g
olS

T.C.
KULTUR BAKANLIGI
Anitlar ve Miuzeler Genel Mudurlugi

16.
ARKEOMETRI SONUCLARI
TOPLANTISI

22-26 MAYIS 2000
IZMIR



T.C.KULTURBAKANLIGIYAYINLARI
Yayin No: 2531

Arnitlar ve Miizeler Genel Miidiirliigii Yayinlar
Yayin No: 79

YAYINA HAZIRILAYANIAR
KorayOLSEN

Fahriye BAYRAM

Dr. Haydar DONMEZ
Kemalettin ATAS

Neslihan GUDER

Naime TOY

DIZGI:
Meryem UYANIKER
ISBN: 975-17-2561-5

ISSN: 1017-7671

Not: Bildiriler, sahiplerinden geldigi bicimde ve sunug sirasina gore
vayvinlanmistir.

KULTUR BAKANLIGI MIiLLI KUT{UJPHANE BASIMEVI
ANKARA - 2001



ICINDEKILER

Ertug ONER

Denire Cay1 Deltasimn Jeomorfolojik Gelisimi ve Myra Antik Kenti,
Liman ve St. Nicholaus Kilisesi........................ccoie,

'Volkan EVRIN, Ay Melek OZER, Giilay OKE

Asuman TURKMENOGLU
Bodrum Sualti Arkeoloji Miizesi'nde Sergilenen Ornekler ve
Kas-Uluburun Batigi'na ait Bazi Tas Capalar Uzerine

Arkeometrik TNCElemEler. ......ooeeeeee e

Hadi OZBAL, Necip PEHLIVAN, Bryan EARL
Duragan ve Bakircay Arsenik Cevherlegmelerinin Jeolojik,

Mineralojik ve Kimyasal Incelenmmesi. .. .....coveeeveeeoeiee e eeeeee e

, Cemil GURBUZ, Hayrullah KARABULUT, Tolga BEKLER
Ekrem ZOR, Ashhan YENER, Hadi OZBAL

The Magnetometry Survey at Teli Kurdu, Hatay........coccovveivieieiieenne

A. Beril TUGRUL, Muhibbe DARGA
Bir Hitit Miihiir Baskisiun Tahribatsiz Muayene Metotlar

T18 TTICEIETIITION. 1. cvveveeeeeeseteeeeeeeeresetess e eeereeeseeereeeseseesseeeneeesrseaseeereeenees

Ergim KAPTAN

Sivas BakirTepe'de Altin Madenciligi................ccooooeiieiiiiii e,

Erksin GULEC, Aysen ACIKKOL

Kiigiikhoyilk Iskelet Serisinde BirTrepanasyon Vakast....................

Peter lan KUNIHOLM

Aegean Dendrochronology Project 1999-2000 Results...........cco.........

"MarcWAELKENS
- The 1998-1999 Survey and Archaeometrical Research

LT For 1 B Fc Lo 1= PO PPRP

>Paul de PAEPE, Geert DEVOS, Frank VERMEULEN
" Les Pithoi de Pessinonte (Anatolie Centrale). Donnees

Analytiques ComplementaiTes...........c.ovieeiiieeie i e

.......... 19

.......... 41

.......... 79






DEMRE CAY! DELTASININ JEOMORFOLOJIK GELISIM
VE MYRA ANTIK KENTI, LIMANI VE ST. NICHOLAUS
KILISESI

Ertugg ONER®

Denire Cayl deltasi, Guneybat Anadolu kiyilanindaki ender kiyi duzluklerinden bi-
rini olugturur. Delta ovasi, Fethiye ve Antalya korfezleri arasindaki Teke Yanmadasi'nin
guneylnde yer air ve Demre Cayr'nin getirdigi aluvyonlarla meydana gelmistir (Harita:
1). Hemen batidaki Kas ki kusagmln Dalmag tipi kiyt sekli, bu bolumde de devam et-
mekteyken, kuzeydogu guneybati uzaniml yaplsal depresyonlar Demre Cayi'nin aliv-
yonlari ile dolmustur (Harita: 2, 3).

Demre Ovasrnin en buyuk yerlesimi Kale (Demre) llgesi'dir {(Harita: 3). Ovaya
adini veren Demre, bu yerlesim biriminin eski adi olup antik kokenini korur. Yerlegim bi-
riminin 1,5-2 km. kuzeyinde Myra antik kenti bulunur. Strabon, Myra'nin denizden 20
stad (=3,5 km.) uzaklikta yuksek bir tepe Uzerinde yer aldidini soylemistir. Bean, bu me-
safenin bugun 30 stada (5,3 km.) ulastigim ifade eder. Strabon, tiyatro gerisindeki tepe
uzerinde kenti tanimlamistir. Bu donemde asil kent bu tepenin eteklerinde olmaldir.
Bugin Demre Cayl aluvyonlan altinda kaldidi dusunulen kent hig kazlmamistir.
Yuzeyde gorulen tiyatro ve mezarlardir.

Myranin limani olan ve kentin 5-6 km. kadar guneybatisindaki Andriake, bugun
hir bataklik halindedir {Resim: 1). Bozdag ile Kumdadi Tepe arasinda guneybati-kuzey-
dogdu yonunde uzanan bogaz bicimli bir depresyon Iginde yer alan antik limana ait ya-
pilar Kumdadi Tepe'nin kuzeybat eteklerinde bulunur {(Harita: 4). Bu yapilann hir kismi
bugun buradaki batakhdn icinde kalmigtir. Biraz daha batidaki bir dider depresyonda
ise kuguk bir antik yerlesim olan Sura'nin kalintilan vardir {Resim: 2). Kale ilgesi yerle-
simi |C|nde kalan St.Nicholaus Kilisesi, Demre Cayr'nin tagididn aluvyonlarla biyuk ol-
Cude or’[ulmustur Gunumuzde kilise Cevresmde devam eden kaz calismalan sirasinda
ortaya clkan yap! kalintilarini érten altivyon kalinhigi 3-4 metre civarindadir (Resini: 3).

Demre Ovasi'nin JeomorfoIOJlk geligsimi, bu alanda yer alan yerlesmeleri ve insan-
lan antik gaglardan gunumuze etkilemigtir. Bu geligmenin ortaya konmasi insan ve do-
gal cevre arasindaki iliskilerin paleocografya amsmdan belirlenmesini sadlayacakiir.

Demre Qvasi ve Yakin Cewresinin Jeolojik-Jeomorfolojik Qzeliikieri

Delta Ovasi'ni cevreleyen yiksek dadlik alanlann biyuk bolumi, Beydadlan sis-
temine dahil olan Ust Kretase yasgh neritik kalkerlerden yapihdir. Bol nummiliti Eosen
yash kalkerler de alanin batisindadir. Kuzeybhatidaki Kasaba Ovasi ¢evresinde Neojene
ait kiltagi, silttasgi, kumtagi ve konglomeralar yer alir (Harita: 2, 3). Su yorede ana hat-
lanyla kuzeydogu-guneybat dogrultulu tektonik cizgilerin yonlendirdidi depresyonlar ile

Dog. Dr. Ertug OMNER, Ege Universitesi, Edebiyat Fakiiltesi, Fiziki Codrafya Anabilm Dal, 35100 .Bornova-
izmir/ TURKIVE (oner @egenet.com. r-oner@egen et.com, tr}
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bunlarin arasinda yikselen bloklarin olusturdugu kutleler bulunur. Bu sekliyle, yorede-
ki yerkabugu boéliminin kabuk hareketleri ile yikseldigi, giiney bdlimunin Akdeniz'e
dogru kayarak coktigu ve bu sirada meydana gelen gerilmelere bagli algalan ve yik-
selen bloklarin olustugu anlasiimaktadir. Bu yikselmeden oOnce genel bir asinim
dizlugu vé bu yuzeyle baglanan birikim alanlari meydana gelmistir (Harita: 4). Ovayi
Ozellikle kuzey ve batidan 900 m.ye ulasan bir plato duzlugu cevreler. Bu platoyu
olusturan asinim ylizeyi ve bununla birlikte islenen ayni yikseltilere ¢ikmig Alt Miosen
yasl kayaclarin varli§i, yorenin guncel sekillenmesinin Miosenden itibaren bagladigini
gOstermektedir.

Tektonik kokenli depresyonlar ve zayif direng gizgileri (fay vb.), yorenin iklim ve
litolojik Ozelliklerine uygun olarak karstik sireclerle islenmis ve daha da belirginles-
mistir. Boylece Demre Ovasi'ni, uUzerleri karstik sekillerle (polye, dolin, obruk vb.) be-
zenmis asinim yuzeylerinin olusturdugu plato alani gevrelemektedir (Harita: 3, 4).

Karstik sekillerin yer aldigi yuksek cerceveden Demre Ovasi'na gecis genellikle
dik yamaglarla olmaktadir. Ancak yamaclarin eteklerinde, bugtinkiinden daha algak bir
taban seviyesine ve daha kurak iklim sartlarina bagli olarak meydana gelmis egimli biri-
kinti konileri vardir. Bu konilerin derin bir sekilde yariimalar ve birka¢ basamak goster-
meleri, yerkabugu hareketlerinin yakin jeolojik gecmiste de surdigunun isaretidir. Bu
koniler guincel allvyonlarla értulmustir (Harita: 4).

Demre Ovasi aliuvyal dizlugini Demre Cayi'nin tasidigr altvyonlar olustur-
mustur. Ova cevresi timuyle karstik alanlarla cevrilidir. Bu alanlarn yapisini teskil eden
karbonath kayaglar allivyon vermezler. Demre Cayr Miosen ve Pliosen yagh kiltasi, silt-
tasi, kumtasi ve konglomera turd kayaclarin bulundugu kuzeydeki Kasaba depresyo-
nundan bol miktarda altivyon alir ve bunlarin ince tanelilerini dar ve uzun bogaz bigim-
li vadisinden gecirerek deltasina ulastinr. Demre Cay’'nm dar ve derin vadisi icinde
yaygin yatak bicimi gdzlenmekte olup taban timuyle orta ve iri gakillarla kaplidir.
Akarsu bu dar vadiden ¢ikip genis Demre Ovasr'na agilir. Demre Ovasi bir tagkin - delta
ovasidir. Bu nedenle, aktiel yatak disinda ovada biriken sediman sut boyutundadir.
Altivyon kalinhi@r ovada yapilmis derin sondajlarda yer yer 170 metreye kadar ulasmak-
tadir {Harita: 5; Cizim: 1). Bu sediman katmaninin buyik kismi kil-silt boyu materyalden
olusur. Sondajlarda 100 metrede cakil katmanlar gecilir. Bunlar Holosen oncesi alcak
deniz seviyesi ile ilgili olmaldir. Ova sedimanlarinin Ust seviyelerinde munavebeli
olarak cakilli katmanlar gozlenir. Demre Cayi, taskin ovasini olustururken yer yer yatak
degisiklikleri yapmustir. Ust seviyelerdeki bu cgakilll katmanlar Demre Cayr'nin eski ya-
taklariyla ilgilidir (Cizim: 1).

Ovanin dogu bdlumiinde, denizden uzunca bir kiyi okuyla ayriimis Beymelek
laginu yer alir. Demre Cayr'nin altvyonlari ile dolduramadigi bu deniz kulagi, su ortami
olarak varligini buylk olctide bati bolimundeki tuzlu kaynak sularn sayesinde koru-
mustur. Bunun yaninda yapisal olarak ana kayanin olusturdugu cikintilar da bu yéne
gelen sedimani bir miktar engellemistir (Harita: 3; 4).

Demre Ovasinda Yapilan Allivyon Sondajlari

Demre Ovasi'nin jeomorfolojik gelisiminin ortaya konabilmesi icin onu olusturan
alivyon Ozelliklerinin taninmasi gerekir. Bunun en iyi yolu aliivyal zeminde sondajlar
yapmak ve elde edilen sedimaniarin olustuklar ortam o6zelliklerini belirlemektir. Bu
amagla DSI tarafindan ovada yapilmis derin sondaj sonuglart yorumlanmigtir. Bunun
yaninda Cobra kompresorlli sondaj makinasi ile ovada iki sondaj yapiimistir (Harita: 5;
Cizim: 1, 2, 3, 4).

DSI sondajlarn codunlukla derin sondajlar olup ovada su teminine ydneliktir.
Derin sondajlar, ovanin genel sedimantolojik 6zelliklerini anlamak acisindan yararlidir.
Buna karsilik ayrintilari azdir. Cobra kompresorli sondaj makinasi ile yaptiimiz son-
dajlarda ovadaki altivyal birikimin ylizey katmanlari ayrintili olarak incelenmistir (Resim:
4). Gelecek calisma donemlerinde ovanin ayrintili jeomorfolojik gelisiminin ortaya kon-
masl amaciyla bu tip sondajlarin sayica arttirlmasi gerekecektir.
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DSi Sondajlari

Demre Ovasi'nin jeomorfolojik gelismesinde temel etken olan Demre Cayi, Kibris
ve Tokluca caylarinin iki ana kol halinde birlesmesinden olugsmustur (Harita: i)."Her iki
akarsu da kuzeybatidaki Kasaba Ovasi'ni cevreleyen yiiksek alanlardan gelen kiicik
kollarla beslenir. Kibris cayl Kasaba Ovasi’'nda Felenk Cayr adi ile Demre Cayr'na
kavusur. Yaz aylarinda buyuk 6lciide akimi azalan bu akarsular yagish donemlerde bol
su tagirlar. Felenk Cayi ile Tokluca Cayr kollarinin birlestigi noktadan itibaren Demre
Cayi dar ye derin bir vadide akmaya baslar. Kanyon tipli bu vadi, yapisini kalkerlerin
olusturdugu yerkabugu boéluminin yukselerek gerilmesi sonucu olusan tektonik bir
dislokasyon hattina yerlesmistir. Bu yorede tektonik lineasyonlar (cigisellikler) genellik-
le kuzeydogu-glneybati yonlii olmakla birlikte, yerkabugu bdlimunin Akdeniz'e dogru
cokmesine bagh carpilmasi sonucu kuzeybati-guneydogu yonliu acilmalara da neden
olmustur. S6z konusu yerkabugu hareketlerinin yoredeki Burdugaiien (Alt Miosen) yasl
kayaclar da etkilemesi, bu hareketlerin Miosenden itibaren strdugint géstermektedir.
Bu yer kabugu hareketleri yakin jeolojik dénemlere kadar da etkisini strdurmustir.
Gerek Demre Ovasi'ni, gerekse biraz dogudaki Finike Ovasi'ni cevreleyen yiksek kes-
imlerin eteklerindeki birikinti konilerinin de bu hareketlerden etkilenmis olmasi bunun
gOstergesidir (Harita: 4).

Demre Cayi kuzeybati-giineydogu yonli dar ve derin vadisinde yaklasik 20 km,
bir mesafede akisini surdiirdiikten sonra Demre Ovasi'na acilir. Demre Cayi'nin tasidigi
alivyonlarla meydana gelen bu ova taskin-delta ovasi karakterindedir. Ovadaki aliiv-
yonlar daha ¢ok ince unsurludur. Silt boyu tanelerin olusturdugu sedimaniarin yaninda
cakil boyu daha iri unsurlar daha gok akarsu yataginda yer alir.

Ova allivyonlar icinde Ust katmanlari, tagkinlar sirasinda cevreye yayilan akarsu
sedimanlannin ¢cokelmesi ile olusmus sttu unsurlar teskil etmektedir. Tagkin sediman-
lari olarak nitelenen bu birimler karasal sartlarda birikmistir. Buna karsilik daha aittaki,
Ozellikle deniz seviyesinin altindaki sedimaniarin bir kismi daha énce mevcut su ortam-
larinda cokelmistir. Bu ortamlar sig deniz bolumleri olabilecegi gibi lagiin, gol veya
akarsu agzi gibi su ortamlar olabilir. Her bir ortamin farkli dinamik ve biyolojik 6zellik-
leri nedeniyle buralarda biriken sedimanlar da degisik yapida olabilmektedir. Bu sedi-
manlarin incelenmesi onlarin icinde tortulandiklar ortamlar belirleyebilmek agisindan
Onemlidir. Bunun icin ova yuzeyinden derine dogru sedimanlar incelemek gerekir.
Altivyal birikimler genc tortullardir ve dis giclerle asindirilip katman kesiti heniiz sun-
mazlar. Bu nedenle onlar inceleyebilmek icin ylizeyden derine dogru alivyon sondaj-
lan yapmak gerekir. Bu sondajlar sirasinda ve buradan alinan 6rneklerin incelenmesi
sonucu jeomorfolojik surecteki ortamlar belirlenebilmektedir. Bu amagla Demre
Ovasi'nda yapilan derin sondajlara ait raporlar incelenmistir. Simdiye kadar y6rede
yapilan calismalarda dizenli olarak kaydedilen sondaj sonuclan DSl'ye ait olanlardir.
Bu nedenle’ilk olarak bu sondaj sonuclan ele alinmistir.

Demre Ovas’nda DSI tarafindan yapilmis ulasabildigimiz sondaj sayisi 18'dir
(Harita: 5). Bunlardan, kuzeyde, ikisi ana kaya yakininda, ikisi birikinti konisi izerinde
olmak iizere dort adedi ova aliyyonu disindadir, iki sondaj ise ovanin glneyba-
tisindadir. Diger biitiin DSI sondajlari delta ovasinda Demre Cay yatagi cevresinde
kuzeybati-giineydogu dogrultusunda siralanmistir. Sondaj derinlikleri 30 m. ile 160 m.
arasinda deg@ismektedir. Genel olarak 1/25000 Olcekli topografya haritalarinda Demre
Ovasi'nt 20 metre izohipsinin sinirlamasina karsmk sondaj raporlarinda yikselti
degerleri (deniz seviyesinden yikseklik) en dUgUk seviyede 26 metre uzerinde veril-
mistir. Topografya haritasindaki ylkselti degerlerini dikkate aldigimizda kuzeybati-
guineydogu yonunde Demre Cayi vadisinden delta ovasina dogru siralanan sondajlarin
yikselti de@erleri 30 metrelerden kiyrya dogru 10 m.lere kadar iner. Demre Cayi dar ve
derin vadisinin ovaya dogru yaklastigi kesimde baslayan sondajlarda yukselti de@erleri
20-30 metre civarindadir. Vadi icinde kalan ilk sondajda (sondaj No. 1107) yizeyden 17
metrelere kadar Demre Caylmn alivyonlan devam etmekte, bu seviyede kalkere
(kiregtasina) girilmektedir (C|2|m 1). Ovaya dogru olan ikinci sondajda (sondaj No.
1122) yuzeyden 53 metre derinde kalker ana kayaya ulagilir. Bunun yaninda guney-



do@udalii son iki sondaja kadar ana kaya gortlmemektedir. Bunlardan en derini yiizey-
den 100 m. asa@iya inen 6323 No.iu sondaj olup butin sediman Demre Cayr'nin
cakillarindan ibarettir.

Ovanin giineydogusuna dogru iki sondajda 155 m. (sondaj No. 6607-1) ve 160
m. (sondaj No. 6324-1) derinliklere inilmistir (Harita: 5; Cizim: 1). Her iki sondajda da
kalker ana kayaya girilmistir. Bu sondajlarda yiizeyden 90 -100 m. kadar asagida ve
yuzeye yakin kisimlarda 10 m. kalinliga ulasan cakilli boltimler gecilmjstir. Bunlarin
disinda sondajlar boyunca ince unsurlu (kil boyu) sediman mevcuttur. Ust kesimlerde
silt boyu sedimanlar hakimdir.

Bu sondaj sonuclarina gére, Demre Cayi vadisinin i¢ kesimlerinde ve ozellikle
dar ve derin vadisi icinde ana kayanin ylzeye daha yakin oldugu anlasilir. Kalker ana
kayanin bulundugu seviyeye kadar da cakilli katmanlar bulunur. Bu cakillar Demre Ca-
yI'nin yatak boyunca biriktirdigi kaba elemanlardir. Demre Vadisi'nden ovaya dogru
gelindiginde, ana kaya derinligi giderek artmaktadir. Glineye dogru ana kaya derinligi
155-160 m.lere ulasir. Béylece Demre Ovasi'nin bulundugu alanda derin ve genis bir
depresyonun var oldugu anlasilir. Bu cukurluk Demre Cayrnin tasidigi aliivyonlarla
dolmustur. Giineybatidaki sondajlar ve ovanin bugiinkii yiizeyi Uzerinde bulunan sirt ve
tepe seklindeki kalker ana kaya yukseltilerinden anlasildi§i Uzere bu depresyonun
tabani her yerde ayni diuzeyde degildir, giineybatida daha ic kesimde yapiimis olan
sondajda (sondaj No. 6606) ana kaya derinligi 90 m.lerde olup bunun lizerinde yiizey-
deki taskin sedimanlarnnin olusturdugu siltti birimlere kadar killi birikimler bulunur
(Harita: 5; Cizim: 2). Fakat biraz daha glineydeki sondaj (sondaj No. 1602) sonucuna
gore ana kaya 25 metre derindedir (Cizim: 2). Bdylece ana kaya dip rélyefinin kabaca
glineybati-kuzeydogu dogrultusunda uzanan cukurluklar ve bunlar arasindaki yukselti-
lerden olustugu anlasiimaktadir. Bugiin Demre Ovasi'ndaki mevcut aliivyon birikimini
ortadan kaldirabilmek mimkin olsa, bu y6renin hemen giineybatisinda yer alan ve
kiylya paralel uzanan depresyonlarla ada ve yarimadalarin olusturdugu Dalmac tipi kiyi
seklinin burada da devam ettigi gorulebilecektir (Resim: 5).

Demre Ovasi ve cevresindeki jeomorfolojik gelisim Kuaternerdeki ve ozellikle
Holosendeki deniz seviyesi degdismeleri ile iliskili olarak'sirmustur. Kiyi bolgelerindeki
asinim ve birikim sekillerinin olusumu deniz duzeyi ile dogrudan bagdlantiidir. Bu neden-
le, tum Diinya denizlerindeki seviye degismeleri, yoredeki sekillenmeyi etkilemistir.

Kuaternerin ilk bolimiini olusturan Pleistosenin son buzul dénemi olan Wirmde
buyuk miktardaki su kutleleri yuksek enlemlerde buzullar halinde tutuldugu icin, Dinya
denizlerinin seviyesinin bugiinkiine oranla 90 m.-100 m. asagida oldugu bilinmektedir.
Bu dénemde, Diinya denizleri ile baglantili olan Akdeniz'de de deniz seviyesi alcalmig-
tir. Deniz seviyesi alcalmasi daha ¢ok algak kiyillarda kiyi gizgisinin acik denize dogru
ilerlemesine ve daha genis alanlarin karsilasmasina neden olmustur. Diinya dlciisiinde
Sicakhk artmis, giinimizden 15 000 yil oncesinden itibaren denizlerin seviyesi yeniden
yukselmeye baslamistir. Holosen baslarindaki deniz seviyesi yiukselmesi ginimuizden
6000 yil oncesine kadar hizla devam etmis ve buglnki seviyesine ulagsmistir. Buna
gOre, 9000 yillik bir siirede denizlerin seviyesi 100 m. kadar yukselmistir. Bu hizli deniz
seviyesi yiukselmesi sonucu deniz karaya dogru ilerlemis ve 6zellikle kiyr bélgelerinde-
ki depresyonlari doldurmustur. Holosende meydana gelen bu transgresyon sonucu
Bats ve Guneybati Anadolu kiyilarinda bircok yeni koy ve kodrfez meydana gelmistir.
6000 yil 6ncesinden giinimiize kadar gecen zamanda bu koy ye korfezlerin bir kismi
akarsularin tasidiyi sedimanlarla dolarak altuvyal dizlikler haline gelmis, akarsularin
ulasmadfgl ya da fazla sediman getirmedigi koy ve korfezler ise varlklarini surdur-
muglerdir.

