
lus¢kovim vodstvom opravil za potrebe dendro-
kronoloskih raziskav strojni izkop jugozahodne-
ga dela Harejeve sonde.’

Kronologija: KoliS¢arske najdbe s Part pove-
zujemo z vucedolskim kulturnim kompleksom (glej
kolis¢e Zaloznica; cfr. KoroSec 1964; Harej 1978;
1981-1982; 1986; 1987; Parzinger 1984 itd.).

Z najdi$¢a na ledini v Partih imamo na voljo
tudi nekaj radiokarbonskih datacij, ki potrjujejo
kronolosko mesto koli§¢a, postavljeno na osnovi
tipologije keramike, (Harej 1978, 74; 1981-1982,
46; 1987, 147; Bregant 1996, 43). Gledano v ab-
solutnih datumih se zdi, da je koliscarska nasel-
bina ob sedanji strugi I$¢ice obstajala nekje oko-
li sredine 3. tisocletja pr. n. §., tj. ob koncu eneo-
litske dobe.

MATERIAL IN METODA
Vzoréno obmocgje
Zaloznica

Na obmocju kolis¢a smo izvedli vzorcenje 2.,
3.1n 9. 10. 1995. Zaradi arheolo$kega dokumen-
tiranja kolov smo na terenu oznadili dve pravo-
kotni mrezi.

V okviru mrez 1 in 2 smo dokumentirali 35 kolov
0z. vzorcev lesa (mreza 1 (21); mreza 2 (14)).

Zaradi majhnega Stevila dokumentiranih ko-
lov nismo ugotovili usmerjenosti posmeznih vrst
in njihovo medsebojno oddaljenost.®

O absolutnih viSinah mesta preperevanja ko-
lov nimamo podatkov, ker so bili vsi koli Ze ve¢-
krat strojno skrajSani, prav tako ni podatkov o
viSinah konic navpiéno zabitih kolov.

5
O

0,5 do 0,9 m (Jesse 1955, 265).

o
[

Parte

Od 7. do 9. 6. 1996 smo izvedli vzorenje ar-
heoloskega lesa na obmocju Harejevih izkopavanj
(glej Harej 1978; 1981-1982 in 1987).

Zaradi narave dela in ciljev, ki smo si jih zada-
li, smo izkop opravili strojno, z uporabo bagerja.
Vsak kvadrat je bil prekopan v treh vzporednih
jarkih, in to vedno do polzarice. Ko smo vzorce iz
izkopanega jarka v zastavljenem kvadratu pobra-
li, smo jarek takoj nato zasuli. Zaradi tehni¢nih
tezav (nevarnost posedanja bagra) smo uspeli pre-
kopati samo jugozahodni del Harejeve sonde.

V izkopnem polju smo dokumentirali 247 le-
senih vzorcev.” Povpreéna dolzina pobranih vzorcev
je znaSala 10 cm.

Absolutna viSina zunanjega roba izkopnega polja
je znasala ok. 289 m. Visine dna izkopnega polja
nismo izmerili.

Veluscek

Determinacija lesa

Vse vzorce lesa smo globoko zamrznili, obre-
zali s kirurskim skalpelom in s stereomikrosko-
pom Olympus SZ 11 opravili determinacijo lesa.
Po potrebi smo za determinacijo lesa izdelali $e
mikroskopske preparate pre¢nega, radialnega in
tangencialnega prereza v debelini pribl. 20 mm.
Rezine smo odrezali ro¢no s skalpelom in pripravili
ncobarvane, poltrajne preparate v meSanici gli-
cerina in vode.

Analize Sirin branik

Za merjenje Sirin branik smo izbrali le vzorce
hrastovine (Quercus sp.) in jesenovine (Fraxinus
sp.). ki so vsebovali 30 ali ve¢ branik. Na obdel-
nih povr$inah z razlo¢no strukturo lesa smo od
centra proti periferiji vzorca izmerili Sirine bra-
nik z merilno mizico LINTAB, sterecomikrosko-
pom Olympus SZ 11 in programom TSAP/X.

Sinhronizacijo smo opravili opti¢no na svetlobni
mizi in statisticno s programom TSAP/X. Za sta-
tisti¢no primerjavo smo uporabili uveljavljene den-
drokronoloske parametre: t-vrednost po Baillie

Pri izkopu in vzoréenju so sodelovali M. Dirjec, strojnik z bagrom in dva delavea,
Jesse poroca, da so bile vrste kolov usmerjene v smeri severovzhod-jugozahod, razdalja med vrstami pa je znasala od

V nckaj primerih smo od istega kola dokumentirali ve¢ vzorcev.



Dendrokronoloske raziskave na kolis¢u Zaloznica in Parte 19

in Pilcherju, koeficient ¢asovne skladnosti (nem.
Gleichlaufigkeit) in indeks datiranja.
Pomembni podatki, zabelezeni ob meritvi, so bili
Se: prisotnost skorje, prisotnost terminalne brani-
ke, Stevilo branik v beljavi in prisotnost strzena.
Vizualno in statisticno najbolj podobne serije smo
zdruzili v preliminarno kronologijo in z njo sinhro-
nizirali $e preostale serije $irin branik. Rezultat sin-
hroniziranja so bile nedatirane plavajo¢e kronolo-
gije kolis¢a, loceno za hrastovino in jesenovino.
Po kon¢anih analizah smo napojene vzorce shra-
nili v polietilenskih vre¢kah v vodi in brez prisot-
nosti zraka. Vsi vzorci so trenutno shranjeni na
Katedri za tehnologijo lesa na Oddelku za lesarstvo.

REZULTATI IN DISKUSIJA
Determinacija lesa

Zaloznica

Skupaj smo determinirali 33 vzorcev lesa (tab. I).
V vzorcu je bilo zastopanih 10 razli¢nih rodov:

jelka (Abies), javor (Acer), jelsa (Alnus), gaber (Car-
pinus), bukev (Fagus), jesen (Fraxinus), topol (Popu-
lus), hrast (Quercus), vrba (Salix) in brest (Ulmus).

Rodovi Acer, Fraxinus, Populus, Quercus, Sa-
lix in Ulmus so na prou¢evanem obmodéju zasto-
pani z ve¢ drevesnimi vrstami, ki jih po lesu ni
mogoce zanesljivo razlikovati (Grosser 1977;
Schweingruber 1982). Vrste navadna jelka (Abies
alba Mill.), ¢rna jelSa (Alnus glutinosa Gaertn.),
beli gaber (Carpinus betulus L.) in navadna bu-
kev (Fagus sylvatica 1..) so prakti¢no edini zastopniki
svojih rodov na prouc¢evanem obmodju.

Med vsemi kolisci, ki so bila do zdaj vkljucena
v dendrokronoloske analize, je pestrost izbire lesnih
vrst v Zaloznici dale¢ najvecja.

Parte

Izbor vzorcev lesa s kolisc¢a Parte se moc¢no raz-
likuje od izbora iz Zaloznice in je prikazan v ta-
beli 2. Dale¢ najbolj so prevladovali vzorci jese-
na z 62%. Vzorcev hrasta, doba in gradna je bilo
33% , jelse 4%, en vzorec pa je bil javorjev.

Ime Stevilo vzorcev Delez %
Number of
Name specimens | Proportion %
Abies alba Mill. navadna jelka silver fir 2 6
Acer sp. javor maple 4 12
Alnus glutinosa Gaertn. ¢rna jelSa black alder 1 3
Carpinus betalus 1. beli gaber hornbeam 2 6
Fagus sylvatica L. navadna bukev  European beech 4 12
Fraxinus sp. jesen ash 10 31
Populus sp. topol poplar 4 12
Quercus sp. hrast oak 1 3
Salix sp. vrba willow 1 3
Ulmus sp. brest elm 4 12
SKUPA) / TOTAL 31 100
Tab. 1: Zaloznica, rezultati determinacije lesa.
Table 1: Pile dwelling Zaloznica, the results of wood identification.
Ime Stevilo vzorcey Delez %
Name Number of specimens Proportion %
| Quercus sp. hrast oak 80 (29 debel/stems) 33
Fraxinus sp. jesen ash 151 62
Acer sp. javor maple 1 < |
Alnus sp. jelsa alder 10 4
SKUPAJ / TOTAL 242 100

Tab. 2: Parte, rezultati determinacije lesa.