Bu genel gelismeler dlcusinde Demre kiyllarinda da benzer olaylar surmastar.
Wirm sonlarinda alcak deniz seviyesine bagll olarak kiyi cizgisi aciktayken Demre
Ovasi'nin bulundugu alanda o giinkii deniz seviyesine gore sekillenmis bir kiyr diizlugu
mevcut olmalidir. Bugiinkii ovanin merkezi kisimlarinda ana kaya 160 m. kadar derin-
lerde olduguna gore (Cizim: 1), Wirm' deki kiyi dizligi de altivyal kdkenli olmaldir.
Nitekim sondajlarda bu derinliklerde ince boyutlu sedimanlarin varhgi bunun goésterge-
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sidir. Derin sondajlarda 100 metre kadar asagilarda gecilen kaba unsurlu seviyeler
muhtemelen Holosen transgresyonunun gostergesidir (Cizim: 1). Yine ovanin merkezi
kesimlerinde gordugimiz ince unsurlu sedimanlar bir su ortaminin varligina isarettir.
Boylece Demre Ovasi'nda mevcut depresyonun transgresyonla bir kérfez haline geldi-
gi, daha sonra Demre Cayr'nin tasidigi alivyonlarla doldugunu sdylemek mimkindur.

Cobra Sondajlari

Demre Ovasr'nin giineybatisinda Cobra kompresdrlii sondaj makinesiile yapilan
sondajlarda ova altvyonlarinin yiizey katmanlari ayrintih olarak incelenmistir (Harita: 5-
Cizim: 3, 4). Cayagzi ile Demre Ovasi arasinda Karakol Tepe'nin glineybatisinda yap!-
ian ilk sondajda yuzeyden 1870 cm. derine iniSmigtir (Cizim: 3). ikinci sondaj-antik lima-
na dogru buradaki depresyonun en dar kesiminde yap|lm|st|r (Cizim: 4). Her iki nok-
tanin da yikselti degeri dlctiimemekle birlikte, birinci sondaj noktasi 900 cm; ikinci son-
daj noktasi 300 cm. kadar yiikseltidedir.

ilk sondajda (DEM 99-01), yizeyden 9-10 m. dermhge kadar zeytuni renkli siit
boyu sedimanin olusturdugu akarsu taskin sedimanlan yer alir (Cizim: 3). 10-12 metre
derinlikler arasinda organik bitkisel artiklarin ¢ogunlukta oIdugu bataklik ortama ait
birikimler gecilmistir. Bu seviyenin hemen altinda gri renkli ince unsurlu sedimanlar
sondaj sonuna kadar devam etmistir. Tagkin sedimanlan icinde yiizeyden 450600 cm
derinlikler arasinda seramik parcalan ile koseli kalker caklllanmn yer aldi§ bir'kiltur
katmani gegilmistir. 600 cm.de tas zeminde ilerlemek miimkiin olmamistir. Muhtemelen
bu seviyede antik dénemlere ait yapi kalintilari mevcuttur. Bu noktanin birkac metre
ilerisinde sondaja devam edilmis ve bu seviyeden daha derinlere inmék mimkin’
.olmustur. Bu sondajda 10-12 m. arasindaki bataklik sedimanlan bir su ortaminin kuru-.
yup karalasmasinin isaretidir. Bundan sonra gelen sedimanlar denizel/lagtner ortam- -
lari karakterize eder (Cizim: 3). Bu sedimanlar icinde r\{‘er yer denizel kavkilar ve kirin-
tilan bulunur. Yuzeyden asagi yukari deniz seviyesine inildiginde, 6nce bir bataklik zon
gecilerek, arkasindan denizel ortama girilir. Boylece denizel ortamin giderek doldugu,
deniz seviyesine dogru ortamin karaiagmaya baslayip bataklik haline dontstuga ve
sonra da su ortamindan tamamen kurtulup yiizeyin karalastigr ve art|k yalnizca akarsu-
taskin sedimanlarinin biriktigi karasal ortama gelirlin . !

Guneybatidaki ikinci sondajda yiizeyden 3 metre derine ka.dar taskin sediman-
lan daha sonra bitkisel artiklarin yogun oldugu bataklik sedimanlan ve 'sonra da bol
denizel kavkinin yer aldigi koyu gri renkli killi sedimanlar gecilmistir (Cizim: 4).. ilk son-
dajdan farl olarak 6,5 m.de kirmizi killi bir katman ve arkasindan kdseli kalker parcalar
ayrismis bir Ortu ile kansik gelmis ve hemenarkasindan sert bir tas; yizeyde kalinmigtir.
Bu yiizey muhtemelen kalker ana kayadir. Uzerindeki erime artigi 'olan kirmizi killi late-
ritik birim de bunun isaretidir. Bu sondajlar (Cizim: 3, 4), Andriake antik limaninin bulun-
dugu depresyon ile Demre Ovasi'nin bulundugu alandaki depresyonun alcak bir esikle
ayrildigini, fakat yine de aralarinda si§ da olsa denizel bir baglantinin dldugunu ifade
eder. Bu esigin Demre Ovasi tarafinda ise nispeten su ortaminin denn olarak devam
ettigi anlagilir. ,

Demre Ovasi'nda tarafimizdan yapilan bu iki sondaj d|S|ndak| derm sondajlar, su
teminine yonelik arastirma amach olduklar icin raporlarda sedimanlar .hakkinda fazla
ayrinti yoktur. Ancak ovanin yapisal ozellikleri ile ilgili genel bilgiler yorufnlanabilmekte-
dir. Ayrintili aciklamalar icin, basindan sonuna izleyip gerekli 6rnekleri alabilecegimiz
tarafimizdan yapilacak daha cok sayida aliivyon sondajina ihtiyag vardir. Bununla bir-
likte kronolojik bir gelisim sunmak icin de tarihleme analizleri (RC14 gibi) gerekmekte-
dir.

Demre Ovasinin Paleocografyasi

Demre Ovasi'ndaki arazi gézlemleri, aliivyon sondajlar ile Anadolu nun bat| ye
gliney kiyilarina ait dnceki arastirma sonucfari dikkate alinarak bir degerlendirme yap-
mak mimkiin olmustur. Bunlara bagl olarak Demre Ovasi ve yakin gevresinin  paleo-
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cografya haritalari ile yakin jeolojik gelecekte gergeklesebilecek manzara tasvir edilme-
ye calisiimistir (Harita: 6, 7, 4-8).

Pleistosen sonlarinda (Wirm sonu) denizlerin seviyesinin yaklasik -100 metre
olmasi nedeniyle kiyi gizgisi acik denize dogru ilerlemis ve bugiinkii ova alaninda 100
meire alcalmis bir deniz seviyesine bagl gelisen yine bir aluvyal duzlik fakat biraz
daha denize dogru egimli bir ova ylizeyi mevcuttur. Kalker yapili yliksek alanlardan ova
alanina gecis yine egimli birikinti koniieriyle olmalidir. Fakat buglin daha ¢ok kok ya da
dip kisimlarini gérdugumuz birikinti konileri o dbnemlerde daha genis alanlar
kaplamigtir. Demre Cayi yine akisini stirdiirmektedir.

Holosen baslarinda yuksek enlemlerdeki buzullarin erimesiyle birlikte denizlerin
seviyesi hizla ylkselmigtir. Giinimiizden 7000 - 6000 yil 6ncesine kadar bu hizli seviye
yikselmesi devam etmistir. Buna bagh olarak Demre Ovasi'nin bulundugu alana deniz
hizla sokulmus, genis bir korfez ve kiicuk koylar meydana gelmigtir (Harita: 6). Biraz
guneybahsmdakl Kekeova cevresi ile birlikte bu yorede yapisal uzanimlarin kiyi cizgi-
sine paralel olmasi nedeniyle Dalmac tipi kiyllar ortaya ¢ikmistir. Demre Ovasi'nin
bulundugu alanda nispeten genis bir korfez bulunurken, Beymelek lagiinii o dénemde
bir koy durumundadir. Sura ve Andriake'nin bulundugu alanlar da deniz sulari ile
kaplanmistir. Sura'nin bulundugu depresyon kicuk bir koy durumundayken Cayagzi
mevkiinden Demre Ovasi'na kadar olan kisim da si§ bir esikle bagh dar bir bogaz
halindedir. Kumdag Tepe; Tasdibi Tepe ve Kara Tepe gibi ginimizde tepe olan zirve-
ler birer ada halindedir. Bu dénemde Demre Cayr mevcuttur ve yine bol aliivyon
getirmesine karsilik, deniz seviyesi yukselmesinin cok hizli olmasi nedeniyle tasidig
altivyonlarla koérfezi doldurmasi heniiz mimkin olamamistir. Cayin korfeze acildigi
yerde kucik bir delta bulunabilir (Harita: 6).

Gunumizden 6000 yil 6nce deniz seviyesindeki yikselme durmustur. Daha
sonra, bugiinden 3000 - 2000 yil énce Demre Cayi aliivyonlar ile korfezi doldurmaya
baslamistir (Harita: 7). Bu donemde Kkiyi cizgisi acik denize dogru ilerlemis, Kumdagi
Tepe, Kara Tepe karaya baglanarak birer yarimada durumuna gelmistir. Demre Cayi di-
sinda diger kiicuk akarsular, havzalari buttinuyle kalker yapili alanlarda bulundugundan
ve kalkerlerin kimyasal olarak erimeleri nedeniyle allivyon tasimaz. Bu yuzden, Demre
Cayt alivyonlarinin ulasmadigi kiiciik koylar varliklarnini sirdirmektedir.

Ayni donemde Demre Korfezi icinde bir delta ovasinin gelismesi sonucu, yoére
insan kullanimina uygun hale gelmistir. Boylece yavas yavas ova ve cevresinde yerles-
meler kurulmustur. Demre Ovasi'nin kuzeybatisinda Myra kenti hem ova hem de geri-
deki kalker sirt Uzerinde gelismeye baslamistir. Ova ylizeyi ginimize oranla daha al-
cak seviyede bulunmaktadir. Bu nedenle kentin ovada kurulan ilk bolumleri bugunki
ylzeye oranla daha asagidadir. Gerek arkeolojik kazilarda gerekse gineybatidaki
Cobra sondajlarinda goraldigi gibi antik yapi kalintilarina ova yiizeyinden 6 m. kadar
derinlerde rastlanabilmektedir (Cizim: 3).

Bozdag kiitlesi ile Kumdagi Tepe arasindaki bogaz, Demre Ovasi yoniinde mey-
dana gelen aluvyal birikim nedeniyle bir koy durumuna déntsmdastur (Harita: 7). Bu koy
uygun konumuyla Myra'nin limani olarak kullaniimis ve liman kenti olan Andriake bura-
da gelismigtir. Biraz daha batidaki koyda kiicik bir kent olan Sura yer almigtir. Sura,
daha c¢ok Apollon tapinagi ve kehanet merkezi ile Gnlidir.

Yeni gelisen Demre Ovasi’'nin dogusunda Beymeiek koyu hala varhigini koru-
makla birlikte, kiytlya ulasan altvyonlarin islenip kiyi boyunca diizenlenmesi sonucu
buyukge bir kiyi kordonu olusmaya baslamistir (Harita: 7).

Guneyde Tagdibi Adasi hala kiyidan acikta bir ada halindedir (Harita: 7).

Gunumize dogru gelindiginde Demre Ovasi, akarsuyun tasidi§i sedimanlarla
giderek genislemistir (Harita: 4). Ayni zamanda taskinlar sonucu da ova yuzeyine yayi-
lan taskin sedimanlari nedeniyle ova seviyesi giderek yikselmistir. Demre Ovasi'nin
dogusundaki Beymelek koyu kiyi kordonlarinin hizla biyimesiyle bir lagin haline do-
nusmustur. Kalker yamaclarin eteginde ¢ikan karstik kaynaklar nedeniyle Beymelek
Iagunu uzun zaman karalasmadan kalab|lm|st|r (Harita: 4).



Kiyr cizgisinin agik denize dogru ilerlemesi nedeniyle, kiytya gelen aliivyonlar,
dinamik etkilerle daha fazla iglenmis, allvyonlar icindeki ince unsurlar acik denize
tasinmig, kiyida kaba unsurlar yikanarak diizenlenmistir. Kum boyu sedimanlar dalga
ve kiyl akintilan ile dogu ve bati yonlerine dogru tasinmiglardir. Guneybatida Tasdibi
Adasi bir tombolo ile karaya baglanmistir (Harita: 4). Bu sirada Sura ve Andriake koy-
larina dogrudan c¢ok fazla altivyon gelmemesine karsilik, bati yéninde kiyi boyunca
tasinan kumlu sedimanlar koy agizlarini kapatmistir.  Bir miktar kum da 6zellikle ruzgar
ve Ky akintilari etkisi ile koy iclerine dolmustur. Yorede bati yonlu rizgarlarin hakim ve
gucli olmasi nedeniyle bati kiyilarda kiyr kumullar olusmustur. Tasdibi Adasi'ni karaya
baglayan tombolo tUzerinde kiyi kumullari blyuk Olgiide gelisme gbéstermis ve bir cok
barkan ve barkan dizileri meydana gelmistir (Harita: 4). Sura ve Andrike'nin bulundugu
koylar, buralarda c¢ikan karstik kdkenli kaynaklar nedeniyle butlniyle karalasmamig
bataklik halinde kalmistir. Ayni zamanda gevreden fazla alivyon gelmemesi, bu alan-
larin tamamen karalasmasini engellemigstir. Buna karsilik, Demre Ovasi'nda bulunan
antik yerlesmeler, ova ylzeyinin taskin sedimanlariyla giderek dolmasi ve yukselmesi
sonucu allivyon altinda kalmaya baglamiglardir.

Demre Cayi, genigleyen delta ovasinda pek cok defa yatak degisikligi yapmistsr
(Harita: 4). Hava fotograflan tzerinde buginki ova ylzeyinde eski yataklarin bazilar
secilebilmektedir. Bu eski yataklarin bir kismi Myra antik kenti cevresinde yogunlas-
mistir. Antik tiyatro 6niinde agilan kazi sevlerinde akarsu yatagina ait cakilli bolimler
siltii taskin sedimanlari icinde agikga gorulmektedir.

Gunumuizdeki Kale (Demre) ilcesi icinde bulunan St.Nicholaus Kilisesi de
Demre Ovasi taskin sedimanlan ile biyik olcude ortulmistir. Simdiye kadar yapilan
kazilarda yiizeyden itibaren 3-4 metreyi bulan derinlikte taskm sedimani altinda kalmig
yap! kalintilari ortaya cikarnlmistir (Resim: 3).

Demre Ovasi'nda meydana gelen dogal gevre degismeleri de, bu alandaki antik
yerlesmelerin sona ermesinde, savaslar, ekonomik ve sosyal degismeler yaninda bas-
ta gelen olumsuz bir faktor olarak disiiniiimelidir.

Buglinku sartlar fazla de@ismedigi taktirde, Demre Ovasi ve cevresinde yakin
gelecekte ortaya cikabilecek manzara Harita 8'de gésterilmistir. Demre Cayr'nin tasidi-
g1 allivyonlar denizel etkilerle islendikce kiyi boyunca tasinip diizenlenecektir. Ovanin
blyumesi, derinligin artmasi nedeniyle acik denize dogru ilerlemekten cok kiylya para-
lel bir genisleme seklinde olacaktir. Dogudak| Beymelek lagiinii giderek kapanip aliv-
yal duzlik haline gelecektlr Bati bolimde ise Sura ve Andriake batakliklari ile yakin
koylar karalasip bu kiyllar boyunca genis alan kaplayan kiyi kumullari gelisecektir.
Karstik kaynaklar altivyal duzlikler Gzerinde kisa fakat, bol sulu akarsular seklinde
denize ulagacaktir.
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Cizim

1: Demre Ovasi'nda DSi tarafindan
yapilan sondajlara ait loglar (Bkz.
Harita 5)
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Cizim 3: Demre Ovasi ile Cayagdzi
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Resim 1:Andriake antik li-
mani guinimizde
bir bataklik halin-
dedir. Deniz ile
baglantisi  kiyi
kumullan ile ke-
silmis olmakla
birlikte, karstik
kaynaklarla bes-
lenmesi ve fazla
aliivyon almama-
sl nedeniyle su-
lak ortam 0Ozelli-
gini korur

Resim 2: Sura antik kentinin bulun-
dugu kicuk depresyon da
Andriake antik limani gibi
bataklik halindedir. Bir
zamanlarnn kicik kozu,
buglin denizle ligkisi kiyi |
kumullan ile kesilmis ve
sucul bitkilerle kaplanmis
durumdadir. Kalker yapili
yuksek kesimlerin etekle- %%
rinden cikan karstik kay- i
naklarla’ beslenen  bir
ortam oldugu icin bu alan
timiyle dolmamistir

Resim 3: Kale ||CeSI yerle-
simi icinde kalan
St.Nicholaus Kili-
sesi, Demre Ca—
yI'nin  tasidig
alivyonlarla bu—
yuk Olctide ortil-
mastir.  Guna-
muizde kilise cev-
resinde devam
eden kaz calis-
malar sirasinda
ortaya cikan yapi
kalintilarini érten
altvyon kalnhgi
3—4 m. civarinda-

Ir
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Resim 4: Demre Ovasi'nin glineybatisinda Cobra kompresorli sondaj makinesi ile allivyon_sondajlari
yapilmigtir. Bu sondajlardan alinan_sediman _ornekleri bolimumiizdeki sedimantoloji laboratu-
varmda_incelenmistir. Resimdeki Ornek fosilleri ile tipik siy deniz sedimanini yansitmaktadir
(DEM 99-01 No.lu sondaj)




Resim 5:DemreOvasi'nin bulundugu alanin y|aI cizgileri, guneybatisindaki Kekova
kiyilannin 6zelliklerine benzemektedir. Bu kiyi sekli Dalmac tipi kiyr ozellik-
lerini yansitir
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BODRUM SUALTI ARKEOLOJI MUZESI'NDE
SERGILENEN ORNEKLER VE KAS-ULUBURUN
BATIGPNA AIT BAZI TAS CAPALAR UZERINE
ARKEOMETRIK INCELEMELER

Volkan EVRIN’
Ay Melek OZER
Glilay OKE
Asuman TURKMENOGLU

OZET

Bodrum Sualti Arkeoloji Muzesi'nde hala sergilenmekte olan 15 eserden ve INA
tarafindan kazisi yapilarak Bodrum Miizesi'nde sergilemeye acilacak olan Kas-Ulubu-
run Batig'ndan cikarilmis 3 eserden alinan tas capa drneklen lizerinde arkeometrik in-

celemeler yapilmistrr.

ince kesit ve X Isini Dagitma (XRD) yontemleri ile elde edilen sonuclar, bu tas
capalarin mineralojik olarak turlerini belirlemigtir.

Yapilan tir galismalarinin artmasi sayesinde, kiyllarimizda bulunan tas gapalarin
tirsel aynmini da yapabilecek duruma gelebiliriz. Boylece, kiyilarimiz sualti arkeolojik
degerlerine yeni bir bakis agisi getirebilir, denizel ticaret yollari Uzerine yapilan ¢alisma-
larda da bu bilgilerden yararlanabiliriz.

GIRIS

Tas gapalar, denizciligin ilk gunlerinden, demirin yaygin ve ucuz olarak kullanima
girmesine kadar gecen sure icerisinde surekli olarak kullanilmis malzemelerdir. Gunu-
muzde de baz yoresei balikgilarin tas capalari, demirlemek icin kullandiklar veya balik
aglan igin agirlk olarak delikli taslar kullandiklar bilinmektedir.

Tag capalar konusunda Turkiye'de yapilmig Ik calisma Bodrum Sualti Arkeoloji
Muzesi'ndeki gapalarin incelenmesi seklinde yapilmistir (Alpézen, 1977}. Daha sonra
ayni capalar Uzerine iki calisma daha yapllmlstlr (Subay, 1981 ve Ozdas 1992). Gerek
Dogu Akdeniz kiyilarimizda bulunup Antakya Miizesi'ne teslim edilen’ gerekse Bodrum
Sualti Arkeoloji Muzesi'nde bulunan drnekler izerinde calismalar yapmak icin Kultir
Bakanlii'na ve ilgili muzelere basvurulmus, sadece Bodrum Miizesi'den ve INA'dan
olumlu yanitlar alinmigtir.

Volkan EVRIN, ODTU Arkeometri Master Ogr. Demetevler |.Cad. No;26/7 06200 Ankara/ TURKIYE
Prof.Or. Ay Malek OZER. ODTU Arkeometri Anabilim Dali 06531 Ankara /TURKIYE
Doc.Dr. Gilay OKE, ODTU Arkeometri Anabilim Dali 06531 Ankara / TURKIYE
Dog.Dr. Asuman TURKMENOGLU, ODTU Jeoloji Miih. 06531 Ankara / TURKIVE
1 Bkz. Kaynaklar: Ture. Arcak, Yalginsr, 1996 ve Ture, Arcak, Korkmaz, 1996.
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Bodrum Sualti Arkeoloji Miizesi'nde hala sergilenmekte olan 15 eserden ve INA
tarafindan kazisi yapilarak Bodrum Muzesi'nde sergilemeye acilacak olan Kas- Ulubu-
run Batigr'ndan cikariimis 3 eser ile birlikte toplam 18 tas capadan ornekler allnmlstlr

YONTEMLER, DENEYLER ve BULGULAR

incelenen 6rnekler ti¢ ayri yontemle incelenmis ve sonuglar degerlendirilmistir.
ilk olarak ele alinan yontem, klasik 6lcl metodudur. Tum tas capa orneklerinin belirli
karakteristik 6zelliklerini gosteren fiziksel boyutlari 0|Culmustur (Tablo: 1).

Olgiileri alinan 6rneklerden arkeometrik mcelemeler yapmak iizere 1-2 cm? lik
parcalar almmlstlr Bu 6rnekler, MTA laboratuvarlarinda®, polarize mikroskop ile ince-
lenmek Uzere ince kesit haline getirilmistir, incelenen orneklerln ayrintilan fotografla-
narak da belgelenmistir.

ince Kesit Sonuglari (Resim: 1)

Ornek 1: Asidik Volkanik Kayag - Dasit (Bodrum Sualti Arkeoloji Miizesi)

Porfiritik bir dokuya sahip olan bu kesitte bol miktarda silisyumdioksitler vardir.
Volkanik kuartzlara da sahip bu kayacta, aiterasyon sonucu olusmus kalsit ve killer de
gorulmektedir.

Ornek 2: Sedimenter Kayag - Konglomera (Kumtasi) (Bodrum Sualti Arkeoloji
Miizesi)

Parca boyutu 2 mm.den biyik oian bu 6rnekte hic volkanik parcaya rastlan-
mamistir. Ayrica kalsit, kuartz ve serpantin de kesitte gorilmektedir. Baglayici madde
olarak da mikritik kalsit vardir.

Ornek 3: Volkanik Kayag - Andezitik Bazalt (Bodrum Sualti Arkeoloji Miizesi)

Tam porfiritik bir dokuya (glomeroporfiritik) sahip bu 6rnekte, klino-piroksenier
(homblend, plagioclase) vardir. Bazalttaki bosluklar kalsit tarafindan doldurulmus Mat-
riks yapisinda da mikrolitler vardir. Aiterasyon sonucu olusmus demiroksitier de’goril*
mektedir.

Ornek 4: Volkanik Kayag - Bazalt (Bodrum Sualti Arkeoloji Miizesi)

Porfiritik bir yapi, buyik fenokristaller (piroksen, piagioclase) icine yayilmis ki-
cuk mineraller var. Altera olmus volkanik cama da rastlanmaktadir.

Ornek 5: Volkanik Kayag - Olivin Bazalt (Bodrum Sualti Arkeoloji Miizesi)

Polisentetik ikizleme (twinning) gosteren porfiritik bir yapisi vardir. Fenokristal
olarak, feldspar, piroksen ve olivin gorilmektedir. Lavin akis yonunde olusmus bir
dokusu vardir. Bosluk doldurmada da yine kalsit rol almistir.

Ornek 6: Volkanik Kayag - Bazalt (Bodrum Sualti Arkeoloji Miizesi)

Tipik bir fenokristal-matriks yapisi vardir. Piroksen, feldspar ve pSagioclaselar da

kesitte gorulmektedir. Matriks yapisinda kiicik camsi mikrolitler vardir.

2 Orneklerin alinmasi sirasinda gésterdikleri yardimseverlik ve katkilarindan dolayr Bodrum Sualti Arkeoloji Miizesi
Miidirii Sayin Oguz Alpézen'e ve IN A'dan Sayin Cemal Pulak'a sonsuz tesekkiirlerimizi sunariz. Onlar bu destegi ver-
meseydi bu galisma olmazdi.