Table 2: Pile dwelling Parte, the results of wood identification
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Les je bil dokaj dobro ohranjen. Ceprav je bi-
la skorja le redko prisotna, je bilo privecini vzorcev
mogoce zanesljivo ugotoviti prisotnost terminal-
ne branike, tj. branike, nastale v zadnjem letu pred
posekom drevesa. Vecina terminalnih branik je
imela popolen kasni les, kar kaze, da je bilo drevje
posekano v ¢asu od septembra do aprila, ko les
ne nastaja.

Beljava hrastovine je bila veliko slabSe ohra-
njena kot jedrovina in v sploSnem slabse kot je-
senovina. Vsi hrastovi vzorci so bili klani.

Dendrokronoloske raziskave
Zaloznica

Za merjenje Sirin branik smo pripravili le 9
vzorcev lesa z najve¢ branikami. Pokazalo se je,
da je bilo Stevilo branik pri vseh vzorcih manjse
od 25, kar ne zadostuje za dendrokronoloske ana-
lize.

Parte

Pri vzorcih z zglajenim pre¢nim prerezom smo
najprej ocenili $tevilo branik. Ce je bilo to vedje
od 30, smo opravili dendrokronoloske meritve.
V nadaljnem postopku sinhronizacije se je poka-
zalo, da so v sploSnem uporabni le vzroci z ve¢
kot 45 branikami.

Sirine branik smo izmerili pri 117 vzorcih jese-
novine in sestavili jesenovo kronologijo, dolgo 82
let (s 1). V kronologijo smo vkljucili 67 najdalj-
sih in opti¢no ter statisti¢no najbolj podobnih se-
rij Sirin branik, kasneje pa smo z njo sinhronizirali
e nadaljnjih 39 serij. Preostalih krajsih serij se nam
ni posrecilo sinhronizirati. Iz navedenega sledi, da
je 106 dreves, iz katerih so bili narejeni koli, raslo
istocasno. Iz slike 1 je razvidno, da je bila glavni-
na vzorcev posekana v razmiku 11 let.

Stolpci na sliki 1 predstavljajo globino, tj. Ste-
vilo vzorcev za izraCun prikazane kronologije. Na
grafu, levi del abscise predstavlja branike, ki so
nastale prej in so blizje strzenu, na desni pa mlajse
branike, blizje periferiji. Razvidno je, da je bila
priblizno polovica vzorcev posekana 11 let prej
kot druga polovica.

Ker branike blizu strzena nastajajo takrat, ko
je drevo Se mlado, na njihovo Sirino vplivajo Ste-
vilni individualni dejavniki, ki vplivajo na rast
mladega (juvenilnega) drevesa. Zaradi vpliva ju-
venilnosti je potek kronologije na sliki 1 neza-
nesljiv od branike $t. 0 do 15 in je bolje, da ga pri
poskusih datiranja plavajoce kronologije ne upo-
Stevamo.

Rezultati kazejo, da so jesenovino na prouce-
vanem delu kolisc¢a vgradili v dveh fazah. Strojno
odvzetega lesa zaradi predhodnih izkopavanj ni-
smo ponovno natan¢no dokumentirali, zato po-
datka o poseku v razmiku 11 let ne bomo mogli
uporabiti za morebitno rekonstrukcijo tlorisov dveh
faz gradnje.
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SI. 1: Parte - nedatirana plavajoca kronologija jesena.

Fig. I: Parte - floating ash chronology. The line represents the averaged tree-ring widths and the area its replication.
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Dolzina kronologije
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SI. 2: Tri skupine hrastov, ki se razlikujejo po rastnih ritmih. Pus€ice kazejo obmocja z izjemno ozkimi branikami.
Fig. 2: Three partial chronologies of oaks showing different tree-ring patterns. The arrows indicate the portions with extre-

mely narrow tree-rings.