3 Katkilarindan dolay! Lutfi Nazik'e tesekkir ederiz.
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Ornek 7: Sedimenter Kayag - Fosilli Kiregtas! (Bodrum Sualti Arkeoloji Miizesi)

Bol miktarda fosil barindiran bu kiregtasi, kalsit cimentolu daginik yapisi ve
kuartz'i ile dikkat gekmektedir. Si§ deniz veya gol ortaminda olusmus olabilir.

Ornek 8: Metamorfik Kayag - Sist-Ginayst (Bodrum Sualti Arkeoloji Miizesi)

Mika minerallerinin bir yone yoénelmesi (sistosize) ile olusmus metamorfik bir
kayac. Bunyesinde muskovit, kuartz, ve feldspar yardir. Yer yer kloritlesme gostermis
bu kayacta, alterasyon sonucu olusmus demiroksit de gortlmektedir.

Ornek 9: Sedimenter Kayac - Killi Kumtasi (Bodrum Sualti Arkeoloji Miizesi)

Metamorfik kaya¢ pargalarn da gorilen bu kumtagi, kil ve mikritik ¢cimentoya
sahip bir matriks yapi da gostermektedir. Metamorfik kuartz, feldspar ve kalsit parcalan
da kesitte mevcuttur.

Ornek 10: Volkanik Kayag - Bazaltik Kayag¢ (Bodrum Sualti Arkeoloji Miizesi)

Cok ince taneli (afanitik) porfiritik bir yapisi vardir (1 mm.den ince). Cok az
fenokristal (plagioclase, alkali feldspar, olivin) olan bu 6rnedin matriks yapisinda da
cam ve mikrolitler gérilmektedir.

Ornek 11: Sedimenter Kayag: Silttasi (Bodrum Sualti Arkeoloji Miizesi)

Bol miktarda kuartz ve feldspar pargalar bulunan bu silttasinda, mikritik kalsit ve
biraz da muskovit matriks yapiyr doldurmaktadir. Birbirine yakin pek cok parca ve az
miktarda dolgu vardir.

Ornek 12: Volkanik Kayac - Andezitik Bazalt (Bodrum Sualti Arkeoloji Miizesi)

Porfiritik bir dokusu olan bu taze volkanik kayacta, fenokristai olarak, biotit, pla-
gioclase, piroksen, polisentetik ikizlieme gOsteren parcalar vardir. Matriks yapida da
kuartzlar, plagioclase ve mikrolitler halinde bosluklar do_Iduran kalsitler vardir.

Ornek 13: Volkanik Kayag: Andezit (Bodrum Sualti Arkeoloji Miizesi)

Porfiritik bir dokuya sahip bu 6rnekte, fenokristal olarak degiserek demiroksit ol-
mus hornblend, plagioclase kristalleri vardir. Kil mineralleri de degisimden sonra onla-
nn yerini almistir. Matriks yapida da cam gorulmektedir. Bosluk doldurucu olarak da
yine kalsit vardir.

Ornek 14: Sedimenter Kayac - Siltli Kiltasi (Bodrum Sualti Arkeoloji Miizesi)

Buyuk degisime ugramis bir kayag. Fenokristal olarak piroksen, feldspar, yer yer
de serpantin gortimektedir, iginde de bol miktarda silt bulunan bu kumtasinda, sist
parcalar ve demiroksit de gorulmektedir.

Ornek 15: Sedimenter Kayag - Mikritik Kiregtas! (Bodrum Sualti Arkeoloji Miizesi)

Gayet homojen miktirik bir kiregtasi. Fosilce (globigerin) zengin olan bu kayacin,
derin deniz veya g0l ortaminda olustugu sdylenebilir.

Ornek 16: Sedimenter Kayac - Fosilli Kiregtasi (Kas-Uluburun Batig)
Bol miktarda fosil (globigerina, globigerin) iceren bu kirectasinda kuarizlar da
g0ze carpmaktadir.
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Ornek 17: Sedimenter Kayag - Kiregtas! (Kas-Uluburun Batigi)

16. 6rnekten daha fazla ve farkh fosiller (deniz kabuklar) icermekte olan bu
kirectasincia, kuartz ve feldspar da goriimektedir.

Ornek 18: Sedimenter Kayag - Kiregtasi (Kas-Uluburun Batigi)

Bol kuartzli bu kirectasinda, monuks fosiller (kabuklu deniz hayvanlar) gorul-
mektedir. Matriks yapida da kalsit vardir. Si§ deniz veya gol ortaminda olustugu soyle-
nebilir.

Son olarak da drnekler, ODTU Arkeometri Laboratuvarfnda X Isini Dagitma (X-
Ray Diffraction- XRD) analizi icin hazirlanmistir. Toz haline getirilen pargalar, 80°C’lik
firnda bir gece bekletildikten sonra ODTU Metaliirji Boliminde cihazdan gegirilmistir
(Sekil: 1). Sonucta elde edilen veriler incelenmis ve 2q agilan ilgili tablolardan cikaril-
mistir. Sicrama yapan noktalardaki parcalar, ince kesitte gorulen drneklerle 6rtusmis-
tar. Boylece, elde edilen bulgular iki yonden de dogrulanmistir.

SONUC

Tas capalar Uzerinde yapilan calismalarin sonucunda gorulmustir ki, incelenen
18 parcanin: 9 tanesi sedimenter kayac, 8 tanesi volkanik kayac ve i/ tanesi de meta-
morfik kayactir. Volkanik kayaglar birbirine yakin bdlgelerden cikarildiklar icin ortak
Ozelliklere sahiptirler. Kas-Uluburun Batigi'na ait 6rnekler de ayni tirdendir.

Bu da sunu gosteriyor ki, tas capa yapiminda veya kullaniminda, belirgin bir tir
tas kullaniimamakta, yoresel olarak veya teknolojik olarak en kolay elde edilebilen ve
islenebilen tagiar 6ne cikmaktadir. Goz ardi edilmemesi gereken bir konu da, Dogu
Akdeniz'de belli bolgelerde buylk bir ylizde ile cikan tas capa cinsleri olursa, bizim de,
inceledigimiz Grnekleri onlarla karsilastinp daha saglkli sonuglara ulasmamiz kolay-
lasacaktir. Bu verileri elde etmek igin ise, ¢ok fazla sayida Ornek incelenmeli ve
mineralojik ozellikleri gikariimalidir.

Tum bu bilgilerin 1s1§inda, tas capanin 6zelliklerinin biliniyor olmasi, o bdlgenin
denizel ticaretteki 6nemini saptamamizi ve hatta belki de o batigin geldigi yer hakkin-
daki bilgilere ulasmamiz! kolaylastiracaktir.
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Tabio 1: incelenen tas gapalarin fiziksel 6lgiileri
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Sekil 1: XRD analizi sonuc grafigi (érnek 14)



Ornek 2
- ,"i :

Resim 1: ince kesitlerin polarize mikroskop ile gekilmis fotograflan
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Ornek Ornek,8

Resim 1: ince kesitlerin polarize mikroskop ile gekilmis fotograflar (devam...)

27



ornek 14

Resim 1: ince kesitlerin polarize mikroskop ile gekilmis fotograflari (devam...)
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DURAGAN VE BAKIRCAY ARSENIK
CEVHERLESMELERININ JEOLOJIK, MINERALOJIK VE
KIMYASAL iINCELENMESI

Hadi OZBAL*
Necip PEHLIVAN
Bryan EARL

GIRIS

Gec¢ Kalkolitikten Erken Hitit Donemi kiltur katlarini iceren lkiztepe arkeolojik
kazilari arkeometalurji bakimindan orta Karadeniz Bdélgesi'nin en énemli merkezlerin-
den bindir {Alkim, U.B. 1979, Alkim, H. 1981). Kazilarda ortaya ¢ikarilan ¢ok sayida me-
tal buluntu incelenerek, Ikiztepe'nin ilgili donemlerdeki Kafkas ve Balkan kdltirleri ile
olabilecek ticari iligkilerini ye hammadde bakimindan I¢ Anadolu baglantilarinin belirlen-
mesine calisiimaktadir (Bilgi 1984, 1990, Chernyk 1992). Bu amacla bdlgenin 6zellikle
M.O. 3. binyil metallrjisinin aydmlat|labllme3| amaci ile bugtine kadar cesitli calismalar
yapilmistir (Kung 1986, Ozbal 1981, Ozbal ve Ozkésemen 1988, Geckmll 1986). ikizte-
pe kazilarinda ortaya C|karllan curuf pota, dokim kalibi gibi malzemeler (Ozbal ve di-
erleri 2000) ve orta Anadolu'da bulunan madencilik ve izabe kalintilari zengin ve este-
tik ikiztepe metallerinin yorede ve yore kaynaklar kullanilarak Uretildigi goérusuni kuv-
vetlendirmektedir (de Jesus 1980, Seellinger ve digerleri 1985, Kaptan 1986). Ozellik-
le 1998 senesi calismalarinda bolgede kesfedilen arsenik cevherlesmelenmn ikiztepe
arsenikli bakir buluntularinin arsenik kaynak olabilmesi 6nem kazanm|§tlr (Ozbal ve di-
gerleri 2000).

Bu bildirimizde Duragan ye Tavsan Dag, Peynir Cayl arsenik kaynaklarinda 1999
senesinde yapmis oldugumuz jeolojik, mineralojik arastirmalarin sonuclarinin sunul-
masina ve kimyasal bulgularin degerlendiriimesine calisilacaktir.

ORTA KARADENIZ YORESI MADENCILIK TARIHI

Tarihsel acidan orta Karadeniz Bolgesi'nde madencilik ve ¢esitli metallerin Ureti-
mi oldukca eskilere dayanir. Bunun baglica nedeni yorede gesitli ve zengin cevher kay-
naklarinin mevcut olmasi ve yore insaninin bu kaynaklar isletebilecek teknolojileri
bilmesidir. Eski Yunan mitolojisine gore iason ve Argonautlar .altini burada aramiglardir.
Homeros, gimusin cikis yerinin bu bolge oldugunu belirtir. Unli tarihci Strabon demir
uretiminin oncileri saydigi Chalypslerin bu bdlgede yasamis olduklarini yazar. Bugiin
bdlgede yasayanlar tarihsel metalurji geleneginin izlerini hala sirdirmektedirler.

Cesitli arastiricilar tarafindan bolgenin madencilik tarihi ile ilgili arastirmalar yapil-
mistir (Kaptan 1987, Seellinger ve digerleri, 1985 Ozbal ve digerleri, 1997 De Jesus
1980, Ozbal ve dlgerlerl 2000). Giles ve Kuupers (1974) Kozlu bakir yataklarinin ETC

Hadi OZBAL, Bogazigi Universitesi, Kimya Bélimii, S08I5, Bebek, istanbul/TURKIYE
Necip PEHLIVAN, MTA Balikesir Bolge Mudurliigii BalikesirfTURKIYE
Bryan EARL, Heathercliffe, Sermen, Penzance Cornwall, TR19 7AX, UNITED KINGDOM
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Ide (M.0.2800) isletildigini C-14 ydntemi ile kanitlamistir. Ayni madende daha sonra
yapilan bir calismada bulunan maden direginin C-14 tarihlendiriimesi M.O. 3789 +109
olarak saptanm|st|r (Kaptan 1986). de Jesus (1976) diger bir calismasinda jse Bakircay
yOresi Subagi mevkiindeki ciiruflarinda yapilan C-14 yas ‘tayininin M.O. 223+300
oldugunu, bu ve bazi mahallerde juyereSerin imal edllmls olmasi nedeniyle sahada
M.O. 530 - M.S. 70 villar arasindaki donemde yiiksek firinlarin kullaniimig olabilecegini,
bunun da Gec Frig-Erken Bizans Donemine karsilik geldigini belirtir. Osmanh Devrin-
deki Turkiye madenlerini Divani Himayun Muihimma Defterlerinden Turkgelestiren
Ahmet Refik (1935) (967 - 1200 arasi ve Mukaddime), bdlgede Osmanli Doneminde
madencilik yapildigina iliskin bir kayda yer vermemistir. Ancak Bakircay ciruflarinda C-
14 yontemiyle yapilan tarihlendirme sonucunda bunlarin M.S. 1435-1627 (duzeltilmis)
seneleri arasinda olustuklar belirlenmistir (Ozbal ve digerleri 1998). Inegdl Dagr Girle-
yik Tepe curuflar ise C-14 yontemi ile M.O. 167 - M.S. 19 (dizeltilmis) olarak bulun-
mustur (Ozbal ve digerleri 1998).

T.C. Maliye Bakanhgi nesriyatinda Kastamonu lli'nde var oldugu belirtilen arsenik
madeni ile Duragan'daki arsenik madeni kastediliyor olmalidir. Duragan arsenik
madeninin isletildiginden stz eden Blumenthal (1940) (ic ayr noktada arsenik lekeleri
oldugunu, bunlardan bir tanesinde gelisi guizel isletme yapildigini, ekonomik olmadigini
belirtir. Tlrkiye'nin bilinen mineral kaynaklari derlemesini yapan Ryan(1957) Bdlgedeki
zuhurlarin yerlerini tanimlamistir. Bilinen son madencilik galismalar MTA tarafindan
yapilmistir (Muller 1972). Porfiri bakir aramasini amaclayan bu ¢alismalardan olumlu bir
sonuc alinamamistir.

JEOLOJI

Merzifon-Duragan arasinda Paleozoikten kuvarternere kadar degisen yaslarda
jeolojik birimler olusmustur. Jeolojide yas ve Ozelliklerine gore formasyon olarak ayirt
edilen bu birimlerden inceleme sahalarinda yer alanlar, yaslidan gence dogru Aktas for-
masyonu (Pka), Bekirii formasyonu (Mb), Caglayan formasyonu(Kc), Kusuri formasyo-

u (Tk), Meryemdere formasyonu (Tm) ve altivyonlardir (Al).

Merzifon'un kuzeyinde Bakircay cevresinde yuzeylenen granit; Tersiyer oncesi
birimleri kesmis, kenarlarinda kontakt metamorfik kayalar olusturmus, granite bagl
olarak yoredeki'cevherlesmeler (Cu, Pb, Zn, Mo, As) yerlesmistir.

CEVHERLESME

Sinop-Samsun-Corum-Amasya llerini kapsayan bdlgede Cu-Pb-Zn-Mn-Ag-As
mineraliszasyonlari gozlenen 15 zuhur bulunmaktadir (Harita: 1). Merzifon-Duragan
arasinda yer alan inceleme sahalarinda ise farkli mineral topluluklari sunmaktadir.
Kbkense! olarak muhtemelen ayni granite baglh olmalarina ragmen, bu farkli mineral
toplulugunun gorilme nedeni granite olan uzakliklarina baglanabilir.

inceleme sahalarindan Bakircay sahasinda, kontakt metasomatik ve porfiri tipte
gorilen cevherlesme Cu-Pb-Zn-Mo-W birlikteliginde ve yiksek sicaklikta olugmustur.
Peynircay granitten daha uzaktadir. Burada damar tipte, alt kissmlarda Pb-Zn, daha Ust
kisimlarda As (arsenopirit) ve silislerde Au mineraiizasyonu yer alir ki, olusum sicakhgi
daha dusik olan hidrotermal safhada olusmus olabilir. Duragan sahasinda ise granit-
ten uzakiasilmis olup kirik ve ezik tektonik hatlara As cevherlesmesi yerlesmistir (Cizim:
1)-

INCELENEN CEVHERLESMELER

7- Bakircay Sahasi: Arastirmamiz arsenik Uzerine yogunlastigindan, bu sahaya
fazlaca zaman ayriimamig, haritalanmamis sadece karsilastirma yapabilmek Igin 6r-
nekler alinmigtir. Alinan orneklerde gorilen mineraller, izlenen mineraller kisminda
anlatilmigtir.
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2- Peynircayr Sahasi: Merzifon'un 15 km. kadar kuzeyinde Vezirkdpri'ye inen
Peynircayl Deresi'nin bati yamacinda, Bakacak Tepe'nin kuzeydogusunda (Cizim: 2)
yer alir. Bakacak sirtinin kuzeydogusunda kirectaslarini kesen biyotit-tanolit damar-
lannin kenarinda, kirectas! sist dokanaginda ve kirk zonunda yer yer biok, kafa ve
damar seklinde masif arsenopirit mineralizasyonlari gorilmektedir. Peynircayl Vadisi
icinde Pb-Zn galerilerinin oldugu, kilavuz tarafindan sdylenmistir. Ayrica Bakacak Sirti
dogusundaki yol yarrnasindaki metabazikler de emprenye olarak ve yer yer yuvaciklar
hatinde arsenopirit mineralizasyonu goéralmustir. Ayrintili calisma yapiimadigindan her-
hangi bir eski isletme belirtisi gérilememistir. Giineye dogru yol boyunca gelindiginde
yol kenarinda bir kismi toprak icinde kalmis tuglamsi parcalar ile bunlarin daha
asagisinda yol kenarinda bir adet antik tahil 6gutme tasi gorilmustir.

3- Duragan Sahasi: Duragan'in dogusunda Duragan-Alacam karayolunun 5.2
km.sinde Cayagzi kdy yolu kavsaginin 250 m. 6tesinde Alacam tarafindadir (Cizim: 3,
4). Yol yarmasinda gayet belirgin olarak gériilebilen sari ve portakal rengi ile dikkat ce-
ken Realgar-Orpiment mineralizasyonu, sist-kalk sistler icerisinde tektonik hatlardaki
ezik ve kirk catlakl kesimlere yerlesmis damar-damarcik, bosluklarln ceperlerine yer-
iesmis olarak izlenir. Damar ve network gériiniimltdr. Cevherli kesimlerde yogun Kkil-
lesme, killesmeler icerisinde alterasyon sonucu olusmus jips plakalari oldukca yay-
gindir. Jips saglam kayaclarin catlaklarinda film ve da'marcik seklinde gorilmektedir.

Sahada 4 galeri ve 1 kuyu izlenmistir (Gizim: 4). Bu galerilerden 3 tanesi ve kuyu
yolun bati kesiminde, 1 galeri de Cayagm Deresi icerisinde yer almaktadir. Numara-
lanan galerilerden (Sek|I 4) 1 ve Il No.lu galerilerin agizlar kapali ve IV No.lu galeri de
dere tabaninda oldugu icin girilememistir. Ili No.lu galeri incelenerek haritalanmistir
(Cizim: 5). ili No.lu galerinin dogusunda vyer alan kuyu, su kuyusu olarak yakin zaman-
larda acilmig, kuyudan cikan malzemeler icinde Realgar-Orpiment parcalara rast-
lanmistir. Sahada baska igletme kalintilarinin varligi ve isletme zamanlarn kesin oiarak
saptanamamistir.

IZLENEN MINERALLER

Baksrcay, Peynir Cayi, Bakacak Tepe'nin kuzeydogusu ve Duragan cevherles-
melesi ayri mineral topluluklarindan olusmustur. Bakirgay kesiminde Cu-Pb-Zn-Mo mi-
neralleri, Peynir Cayl kesiminde As-Au-Pb mineralleri, Duragan kesiminde ise As mine-
ralleri agirlik kazanir. Bakircay ve Peynir Cayl drnekleri makro olarak, binokiler ve par-
lak kesitleri yapilarak maden mikroskopu ile, Duragan 6rnekleri ise makro ve binokuier
olarak incelenmistir.

a) Bakirgay Ornekleri

Bakircay cevherlesmesinden cok sayida el 6rnegi binokiler mikroskop ile ince-
lendikten sonra iki adet parlak kesit yapilarak maden mikroskopu ile incelenmistir.
Orneklerde goriilen mineraller sunlardir:

Kalkopirit (CuFeS2): Cogunlukla 6z bicimsiz, bazi taneler galenit ve pirit ile
cevrelenmis, bazen de sfalarit icinde kapanimlar halinde gorulmektedir. Bazi tanelerin
kenar ve catlaklar boyunca limonit ve malakit sivanmis.

Sfalarit (ZnS): Yer yer taneler, yer yer yigisimlar halinde bazi taneler galenit ve
pirit ile cevrelenmis cogunlukla yan 6z bicimli, bazi taneler icerisinde kalkopirit kapa-
nimlar goralayor.

Galenit (PbS):Aynk ve bitisik taneler halinde, baz taneler boslukta gelismis, co-
gunlukla 6z, yan 6z bicimli, bazi kisimlarda sfalarit ve piriti cevrelemis, bazi kisimlarda
pirit tarafindan gavrelenmis.
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Molibdenit (MoS): El 6rneklerinden birinde gorilmastar. Silis damarcig
icerisinde benek ve catlak ylzeyinde sivama seklinde ¢ok az olarak gorilmektedir.

Pirit (FeS): Yaygin olarak gozlenir. Bazi kisimlarda masif, bazi kisimlarda penta-
gon ve kismen kubik 6z bigimli ve yan 6z bicimli taneler halindedir. Bazi kisimlarda
zonlu yapi gostermektedir.

Pirotin (Fe1-xS): Kalkopiritge zengin bir 6rnekte kalkopirit ile kenetli piritle gevre-
lenmis kahveremgimsi bronz renkli, dizensiz sekilli birkag mm.lik taneler halindedir.
Catlaklarinda limonitlesmeler gorilmektedir.

Povellit (CaMo04) ve Seelit (CaWO4): Granat!i, aktinolitli, piritli, az epidotlu bir
drnekte ultraviyole lamba altinda sagiimis halde birkac tane seelit {canh acik mavi renk-
te) ve 2 tane povellit (saman sanisi renkte) gorilmustur.

Seko.nder minerallerden malakit (CuCO3,Cu(OH)2) ve limonit (FeEO(OH)nH20)
catlaklarda dolgu ve sivanmalar halindedir.

b) Peynir Cayi-Bakacak Tepe Ornekleri
Pirasalik | Ornegi

Arsenopirit (FeEAsS): Numune masif arsenopirit, arsenopiritler arasinda az pirit,
baz kristaller icerisinde cok kucuk ignemsi silis kristalcikleri bazi catlaklarda limonit
sivanmalari halindedir. Arsenopiritierin bir kismi yari 6z bicimli i¢ ice buyimeler ile zonlu
yapida, buyume zonlar arasinda silis ile birlikte cok kuguk pirit tanecikleri gérilmekte
olup bazi arsenopirit taneleri 3-4 mm'lik buyuklige ulasmaktadir.

Pirasalik Il Ornegi (Bakacak sirti, yol tizerinden)

_ Ornekte 7x4 boyutunda arsenopirit tanesi disinda 6rnek daginik taneli emprenye
arsenopirit tanecikleri az pirit icerir, cok az pirotin (Fe1-xS), pirotin kenarlarinda limonit
sivanmalar yan kayag icerisinde aksesuar mineral olarak 6z bicimli zirkon tanesi, par-
lak ylzey disinda ise noktacik halinde bir tane galenite rastlanmigtir, incelenen diger
orneklerde galenite rastlanmamugtir.

¢) Duragian Ornekleri

Duragan arsenik madeni 6rnekleri; el 6rneklerinin makro ve binokiler mikroskop
incelemeleri ile tanimlanmiglardir. Orneklerde gézlenen mineraller sunlardir:

Realgar (AsS): Kirmizimsi portakal rengi ile tipik bir mineraldir. Yiizeyde kalan
kisimlarda dis yuzeyi kirmizimsi sartya donmus, kil kansimh kisimlari beyazimsi sari
renk almigtir.

Orpiment (As253): Realgar ile birlikte cogunlukla realgar cevreler bicimde limon
sarisi rengindedir. Realgar ile birlikte kirik, catlak ve bosluklara yerlesmistir. Bosluklarin
kenarlarina yapisarak gelismis prizmatik ignemsi kristaller izlienmektedir.

Yogun Kkillesmis, sist icinde boslukta yerlesmis realgar-orpiment mineralleri
toplulugunun orta kesimi koyu kirmizi-morumsu kirmizi bir renk gostermektedir. Bu ren-
gin arsenat minerallerinden eritrit {Co3)As04)2.8H20)'ten mi yoksa civa minerali
zinoberden mi oldugu ¢céziimlenememigtir. Cevherde zinober mineralinin gériimeme-
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si, kimyasal analiz sonucunda Hg bulunamamasi ve az da olsa kobalt gorilmemesi bu
rengin eritritten olab|leceg|n| disundurmektedir.