Hrastovo kronologijo smo oblikovali v treh fazah.
Pri delu smo najprej opazili, da imajo vzorci re-
lativno Siroke branike, tj. med 2 do 3 mm, lokal-
no pa so bile prisotne tudi zgostitve branik. Pri
sinhroniziranju izmerjenih zaporedij Sirin branik
se je izkazalo, da je les mogoce strniti v tri sku-
pine, ki imajo ozke branike na ¢asovno sovpada-
jo¢ih mestih. Ve¢ino vzorcev je bilo mogoce med-
sebojno sinhronizirati.

Kronologijo hrasta smo oblikovali tako, da smo
najpre;j sestavili tri preliminarnne kronologije; prvo
s 16 vzorci, drugo s 27 vzorci in tretjo s 14 vzorci.
Zaporedja izredno ozkih branik so ¢asovno sov-
padala pri vzorcih iz posameznih skupin (s/. 2).

Vse tri tipe je bilo mogoc¢e zdruZiti v eno kro-
nologijo hrasta prikazano na sliki 3. Kronologija
temelji na 57 vzorcih in je dolga 77 let. Povpre-
¢en polmer klanih kosov je bil 18 cm, povpre¢na
Sirina branike pa 1,01 mm. Le Sestih kratkih serij
branik nismo mogli sihronizirati. Rezultati kaZe-
jo, da so praktiéno vsi raziskani hrasti rasli in bili
posekani v istem ¢asu, trije rastni ritmi pa verjet-
no pomenijo, da so skupine posekanih dreves ra-
sle na treh razliénih lokacijah. Priporocljivo je,
da pri bodo¢em datiranju krivulje ne upoSteva-
mo branik §t. 1-12.

Cufar, Levanic

ZAKLJUCKI

Na koliS¢u Zaloznica so posamezni vzorci pri-
padali 10 razli¢nim rodovom. Raziskave pa bi bi-
lo potrebno nadaljevati, da bi preverili, ¢e je iz-
bor lesnih vrst podoben na celotnem obmocju ko-
lisca.

Na kolid¢u Parte so prevladovali jesenovi in
hrastovi vzorci. Ugotovitve se ujemajo s predhod-
nimi determinacijami lesa na koli§¢u (glej Culi-
berg, Sercelj 1978; 1980; Sercelj, Culiberg 1980;
Culiberg 1984).

Presenetljivo je, da se na koli§¢ih, ki domnev-
no izvirata iz istega obdobja, tako mo¢no razli-
kuje izbor lesnih vrst, posebno Se ker ta vsebuje
veliko informacij o rabi gozda in degradiranosti
okolja (cfr. Billamboz 1988; Culiberg, Sgercelj 1991).
Razli¢ni so tudi premeri kolov, ki so v ZaloZnici
v sploSnem vsaj dvakrat manjsi kot na Partih.

Na Partih smo sestavili po eno plavajo¢o kro-
nologijo jesena, dolgo 82 let, in hrasta, dolgo 77
let. Za vecino proucenih vzorcev iste lesne vrste
je bilo ugotovljeno, da so pridobljeni iz dreves,
ki so rasla istocasno.

Jesene je bilo mogoce razdeliti v dve priblizno
enaki skupini, ki sta bili posekani v razmiku 11
let, kar nedvomno kaZe na dve, verjetno gradbe-
ni aktivnosti na koliS¢u v razmeroma kratkem ob-
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SI. 3: Parte - nedatirana plavajo¢a kronologija hrasta.
Fig. 3: Parte - floating oak chronology.

dobju (cfr. Hafner 1994, 33 ss; Suter, Francuz 1994,
279 ss). Vsi hrastovi vzorci so bili klani. Hraste je
bilo mogoce razdeliti v tri priblizno enako velike
skupine dreves, ki so rasle istocasno, vendar izka-
zujejo tri razlicne rastne ritme, kar kaze, da so drevesa
verjetno rastla na treh razli¢nih lokacijah.

S primerjavo jesenove in hrastove kronologije
ni bilo mogoce potrditi, da so drevesa obeh vrst
rastla isto¢asno.

Za bodoce datiranje obeh plavajocih kronolo-
gij predlagamo: 1. radiokarbonsko datiranje na-
tan¢no dendrokronolosko dokumentiranega ma-
teriala 2. poskus datiranja z dolgo juznonemsko
hrastovo kronologijo v sodelovanju z laboratori-
jem iz Hohenheima in 3. sistemati¢no zbiranje lesa
za sestavo dolge slovenske hrastove kronologije.
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Dendrochronological investigations in the pile dwellings ZaloZnica
and Parte from the Ljubljana moor

Summary

Objectives

The objective of the present study was to identify the wood
from the dwellings, to construct the floating chronologies,
and to cvaluate the possibility of their dating.

ZaloZnica
Site code: 082705.01

1. Zaloznica; 2. Kamnik pod Krimom; 3. Kamnik pod Kri-
mom; 4. Podpec-Preserje; S, Ljubljana VIII;

Position: The pile dwelling settlement of ZaloZnica is lo-
cated on the south side of the Ljubljana moor, in an inden-
tation of the marshes immediately below the village of Kamnik
pod Krimom (map 1: 1).

Multiple topographic inspections of the area of the pile
dwellings established that the site is spread over lots no. 178/
1, 184/1, 184/2, 183/5, 190, 191, 192, 195 k.0. Kamnik pod
Krimom.

History of research: The first traces of the former settle-
ment were discovered by workers digging the ZaloZnica or
Crnelik drainage channel in 1953. The report of the disco-
very of a pile dwelling, written by S. Jesse, is preserved at
the Institute of Archacology. “On 31.12.1994, the undersig-
ned, together with assistants A. Sercelj and M. Sifrer, exa-
mined the newly discovered pile dwelling, which workers had
found while digging the ZaloZnica drainage channel, which
will lead into the Ljubljanica.

The pile dwelling is situated approx. 300 m south of the
Podpec-Preserje road. The piles run in a south-west to north-
cast direction in rows 50 to 90 cm apart; they are driven
into grey lake marl, above which lies brown-grey clay with
plant and cultural remains. In addition to the piles, the wor-
kers found a large number of broken and charred animal
bones (cattle, badger, dog, deer, beaver), and among them
there was also the skull of a young human female. Fragments
of household ceramics, of black and grey bake, lay partially
in the ditch and partially on the fields where they had been
thrown by the workers. The ceramics are related to those of
Ig, although they do not achieve the same quality of work or
decoration™ (S.Jesse, Report on inspection of the pile dwel-
ling at Kamnik pod Krimom. - Institute of Archaeology, ZRC
SAZU, Report on excavations, section for archaeology in 1948-
1964, 4.1.1955; cf. e. g. Jesse 1955, 264 {f.).

In October 1995, the Institute of Archaeology, in coope-
ration with the Department of Archacology of the Faculty
of Philosophy and the Department of Timberwork of the
Biotechnical faculty, arranged a sampling of wood in the freshly
cleaned ditched in the area of the pile dwelling, in order to
carry out dendrochronological rescarch.

Chronology: Tmmediately after the discovery of the first
pile dwelling finds, Jesse judged that the ZaloZnica pile dwelling,
together with the known pile dwellings at Ig, made up the
so-called “Ig group”, which is earlier than the pile dwellings
of Sivéev prekop, Blatna Brezovica and probably also No-
tranje Gorice and the pile dwelling at Veliko mostisce by Ig
(Jesse 1955, 266).

KoroSec classified the pile dwelling finds from ZaloZnica
slightly differently; in his opinion, the pile dwelling below
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Kamnik is more recent than the pile dwellings at Ig, though
certainly older than the pile dwelling at Blatna Brezovica
(KoroSec 1964, 35).

According to Harej, Zaloznica has most analogies with
the DeZman material or at the level of Ig I1 (1976, 101) stressing
that the groups Ig I and Ig II are not chronologically sepa-
rable (1974, 80; 1978, 74; 1981-1982, 49; 1986, 85; 1987, 147).
Harej's finding that ZaloZnica is older than the pile dwel-
lings of Notranje Gorice, Blatna Brezovica and Maharski
prekop (1976, 101) is also important for chronological clas-
sification of the pile dwelling.