Jips (CaS04.2H20): Killesmis kesimlerde alterasygn ile ikincil olarak
olusmustur. Mineralize zonlar icerisinde catlaklar film gibi killesmeler icerisinde 10
cm.yi bulan buyukliklere ulasmis parcalar, levhalar halinde, kimi mizrak ikizi, kimi mer-
diven yapisi gosteren ikizlenmeler yapmistir.

KIMYASAL ANALIZ SONUCLARI

Ikiztepe'de bulunan ciruf 6rneklerinin ve pota parcalarinin yiuksek oranlarda
arsenik icerdikleri kimyasal analizle belirlenmis ve bu bilgi gegen sene yapilan toplan-
tida sunulmustu (Ozbal ve digerleri 2000). Ayrica arsenopirit cevheri kullanilarak arse-
nikli bakinn hazirlanmasinin da kolaylikla yapilabildigi yapilan simulasyon deneyleri,
sonucunda belirlenmisti (Qzbal ve digerleri 2000). Orta Karadeniz Bolgesi'nde yapilan
yuzey arastirmalari da Ikiztepe'de bulunan arsenikli bakirlarin bolgesel olarak
uretilebilmeleri icin gerekli her turli cevher ve yakit kaynaklarina, izabe malzemelerine
ve Kizilirmak boyunca da son derecede uyumlu bir ulasim imkanina sahip oldugunu
gostermistir.

Peynircay! arsenopirit 6rneklerinin kimyasal analiz sonuclar TabJo 1'de, Duragan
orpiment- realgar drneklerinin  kimyasal analiz sonuclar da Tablo 2'de S|ralanm|st|r
Tablo 1'de siralanmis bulunan 6rneklerin ortalama arsenik miktari % 33.7 ve demir mik-
tar ise % 34.2'dir ve oldukca saf arsenoprit komposizyonu 6zellikleri gdsterir. Duragan
orpiment-realgar ornekleri de son derecede saf cevher olup yiuksek oranda arsenik
icermektedir. |ki farklh arsenik kaynaginin eser element dagiimlarinda 6nemli bir fark
yoktur. Ancak Peynircayl drneklerinin demir icerikleri Duragan orneklerinden 8-10 kez
daha fazladir. 98/317 ve 98/318 No.lu 6rnekler yan kayac olup arsenik icermemektedir.

Bu sonuclara gore lkiztepe arsenikli bakir buluntularinin bélgede bulunan cevher
kaynaklan kullanilarak ybre metalurjistleri tarafindan Uretilmis olduklarini séylemek
yanlis bir tahmin olmaz. Ancak bu varsayimi bilimsel olarak kanitlamak gerekir, zira
Ikiztepe kazilarinda heniiz bu cevhelesme bolgesinden geldigini gosteren herhangi bir
cevher 6rnegine rastlanmamistir. Iklztepe de bulunan metalurjik malzemeler yerlesim
mabhaiinde lzabe islemleri ile” ilgili degildir. Bunlar daha ziyade rafinasyon, aIaS|m
yapma ve kulceden arac gerec Uretimine yonelik oldugundan cevher orneklerinin
bulunmamasi dogal kar§|lanmal|d|r. Daha o©nce oOnerdigimiz gibi izabe islemlerinin
cevher kaynaklarina yakin yerlerde yapildigini tahmin etmekteyiz. Zira bu bolgelerde
izabe igslemlerinin izlerini tasiyan cok cesitli curuf kalintilari mevcuttur. Ancak bugiine
kadar bu ciruf depolarindan alinan drneklerden hic birisi Eski Tun¢ Cagina tarihlen-
memistir. Bu sonucun da olagan karsilanmasi gerekir, zira bdlgede tarih boyu yapilan
surekli metalurjik faaliyetler en eski kalintilarin yok olmasina neden olmustur. Bu
nedenle su asamada kimyasal ve mineralojik acidan Iklztepe ile bdlge arasinda
dogrudan bir baglanti kurmakta zorlanmaktayiz.

Ancak Ikiztepe metal buluntularinin alagim ve eser element komposizyonu
ve/veya cesitli izotop analizleri ile metalin Uretildigi yore cevherlerinin 6zelliklerinin
karsilastiriimasi sonucunda, kaynak sorularina daha somut bir yanit getirilebilir. Bu ko-
nuda yardimci olabilecek eser elementlerden bir tanesi mineralojik incelemede gozle-
nen moliptendir. Genelde molibden bakir ve bronz buluntularda iz elenient olarak ince-
lenmez ve ikiztepe metallerinde de molibden analizi yapiimamistir. Ancak Bakirgay cev-
herlerinde molipdene rastlanmasindan dolay lkiztepe metallerinde molibden analiz-
lerinin yapilmasi planlanmistir. ikinci gosterge ise metallerde bulunan demir miktarlar
olacaktir. Bakir kokenli buluntularda bulunan demir miktarlarinin genelde kullanilan
bakir cevheri ile ilintili oldugu belirlenmistir (Craddock ve Meeks 1987, Cooke ve
Aschenbrenner 1975). Bakir retiminde demir miktar fazla olan kalkoprit tiiril birincil
bakir cevherleri kullanildiginda, Uretilen metalde daha fazla demir bulunmaktadir. Arse-
nikli bronz yapiminda yuksek oranda demir iceren arsenoprit kullanildigi takdirde, elde
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edilen metalde nispeten daha fazla demir bulunmasi beklenir. Demir orani az olan orpi-
ment-realgar kulanildiyi zaman, metalde demir miktarlan nispeten daha az olmasi
gerekir. Bu amacla, her iki degisik arsenik cevheri kullanilarak laboratuvarimizda
uretilen arsenikli bakir 6rneklerinin demir icerikleri incelenerek arsenik kaynagi konusu-
nun aydinhga kavusturulmasina calisiimaktadir.

Karadeniz Bolgesi'nin kursun ve bakir kaynaklarini kapsayan kursun izotop ana-
lizleri yapilmis olup bélgenin izotop dagiim haritasi cikariimistir (Sayre ve digerleri
2000). ikiztepe Orneklerinden yapilacak kursun izotop analizleri konuya cok daha
saglam ve bilimsel ¢bziim getirecektir.

SONUC

Yapilan galisma ile bdlgede iki tur arsenik mineralizasyonunun oldugu sap-
tanmistir. Bunlardan biri demir icerikii arsenopirit cevherlesmesidir. Peynir Cay! sahasi
bu tirdendir, ikincisi ise demirsiz arsenik cevherlesmesidir. Duragan sahasi da bu tire
girer. Arsenikli bronz yapiminda bunlardan hangisinin daha uygun oldugu arastiriimak-
tadrr.

Strabon "Cografya” adll esrinde Sandaracurgium Dagi'nda maden isletildigini,
bu madenlerdeki havanin, cevherin kokusundan dolay éldiriict ve dayaniimaz oldu-
gunu, iscilerin kisa zamanda 6lime mahkum kaldigini belirtir. Strabon'un s6zinU ettigi
arsenik madenlerinin bu boélgede oldugunu tahmin etmekteyiz. Strabon arsenik made-
ninin PlImolisa yakinindaki Sandaracurgium Dagi'nda bulundugunu ve hemen bitisigin-
de de bir kraliyet kalesinin yarhigindan bahseder. Donemin haritasinda bu yer Kizilirmak
ile Gokirmak'in birlestigi civardir. Duragan ilcesi'nin 5 km. kadar dogusunda bulunan
madenler bu tanima ¢cok uymaktadir. Cevher isletmesi bu iki rmagin birlestigi yerdedir
ve isletmenin 10 km. kadar dogusunda ise Kemerbahge Kalesi bulunmaktadir ve
Strabon'un tanimina oldukga uymaktadir.
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Ornek % As %Fe % Cu % Co % Ni %Zn %Pb %Ag Au* %Sb %BI
98/310 30.1 30.4 0.01 0.07 nd 0.02 0.24 nd 26.3 0.05 0.82
98/311 323 28.0 0.64 0.02 nd 0.04 0.17 0.03 nd 0.04 0.12
i 98/312 31.1 34-7 0.12 nd nd 0.03 0.06 0.21 14.3 0.10 0.11
p99/309 35.1 379 0.30 nd 0.03 1.97 0.10 nd 14.3 0.06 0.06
99/313 40.1 40.2 0.25 nd 0.02 0.05 1.05 nd 6.8 0.13 0.08
* ppm, nd = gdzlenemedi
Tablo 1: Peynircay arsenik cevherlerinin kimyasal analiz sonuclari
Ornek % As %Fe % Cu %Co % N i %Zn %Pb %Ag Au* %Sb %BI
98/313 55.9 1.39 0.02 nd 0.02 0.02 0.01 0.14 nd 0.11 nd
98/315 21.0 3.77 0.08 nd 0.01 0.03 nd nd nd 0.03 0.06
98/317 0.22 4.20 0.02 nd 0.11 0.02 nd nd nd 0.04 nd
98/318 0.53 3.46 0.03 nd 0.01 0.05 nd nd nd 0.05 nd
98/319 7.75 6.69 0.08 0.01 0.06 0.08 nd nd nd 0.03 nd
99/305 26.8 5.81 0.02 nd nd 0.01 nd nd 1.87 0.05 0.02
99/306 36.5 0.63 0.02 nd nd nd nd nd 1.61 0.04 0.04
99/307 2.61 0.40 0.02 nd nd 0.01 nd nd 85.4 0.03 0.07
*ppm. nd = gozlenemedi

Tablo 2: Duragan arsenik cevherlerinin kimyasal analiz sonuclari
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THE MAGNETOMETRY SURVEY AT TELL KURDU,
HATAY

Cemil GURBUZ*
Hayrullah KARABULUT
TolgaBEKLER
Ekrem ZOR
Aslihan YENER
Hadi OZBAL

Introduction

Geophysical methods is very imporiant in archaeological surveys by providing
three-dimensional information about potential archaeological targets without disturbing
ihem. High resolution geophysical methods can guide excavation programs within
already discovered sites. There are several methods used in archaeological investi-
gations. Most common used methods are seismic refraction and reflection (Carson,
1962), magnetic surveying (Gibson, 1986), electrical resistivity methods (Aitken, 1974)!
induced polarization method (Aspinall and Lynam, 1970), electromagnetic methods
(Bevan, 1983), ground probing radar (Vaughan, 1986), gravity method (Fajklewicz et
al., 1982) and se!f-potential method (Wynn and Sherwood, 1984). These methods
were used at different locations and gave valuable information to archaeologist before
excavation. Sometime they were used as a reconnaissance survey to discover exis-
tence of a potential archaeological site.

The appiication of geophysical methods to'archaeology has increased with envi-
ronmental and political pressures. There is also a good will between archaeologists
and geophysicists to work together. This work was initiated from such a good will
between Bogazici University and The Oriental Institute, Chicago University.

Teli Kurdu is one of the 237 archaeological sites in the Amuq Valley (Fig. 1). Its
age is Early and Middle Cahalcolithic and it has an important implications in under-
standing the rise of early complex societies. The Oriental ‘Institute, University of
Chicago conducted several excavations in the last ten years after geoarchaeological
and archaeological surveys. This study was aimed to discover new prospectus sites
at Teli Kurdu for future excavations.

Prof.Dr. Cemil GURSUZ, Bogazici Universitesi, Kandilli Rasathanesi ve Deprem Aragtirma Enstitlisi, Jeofizik
Anabilim Dali, Cengelkdy, IstanbuI/TURKYE
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We planned to use different geophysical methods in this study but it was not
possible due to the unusual characteristics of the Teli Kurdu. There is no stone or metai
object used in constructing the buildings. Soil was the main materiai used in building
construction. Therefore it was not possible to reveal soil made walis by geophysical
methods. Only geomagnetic and georadar methods were used to take measurements
at two different locations.

2. Data

Geophysical measurements were done attwo different sites at Teli Kurdu. These
sites were selected by archaeologist and thefr sizes are 50 x 80 m, (site 1) and 30 x
50 m. (site 2) (Fig. 2). Geomagnetic gradient measurements were taken at two sites.
At sites 1 and 2 we constructed a grid with a spacing of 0.5 rn. in the N -S direction
and 1 m in the E-W direction, Total number of measurement points are 8000 and 3000
at sites 1 and 2 , respectively. There were 80 profiles at the study area -1 and 30 pro-
files at the study area-2. Measurements were taken in the N-S direction. The equip-
ment used was EDA Omni Scintrex Envimag Gradiometer. Recording is digital and its
minimum sampling rate is 5 seconds. Total magnetic field and gradient measurements
are taken at the same time. Gradient measurements between two sensors with a
spacing of 0.5 meter eleminated diurnal magnetic variations. Continuous base station
measurements were not required by measuring magnetic gradient values.

Georadar measurements were also taken along some of the profiles at study
area - 1. The equipment used was RAMAC / GPR with 50, 100 and 200 MHz anten-
nas. Target depth in this study is less than 5rn. Therefore we used 200 MHz antennas
with a spacing of 20 cm along the N - S direction. There were 250 measurement points
at one profile. After taking measurements at 20 profiles we stopped taking measure-
ments with the georadar equipment. We couid not see any important anomaly beneath
the profiles. Because there was not any object causing reflections of electromanyetic
waves.

2. Data Analysis

Magnetic field varies with time due to the extemal source. This requires two
magnetic equipment in the field. One of them becomes a base station and the other
one takes measurements at grid points. But by a gradiometer we can measure differ-
ence between two sensors and eliminate change in the magnetic field. So measured
magnetic fieid did not require a correction due o diurnal magnetic variaions. In addi-
tion total magnetic field was also recorded.

The measured magnetic field consists of local and regional anomaiies. For
archaeological studies local anomaiies are looked for. Therefore, regional anomaiies
must be etiminated. A high pass filter was applied to the data to eliminate deep effects
and leaving only shallow effects. Fig. 3 and 4 shows total magnetic field, magnetic
gradiometer measurements and high pass filtered magnetic gradiometer results for
study areas 1 and 2, respectively. There is not much difference between the magnet-
ic gradiometer and filtered version of it. This is mainly due to the elemination of deep
effects during measurements,

By magnetic field gradiometer measurements we were able to identify burnt
ares, and walls of a big building ( Fig. 3 ). There are also two large circuiar anomaiies
at both sites. These anomaiies suggest existence of ceramic kiins. Range of maxi~
mum anomaiies varies between - 10nT and 35 nT at the study area - 1 and between
- 1OnT and 60 nT at the study area - 2. Maximum anomaly values obtained at the pre-
vious magnetic field measurements at Tel! Kurdu is 25 nT (Somers, L, 1998). Large
circuiar structure type of anomaly seen at the site 2 is compared the other ones is quite
big compared with the other ones and must be considered in the future excavation pro-
grams.

Georadar measurements were taken only site. 1. These measurements were
taken above the large circuiar type structure which we observed by the magnetic gra-
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dient method. The number of profiles taken are 20. Raw data was analys"d by takin
Fourier specrum in order to define frequency range of the signat. Later filter parame-
ters were designed from the frequency content of the data. Analysis of data was done
by applying DC Filter, Automatic Gath Control, Deleting of Mean, Deconvolution,
Migration and finally producing distance depth section beneath a profile. Fig. 5 shows
three georadar sections obtained from three adjacent profiles. Top 2 m. of the georadar
sections show some layering. Layers at some points are disturbed but there is not any
anomly above the circular type of structue. This indicated that physical parameters
vyhich georadar method based on do not exist in this site. Therefore, we could not con-
tinue taking any more georadar measurements. This method did not work for this site.
Only geomagnetic field gradient measurements became successful.

3. Conclusions

Geophysical measurements at Teli Kurdu gave valuable results for new exca-
vation sites for the archaeological tearm working in the area. We aimed at the begin-
ning to apply four different geophysical methods; magnetic field gradiometer, georadar,
resistivity, and seismic reflection and refraction. Teli Kurdu seitlement area has a spe-
cial construction type. Buildings were constructed by using only mud. It is difficult to
distinguish mud made walls from other materials. Each geophysical method measures
different physical parameters of the subsurface. For that reason we only appied mag-
netic field gradient and georadar methods. Georadar measurements was not suc-
cessfui. On the other hand magnetic field gradient measurements gave good results
and burnt areas, ceramic kilns and wal!s of a big settlement at site 1 was discovered.
These sites were marked on the study areas 1 and 2 and will be considered in the
future excavation programs.
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Fig. 4. Magnetic fieid measurements at the study area- 2. (a) total mag-
netic field, (b) magnetic gradient, (c) filtered magnetic gradient
measurements
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BIR HITIT MUHUR BASKISININ TAHRIBATSIZ MUAYENE
METOTLARI ILE INCELENMESI

A. Beri! TUGRUL*
Muhibbe DARGA

OZET

Bu calismada, halen Eskisehir Miizesi'nde bulunan ve 1995 yili kazi ¢alismalar
sirasinda Sarhoyukten C|karllm|s A.12.95 Env.No.lu bir Hitit mihrii izerinde tahribat-
siz muayene metotlarlyla callsnmls’ur S6z konusu miihir, dogal haliyle hayli tahrip
olmus bir buluntudur. Ozellikle, sofl tarafi 6nemli Olglide hasar gormustur ve Uzerindeki
|saretler tam olarak se0|lernemekted|r Miihir Gzerine dnce X- 1SN radyografi cekilmis
ancak, mihiir malzemesinin degisken kesitli ve kalker bir yaplya sahip olmasi nedeniy-
le istenen mertebede ileri sonug alinamamistir. Bu durumda, muhre iliskin radyografik
goruntd; yogunlugu yuksek fernt toz kullanilarak replika teknigiyle alinmistir. Bu uygu-
lamadan, mspeten daha iyi bir sonug alinabilmistir. Ancak, kesin ve net bir sonug alina-
bilmesi icin, "kuru penetrant” teknigi uygulanmlstlr Bu uygulama sonucunda uIaS|Ia—
bilen en iyi goruntu elde edilmis ve goriintii bilgisayar ortamina aktariimistir. Tahribatsiz
muayene metotlariyla, Hitit mihriine iliskin yapilan calismalar sonucunda, gorilenler-
den ileri bir resim uzantisiyla birlikté bir harfin daha okunmasi mimkiin olmustur Boy-
lelikle, Hitit kraliyet ailesinden kime ait oldugu belirlenemeyen muhdr daha fazla bilgi
verecek duruma getirilmistir. Ayrica Sarhdyuk'in tarihsel gegmisine i1sik tutulmasina da
yardimci olunmustur.

ABSTRACT

In this study, non-destructive testing methods on a signet-ring which was found
from Sarhdyuk excavation in 1995. It is destroyed artifact and some signals couldn't be
distinguished exactly. Firstly X-ray radiography applied on it, but detailed can't be seen.
Then X-ray radiography applied with a replica technique that applied by using dense fer-
rit dust. Some signals determined, but they are not satifactory. Lastly, dry penetrant tech-
nique applied and some advanced signals were noticed. The image transferred to the
computer media, then a letter could be read clearly. So, some advanced detail can be
clarified, and it is thought that the royal prince can be identified who had the signet-ring.

GIRIS
Tahribatsiz muayene metotlar, malzemede herhangi bir hasar ve kayip olustur-
madan, malzeme yapisi ve/veya Urunun fonksiyonel 6zellikleri hakkinda bilgi verebilen

Beril TUGRUL, istanbul Teknik Universitesi - Niikleer Enerji Enstitiisii, Niikleer Uygulamalar Ariabilim Dali, Maslak -
istanbul/ TURKIYE .
Muhibbe DARGA, Tagmektep Sokak No: 69/4 Erenkdy-istanbul/TURKIYE

Bu Hitit muhir baskisi izerinde calisma imkani veren Eskisehir Miizesi muduriine ve ilgililere, eserin 6zel izin ve itina
ile ITU Niikleer Enerji Enstitiisii'ne getirilmesini saglayan Eskisehir Mizesi elemanlarina tesekkiir ederiz. Ayrica,
esere uygulanan tahribatsiz muayenelerde yardimci olan iTU Niikleer Eneriji Enstitiisii Niikleer Uygulamalar Anabilim
Dali Arastirma Gorevlisi Niilgiin Dodan'a ve Kimya Metallirji Fakiiltesi Metallirji Bolimii Arastirma Gorevlisi Murat
Baydogan'a tesekkur ederiz,
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tekniklerdir. Bunlar, malzemede herhangi bir hasar olusmamasi, 6zellikle, yerine kon-
masi mumkin olmayan antik ve arkeolojik eserlerin incelenmesi acisindan son derece
uygun teknikler olarak nitelenir.

Bu calismada, Sarhoyik'ten cikarilmis bir Hitit mihir baskisinin tzerinde tahri-
batsiz muayene metotlaryla caligilmistir. S6z konusu muhir baskisi, Eskisehir yakin-
larinda, Prof.Dr. Muhibbe Darga’nin yuruttidu kazi calismalar sirasinda 1995 yilinda
Sarhdyuk'te bulunmus olup, T27/b aciminin kuzeydogusunda 805.58 kotundan, bir
cukur icinden cikariimigtir. Sarhdyuk Dorylaion'un Resim 1 'de batidan gorunisu, Resim
2'de ise genel topografik plani gorilmektedir.

M.O. 13. yuzyila ait bir Hitit kalintisi olan muhur baskisi, pismis toprak bir bulun-
tudur ve siyaha yakin gri renkli olup kilah seklindedir. Kulah seklindeki bu buluntunun
yuksekligi 3 cm. ve capi ise 2,7 cm.dir. S0z konusu muhur baskisi, dogal haliyle hayli
tahrip olmus bir buluntudur. Halen Eskisehir Mizesi'nde bulunan bu mihir, Mizeye
A.12.95 Envanter No.su ile kayithdir.

Muhir baskisindaki tahribat, esas itibariyle mihar baskisinin kenar kisimlarinda
gorulmektedir. Ozellikle, sol taraf, dnemli dlctiide hasar gérmus durumdadir. Mihir bas-
kisi tzerinde bazi isaretler seciliyor olmasina karsin, mihdr baskisi {izerindeki isaret-
lerin tumunin okunmasina olanak verecek mertebede c6zim saglanamadigi belirtil-
mistir. Bir baska deyisle, mihur baskisinin tam olarak okunmasina imkan vermeyen
eksiklikler bulunmaktadir. Resim 3te Hitit mihdr baskisinin fotografi goriimektedir.

Lentoid Hitit miihir baskisina ait mihir iejandinin sa§ tarafinda Hitit resim yazi-
siyla DUMU LUGAL (krai o§lu, prens) isareti, bunun altinda ise KUR (memleket) isare-
tinin bulundugu, "memleketin kral” yazisinin okundugu belirtilmistir. Muhir baskisinin
orta kisminda bulunan prensin adinin Ustteki isaretlerinin olmasi gerektigi belirtilen bol-
gede, isaretler tahrip olmus bulunmaktadir. Buna karsin, ismin son isareti olarak ze/zi
|saret|n|n secilebildigi bellrt|lm|st|r Resim 4'te okunabilen isaretler gorulmektedir.

Muhur baskisi Uzerinde yapilan inceleme sonucunda, eksikliklerin, asinma ve ki-
rklardan kaynaklanmakta oldugu tespit edilmistir. Kinlmig kisimlar icin tahribatsin mua-
yene metotlarinin uygulanmasiyla kazanilabilecek bir husus bulunmamakla beraber,
asinmis bolgeler Icin tahribatsiz muayene metotlarinin uygulanmasi ile ileri bilgiler edi-
nilebilecegi dusunulmis ve bu bilgileri elde etmek amaciyla bu calismanin yapiimasi
yoluna gidilmigtir. Bir bagka deyisle, tahribatsiz muayene metotlaryla gorsel olarak
algilanabilenlerin Otesinde isaret tespiti icin farkl yontemlerle galismalar yapiimistir.

YONTEM

Hitit mdhdr baskisinin incelenmesi amaciyla_farkl tahribatsiz muayene metot-
lanyla cahsilmistir. Uygulanan tim yontemlerde, I.T.U. Nukleer Enerji Enstitust Nukleer
Uygulamalar Anabilim Dali ve Radyografi ve Nikleer Uygulamalar laboratuvarlarinin
olanaklarindan yararlanilmigtir.

Uygulanan ilk ydontem X-isini radyografi teknigidir. Bilindigi Uzere, girici radyasyon
ile malzeme ic yapisina iliskin goruntu alma teknigi olan "Radyografi” , kullanilan girici
radyasyon cinsine bagl olarak farkli kalinliklardaki malzeme ic yapisi ve detayl hakkin-
da bilgi verebilmektedir. Gunimuz malzemeleri acisindan en uygun bir girici radyas-
yon X-i1sini oldugundan 6turd, radyografi icin en yaygin kullanilan radyasyon turlerinden
biri elektromanyetik radyasyon ailesinin enerjitik olan bu tyesidir (Resim: 1-3).

Ancak, X-iginlar genellikle 0,5 cm. - 5 cm. celik veya esdegeri malzeme icin
uygun olarak radyografik kullanim icin 6nerilmektedir. Oysa, bu calismaya konu olan
Hitit mihdr baskisinin yiksekligi 3 cm. olan pismis topraktir. Pismis topragin, metallere
gore gOzenekli mikro yapisi malzeme acisindan da sorun yaratmaktaydi.

Ayrica, Hitit muhadr baskisi, konik (kiilah) bigimde oldugundan, kaynak-film ara-
sindaki kalinh@in degisimi, radyografi uygulamalarinda dnemle Uzerinde durulmasi ve
kacinilmasi gereken yari-golge olayini kacinilamaz hale getirmektedir. Bu husus da X-
Isini radyografi uygulamasi icin bir diger olumsuz etki olarak karsimiza gikmistir.
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Bu bakimdan, bu buluntu igin X-igini radyografisi yalin uygulamasi, teknigin
uygulama sinirlarini zorlayan bir durum arz etmekteydi. Bununla beraber, soz konusu
eser icin, X-isini radyografi teknigi uygulamasi yapilmistir.

ileri detay bilgilerin elde edilebilmesi igin, Hitit mihir baskisina X-isini radyografi
teknigi replika teknigi cercevesinde de uygulanmistir. Replika teknigi iki asamada uygu-
lanmistir. Ik oIarak, replika teknigi cergevesinde yogunlugu pismis topraga gore daha
yilksek ve viskoz "uygun" bir kati Uzerine miihiir baskisi alinarak replikasi alinmistir
Daha sonra bu replika elemanin X-isini radyografisi alinmistir. Ancak, malzeme fazia
kalin tutulamadiindan, yalin X-isini radyografisi uygulamasina gére bir miktar ileri bil-
giler alinabildiyse de bunlar galismamiz icin yeterli bulunmamistir.

Ikinci replika teknigi uygulamasinda ise, Hitit mihir baskisinin alinan replikasi
tzerine 200 mesh mertebesinde tane biyikligiine sahip, ince, fakat yogunlugu yik-
sek ferrit toz kullanimi ile gerceklenmistir. Bu uygulama, X-isini radyografi teknigi uygu-
lamasi acisindan da ileri ve farkli bir uygulamadir. Bdylelikle maskelemeyle hazirlanmis
replikanin X- isini radyografisi ile radyografi yeniden alinmistir. Bdylelikle, Hitit miihir
baskisinin, b|C|mseI detayl hakkinda nispeten iyi sonuclar af|nabllm|st|r

Ancak, bu sonuglarla da yetinilmemis ve daha da |Ier| sonucfar aI|nmaS| |C|n
tahribatsiz muayene yontemlerinden rutin kullanimi olan "penetrant” veya "girinim’
metodu uygulamasi, Hitit mihir baskisina uygulanmigtir {Resim: 3, 4).

Penetrant testi, ylizeysel bir tahribatsiz muayene yontemi olup hemen her tir
malzemeye uygulanabilmektedir. Bu teknikte, temiz olan parca yuzeyine 6nce "pene-
trant” adi verilen bir malzeme uygulanmakta, parca yuzey puruzliligine, durumuna
ve uygulanan penetrantin cinsine bagh olarak "uygun™ bir siire beklenmekte, daha son-
ra, penetrant ylizeyden dikkatle alinmakta, "deyeloper” veya "gelistirici” malzeme uy-
gulamasi ile yuzey sureksizlikleri, bir bagka deyisle, yuzey farkliliklari gozle algilanabilir
hale gelmektedir. Hitit muhdr baskisi igin penetrant uygulamasi sonucunda Hitit muhir
baskisi icin ulasilabilen en iyi gérinti elde edilmigtir.

Elde edilen goruntu, renk ve isik kontrasti acisindan farkl resimlerde deger-
lendirebilmek amaciyla, bir infrared (kizil 6tesi) ISIN degerlendirmesi de yapabilen bir di-
gital kamera kullanarak bilgisayar ortamina aktarllm|st|r Alinan goruntl, Windows al-
tinda photo-editdr kullanarak bilgisayar ortaminda, sanal degerlendirme cergevesinde
olabildigince net hale getirilmistir.

YAPILAN CALISMALAR

Hitit mihar baskisina dnce X-isini radyograf|5| yalin olarak uygulanmigtir. Alinan
radyograf, buluntunun malzemesi ve geometrik sekli nedeniyle istenen mertebede net
olamamistir. Radyografi gekim parametrelerinin en optimum resimde uygulandigi rad-
yograf ceklml ile ‘istenen detay elde edilememistir. Resim 5'te Hitit mihur baskisinin X-
ISINi radyografi gériilmektedir.

Bundan sonra, Hitit mihir baski goruntisinian radyografi ile degerlendiriimesi
diisiiniilmiis ve viskoz bir eleman Uizerine miihir baskisi alinmis ve bu baskilarin X-igini
radyograflar alinmigtir. Boylelikle replika teknigi uzantisinda X: Isin1 radyografi uygula-
mas! yapilmistir. Ancak, bu teknikle alinan radyograf yine yeterli gorulmemistir. Resim
6'da ilk uygulanan rephka teknigi ile alinan X-isini radyografi gérilmektedir. Burada bazi
isaretler secilebilmektedir.

Bu durumda, ilk cekilenden farkl, ileri bir replika teknigine basvurulmustur. Bu
replika teknigi, alinan mihir baskisi bosluklarinin yogunlugu yiiksek bir madde ile
maskelenmesidir. Bunun icin ince ferrit tozlari kullanilmigtir. Alinan radyograf, cekilen X-
isini radyograflarina goére daha iyi olarak nitelenebilecek goriintiiye sahip olmasina
karsm yine de yeni bir isaretin secilmesi yeterli netlikte mumkin olmamistir. Resim
7'de maskelenmls replika teknigi uygulamasi ile alinan X- 1sini radyografi gortimektedir.
Burada da bazi |saretler secilebilmekle beraber, ileri |saretler algilanamamistir.

Farkll X-igini radyografi uygulamalariyla, istenen mertebede lleri sonuglar elde
edilemeyince, farkh bir tahribatsiz muayene yontemi olan "penetrant” veya "girinim"e
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basvurulmustur. Penetrant uygulamasini ve bekleme suresini takiben gelistirici uygula-
masina gegcilmis ve kuvvetli 1sik altinda inceleme yapilmigtir. Gorillen gorintindn, uygu-
lanan diger yontemlerle elde edilenlerden daha ileri oldugu ve detay icerdigi tespit edil-
mistir.

Bu goruntinuan kontrast ve i1sik kalitesinin daha iyi ayarlanabilecedi hale getiri-
lebilmesi icin infra-red 1sik degerlendirmesiyle de fotograf alabilen digital bir kamera
kullanilarak, goriinti  bilgisayar ortamina aktanlmistir. Sanal ortamda ilgili ayarlarn
yapllmasindan sonra elde edilen bir goriintlii Resim 8'de gorilmektedir.

Resim 8 incelendiginde, mihir baskisinda yalin gozle algilanabilenden (Resim:
3) daha net goriinti alinabildigi hemen fark edilmektedir. Fazla olarak yalin gozle algila-
nabilenden bir farkl isaret daha secilebilmistir. Penetrant uygulamasiyla elde edilen
goruntinun bilgisayar ortamina aktariimasinda sonra Hitit Mihur baskisinda fark edile-
bilen isaretleri iceren cizim ise Resim 9'da gorilmektedir.

SONUC

Sarhdyik'te bulunan ve 6nemli bir eser oldugu belirtilen Hitit mihir baskisinin
secilemeyen isaretlerinin tespiti icin farkli tahribatsiz muayene metotlari uygulanmistir.
Uygulanan tekniklerden biri kendi icinde versiyonel uygulamayl da icermektedir. Bir
baska, deyisle, esere uygulanan ilk teknik olan X-tsini radyografisi klasik uygulama
haﬂyle yalin'olarak uygulanmig, daha sonra replika tekmgl ve bundan sonra da maske-
lenmis replika teknidi olarak uygulanmistir. Bu uygulamalarla yetinilmeyerek, farkli
tahribatsiz muayene metotu uygulamasina gegilerek kuru penetranta basvurulmustur.
Elde edilen goruntunin degerlendiriimesi icin infra-red 1sinlardan da yararlanilarak bil-
gisayarda sanal ortamda gorunti iyilestirmesi yapiimistir. Bu resimde esere iliskin en
iyi goruntd, iki tahribatsiz teknigin simultane olarak uygulanmasiyla elde edilebilmistir.
Boylelikle, Hitit muhur baskisi Uzerinde Ug farkl tahribatsiz muayene metotu uygula-
mas! yapilmis olmaktadir. Ancak, en iyi goruntiye iki farkl teknigin art arda uygulan-
mastyla ulasilabilmistir.

Elde edilen goruntl ile Hitit mahdr baskisinin asinmis olan kisminda bulunan
"wa" hecesi segilebilmistir. Diger isaret veya isaretler ise, Hitit muhir baskisinin kirikl-
g1 nedeniyle tespiti mumkin goérinememektedir. Bir baska deyisle, kirilma nedeniyle
eksik olan isaretlerin muhir baskisi Uzerinde izi kalmamis oldugundan, bu Isaret veya
isaretlerin belirlenmesi mumkun degildir. Buna karsin, asinma nedeniyle kaybolan
isaret izleri tahribatsiz muayene metotlarinin uygulanmasi ile belirlenebilmistir. Hitit
prensinin adina ait olan ve tahribatsiz muayene metotlarinin uygulanmasiyla tespit
edilen bu hecenin okunmasiyla prensin adinin daha kolay olarak kataloglardan
belrlenebilecegi belirtilmigtir.

Boylelikle, Hitit kraliyet ailesinden kime ait oldugu belirlenemeyen muihar baskisi
daha fazla bilgi verecek duruma getirilmistir. Bu calismayla, Sarhdyuk'in tarihsel
gecmisine 1sik tutulmaya calisilmigtir.
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Resim 1: Sarhdyuk'tin batidan gorinisu
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Resim 2: Sarhdyik Dorylaion'un genel topografik plani
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Resim 4: Muhur baskisinda okunabilen isaretler
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Resim 7: Muhir baskisinin - maskelenmis
replika teknidi uygulamasi ile
alinan X-isini radyografi

Resim 8: Miuhir baskisinin penetrant uy-
gulamasi ile bilgisayar ortamin-

da goruntisi

Resim 9: Yapllan  galigmadan  sonra
muhidr baskisinda okunabilen
isaretler
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SIVAS BAKIR TEPE'DE ESKi ALTIN MADENCILIGI

Ergun KAPTAN'

GIRIS

Turkiye madencilik tarihi igin yapilan arastirmalar kapsamindaki ¢alismalar, Bakir
Tepe (Sivas-Kangal) eski maden sahasinda yapilmistir. MTA Tabiat Tarihi Miizesi'ne bu
eski maden sahasi hakkindaki ilk bilgi aktarimi 1994 yilinda yapilmistir. Bakir Tepe eski
maden sahasi, MTA Gene! Muduritgi'nin Sivas Orta Anadolu I. Boéige Mudurligu
tarafindan, Sivas-Divrigi-Kangal-Alacahan yoresinin jeokimyasal prospeksiyon calis-
malar sirasinda saptanmigtir. S6zii edilen eski maden sahasinda eski Anadolu maden-
ciligine yonelik ilk arastirma ve galismalar 1996 yilinda baslamigtir. Bakir Tepe'de
cevher zenginlestirmede kullanilan eski devirlere ait tas materyallerin siniflandiriimasi
ile deneysel calismalardan elde edilen materyallerin irdelenmesi uzunca bir zamani
kapsamigtir. Ornegin altin igerikli cevher, cevher hazirlamada kullanilan eski tas havan-
lardaki kirma-ezme, 6gutme isleminden sonra 2 mrn.lik elekten gecirilmistir. Elek alti
materyallerden ylkama ydntemiyle elde edilen altin konsantreleri, bu calismalarin
sadece bir bélumunu olusturmustur. Bu arastirmanin uzun bir siire devam etmesinin bir
baska nedeni de calisilan altin icerikli cevherin Bakir Tepe'deki eski madencilerin
atiklarindan alinan materyaller olmasidir. CUnki eski devir madencilerine ait atlklarda
altin icerigi dusuktdr.

Sivas ve yoresi cok sayida hdyuge sahiptir. Ayrica Kangal licesi yoresinde sap-
tanan on hoyukten dordi Cetinkaya Beldesi cevresinde olup yizey arastirmalarinda
Eski Tunc Cagi, Orta Tunc Cagl Gec Tuncg Cagl ve Hellenistik-Roma Cagma ait bulun-
tulara rastlandigi belirtiimektedir (Okse, 1995). Bu, Cetinkaya Befdesi yoresindeki Bakir
Tepe eski altin madeni sahasi icin son derece énemlidir.

Sivas'ta gecmis donemlerdeki madencilerin bakir, altin, kursun, gimis, demir gi-
bi madenleri iglettigi ve isledigi yadsinamaz. Ornegin M.O. L.binyll basina ait yeralti kur-
sun madeni isletmeciliginin yapildigini kanitlayan buluntu, Sivas'taki eski donem ma-
dencilik etkinliklerini tanitan 6rneklerden sadece biridir (Kaptan, 1991). Ayrica azimsan-
mayacak sayida eski yazili metnin okunmasi ile M.O. 2.binyif icinde Mezopotamya'ya
yapilan altin (cevher ?-kiilce ?) dissatiminin, Anadolu'daki en énemli merkezinin Hah-
hum oldugu belirtiimektedir (B|Ig|c 1941). Yine sézii edilen eski yazili metinlerin yorum-
lanmasi ile Hahhum'un bilyik bir olasilikla Sivas'in Zara ligesi ya da 6zellikle Divrigi iI-
cesi'nde olabilecegine deginilmektedir (1946). Hatta Asur Koloni Cagindan 6nce Mezo-
potamya'ya Anadolu'daki Hahhum kentinden, Gudea'nin altin getirttiginden soz edilir
(Bilgic, 1941, 1946). Ancak giinimiizde Bakir Tepe'nin eski altin madenciligine ait cok

Ergun KAPTAN, MTA Genel Miidiirligi Tabiat Tarihi Miizesi, 06520 Ankaran"URKIYE

Bakir Tepe eski allin madeni sahasinda yapilan maden jeolojisine ait ¢caligmalar hakkinda gerekli bilgi aktarmi ile
ara2ide vs labaratuvardaki deneysel calismalari yapan Jeo.Yik.Miih. Zekai Tekin'e. MTA Sivas Orta Anadolu |. Balge
Miidiirii Tahsin Ozer'e ve Jeo.Yiik.Miih. Abdullah Kogak, Jeo.Yik.Miih. Necmettin Avciya, mineraloijk-petrografik
determinasyonlar! igin Dr.Nihal Aydin ile Dr.Kemal Tureli'ye, cevher hazirlama aletlerinin gizimleri icin B.Burak Kaplan
ile Buket Koger Metin'e, Bakir Tepeye ait miize arsivindeki materyalleri iotograflayan Semahat Sulhan'a ictenlikle
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sayidaki buluntu, Hahhum kentinin Kangal-Cetinkaya yoresinde de aranmasi gerekti-
gini ortaya koymaktadir. Bu nedenle, Bakir Tepe'deki eski altin madenciliginin somut
kalintilan olan cevher hazirlama aletleri son derece 6nemlidir.

Buluntu Yeri ve Tanimi

Bakir Tepe eski altin madeni isletmesi, Sivas'in Kangal licesi'ne yakin Cetinkaya
Beldesi'nin yaklasik 10 km. gineydogusundaki Elkondu Kdéyu'nin 2.5-3 km. kuzey-
dogusundadir (Harita: 1). 1:25 000 6lcekli Divrigi j39-d2 paftasinda yer alir. Bakir Tepe
deniz seviyesinden 1911 m. yikseklikte olup goéreceli yiksekligi 200 m.dir {Resim: 1).
Bakir Tepe glinimizde Elkondu koylileri tarafindan Hizir Tepe ismi ile anilmaktadir'.
Bu isim degisikligi kanimca dogal bir olay neden olmustur. Bu dogal olay ise Bakir
Tepe'ye olasilikla bir meteorun diismis olmasidir. Gece gozlemlenen bdyle bir olgu kut-
sal sekilde algilanmig ve dolayisiyle isim degisikligine neden olmustur,

Eski Altin Madenciligine Ait Buluntular

Eski altin madeni sahasi, Bakir Tepe'nin kuzey yamacindadir (Resim: 1).
Yaklasik 1500 x 500 m.lik bir alani kapsamaktadir. Burada binlerce tonluk pasanin (atik)
var oldugunu Ozellikle belirtmek isterim (Resim: 2). Eski madenciler Bakir Tepe'nin
kuzey yamacinda faya bagl yanal kiriklar icinde agtiklari yarmalarda ve ayrica olustur-
duklan kiiguk-buylk isletme cukurlarinda calismiglardir (Harita: 2). Isletme cukurlarinin
hemen hemen hepsinde olasilikla birikinti sularinin toplandigi derin olmayan kuyular
saptanmigtir. Cevher uretimi yapilan isletme cukurlarinin simdilik 17 adet oldugu sap-
tanmistir (Harita: 2). Ancak bu sayinin yapilacak temizlik calismalan sonucu arta-
bilecegi kanisindayim. Cunkil en eski baz kiiguk isletme gukurlar, daha sonraki dénem
gelen madencilerin cevher Uretim atiklar ile dolmus olmalidir. Agik isletmeden eide
ediien altin icerikli cevherler, genellikle isletme cukurlari ile yarmalarin bitisigindeki
teraslara tasinmis ve cevher hazirlamanin burada yapildigr belirlenmistir. Eski donem
madencilerin cevher Uretimi icin faya bagh yanal kiriklar icinde actiklari yarmalarin en
kiicugu 10 m., en buylgu ise yaklasik 100 m.dir. Burada en eski madencilik etkinlik-
lerini temsil eden kicluk yarmalar olmalidir.

Eski donemlere ait madencilerin tUretim artiklarn olan pasalardan alinan Ornek-
lerde, kuvarsit Ustinde yulzeyleri sivayan siyah renkli limonitler (demir hidroksit)
g06zlemlenmektedir. Mineralojik-petrografik determinasyon sonucu: piritten dénusmius
limonit mineratesmesi. Pasalardan alinan diger orneklerin bazilar ise besgen yuzeyli
pirit déntsumlu limonitlerdir (Resim: 3). Genellikle limonitlerin gatlak ve bosluklarinda
ve ayrica limonitlerin stt kuvars icine giren kisimlarinda dogal saf (nabit) altin tanecik-
lerine (1-1.5 mm.) rastlanmaktadir. Binokuierde saptanan en kiguk altin tanecigi 10
mikrondur (Resim: 4). Eski madencilere ait cevher hazirlama aletlerinde yapilan iglem-
den sonra elde edilen konsantrelerin binokuierde irdelenmesi ile altin taneciklerine gotit
ve hidroiermal kuvarsin eslik ettigi saptanmistir (S6zlt anlatim: Jeo.Yuk.Muh. Z. Tekin,
1999). Pasalarin icinden alinan segilmis 6rneklerin analiz sonucunda 90 ppm. altin sap-
tanmistir. (Z.Tekin, ve digerleri, 1995). Ayrica Bakir Tepe'deki altin cevherlesmesinin
hidrotermal kokenli oldugu belirtiimektedir.

Cevher Zenginlestirmede Kullanilan Aletler

Bakir Tepe'de cok eski donemlerde baslayan madencilik etkinliklerinden, gunu-
muze deg@in kalan pasalarnn arasinda cevher zenginlestirmede kullanilmis 1000'den

1 Elkondu Koyi halki, Bakir Tepe'ye 1974 yilindan itibaren Hizir Tepe ismini vermistir. Kdy halki tarafindan bu isim
degisikligi 1971 yili Kibrnis Bang Harekati'ni kapsayan ginlerden bir gece yapilmistir. S6zii edilen gece gokylzinden
gelen bir 1sik demeti Bakir Tepe ustlinde buyilk bir giirultiiyle patlamistir. Bu, Eikondu Koyii'ne yakin bazi kdylerda de
g6zlemlenmistir. Bakir Tepe guniimiizde Elkoniiu Kyl halki tarafindan kulsailagan bir isimle anilimaktadir. Dorukta bir
Cem Evi yapilmigtir Cem Evi'nin yaklagik 50 m. glineydogusunda dogal olusmus bir su kuyusu vardir. Bu, buyik
olasilikla diisen meteorun actigi cukurda olusan dogal kaynakl bir su kuyusudur.
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fazla materyalin var oldugu sanilmaktadir. Bu say yapilacak yeni bir arastirmayla arta-
caktir. Clnku sadece yluzeyde degil, pasalarin altinda da cok daha eski dénemlerin
cevher hazirlama aletleri bulunacaktir. Eski maden sahalar genellikle dnceki dénem
maden isletmelerinin Ustiine daha sonra gelen dénemierin madencilerine ait kalintilarin
bulundugu yerler olmustur. Bakir Tepe'de bunu kanitlayan eski madencilige ait tonlar-
ca atik vardir. S6zu edilen pasalarin (atk) arasinda eski madencilerin cevher zengin-
lestirmede kullandi§i cevher haziriama aletleri iki ayr grupta toplanarak irdelenmistir.
Bu materyaller, tas havanlar ve el aletleri (el taglar) dir.

Tas Havanlar: Eski donemlerin maden igletme atiklan olan pasalar arassnda
arandigi zaman kolaylikla saptanmaktadir. Ayrica Bakir Tepe'deki Cem Evi'nin yaki-
ninda (as havanlarin Ust Uste konulmasiyla yapilmis ve koyluler tarafindan "Hizir tagi”
olarak anilan tas koltuklar gozlemlenmistir (Resim: 5). S6zl edilen tas havanlar genel-
likle kirmizimsi kahve, siyah renge yakin gri olup kuvarsitten yapiimistir. Bunun baslica
nedeni altin taneciklerinin proses sirasinda kolayca secilmesini saglamak olmalidir. Tag
havanlar, tasinmasi guc agir materyaller oldugu igin yerinde incelenmistir. Bakir
Tepe'de incelenen ¢ok sayidaki tas havanin kullanim yuzeyleri genellikle konkav 1-2.5
cm. derinliginde olup tim vyizey kullaniimaktadir. Yizey buluntusu tas havanlarin
genellikle boyutlari, 43x36x25 cm., 51x42(35)x15 cm.dir. Bazilannin kullanim yiizey-
lerinde yer alan 19-20 cm. capinda kirma-ezme ve 6gutme cukuru olan tas havanlar da
vardir. Tas havanlarin boyutlari, el aletlerine (el taslarina) gére buyik oldugu igin
pasalarin arasinda bulunmalari daha kolaydir.

Tag Havan |

Bakir Tepe'deki cevher zenginlestirmede kullanilan tas havanlardan sadece bir
tanesi 1998 yilinda MTA Tabiat Tarihi Muzesi'ne getirilebilmistir. Kuvarsitten yapilmig
olup kirmizimsi kahve renklidir. Bu renk demir icerikli yagmur sularinin boyamasi ile
olusmustur. Boyutlari, 35x37.5x17.5-19 cm. kullanim ylizeyinin ortasinda cevher kirma-
ezme, 0gutme gukuru vardir. Capi, 19.5 cm., derinligi, 2.7 cm. (Resim: 6; Cizim: 1).