Parzinger classifies the finds from ZaloZnica pile dwel-
ling at the level of Ljubljana V or at the level of Notranje
Gorice-c - Parte - 1g-a, i.c., in the late Eneolithic. Finds from
the Blatna Brezovica, Maharski prekop and partially also
Notranje Gorice pile dwellings are older than the pile dwel-
ling finds from ZaloZnica (Parzinger 1984, 50, Abb. 7; cf.
Bregant 1984, 25). In 1995, during topographic investiga-
tions in the area of the pile dwelling settlement of Zalozni-
ca, we made a chronologically important find, a fragment of
crossed feet which had been part of a vessel or cup on feet.
According to KoroSec, a cup on crossed feet is typical of Ig
group I (see, e.g., KoroSec, Korosec 1969, 15, 1.144).

Parte
Site code: 081407.05
1. Parte; 2.; 3. ISka Loka; 4. Ig; 5. Ljubljana VIII;

Position: The site is situated on ploughed ground in Par-
te west of the I8¢ica, on lots no. 1420, 1421, 1422, 1423, 1424,
1425, 1426, 1427, 1428, 1429, 1430, 1431, 1432,1433, 1434,
2860/1 (Is¢ica stream) k.o. Studenec-lg (map 1:2).

History of research: The pile dwelling on the ploughed
land in Parte is also known in the literature as Dezman pile
dwelling 111 (e.g. Jesse 1975, 181).

In 1877, after the excavation of Dezman pile dwelling 11,
workers, while bathing in the I$¢ica, noticed vertical piles,
which appeared to be part of a former pile dwelling settle-
ment; Dezman excavated two large “soundings™ (zwei Schurf-
graben) on the left bank of the I8¢ica in the same year (Desch-
mann 1878, 4,18), which were interpreted in the literature
as two extended trenches (e.g. Bregant 1964-1965, 182). From
the plan of excavations of 1876 and 1877 (Library Archives
of the National Museum of Slovenia, Ljubljana, 133/1876),
itis clear that Dezman excavated two large exploratory trenches
beside the I8¢ica in 1877 (the most easterly covered an arca
of 688 m* (12x8.5; 15x4.2 and 21 x | cross-section in vienna
fathoms, and the more westerly approx. 487 m? (13.5 x 10
cross-section in vienna fathoms).

At the beginning of the 20th century, and probably also
later, unknown excavators dug in the wider area of the pile
dwelling (Bregant 1964-1965, 180, 182; Vuga 1974, 94).

In 1963, Bregant set up a number of exploratory soun-
dings on the ploughed land in Parte, with the aim of estab-
lishing the site of the so-called Dezman 111 pile dwelling.

From 1976-1981, exploratory excavations were carried out
at the Parte site, lead by Harej, During the course of four
excavation scasons, an arca of 640 m®, or 40 quadrants of 4
x4 m, on lots no. 1425 and 1426 k.o. Studencec-lg, was inve-
stigated,

Xylotomic analysis established that ash (Fraxinus excel-
sior) predominates among the building timber over the en-
tire research area, with rather less oak (Quercus sp.), and
other individual species represented, such as manna ash (Fra-
xinus ornus), alder (Alnus glutinosa), mountain ash (Sorbus
aucuparia), cle,

Seed and carpological analysis confirmed the presence
of wheat in the cultural layer, and seeds of vine (Vitis vini-
Jera ssp. sylvestris) were also found (according to Culiberg,
Sercelj 1978, 95; 1980, 89; Sercelj, Culiberg 1980, 83; Ser-
celj 1981-1982, 103; Culiberg 1984, 91).

In 1996, the Institute of Archacology carried out the ne-
cessary dendrochronological research by machine excavation
in the south-western part of Harej's soundings.

Chronology: The pile dwelling finds from Parte are lin-
ked with the Vucedol cultural complex (see Zaloznica pile
dwellings; cf. KoroSec 1964; Harej 1978; 1981-1982; 1986;
1987; Parzinger 1984 etc.).