Bu tag havan altin igerikli cevherin 0gutllecek tane boyuna getirilmesi ve daha
sonra ince oguttlmis olarak elde edilmesi icin kullaniimigtir. Bakir Tepe'de benzer
Orneklerine azimsanmayacak sayida rastlanmaktadir.

Iki Yiizlii Tag Havan Il

AQir ve tasinmasi guc olan bu tas havan, bulundugu yerde birakilmistir. Iki yizli
ve iki iglevli bir cevher hazirlama aletidir. Kuvarsitten yapilmistir. On yizinde dairesel
goruinumde olan cevher kirma-ezme, 6gutme gukuru vardir (Resim: 7). Boyutlar, 43-
34x36.5-35x21-13 cm.dir. Kirma-ezme, 6gutme cukurunun ¢api, 24-23 cm., derinligi,
2.6 cm. (Gizim: 2).

Bu tas havanin 6n yizi kirma-ezme, 6gutmede kullaniimis ve proses sonunda
ince 0gutulmus cevher elde edilmistir.

Anlatimi yapilan tas havanin arka yuzinde iki ayn elipsoidal cevher yikama cuku-
ru vardir (Resim: 8). Cevher yikama cukurlarinin boyutlari, 29x14.5x1.9 cm. ve
26x18x2.1 cm.dir (Cizim: 3). Altin igerikli ince dgutulmus cevher buradaki elipsoidal iki
ayr cukurda su ile islem gérmustur. Dolayisiyle bu islem sirasinda yogunlukca hafif
olan gang mineralleri (limonit-kuvars) su ile disar atiimistir. AGir mineral olan altin ise
cOkelmis oldugundan yikama cukurlari icinde kalmistir.

iki yOzli ve iki ayn islevli tas havanin On ylzinde cevher, arka ylziinde
yapilacak olan zenginlestirme islemine hazirlanmistir. Arka yuzinde elipsoidal olan
yikama cukurlarinda ise cevher zenginlestirme islemi su ile yapilarak altin konsantreleri
elde edilmistir. Anadolu'daki diger eski maden sahalarinda benzer 6rneklere tesaduf
edilmemistir. Ancak Bakir Tepe'de yapilacak yeni arastirmalarla bagka benzer 6rnek-
lerine rastlanmasi olasidir.
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El Aletleri (El Taslan)

Bakir Tepe'de cevher zenginlestirmede kullanilan el aletlerinin. kullanilabilmesi
icin kesinlikle tas havanlara gereksinim vardir. Boyutlari tas havanlara gore kuguk
oldugu icin pasalarln (atik) arasinda bulunmasi kolay deg|Id|r Tas havanlardan daha
cok oIdugu saniimaktadir. Bakir Tepe'ye ait bu el aletlerinin dokuz adedi Tabiat Tarihi
Miizesi arsivindedir. S6zii edilen el taslar genellikle kuvarsitten, gok az sayida olanlari
ise granitoidden yapilmistir. Iki ayr grupta toplanarak incelenmistir. Bu materyallerin bir
kismi kirma-ezmede, digerleri ise 6gutmede kullanimistir.

Kirma-Ezmede Kullanilan El Aletleri: Bes adedi incelenmistir. Bazilarinin iki ylizu,
bir kisminin dort yuza kullaniimistir. Kullanim  yiizeylerinde derinligi si§ olan cevher
kirma-ezme cukurlan vardir (Resim: 9; Cizim: 4). Kirma-ezmede kullanilan el aletlerinin
boyutlari, 9x8x6 cm., 12x8.5x5.5 cm., 10.5x9.3x5 cm., 9x8.5x7 cm., 10x9x5.5 cm.dir.
Kirma-ezme cukurlarinin caplari, 2.8 ve 3 cm., derinlikleri, 0.2 ve 0.3 cm.dir. Bu el
taslan cevherin dgutilecek tane boyuna getirilmesi icin kullaniimistir.

Ogtitmede Kullanilan ElAletleri: Dort adedi incelenmigtir. Cevherin 6gutulmesin-
de kullanilmistir (Resim: 10).".Genellikle iki yuzi de kullaniimig, azimsanmayacak ben-
zer drneklerine rastlanmistir, incelenen drneklerin boyutlari, 13x12.5x4 cm., 14.5x9.5x5

m., 14.5x10.3x4-2 cm., 12.2x10-6x5-4 cm.dir.

Benzer Buluntular

Kitahya-Gumuigskoy Aktepe, Tokat-Erbaa Ezebadi Koy, Amasya-Merzifon Ba-
kircay, Amasya-Gumishacikdy Gimus Beldesi, Nigde-Camardi Celaller Kbyl yoresi ma-
den sahasi ile Goltepesi eski yerlesim yerinde ve bazi eski metalurjik merkezlerde, ce-
sitli cevher hazirlama aletleri bulunmus ve tarihlenmistir (Kaptan, 1990, Yener, 1993).
Bakir Tepe eski altin madeni sahasindaki buluntular 6zellikle Celaller Koyl (Nigde)
yoresinde saptanan Kestel ve Minedami eski kalay madeni sahasi ile bunlara ait ayni
yOredeki eski yerlesim yeri Goltepesi'nde bulunan 50 000'den fazla tas materyalle ben-
zerlik tagimakta ve bir kismi ile dzdes niteliktedir. Ayrica Bakir Tepe eski altin madeni
sahasindaki cevher zenginlestirmede kullanilan tas materyallerin de -simdilik- binden
fazla olacagi tahmin edilmektedir.

SONUC

Bakir Tepe'deki eski altin madenciligine ait kalintilar, Turkiye madencilik tarihi icin
son derece Onemlidir. Ayrica bu yorede yapilacak yeni arkeolojik arastirmalar yon-
lendirecek 6nemli bir merkezdir. Bakir Tepe'de gozlemlenen binlerce tonluk pasa (atik)
sadece bir donemin kalintilari degildir. Cinki bu birikim, bir dnceki dénemin Ustine
daha sonra gelen dénemlerin madencilik etkinliklerine ait kalintilardan olusmustur.
Yuzey arastirmalarinda saptanan cevher hazirjama aletlerinin olasilikla M.O. l.binyla
ait oldugu sanilmaktadir. Ancak pasalarin bir bolimunde, ana topraga degin yapilacak
temizlik galismalan sirasinda gok daha eski dénemlerin cevher hazirlama aletleri ile ag
kaplarina (seramik kalintilara) rastlanmasi olasidir.

Bakir Tepe'deki altin madeni sahasinda cok sayida bulunan ve cevher zengin-
lestirmede kullanilan materyallerin timi altin icerikli cevherin metalurjiye hazirlik
asamasinda kullanildigi kesindir. Anadolu'daki bazi eski maden sahalarinda bulunan ve
islevleri saptanan cevher hazirlama aletleri ile Bakir Tepe buluntularinin  bir kismi ben-
zer, bir kismi ise 6zdestir.

Eski Anadolu ile Mezopotamya arasinda siiren metalik maden ticaretinde Sivas
yoOresinin payl yadsinmaz. Ozellikle Hahhum'un, Sivas'in kuzeydogusundaki Zara ilce-
si'nde ya da guneydogusunda yer alan Divrigi ilcesi'nde olacagdi varsayimina, Bakir
Tepe buluntulan nedeniyle, Kangal-Cetinkaya'nin da ilave edilmesi gerektigi
kanisindayim. Ayrica Bakir Tepe eski altin madeni sahasi ve cevresinde yapilacak arke-

60



olojik-arkeometrik arastirmalar olasilikla gok boyutlu yeni bulgulara ulasiimasini sagla-
yacaktir.
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KUCUKHOYUK iSKELET SERISINDE BIR
TREPANASY ON VAKASI

Erksin GULEC*
AysenACIKKOL

1983 yilinin kis ayiarinda Eskisehir'in Bilecik ilcesi yakinlarinda yapiimakta olan
bir fabrika insaatl sirasinda bazi arkeolojik kalintilara rastlanmasi tzerine baskanligini
Eskisehir Miize Mudiri Gingor Girkan'in ve Alman Arkeolog Jiirgen SeeherIn yaptigi
bir kurtarma kazisi baslatimistir. Elde edilen arkeolojik malzemeler nekropolin Eski
Tunc Cagina (E.T.C.) ait oldugunu gostermistir. Kiiciikhdyik nekropoli, E.T.C.'nin 2a
ve 2b seviyelerine ait olup, Troya Tin g-h-i-j-k seviyeleri ile Troya II'nin a-b-c seviyeleri,
Demircihdyuk, Yortan, Kusura, AlacahOyik, Karatas ve Beycesultan ile cagdastir
(Gurkan ve Seeher, 1991).

Nekropolde pithos ve tas sanduka olmak iizere 2 farkli mezar tipi bulunmustur.
Bazi mezarlar bozulmus durumda acia cikarlmistir, iskeletler gineydogu-kuzeybati
dogrultusunda gomuli bulunmustur. Kisa bir siire Gile¢'in de katildigi kazidan cikarilan
iskelet materyaller, incelenmek tizere Dil ve Tarih-Cografya Fakiiltesi, Paleoantropoloji
Laboratuvarr'na getirilmistir. Paleoantropolojik incelemesi bélumumiz arastirma gorev-
lilerinden Aysen Acikkoi tarafindan yiksek lisans calismasi olarak yapilan iskeletler
icinden bir erkek bireyde bu calismanin konusunu olusturan trepanasyon olgusuna
rastlanmistir. ;

Trepanasyon Olgusu

Trepanasyon, beyine ve en dista yer alan beyin zarina zarar vermeden kafatasi
kemiklerinden bir kisminin ¢ikariimasi islemidir (Ortner ve Putschar, 1985). Tarih boyun-
ca hem canlilar hem de dluler Uzerinde uygulanmistir. Tibbi tedavi, blyusel tedavi ve
tilsim ¢ikarma amaclariyla gerceklestiriimistir (Lisowsky, 1967). Ayrica genc cerrahlarin
deneyim kazanmasi amaciyla Oluler Uzerinde trepanasyon yapildigr belirtiimektedir
(Ozbek, 1988).

Lisowsky, calismalari sonucunda 4 farkl teknik belirlemistir. Bunlarin ilki olan
"kazima teknigi"nde lamina extema ve diploe cesitli aletlerle kazindiktan sonra lamina
interna cok daha yavas ve dikkatli bir sekilde kazinmaktadir. Bu sekilde Dura matemn
zarar gorme ihtimali azaltimaya calisilir. En yaygin uygulama olarak kazima ydntemi
karsimiza gikmaktadir. Ikinci teknik "oluk acarak delme” yontemidir. Kesici bir aletle
kafatasi Uzerinde yuvarlak bir alan olusturulacak bicimde oluklar acilarak uygulanmak-
tadir. Uclinci teknik "delme-kesme teknigi” olarak bilinmektedir. Operasyon yapilacak
bolgede matkapla delikler acilmakta ve lamina internaya kadar inilmektedir. Delikler

Prof.Dr. Erksin GULEC, Ankara Universitesi, Dil ve Tarih Cografya Fakiiltesi, Fizik ve Paleoantropoloji Bolimii,
Paleoantropoloji Anabilim Dali, Sihhiye-Ankara/TURKIYE
Aras. Gor. Aysen ACIKKOL, Ankara Universitesi, Dil ye Tarih Cografya Fakilltesi, Fizik ve Paleoantropoloji Bélimii,
Paleoantropoloji Anabilim Dali, Sihhiye-Ankara/TURKIYE
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arasinda kalan lamina interna dura matere zarar verilmeyecek sekilde kesilmekte ve
ayrilan kemik parcasi cikariimaktadir. Son teknik "diiz kesiklerle kafa delme” yontemidir.
Beyin zarini zeGelememeye calisarak duzgln kenarl, geometrik sekilli kemik parcalari
cikarilmak suretiyle uygulanmaktadir (Lisowsky, 1967).

Beyin ameliyati ya da kafatasi delgi ameliyati olarak bilinen trepanasyon, ik kez
Peru Cuzco'da bulunan prehistorik bir kafatasi Uzerinde Antropolog E. G. Squier tara-
findan tanimlanmigtir {Brothvvell, 1985:120). Daha sonraki donemlerde Piggot, Stewart,
Lisowsky, Ullrich ile Weickmann ve Nemeskeri gibi arastirmacilar trepanasyon Ornek-
leri Uzerinde calismiglardir. Bu arastirmacilar Avrupa, Pasifikler, Giiney ve Kuzey
Agmsenka Afrika ve Asya'dan bulunan trepanasyonlari yaylnlam|slard|r (Brothwvell,
1985)

Tirkiye'de |Ik Ornek 1958 yilinda bulunmustur: Senyirek, Kiltepe Asur Ticaret
Kolonisi'nden cikarilan iskelet materyalleri arasindan bir erkege ait kafatasinin occipi-
ta! kemiginde “trepanasyon olgusuna rastladigini bildirmis ve bu bireyin ameliyattan
sonra bir.stire daha yasadigini da belirtmistir (Senytrek, 1958) 1985 yilinda Backofen
Samsun/ikiztepe'de biri eriskin digeri genc erlskln olmak Uzere iki bireyin kafatasinda
buldugu norma sagittaliste, gergeklegtirilen trepanasyon Orneklerini yayinlamistir
(Backofen, 1985). Angel ve Bisel inceledikleri Karatas E.-T.C. toplumunda bir erigkine
uygulanmis ve basarisizlikla sonuglanmig bir trepanasyon olgusundan bahsetmlslerd|r
(Angel ve Bisel, 1986). 1988 yilinda Ozbek, Ge¢ Bizans Donemine ait bir trepanasyon
ornegi buldugunu bildirmigtir. 42 yas civarinda ve Alpin irkina mensup bu bireyin bir
savas sirasinda kafasina darbe aldi§i ve bu sebeple kafatasinin bregma bdlgesine bir
operasyon yapildigi arastirmaci tarafindan ortaya konmustur. Bu birey ameliyattan
sonra uzun bir sure yasamistir (Ozbek, 1988). Ayni yil Giilec de Dilkaya Urartu popu-
lasyonunda gerceklestiriimis 2 trepanasyonu tanimlamistir. Bunlardan biri geng bir
kadin Gizerinde uygulanmistir ye yapilan inceleme sonucunda ameliyatin basarili gectigi
anlasilmistir. Digeri ise izole bir parietal kemigi Uzerinde tanimlanmistir. Bu iki bulgunun
en onemfi Ozelligi Anadolu'da delme-kesme teknigiyle yapiimig ik ornekfer olmasidir
(Guleg, 1988). Bir bagka trepanasyon olgusu Agikli Hoyik Neolitik toplumunda Ozbek
tarafindan saptanm|st|r Yasl bir kadina uygulanan beyin ameliyatinin basarili gectigi ve
kadinin ameliyattan sonra ‘bir siire daha yasadi§l arastirmaci tarafindan beI|rt|Im|st|r
(Ozbek, 1991). 1995 yilinda, Giileg tarafindan Gordion Roma popilasyonunda tespit
edilen 2 farkl trepanasyon vakasi sunulmustur (Guieg, 1995). S6z konusu drneklerin
birinde ameliyat coronal suturun sol tarafina uygulanmlst|r ve bireyde iyilesme izlerine
rastlanmamistir. Diger bireyde ameliyat sol parietal ve Frontal kemiklerine' yapilmistir.
Oluk acarak ‘delme teknigiyle yapilan bu operasyondan sonra bireyin bir sire yasadlgl
saptanm|st|r Gule¢'in 1995 tarihli makalesinde varigindan bahsettigi bir diger ornek
Dilkaya Orta Cag toplumuna ait olup erigkin bir bireyde meydana gelen bir travmanin
beyne zarar vermemesi icin sol parietalde uygulanmigtir. Ancak iyilesme olup olmadig
tespit edilememistir (GUIeg, 1995). Arastirmaci tarafindan ortaya konan diger kafatasi
ameliyatlan ise Ge¢ Osmanli Dénemine tarihlendirilmistir. Bunlarin ilki bir kadinin sol
parietalinde delgi teknigiyle yapilmistir ve delikte iyilesme izleri saptanmistir, ikincisi bir
erkegin sol parietaline uygulanmistir ve digerinde oldugu gibi bunda da iyilesme izleri-
ne rastlanmistir {Gulec, 1995). Literatiire gecen bir diger 6rnek Kurucay Erken Kalko-
litik toplumuna aittir. 1988 yilinda Deniz ve Sentuna tarafindan saptanmistir (Deniz ye
Sentuna, 1988): Ancak Kurucay trepanasyon bulgusunun paleoantropolojik analizi
GUIeg ve Pelin tarafindan yapllm|§t|r (Gulec ve Pelin, 1998). Orta yash bir kadina yapi-
lan bu beyin ameliyatindan sonra hastanin hemen ya da operasyondan kisa bir sire
sonra oldugu anlagiimistir. 1998 yilinda Guleg, Ozer ve Sagir tarafindan yeni bir tera-
panasyon vakasi ortaya konmustur. Ge¢ Osmanl Ddnemine tarihlenen ve bu doneme
ait tguncu 6rnegdi olusturan bu ameliyat, yash bir erkegin sol parietalinde lamdoid sutu-
ra yakin bir bolgede uygulanmig ve bireyin bir siire daha yasamasini saglamistir (Gulec,
Ozer ve Sagir, 1999). Gilec tarafindan saptanan Ge¢ Osmanl Ddnemine ait dérdiincu
kafatasi ameliyati olgusu hentiz basilmam igtir.

Anadolu'da S|md|ye kadar saptanan tim trepanasyon bulgularn Tablo 1 'de g0s-
terilmistir.
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Buluntu Yeri Dbénem Arastirmaci Kullanilan Teknik
Asikh Hoyiik | Neolitik (MO 9000-5500) Ozbek Grooving
Kurucay E. Kalkolitik (MO 5500-3200) Deniz ve Sentuna Drilling
lkiztepe E. Tunc (MO 3200-1800) Wittwer-Backofen Cutting
ikiztepe E. Tunc (MO 3200-1800) Wittwer-Backofen Cutting
Karatas E. Tunc (MO 3200-1800) Angel ve Bisel -

Kiltepe E. Tung {MO 3200-1800) Senylrek Drilling-Cutting
Kiiclikhoyik | E. Tung (MO 3200-1800) Gillec ve Acikkol Grooving
Dilkaya Urartu (MO 900-580) Gilleg Drilling
Dilkaya Urartu (MO 900-580) Giilec Scalping
Gordion Roma (MO 30- MS 395) Gilec Travma-Trepha
Gordion Roma (MO 30- MS 395) Giileg Grooving
iznik Geg Bizans (MS 330-1453) Ozbek Travma-Trepha
Iznik Geg Bizans (MS 330-1453) Ozbek Travma-Trepha
iznik Geg Bizans (MS 330-1453) Ozbek Travma-Trepha
iznik' Gec Bizans (MS 330-1453) Ozbek Travma-Trepha
Dilkaya Orta Cag (MS 395-1453) Guleg Travma-Trepha
Osmanlh Ge¢ Osmanh (MS 1299-1923) Gileg, Sagirve Ozer | Diiz Kesiklerle Delme
Osmanli Ge¢ Osmanh (MS 1299-1923) Gulec Travma-Trepha
Osmanl’® Geg Osmanli {MS 1299-1923) Gileg Drilling
Osmanli’ Geg Osmanli {MS 1299-1923) Guleg -

Tablo 1: Anadolu'da saptanmig trepanasyon bulgulan ( Gile¢ 1998'den derlenmisgtir.)

Kiigtikhoyiik Trepanasyon Olgusu

Kicukhoyik iskeletlerinin paleoantropolojik analizi calismalarinda, 152 envanter
numarali, 62 (-f_12,90) yaslarinda , narin Akdeniz irkina mensup bir erkek bireyde
trepanasyon olgusuna rastlanmistir. Bu bireyin Olivier'in siniflandirmasina gore ultra-
dolikosefal oldugu anlasiimistir (Resim: 1). Kafatasindan alinabilen tim Olgimler ve
hesaplanabilen endisler Tablo 2'de gosteriimistir. Bireyin viicut kemiklerinde herhangi
bir patolojik lezyona rastlanmamistir. Ancak kafatasi kemiklerinde populasyondaRi
genel ortalamaya oranla belirgin derecede kalinlasma gdzlenmistir (Resim: 2).

Kugukhoyuk trepanasyonu, occipital kemiginde oluk agma (grooving) teknigi ile
birbirine bagh 3 delik acilarak gerceklestiriimistir (Resim: 3). Trepanasyon, basilara
dogru genislemektedir (Resim: 4, 5). Ik ve en buyuk delik squama occipitalisin sag
tarafinda, sag parietal-lambdoid sutur sininndan baslamakta ve linea nuchae superio-
ra kadar inmektedir. Bu deligin lambda noktasindan uzakhd 37 mm., asterion nok-
tasindan uzakh@ 31 mm.dir. Kenarlarn diizgin bir daire seklindedir. Bu deligin uzun-
lugu 47 mm., buna dik olarak alinan genisligi 40 mm. olarak élgulmustur.

ikinci delik linea nuchae supehor Uzerinden baslamakta ve genisleyerek basila-
ra dogru inmektedir. Orta ve sag nuchal bolgelerin dnemli bir kismi trepanasyonla alin-
mistir. Ancak bu delik bir 6nceki gibi simetrik ve dairesel degildir ve genisligi 50 mm.
olarak Olgulmusgtar.

UgUncU delik occipital kemigin sag tarafinda kalmaktadir. Acilan bu delikle birlik-
te, sol tarafta kalan kuguk bir parca disinda nuchal bolge, linea nuchae inferiorve crista

1 Ozbek ile sozlii gériisme
2 Baskida
3 Giilec ile sozli gorisme
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occipitalis externa alinmigtir. Ancak, post-mortem kemik kayiplar yizinden bu deligin
sinirlart tamamen belirlenememis ve olciimleri yapilamamistir.

Kuctikhdyuk trepanasyon olgusunda, ense kaslarnnin yapistigi protuberantia
occipitalis externa, linea nuchae superiorve inferior'de hemen hemen iUm nuchal aian
ameliyatla cikarnilmistir. Ektocranialde herhangi bir travmaya ya da kesici alet izine rast-
lanmamistir. Ameliyattan sonra delik cevresinde iyilesme olup olmadiginin anlasiimasi
icin kafatasinin rontgeni cekilmistir. Ancak deliklerin etrafinda neoformasyon izleri sap-
tanmamistir. Kicukhoyuk 6rnegi disinda Anadolu'da simdiye kadar ense bdlgesinde
acllan bir ameliyata rastlanmamasi, bu trepanasyonun 6limden sonra yapildigi izleni-
mini vermektedir.

Maksimum Kafa Uzunlugu 193
Maksimum Kafa Genisligi 128
Porion-Porion Uzunlugu 105
Biauricular Geniglik 110
Porion-Bregma _Yiiksekligi 134
Frontal Yav 118
Frontal Dogru 111
Parietal Yay 140
Parietal Dogru 122
Horizontal Cevre 526
Iki For. Mentale Arasi Uzaklik 47
Cranial Endis 66,32*
"UltradoSikosefal

Tablo 2: Kigukhdyik ET.C. insanina ait tafatasinin
Olgu ve endisleri (mm)

Sonug¢

Bu calismada, Kicikhoyik Eski Tung Cagr toplumunda 60 yaslarinda, narin Ak-
deniz rkina mensup bir erkegin occipital kemiginde grooving (Oluk acma teknigi) tekni-
gi ile yapilan beyin ameliyati incelenmistir. Bireyde travmaya rastlanmamistir. Ama bi-
reyin kafatasi kemiklerindeki kalinlasma, operasyonun bir hastalik neticesinde iyilestir-
me amach yapildigini da gdsterebilir. Ancak ameliyatin ense boélgesinde yapiimasi ope-
rasyonun birey 6ldikten sonra yapildigini dustindirmektedir. Bilindigi gibi bazen ritie-
listik nedenlerle de trepanasyon uygulanabilmektedir. Kigukhoyik erkegine yapilan
beyin ameliyati ritiel amach olabilir. Cekilen rontgen filmleri trepanasyon deliklerinin
cevresinde iyilesme izleri bulunmadi§ini géstermektedir. Her ne sebeple yapiimis olur-
sa olsun, birey operasyondan sonra yasamamistir.
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Resim 1: Kafatasinin
ustten gorii-
nusu

Resim 2: Trepanasyon deliginin yakindan gorunisi
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Resim 3: Trepanasyon yapilan boélgeni

n yakindan gorinusu




Resim 4:Trepanasyonun
norma Basila-
risten gorunu-
mu

Resim 5: Trepanasyonun norma Occipitalisten gérunimu
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AEGEAN DENDROCHRONOLOGY PROJECT
1999-2000 RESULTS

Peter lan KUNIHOLM*

Our 1999 summer dendrochronological field trip included coliecting In [taly,
Greece, Turkey, Lebanon, and Georgia. We returned with 353 kgs. of material from 42
sites. Addiliona! samples, including specimens from Syria and Jordan, arrived during
the course of the winter via the post.

EARLY BRONZE AGE/MIODLE BRONZEAGE LONG CHRONOLOGY

The most significant development of the year was a test putting-together of 14
long tree-ring chronologies for the Early Bronze Age and the Middle Bronze Age, list-
ed below in orderbytheirstartingdate. These placements are stili provisional, butthey
are worth reporting here simply because of the amount of time they cover—from 2944
B.C. to 627 B.C. We are stiil looking at ali our formerly undatable ring-sequences and
have found the places where several of them fit. Note that severai of these data sets
were collected as far back as 1931 by E. Schulman and A. E. Douglass. of the
University of Arizona but until this year had remained undated. The reason we were
able to combine the long sequences was the 519-year juniper sequence from Kiiltepe-
Eski Saray, collected in 1999, and the 523-year cedar sequence from the Dashur Boat,
collected a decade earlier. These two long sequences alone span a period of 635
years from 2551 B.C.-to 1917 B.C.

DATA SET START- END LENGTH

1.  ACMB3K4K2.TFE {combines ali below) 2944 - 1744 n=1201 years
2. TROY | ALLPIK (Schliemann trendi) 2944-2719 n= 226 years
3. TROYMAB.PIK(MegaronsllA&C) 2793 - 2601 n= 193 years
4, ACEMEARLY.PIK (Northwvest Trench) 2659 - 2157 n= 503 years
5. KUL\ESKIJUNIPER.PIK (Eski Saray) 2551 - 2033 n=519 years
6. EGYPT\PIT-999.PIK (Sesostris lll) 2439-2104 n= 336 years
7. EGYPT\CHI-777.PIK (Ipy-ha-Ishutef) 2430 - 2286 n= 145 years
8. KBKEARLY.PIK(Karahoyik-Konya) 2366-2169 n= 198 years
9. EGYPTVBMFA.PIK (Djehutynakht) 2338-2117 n= 222 years
10. EGYP7\PIT29I.PiK (Sesostris lll) - 2316-1917 n= 400 years
11. ACEMCEDAR.PIK (Sarskaya Palace) 2073 - 1745 n= 329 years
12. FES96M1F.PIK (Phaistos, Crete) 2064-1876 n" 189 years
13. KBKLATE.PIK (Karahoyiik-Konya) 2046-1744 n= 303 years
14. KULJw/023.PIK (Warsama Sarayi) 2014- 1788 n= 227 years
15.  ACEMJUNIP.PIK (Sarikaya & Hatipler) 1916-1747 n= 170 years

Peter lan KUNIHOLM, Cornell University, Department of the History of Art and Archaeology, New York/ABD
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LATE BRONZE AGE ADDITIONS

LBA Kusakl, Temple, N.W.Terrace 1679- 1560 n= 120 years

LBA Kusakli, Building C 1674- 1573 n= 102 years

LBA KusakSi, combined pjne 1679- 1560 n= 120 years

LBA Kilisetepe, Samples KLT9&15 1479- 1350 n= 130 years
COMMENT (BY NUMBER)

1. COMBINATION OF ALL OF THE FOLLOWING DATA SETS: 2944 - 1744 B.C.

2. TROY | was originally wiggle-matched by Prof. M. Korfmann and Dr. B.Kromer
to an end-date at 2699 B.C. +15 years. Dr. S. W. Manning has now reworked the sta-
tistics for this fit and has produced a revised fit of 2718 B.C. * very littie. Our piace-
ment, on what | concede is a short overlap with Troy Il, pushes the end-date back one
year to 2719, or 16 years beyond Dr. Kromer's original estimate as published in Studia
TroicaS (1993).

3. TROY I, with short overlaps wyith TROY | on the eariier end and with ACE-
MEARLY on the more recent end, terminates at 2601 B.C. This is in accord with the
suiite of 14C dates reported in Studia Troica 3 (1993) by Prof. Korfmann and Dr. Kromer
for Troy I' and specifically from the pinnacle above Megarons 2A and 2C
("Mansfeldtepe™) from which this charcoal comes. The placement of the sequences for
Troy ! and Il are the most questionable pari of this long set of EBA/MBA chronologies
simply because of the shortness of the overlaps and should remain provisional until
longer overlaps confirm the placement. The wiggle-matching, however, limits the
amount of movement tip or down in time.

4. ACEMHOYUK EARLY is wiggle-matched by 14 radiocarbon dates to 2659-
2157 B.C. £ 3 years @ 1 sigma, or + 15 years @ 2.sigma. The wood, although found
in an 18th century B.C. construction by Prof. Aliye Oztan, is 100% re-used, burned tim-
ber from an unknown number of EBA constructions. The pottery, bullae, and srnall
finds are ali Middle Bronze Age, postdating the wood by at least three or four centuries.
This is the largest-scale re-use of old timber i have ever found in 27 years of collecting
dendrochronological samples.

5. KULTEPE\ESKIJUNIPER from the Eski Saray .at Kiiltepe belongs to the
Karum Il period, according to the excavator Prof. Tahsin Ozgii¢, and the date should
be 19th/20th century B.C. or eariier. The fit with ACEMHOYUK EARLY is extraordinary
with a placement at 2033 B.C. for the last preserved ring. These samples were from
squared juniper floorboards in the rooms to the west of the oak roadway shown in Plan
4 of Ozgucg's The Palaces and Temples of Kiiltepe-Kanis/Nesa (1999). The roadwvay
itself, from which a 251-year oak sequence was obtained, the first long oak ring-
sequence at Kiltepe, has stubbornly resisted dating, perhaps because we lack other
oak chronologies from the Middle Bronze Age, and sets of decadal samples are cur-
rently at Heidelberg being wiggle-matched. Oddly enough, the roadway was the prin-
cipal reason for our visiting the Eski Saray, and the floorboards were only an after-
thought. What the dating of the floorboards means is that a longer rather than a short-
er Karum |l period has to be accommodated in our calculations. See K. Veenhof's
forthcoming study of the long Karum Il limulist.

6. EGYPT\PIT-999 is a 336-year set of thirteen cedar timbers from the Dashur
Boat in Pittsburgh, said to be from the Pyramid of Sesostris Ill. The soSe documenta-
tion for this magnificent funeral boat is a telegram from Mr. Andrew Carnegie from
about 100 years ago which reads: "Am sending boat.” The Cambridge Ancient History,
3rd. Ed. (hereafter CAH), Middie Chronology dates for Sesostris Ill are 1878-1843.
Note that these timbers are very heavily trimmed, many of them having been scooped
out of huge cedar logs the way one might scoop a watermelon. See also PIT-29 below
which extends the ring- sequence down to 1917 B.C, or about half a century before
the time of Sesostris Ill. The reasons for keeping PIT-29 as a separate ring-sequence
will be explained below.
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7. EGYPT\CHI777 is a 145-year sequence from seven timbers in the cedar sar-
cophagus of the' Army Clerk ipy-ha-Ishutef in the Oriental Institute of the University of
Chicago, Dynasties X/X. The CAH Middle Chronology dates for these dynasties are
circa 2160-2040. The last existing ring at 2286 B.C., with an unknown number of rings
trimmed off the exterior is a iittie dver a century earlier than the CAH date. Nobody to
my knowledge has made a proper study of the status of the people who were buried in
cedar coffins in Egypt. Egyptological colleagues teli me that Ipy's status was probably
more like that of a Minister of Defense rather than a Clerk as we know the term.

" 8. KBK EARLY has always fitted well with ACEMEARLY and now with
KULTEPE/ESKIJUNIPER at 2169 B.C. Professor Sedat Alp telis me he believes this
level in his deep sounding at Karahdyik/Konya to be approximately contemporary with
the roya! graves at Alaca Hoylk.

9. EGYPTNBMFA is a 222-year data set from the cedar coffin(s) of Djehutynakht
(both male and female) in the Boston Museum of Fine Arts. They are from Bersheh
Dynasty XI. According to the CAR3 Middle Chronology, Dynasty Xl should be circd
2133-1991 B.C. Our date for the last ring in these coffins is 2117, well within range of
the Middle Chronology.

10. EGYPT\PIT29I is a cross-section of cedar deck-planking with 400 rings from
the Dashur boat in Pittsburgh. It has a crossdate with the PIT-999 sequence, ending
after the PIT-999 sequence and with a last ring at 1917. We ignored this fit for a long
time because of inexpiicable cuttings on the underside of the board, and we reasoned
that it had to be re-used and was therefore much older than the rest of the Dashur
wood. The boat, as | said above, is believed to date from the time of Sesostris I
(Dynasty XIl) 1878-1843 (CAH3). Since the wastage of trimmed-away wood on the
timbers in PIT-999 is extraordinary, the apparent discrepancy in time between the end-
dates of the two ring-sequences is easily explained. P1T-291 (the deck plank) has a
last-preserved-ring 187 years iater than the much larger carved-out timbers of the

ship’s hull.

11. ACEMCEDAR is from apparent repairs from the Sarskaya Palace at
Acemhoyik (= Kiltepe Ib) and has an end date shortly (seven years) after the prima-
ry construction date of 1752 B.C. This was reported on, in preliminary form, in both the
Tahsin Ozguc¢ Festschrift (1990) and the Nimet Ozguc¢ Festschrift (1993). In the latter
publication the dates proposed were based on the now-superseded 1986 radiocarbon
calibration table.

12. FES96M1 F.PIK is a sequence of 189 rings constructed from 33 fragments of
charcoal from the Palace of Phaistos in Crete. The excavator, Prof. LaRosa, believes
they should be from Middle Minoan MA/B. A date of 1876 for the last-preserved ring is
right on target for this pottery period. The ring-sequence was difficult to match with
anything until we tried using a floating point average which got rid of some of the big-
ger abnormalities in the curve. Jennifer Fine had noticed this particular placement
when she put the chronology together in the first place but then set it aside, as did
Laura Steele, simply because the then available overlaps were not iong enough to
prove a fit. .

13. KBKLATE (from an 18th century level excavated by Prof. Sedat Alp at
Karahoyik-Konya) has always crossdated with ACEMLATE, with its last-preserved ring
8 years later than the Sarskaya and Hatipler Tepesi construction dates, but without the
bark, so therefore somewhat later than the two Acemhdyik buildings. The contents of
the building, however, are Middle Bronze Age, specifically from the Kultepe Ib period.

14. Kultepe Juniper from the Warsama Sarays (= Kiltepe Ib), but without piece
KUL-23, is much easier to crossdate than when KUL-23 is included. We originally tried
to use KUL-23 as a backbone on which to build the Kiiltepe chronology, simply
because it had 440 rings. In retrospect, this was a mistake. KUL-23 does fit the new
long chronology but has been left out of ali our current calculations, simply because it
is so erratic.
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15. ACEMJUNIPER from both the Sarskaya and Hatipler Tepesi buildings at
Acemhoyuk (= Kiltepe Ib) has always been relatively straightforward. This and the
Kiltepe late junipers are what overlap with the Porsuk ring-sequence and thereby to
the wiggle-matched Gordion sequence. This late material, that is to say everything
from Kiiltepe-23 through Gordion-MMT, yas the total of 1503 years published in Nature
(June, 1996). The latter ring-sequence is pinned down by the unique anomaly that we
think occurred In 1627 after the volcanic eruption of Santorini/Thera.

We thus have a ring-sequence of 1201 years for the EBA/MBA, extending from
2944 B.C. to 1744 B.C. | concede, as | said at the outset, that the beginnipg is based
on very short overlaps. When more EBA wood appears, it will be entertaining to see
whether this proposed placement is correct. Further down in time, it also appears that
the placement of the Bronze Age/Iron Age chronology as reported in Nature is com-
patible with Kromer's long Early Bronze Age wiggle-match at Acemhdyuk, with the lat-
ter having had to be shifted back in time by only one year.

As a test of ali of the above, we separated ali these data sets into cedar oniy
(EGYPTM-ONGCEDAR.PIK) and into Anatollan non-cedar (mostly juniper but with
occasional pine) (ACM\ACMetcWO.CED). Then we tried crossdating the two inde-
pendent chronologies. The visual fit is good and will be better, | suspect, dnce we try
more floating point average smoothing on the more erratic cedars. The common sta-
tistical tests we use were excellent: t = 6.23, n= 695 years, trend = 59.2%, D= 57.4.

LATE BRONZEAGE

From the Late Bronze Age we can now report dates from the northwest terrace
of the temple at Kusakli-Sarissa with a last-preserved ring at 1560 B.C. Building C at
Kusakli, which Proff Andreas Miller-Karpe kindly informs me is also a temple, has a
last-preserved ring at 1573 B.C. In neither building is the bark preserved, so the struc-
tures could be somewhat later. Prof. Miller-Karpe also informs me that Sarissa is
mentioned in the Old Hittite texts, also that there is Old Hittite cultural material on the
site. Thus, although we had originally thought we were dealing with 14th/13th century
buildings, we seem to have constructions that are much oider. The southeast gate at
Kusakli, although it has a 145-year ring-sequence, has not yet been dated.

Dr. Nicholas Postgate's excavations at LBA Kilisetepe have produced a number
of charcoal samples, one of which (KLT9&15, apparently a stretcher between the stone
foundations and the mud-brick masonry of the wall) has a last-preserved ring in 1350
(no bark), more than a century earlier than the Mycenaean IlIC pottery found in the
destruction debris of his phase Ild. Postgate assigned the timbers to his eartier phase
lle (a'so destroyed by fire), but if they form part of the primary construction of his build-
ing they could be as early as his phase lla.

EBA/MBA/LBA/IRONAGECHRONOLOGY

We thus have a continuous ring-sequence from 2944 B.C. to 627 B.C. or 2321
years in ali. We expect to be able to add to it shortly. The brevity of this statement
does not begin to take into account the time and effort that went into the chronology's
construction. 1999-2000 was a good year.

OTHER CHRONOLOGIES DEVELOPED iN 1999-2000

| list below a number of other chronologies which were buut last year, some of
which have been dated, some not.

IT-Verucchio: a seventh-century B.C. grave with a 109 year ring-sequence.

IT-Ravenna and Classe: four Roman sequences, the longest of which is 364
years.
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~ EG-Alexandria Harbor: Roman wood which fits with caissons from the Herodian
harbor at Caesarea Maritima in Israel.

TR-Bozburun, Byzantine shipvvreck: a 232-year ring-sequence ending in bark
which fits with both Trilye (Fatih Camii) and Hg. Eirene at 874 B, presuming that Trilye
and Hg. Eirene are correctly dated. We are waiting for radiocarbon confirmaiion of the
correctness of our first millennium chronology announced several years ago.

TR-Kubadabad, Kiz Kale: two timbers from the easi and west of the island dated
to 1155v and 1156v respectively. Prof. Richan Arik beiievesthis to be a late Byzantine
or Early Islamic structure, and 1155/1156 could be either. We leave the final interpre-
tation up to her.

LB-Bcharré, cedar forest: 632 year sequence covering the period from 1367-
1998 and ending in the bark. A number of the large trees in the famous grove had been
felled in recent windstorms, and we had a one-time-only chance to take samples
before the fallen trees disappeared.

TR-Glizelsu, Akseki, Antalya, cedar forest: 445 year sequence from 1544-1988.
in Guizelsu village are the ruins of a mosque. One stretcher from the south wall may
date to 1490, and the minaret pole may date to 1830.

TR-Tarsus, St. Paul Church:The samples from this building were disappointing,
almost ali being quite short-lived. Two samples (TSP-8&9) from the Gynaikon may
have a last-preserved ring from 1574.

WORK IN PROGRESS

During the summer of 2000 we expectto be working on material from two impor-
tant sites: Early Bronze Age oak timbers from Lavagnone di Brescia, collected in 1999,
and conifer charcoal from Late Bronze Age Mycenae, also collected in 1999 but exca-
vated by the British almost a half century ago.

NEUTRONACTIVATIONANALYSIS

In the Ward Center at Cornell University, directed by Dr. Kenan Unlii, work has
gOne on for the past two years with neutron activation analysis of groups of tree-rings
and with individual tree-rings. We think we are able to find the signals of major vol-
canic activity world wide when the trees take up trace amounts of unusual minerals.
For example, in the 19th century, after the eruption of Tambora in 1815 and of Krakatoa
in 1883, pines from Catacik Forest east of Eskigehir take up significant amounts of
gold. We tested this "gold spike"” phenomenon and found it in pines from Torul Forest
near Trabzon, also in oaks from Arcadia, Greece. If this signal continues to work out
for the historic period when the dates of volcanic activity are well-known, we plan to
extend our search for volcanic activity back into the prehistoric period. The potential is
that we will be abie to pin-point these events to within a year, rather better than what
is possible with the acidity layers in the Greenland ice-cores which until now have been
our chief source of information.
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THE 1998-1999 SURVEY AND ARCHAEOMETRICAL
RESEARCH AT SAGALASSOS

Marc VVAELKENS'

From 1993 to 1998, in accordance with a 1993 request from the Anitlar ve Miize-
ler Genel Mudurlugi that the excavatjon feams would make an inventory of the cultur-
al heritage in a large area around their sites, a survey has been carried out on the ter-
ritory of ancient Sagalassos. This was done In close collaboration with the Burdur
Mizesi. During the first two years the only aim was the discovery of new sites.
However, very quickly we realised that both Sagalassos as well as the newly discov-
ered sites needed to be studied in an interdisciplinary way.

in 1999, this interdisciplinary survey was carried out between June the 22nd and
August the 22nd. We are extremely gratefui to our temsilci Mrs. Sengil Aydrngiin
{Ayasofya Mizesi, istanbul) and to the staff of the Burdur Museum, and especially its
director Haci Ali Ekinci, for ali their help and collaboration.

1. Cartography
F.DEPUYDT

in 1999, the cartographical map of the city at a scale 1/500 was completed by
the team of F.Depuydt (Fig. 1).

2. The Archaeological Survey in the Urban Site of Sagalassos
F.MARTENS,
H.VANHAVERBEKE,
Y.CETINDAG,
M.VWAELKENS

in 1999, F. Martens, initiated an intensive city survey in order to gather more
detailed information on the occupation pattern of Sagalassos throughout its history and
in order to better understand the organisation and functional division of the town. For
this aim not only ceramics and other archaeological finds were systematically gaih-
ered, but also attention was paid to architecturai remains of structures that were stili
visible at the surface.

The methodology designed for this survey basically consisted of four phases:

- 1. Agrid of 50 m. x 50 m. was laid out by triangulation and by using the detailed
topographical map of Sagalassos by F. Depuydt at the scale 1:500. The 50 m. x 50 m.
grid was laid out in accordance to the grid system used in the excavations.

v Marc WAELKENS, Depi. Archaeology, Bltjde Inkomststraat 21, 3000 Leuven/BELCIKA
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- 2. The degree of visibility in the sector and the overali density of ali the ceram-
ic finds were assessed by walking 1 stretch of 50 m. both in a W-E and a N-S direc-
tion, using a counter for calcuiating the density and relying on previously selected
classes determining the visibility. The latter induded the foltowing categories: perfect
visibility (class 4); good visibility (low grasses) (class 3); moderate visibiiity (low bush-
es) (class 2); bad visibility (high bushes) (class 1); no visibility (class 0).

- 3. The sector was being sampled by 4 persons, positioned upon the north-
south axis of the sector, at a distance of 10 m. from each other. They collected the sur-
face material whiie walking the east-west axis and then continued 5 m. to the south.
Thus for every sector an intensive surface material collection was carried out within 8
transects of averagely 2 m., located a distance of 5 m. from each other.

-4. Special attention was paid to architectural remains.

In 1999, the city sun/ey covered a large part of the eastern half of the town cent-
re, stariing from the area to the north of the theatre (x-axis: 2750) and reaching the so-
called picnick-place and the vailey to the north-east of the Antonius-Pius Tempie (x-
axis: 2200).

In total 47 sectors of 50 m. x 50 m. (almost 12 hectares) were surveyed. Three
of them were sampled at random (l.e. by traversing the sector collecting ali potentially
diagnostic sherds without, however, follovying the 4 phase’'s method described above).
In general, this random strategy was applied in areas with a bad visibility due to dense
vegetation or to terrain with steep debris cones.

Although during this first season of the city survey, only a part of the town cent-
re was covered, the character of the finds already allows some preliminary observa-
tions on the functional division of the city. Based on the occurance of doorsills in the
surveyed area, a domestic quarter couid be located on the slope to the west and south-
west of the theatre. It seems to have extended even to the south of the current track
to Isparta, which crosses the site. There however, ihe number of doorsilis became less
dense.

To the northeast and east of this domestic area, a sepulchral area was identified,
apparently an extension of the already known East Necropolis. To the south of the
domestic zone, below the track to Isparta, another burial zone could be identified.

The surface finds, both the coarse wares and the Sagalassos table ware, pre-
dominantly belonged to the late Roman/early Byzantine phase of the local production
(4th-to 1 st half of the 7th century). in certain sectors a concentration of early/middle
Roman material (2nd-3rd centuries AD) could be noted within the collected assem-
blages of tableware. These concentrations however did not constitute a systematic pat-
tern. At the moment, the main conclusion is that the entire area, covered during the city
survey, was inhabited unti! the last occupation phase of the town. It even looks as if
Sagalassos reached its maximum expansion during its final days. Since this contrasts
sharply with the abandonment of most settlements In its territory during the 7th centu-
ry AD, this might suggest that Sagalassos had become a refugee centre. Perhaps it
attracted the inhabitants of its territory who had survived the plague of the 6th and the
first Arab raids of the 7th century AD.

In contrast to the intensive archaeological survey in the immediate vicinity of the
~ town centre (see 1.3), the finds collected during the city survey at first sight display less
diversity concerning the chronology and the character of the collected archaeological
material. Future research will have to assess the importance of geomorphological and
post-depositional processes to explain this difference. In the near future, a database
will be made, linked to a geographical information system (Mapinfo or Microstation). In
this way chronologica! spans of the pottery types in each sector will be visualized,
allowing to present possible mindr chronological fiuctuations.

The character of the architectural remains indicates that the area to the west and
southwest of the theatre must have been a rich residential quarter of the tovvn, orga-
nszed in terraces. its iocation in a depression and on a south facing slope, with a mag-
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nificent view towards the valley must have made this place one of the more enjoyable
(expensive?) locations of the town. Further research on the occupation pattern of the
town and its vicinity rnay shed more light on the character (social/political/economical)
of the town dwellers inhabiting this area. It may also answer the question whether they
inhabited the area throughout the year, or just in the months in which the ciimate
allovved an enjoyable residence. In this research also the processed data from the
intensive archaeological survey in the city's immediate vicinity wili be taken into
account

3. The Archaeological Survey in the Territory of the City
H.VANHAVERBEKE
M.WAELKENS
Y.CETINDAG

Surveys during the previous years (1993-1998) have covered in an extensive
way the whole territory of Ciassical Sagalassos. As a result a global overview vyas
gained on the topography, the natural resources and especially the larger sites of which
199 were discovered. In 1999, it was decided to refine the surveying technigues and
to deveiop an intensive survey methodology by means of on-line walking. This survey
was a continuation of the 1999 city survey and followed the same methodology.
However, some modifications were allowed. In step 1, because of the lack of suffi-
ciently detailed maps, the grids wyere not laid out using triangulation but by means of a
50 m. tape and a compass. Ali grid points were GPS'ed, but these measurements were
not accurate enough for the small distances covered and cannot be used to rediscov-
er the points. Twice during the survey, the accuracy of this method was tested. An error
of ca. 3 m. was reported which seems quite tolerable in view of the rather 'crude’ way
of setting out the sector. Moreover, in step 3, instead of collecting everything (including
tiles, tile fragments, bricks, and sherd fragments), only real sherds were collected
(diagnostic as well as undiagnostic). Ali other ceramic remains were counted in order
to reduce the amount and especially the weight of the sampled material, which had to
be brought to the excavation house.