With the site on ploughed land in Parte, some radio-car-
bon dating is also available, which confirms the chronologi-
cal place of the pile dwelling established on the basis of the
typology of ceramics (Harej 1978, 74; 1981-1982, 46; 1987,
147; Bregant 1996, 43). In relation to absolute dates, it ap-
pears that the pile dwelling settlement existed by the present
course of the Is¢ica somewhere around the middle of the 3rd
millennium BC, i.c., at the end of the Eneolithic period.

MATERIAL AND METHODS
Sampling area
Zaloinica

Sampling was carried out in the region of the pile dwelling
on 2., 3. and 9.10.1995. Two rectangular nets were marked on
the ground in order to document the piles archaeological.

In the frame of nets 1 and 2, we documented 35 piles or
wood samples (net 1 (21); net 2 (14)).

Because of the small number of piles documented, we
did not establish the line of direction of individual rows and
their inter-distance.

We do not have data on the absolute height of the place
of weathering of the piles, since all the piles had already
been shortened several times by machinery, and equally, no
data on the height of the tip of the vertically driven piles.

Parte

Sampling of archacological timber in the arca of Harej's
excavations was carried out from 7. 10 9.6.1996 (sec Harej
1978: 1981-1982 and 1987).

Because of the nature of the work and the aims which
had been set, excavation was carried out by machine, with
the use of a dredger. Each quadrant was excavated in three
parallel trenches, always to the lake marl. After samples had
been collected from the excavated trenches in the quadrants
set up, we filled the trench in immediately. Because of tech-
nical difficulties (the danger of the dredger sitting idle) we
only succeeded in excavating the south-western part of Ha-
reg's soundings.

We documented 247 wood samples from the excavated arca.

The absolute height of the external edge of the excava-
ted area was 289 m. The height of the floor of the excavated
area was not measured,

Veluscek

Wood identification

The samples of wood originated from posts which were
vertical in the ground. All samples were frozen and  their
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cross-sections were smoothened by a razor blade, Identifi-
cation was made with help of a stereo microscope Olympus
SZ 11 and, when needed, on thin sections with a transmis-
sion light microscope.

Tree ring analyses

The tree ring widths were measured in oak (Quercus sp.)
and ash (Fraxinus sp.) containing more than 30 rings. To measure
we used a stereo microscope, a LINTAB measuring device,
a TSAP/X programme, and a personal computer. Averages
of two radii of each sample were plotted and cross-dated.
The cross-dating was done visually on a light table and sta-
tistically with the TSAP/X programme. The statistical para-
meters calculated were: the t-value after Baillie and Pile-
her, the “Gleichliufigkeit” cocefficient, and the date index.
The cross-dated tree ring series were used to build floating
chronologies separately for oak and ash. Features like pre-
sence of bark, terminal ring, number of sapwood rings, and
presence of pith were documented. After the measurement,
the water soaked samples have been stored in polyethene
bags.

RESULTS AND DISCUSSION
Wood identification

In the dwelling of Zaloznica, 33 identified wood samples
(Table 1) belonged to the following genera: fir (Abies), ma-
ple (Acer), alder (Alnus), hornbeam (Carpinus), beech (Fa-
gus), ash (Fraxinus), poplar (Populus), oak (Quercus), wil-
low (Salix), and elm (Ulmus).

The genera Acer, Fraxinus, Populus, Quercus, Salix, and
Ulmus in the region are represented by more than one tree
species which can not be wood-anatomically differentiated
(Grosser 1977; Schweingruber 1982). The species European
silver fir (Abies alba Mill.), black alder (Alnus glutinosa Gaertn.),
hornbeam (Carpinus betulus 1..), and European beech (Fa-
gus sylvatica 1..) are practically the only representatives of
their genera in the region.

In ZaloZnica the variety of genera and tree species is the
greatest of all investigated dwellings.

The selection of tree species in Parte differs greatly from
that in Zaloznica and is presented in Table 2. The samples
of ash predominated with 62%, sessile and pedunculate oak
represented 33%, and alder 4%.

The wood was well preserved. Although the presence of
bark was rare, in most samples the terminal ring could be
determined. The latewood was completed in most terminal
rings, which indicates that the wood was formed in the dor-
mant period between September and April. The sapwood
of oak was more degraded than the heartwood, and gene-
rally more than the wood of ash. All oak posts were radially
split.

Dendrochronological analyses

In Zaloznica we measured only 9 samples which contai-
ned the most tree-rings, We showed that maximal number
of tree-rings was 25, which did not suffice for dendrochro-
nological analyses.

In Parte, the tree-ring number of the samples was eva-
luated first. The measurement was made in those contai-
ning more than 30 rings, but only series containing more
than 45 rings could be successfully cross-dated.

‘Irce ring widths were determined in 117 ash samples and
an 82 years long chronology was constructed (Fig. ). It is
based on the 67 longest series. The mean radius of the sam-
ples was 8 ¢cm, and the mean tree ring width 0.86 mm. After
a chronology had been made, further 39 series could be cross-
dated. Only a few samples with few tree-rings could not be
cross-dated. The results show that 106 posts originated from
contemporancous trees. From Fig. 1 it can be observed that
the trees were cut in two phases, 11 years apart.

The tree-rings near the pith, formed when the cambium
was young, have characteristics of juvenile wood. Its growth
is influenced by numerous individual factors. Due to this,
the tree-ring pattern of the rings No. 0-15, on the left side
of the Fig. 1, should be interpreted with caution when da-
ting.

Duc to prior excavations in the site the wood investiga-
ted was not taken [rom its original location, so the results
cannot be used to reconstruct the ground plan of a con-
struction which was obviously built in two phases.

In oak samples the rings were generally between 2-3 mm
wide and only locally were extremely narrow. A coinciden-
ce of occurrence of narrow rings was observed between samples.
Based on growth pattern the samples were sorted in three
groups.

The chronology of oak was formed in three phases. First
the tree-ring series with similar pattern were sorted into three
groups with 16, 27, and 14 samples cach (Fig. 2). Later they
were joined in a chronology which bases on the 57 samples
and is 77 years long (Fig. 3). Only 6 short ring series could
not be cross-dated. The results confirm that essentially all
oaks grew and were felled in the same period. The types of
ring patterns possibly indicate that the groups of trees grew
in three different locations. The rings number 1-12 from the
chronology should be interpreted with caution when dating.

Cufar, Levanic

CONCLUSIONS

The wood samples from the dwelling Zaloznica belon-
ged to 10 genera. The investigations should continue, to find
out whether the selection of tree species is consistent on the
whole area of the settlement.

In the pile dwelling of Parte, ash and oak samples predo-
minated. This corresponds with the results of the previous
investigations on this site (e.g. Culiberg, Sercelj 1978: 1980:
Sercelj, Culiberg 1980; Culiberg 1984).

It is remarkable that the selection of tree species varies
so considerably between two dwellings from the same pe-
riod, especially because it is supposed that it indicates the
forest conditions and utilisation in the past (cf. Billamboz
1988; Culiberg, Sercelj 1991). Also, the dimensions of the
posts were considerably lower in Zaloznica than in Parte,

In Parte we constructed an 82 years long chronology of
ash and a 77 years long onc of oak. Most samples originated
from contemporanocus trees.

The ash were felled in two phases, 11 years apart, which
undoubtedly indicates two building activities on the pile dwel-
lings in a relatively short period (ef. e.g. Hafner 1994, 33 1;
Suter, Francuz 1994, 279 {f.). All oak samples were radially
split. The oaks could be sorted into three contemporancous
groups, which showed different tree-ring patterns. This in-
dicates that they possibly originate from three different lo-
cations.

It was not possible to decide whether the ash and oaks
grew at the same time.

The following steps are suggested for future dating of
the presented floating chronologies: (1) radiocarbon dating
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of dendrochronologically documented wood, (2) an attempt
of cross-dating with the South German oak chronology from
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Hohenheim, and (3) systematically collecting wood to con-
struct our own Slovene oak chronology.