The area that was selected was the valley of the Catal Oluk Pinar, located
immediately to the south of the city, between Alexander's Hill and the asfalt road lead-
ing to the site.

In total, 62 sectors of 50 by 50 m. were surveyed, 12 of which were sampled 'at
random’, i.e. by traversing the sector coilecting ali potentially diagnostic sherds with-
out, however, following the 3-step method described above. In general, this random
strategy was opted for in those areas in which visibility was almost nihil or which were
nearly inaccessible (dense vegetation, steep slopes). Fig. 3 shows these sectors,
whereby the colour becomes darker with the increasing density of pottery finds, where-
as the dots represent various densities of architectural remains. At this moment, some
preliminary observations can be made:

As far as chronology Is concerned, late material (i.e. Late Imperial/Early
Byzantine or 4th to 1st half of the 7th century AD) is spread ali dver the area that was
surveyed. This phase is the last occupation period attested for the city. This late mate-
rial was assumed to cover older traces. Ceramic analysis clearly corroborated this
~ point. The high density of this late material might corroborate the fact that Sagalassos

eventually became a refugee centre relying heavily on its immediate vicinity for its sub-
sistence. Pottery belonging to the Middle Imperial period (2nd - 3rd centuries AD) is
well represented, but in lower quantities than the later pottery. Early pottery, including
even late Hellenistic and 1st century AD material, is present as well, be it in lower quan-
tities.

As far as the topographical distribution of the finds is concerned, the area that
was surveyed In 1999 can be subdivided into 3 subareas:
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- In the uttermost western sectors (Fig. 3), the area was clearly in use as a
necropolis. Either this area is a continuation of the city's western necropolis which
probably also extended on the other, western side of Alexander's Hill, or it is related to
the 2nd subdivision which could be made in the area that was surveyed.

- In the central sectors most of the surveyed area yielded indications for a more
domestic type of use: funeral remains were completely lacking, but coarse cooking
wares were abundant. A counter-vveight for an olive press, as well as a probable press
itself, were found here, together with hypocaustum tiles, window glass, tesserae and
numerous middle Impehal architectural fragments (including ashlars, columns and col-
umn bases, doorposts, architraves). The presence of units proyided with a hypocaus-
tum system suggests rich dwellings with private bathing section or/and houses that
were (also) occupied in winter; the numerous architectural fragments and the tesserae
indicate a luxurious furnishing of these buildings. While a permanent occupation by the
owners of these houses cannot be necessarily assumed, the elaboration of the struc-
tures at least indicates that they contained the necessary provisions for a possibie
year-round occupation. Probably one can associate these remains with a villa subur-
bana occupied by a rather wealthy group of people to whom the tombs (bulidings, sar-
cophagi and ostothecae in both the most eastern and most western sector may have
belonged. The presence of artifacts such as an oliye press couid Indicate that at least
some of these constructions also contained industrial facilities and that their inhabitants.
were involved in farming activities. Some of the landed gentry may have Hved at least
part of the year on their estates.

- The most eastern sectors again yielded evidence of a funerary use (sarcopha-
gi, chamosoria) in an area that was also in use as a’'limestone quarry.

As far as the pottery is concerned, an interesting phenomenon is the contrast
between 'fresh’ surfaces of the ceramic samples from the western sectors vs. the often
badiy worn sherds from the eastern sectors. The state of weathering does not seem to
be related to the age of the pottery concerned. Alternatively, the heavy weathering of
sherds can be caused by several factors, to be divided into 2 categories : sherds
included in manure, as shown by a 7th century AD manure collector in one of the rooms
of the Roman Baths, may have been weathered by the context in which they were
deposited. On the other hand, sherds can also have been vveathered in these deposits
as the result of intensive agriculture, involving repeated tilling, ploughing and manur-
ing. In both cases, ancient weathering would identify the most intensiveiy cultivated
areas. Especially during the final days of the city, when the population may have
reached its maximal size, manuring and intensive agriculture may be expected in the
immediate environment of the city. The latter was the main provider of manure and the
main consumer of products requiring intensive cultivation or being of limsted storability
(soft fruits, vegetables, dairy...). If the weathered sherds in the eastern sectors are
sndeed the result of ancient intensive agricultural practices, they would point towards
the existence of dense farming activities during early Byzantine times.

For the time being, it thus seems that the different erosion rate of the sampled
ceramics most likely may be reiated to ancient veathering. Sherds in the necropolis
are fresher since they were either not included in manure, or because, 6nce deposit-
ed, they did not become subject to intensive agricultural practices. Sherds in the east-
ernmost sectors, also the area of the rural/residential units of the wealthy as it seems
during mid-Imperial times, are more worn since they were included in manure brought
to the gardens and orchards of these households. Or it might be that 6nce deposited,
they were more subject to subsequent ttliing, ploughing and manuring. This may espe-
cially have been the case in late antiquity.
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4. The Geomorphological Survey
E.PAULISSEN
i. VANHEYLEN
Th.VanTHUYNE

In 1999, a team.of geomorphologists, worked both in the valley of the Aglasun
Cayr immediately to the south of Sagalassos and in the depression of Gravgaz, ca. 15
km. to the southwest of it. A number of exposed profiles were studied and sampled,
whereas drillings by means of a Dachnowvsky drill and a Ramguts drill were also car-
ried out. In both cases, the sedimentology, mineralogy, palynology, and supplementary
environmental indicators were studied. This fieldwork was the continuation of a long-
term interdisciplinary project to contribute to the paleoenvironmental reconstruction of
the Sagalassos territory, especially during the occupation period of the town.

4.1. The basin of Gravgaz (Fig. 4) is most likely one of the key sites for the pale-
oenvironmental reconstruction in the Sagalassos territory. It is a large swamp watered
by springs draining the limestone massifs in the south and at present drained by a
'diden’, situated in the NE. Research in this basin started in 1996 when a core of 8
meter of organic sediments formed during the last 3500 years (three radiocarbon dates)
was sampled. M. Vermoere studied it in detail (sedimentology, palynology) (in press in
Journal of Archaeological Science). In 1997 and 1998, additionai drillings were carried
out in the southeastern part of the swamp. The aim of the 1999 season was to complete
these former observations and to fiil some missing links, especially near the diden.
Geomorphological reconnaissance has been performed along the southern valley,
draining towards the swamp. It thus became ciearthat the swamp is composed at least
of two main sedimentological units: an older unit of very stiff dark ciay deposits and a
younger one of loose peat, organic layers and clays that were already sampled in 1996.

- The clay unit is the oldest unit in the swamp. It forms the soil surface Gver large
areas in the basin and even on the lower slopes around the swamp: arable land with a
gray soil cofour is situated on these clays. The fact that these clays are very heavy is
revealed during the dry season by soil surface features described in the literatire as
gilgai: a polygonal pattern characterized by 6pen dessication wedges and an undulat-
ing topography. This polygonal pattern is closed during the wet winter season. This
phenomenon is due to shrinking and swvelling of the soil in function of its water content.

This clay unit is at least 8 m. thick and has also been sampled in 1996 at the
very bottom of the core drilling, at a depth of 8 meter, but only 6ver a thickness of 5 cm.
During the 1997 and 1998 campaigns, this clay was sampled at different places near
the springs and the southern limestone cliff. In the drill cores, younger swamp deposits
covered this stiff clay. In 1999, 6 m. of this clay was sampled, but unfortunately it was
impossible to sample the unit with the Dachnowvsky driii in order to reach a greater
depth. Therefore, a hand auger had to be used. For the moment, it is assumed that
these clays have been deposited in a lake, which occupied the entire bottom of the
Gravgaz depression. It is curious however that the clay deposits appear to be homo-
geneous, are not (finely) laminated and do not contain intercalations of fine calcareous
layers. These observations indicate that it seems not appropriate to consider them as
bottom deposits from a permanent deep lake. Our hypothesis at the moment is that
these clays are bottom deposits of a temporal or a seasonal lake, wyhich evaporated
during the dry season. In the period during which the lake bottom dried out, the fresh
iayered seasonal clay deposits were mixed and homogenized by gilgaying, a process,
which is stili -active nowadays, so that the stratification disappears and the deposits
become homogeneous. These ciays are revrorked both from ophiolitic formations and
from limestone formations occurring in the basin. They are interrupted by three differ-
ent lithological subunits:

- At a depth of about 2 m., by a layer of fine gravels and coarse sands. A similar
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layer has also been localised in several other drillings at a comparable depth. it may
correspond with an increased activity of the affiuent valleys, especialiy from the east
- where such deposits occur. In some areas of the Gravgaz Plain fan deposits stili accu-
mulate in the arable lands today.

- At a depth of about 4 m., the clay aggradation is interrupted by a 15 cm. thick
peat layer containing unvveathered plant fragments and charcoal. This deposit provides
a unique opportunity to date the clay unit. The environmental implication of this deposit
is important: it indicates that during a given period in the past the lake environment had
disappeared and was replaced by a swamp. Subsequently, this area became a lake
environment again. This period of swamp formaiion can be expected to have been
quite short. It is nearly sure that the age and the characteristics of this environmental
change can stili be established by radiocarbon dating and poluen analyses, which are
in progress.

- A third lithologica! subunit has been observed in the laboratory. Continuous
mineralogical analyses of the ciay fraction (by the geological team) of a 1998-drilling
from a lower slope adjacent to the swamp revealed the presence of a layer of nearly
pire smectite. Pure smectite clay is the product of an in situ vweathering of a volcanic
ash layer. The discovery of such a layer in this environment is very important as a
marsh environment gives the possibility of dating this event. Mineralogical analyses are
planned in the near future to localise this smectite clay in this new 1999-drill core, so
that dating possibilities of this event exist.

- The unit of swamp deposits is younger than the stiff clay unit and is composed
of loose organic muds and peat (this unit was already sampled in 1996 near the springs
at the southem end of the swamp). The chronology of the 1996 core was based on
three radiocarbon dates. M. Vermoere has studied its palynology. This pollen diagram
is a reflection of the vegetation during the last three millenia, thus including the occu-
pation period as well as the flourishing period of Sagalassos. The pollen assemblages
mentioned here do not include the spectra from the stiff clay at a depth of about 8 m,,
the very base of this driling (= pollen Zone A - dominance of Pinus - as distinguished
by M. Vermoere). These spectra are separated from the rest of the diagram by a geo-
logical hiatus, covering at least the time period necessary for the accumulation of 8 m.
of clay.

Zone B (depth 5.20-7.70 m.), with an estimated calibrated age cal. 1515-1420
BC till 310-240 BC is dominated by pollen of the Artemisia herba-alba type (up to 50%).
Also Quercus cerris pollen are important, whereas pine pollen are very bad represent-
ed.

Zone C (depth 2.60-5.20 m.}, with an estimated calibrated age cal 310-240 BC
till 650-720 AD is characterized by high_pollen percentages of Olea europaea (up to
8.5%) and Juglans regia (up to 4.8%). Artemisia pollen percentages decrease during
this pollen assemblage zone, whereas Pinus pollen increase, while deciduous oak
pollen reach their maximum in the polien diagram during this period (up to 20.5%). This
pollen assemblage zone coincides largely with the flourishing period of Sagalassos.

Zone D (depth 0-2.60 m.) starts from a calibrated age of cal 650-720 AD and is
stili accumulating nowadays, shows a marked increase of pine pollen, while Artemisia
and deciduous oak pollen reach a very low percentage.

This entire swamp unit has been resampled with a Dachnovvsky drill, this time in
the area near the diden: it resulted in a number of undisturbed samples, most of them
of a high quality. These cpres will be analyzed in a much greater detail than the 1996
core, so that it will be possible to analyse the evolution of the vegetation and the sed-
iment influx dver very short periods of time, we estirnate at about 30 years. If we suc-
ceed in this research, this section will become one of the most detailed or possibly the
most detailed in the Eastern Mediterranean. We intend to publish a contribution on the
" sedimentological characteristics of the Gravgaz swamp in the Sagalassos volume 6.
The entire thickness of this unit was also resampled for the entomologlcal research of
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Dr. Jaap Schelvis.

It is important to note that the top of ihe stiff ciay and the top of the swamp
deposits are situated on the sarne topographic leyel. This means that the accumulation
of the swamp deposits started in a depression situated in the clay unit. The only pos-
sibility for such an accumulation is that an important erosion form with a maximum
depth of at least 8 m. has been created in the clay unit. The exact form created by this
erosion phenomenon is only known in one section and takes the form of a ravine. This
erosion form is bracketed in time between the end of the deposition of the clay unit and
the beginning of the accumulation of the unit of swamp deposits, estimated at about
3000 radiocarbon years ago. The age of the onset of this erosion event and its dura-
tion is stili unknown. We are also stili ignorant about the causes of this spectacular
event. Several possibilities are being studied. Is it just a local phenomenon related to
the opening of the previous blocked diiden by natura! processes such as water ero-
sion? Or has man with the intention to drain the seasonal. Gravgaz Lake in order to
obtain good agricultural land opened the blocked diden? If this hypothesis could be
confirmed, then one is dealing here with a very oid water management project. Another
possibility would be that it is related to an abrupt climatic change towards more arid
conditions. Precise dating and detailed palynological and sedimentoiogical analyses of
the top of the clays and the base of the swamp deposits may shed new light on these
intriguing questions.

4.2. The Valley of the Aglasun Cayi: The section of this valley dowwnstream
Derekdy as far as its junction with the Aksu, as weil as the Baskdy section known for
its travertine deposits, had already been partly studied during previous years. In 1999,
research focused on the section between Derekdy and Bagskdy.

- Lake (?) deposits: Freshly exposed profiles around a new petrol offlce at
Aglasun provided a unique wvell-stratified and thus far totaily unknown deposit. It most
probably is a lake deposit of volcanic ashes, consisting of numerous thin, undisturbed
horizontal layers that are only covered with a thin layer of colluvial deposits. As a result,
one can assume that the event is geologically quite recent and could possibly be situ-
ated in the time period of the occupation of the town of Sagalassos. However, the mor-
phologic position, age and extent of this phenomenon were unknown, so a topograph-
ic levelling was started in order to locate the deposit above the actual Aglasun Cayi.
Four additional drillings were also performed along a traverse towards the river {maxi-
mal depth 4.65 m.).

- Slump deposits: Just downvaiiey of these presumed lake deposits, huge
slumps occurred in the past. They originated from high up in the mountains, more pre-
cisely from the area around the actuai trout farm south of the Akdagd. From here, as far
as the main road towards Isparta, the surface shows many characteristics of
(sub)recent mass movements. To the east of the petrol office, iarge sections and a big
quarry exposed huge deposits of these mass movements. These sections have been
studied in detai! and allow to distinguish different phases of which three are separated
by volcanic ash layers, while another one covers colluvial deposits containing ceram-
ics of Roman age (determination by Dr. J. Poblome). The current hypothesis is that
some of these catastrophic siumps very probably dammed the entire valley of the
Aglasun Cayl and created a temporary lake in the upstream direction. The lake
deposits that were studied near the petrol office are very likely related to one of these
events. This lake was entirely drained when a breach was created in the dam: in a
short period of time huge amounts of water flowed towards the Aksu, eroding the dam.

4.3. The valley of Canakti: In the western part of the Aglasun Ovasi, a numberof
clay quarries occur, that are part of the plain of Canakli, which on morphological
grounds is considered as the bottom of a former paleo-iake. The largest quarry that has
an actual depth of 6.5 m., was visited. This clay quarry is situated in the Koca Bogaz
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at a short distance to the east of the area identified by the geologists as the area where
the clays used for the production of Sagalassos red slip ware was quarried. Two main
clay units could be distinguished here:

- At the top, a 1.5 - 2 m. thick gray clay unit with large dessication wedges. This
clay unit probably corresponds with the top sediments ali éver the paleo-lake to the
north of Canakli. In this area, the gray clay unit appears to be quite recent as at a depth
of about 1.5 m several dispersed ceramics have been found.

- Below it, there is an at least a 5 m. thick brown clay unit (base unexposed). The
top of this brown clay is gently dipping towards the middle of the Plain of Canakli and
It cannot be excluded at the moment that this unit iargely corresponds with an alluvial
fan. Further fieldvyork is necessary to confirm this interpretation. Within this brown clay
unit three subunits separated by paleosols were tentatively distinguished. They are
aheosols. These deposits appear to be sterile and no dating elements were found in
them.

Howvever, the most important observation in this quarry consists in the discovery
of beach deposits at the contact between the gray and the brown clay unit. These
beach deposits are composed of sands with well-rolled pebbles with a maximal diam-
elter of 1 cm. They form a decisive argument for the lacustrine character of the gray
clay unit.

5. The Geological Survey :
P.DEGRYSE
E.TROGH
L.LOOTS
M.WAELKENS

The geological survey was carried out by means of a careful recording in the
fieid and by sampling with the help of a geological hammer. Exceptionally, also drillings
were carried out.

During the field campaign of 1999, the following problems and topics have been
studied.

5.1. The volcanic deposits of Lake Gélciik (Fig. 5); Volcanic layers in the territo-
ry of Sagalassos (at Canakli, Derekdy, Aglasun) were compared to the volcanic rocks
in the area of Isparta and Golcik. The correlation of these deposits will provide chrono-
logical evidence for the deposits on top of these volcanic layers and will give an idea
of the archaeological relevance of these deposits, and of the rate and quantity of the
mass movements and the erosion in the area. As a result of preliminary macroscopical
research, the different layers in the valleys around Sagalassos can be correlated with
each other and can be linked to the phase of the Gdlciik volcanism where extensive
pumice deposits were forrned in a period of explosive, pyroclastic volcanism. This
stage of the volcanic activity was dated in earlier studies as being ca. 1 million years
old. However, these results will have to be confirmed through further laboratory analy-
sis (petrography, mineralogy, geochemistry) of the samples.

5.2. The use of volcanic materials in the architecture of Sagalassos: the natural
occurrence of the volcanic building stones used on the site of Sagalassos was studied.
Two types of building stones (a compact volcanic tuff and a grey-brown lava flow) were
identified and found around the area of Gdlciik, more specifically to the southwest of
the lake, where they have been quarried and transported to the city of Sagalassos dver
an ancient Roman road. Due to the intense erosion and vveathering of the volcanic lay-
grs and %ue to recent quarrying activity, the ancient quarries will most likely have been

estroyed.
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5.3. Metal deposits: In the pass from Baskdy to Taskapi, afong the road to
Burdur, an outcrop of green coloured ophiolitic material can be seen. The gr,een coléur
is due to the large presence of copper-bearing minerals. Also.heavy, biack nodules
were found. The ophiolitic materia! was clearly exploited, as can be seen from the geo-
logical layering and context. A minimum amount of about i00 m® of stone was removed
from this outcrop. The minerals identified'in the nodules- and green layers in this
deposit consisted of chrystotile, magnesiochromite, magnesioferrite.’'native copper and
cuprite. This points to a strongly hydrothermally altered chrome-rich bddy in the ophi-
olite deposits, concentrating copper, iran,” magnesium and chrome and leaching silica
and aluminium. This proves, if a sufficient grade is attained, the presence of copper
and iron ore in the territory of Sagalassos, more speC|flcaIIy in the ophiolites around
Bagkdy and Taskapi. Further chemical analysi& should show the grade of the deposit
and its possible use in the production of copper (and |ron) in' the territory of the city.

5.4. Salt deposits near Lake Burdur: The area around Lake Burdur was surveyed
for the occurrence of salts possibly used in the production of local glass. Many patch-
es and deposits of salts were found ali: around the lake, of which the nature and purity
will be determined through Iaboratory research, more specifically chemical analysis
(this in connection to their possible use'in the process of glads manufacturing). The fol-
lowing minerals were aiready identified: calcite, hydromagnesite, halife, aragonite,
natron, nitromagnesite, bloedite,; dolomite and gypsum. These minerals represent a
normal crystalllsatlon series of. minerals from lake-waters rich in magnesium through
evaporatlon First calcite and aragonite are deposited through evaporation and organ-
ic activity. This organic activfty .will also reduce the; sulphate content in the lake water.
The deposit of these minerals is followed by the magnesium carbonates such as hydro-
magnesite. The magnesium-rich waters from which these deposits are formed are also
responsible for the alteration of calcite to dolomite. As the bicarbonate content in the
water decreases together with the calcium arid magnesium content, natron and the sul-
phate- and nitrate-minerals are formed (gypsum,. bléedite, nitromagnesite), Finally, as
the bicarbonate, suiphate and nitrate content is lovwered'to a great extent, halite'will
form. Silica is deposited throughout this entire process-.

5.5. Provenance of the building stones used in the architecture of Sagalassos:
During the survey in the area of Golcuk and around Lake Burdur, outcrops of three
types of building stones used at Sagalassos could be identified, showing their local
occurrence and thus their possible area of quarrying! The sugary white recrystallised
limestone and the red limestone breccia were seen in large amounts around Lake
Burdur. In addition, both types of volcanic building stones used on the site of
Sagalassos (compacted tuff and grey lava) could be identified in the area to the south
of Lake Gdlcik, on a plateau just below the crossing of the pass from Sagalassos to
Isparta. In cooperation with L.Loots, ali quarries around the city of Sagalassos were
studied and the types of building stones which they supplied have been identified. This
can later be correlated to different building phases in the city and hopefully to the con-
struction of specific buildings.

6. Vegetation Studies
LVANHECKB

6.1. Study of the vegetation (wi'ld plants) on the territory of Sagalassos: The
elaboration of this regional Standard collection makes it possible to reaiise a local
Flora; once ali collected material will be identified, the full list of identifications of al!

Dr. Leo VANHECKE, National Botanic Gardens, Domein van Bouchout, 1860 Meise, BELGIUM.
1 J.l. Drever, The Geochemistry of Natural Waters, Prentice-Hall Ine, Englewood Cliffs 1982.
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sampled piants will provide a check-list of the local flora. Since each of the coiiected
plants is geographically positioned, it will be possible to integrate the data on the dis-
tribution of these plants in the general Turkish system of plant distribution data. These
data will complete or/and refine the existing distribution maps. Moreover it will be pos-
sible to make an iconographic survey of the coiiected plants (of this loca! flora) that can
be helpful for future botanists or researchers from related disciplines and for local
administrations. Archaeologically, it wiil forrn a reference base for the identification of
macro remains from the excavations, the study of which will start in 2000.

In 1999, a number of new sites could be surveyed and especially the more
"mediterranean” sites, such as Bagsaray and Kuzkdy, the volcanic sites around Golcik
to the SW of Isparta and the brackish vegetation on the SE and S border of Lake
Burdur, provided a lot of new taxa. 410 complete, individual piants were coiiected dur-
ing the summer-campain of 1999. About 1/3 of them were coiiected for the first time.
Additional plant material was coiiected within small vegetation units that were used for
methodological descriptions. This plant material is mostly fragmentary and will not nec-
essarely be conserved after identification.

It was stated before that within the Sagaiassos-territory different phytogeo-
graphical elements are represented. Best represented so far (approximately ae of ali
material identified, before the campain of 1999) is the (eastern) Mediterranean element
and second best is the Irano-Turanian element (steppic plants). A minor flora-element
that is present is the Euro-Siberian element. From the map of wood-types, realized by
the Turkish Forest-Agency, it can be deduced that the eastern half of the historical ter-
ritory is more Mediterranean-like (presence and domination of Pinus brutia forests),
while in the (North-) Western half most of these forests lack or are only locally present.
This is important to understand climatically or physically different micro-zones within
the territory of the ancient city, which might help to explain different types of land-use.

One of the purposes of the 1999 campain was to gather more information on the
distribution of the plant-species that are indicative for one of the cited flora-elements in
order to examine whether the distribution areas of these plants within the territory also
point to a phytogeographical (and climatological) polarization.

6.2. Vegetation studies in view of polien analysis: With this purpose, two excur-
sions were made to the southem limits of the territory (Bagsaray and Kuzkdy in the
west and Harmancik in the east), where recently, olive-trees were observed. Other
excursion-sites were choosen in order to fiil spatial gaps between the places studied
during the past two years. Samples taken in the vicinity of Lake Gdlciik, wili furnish the
first polien record from sites to the N of the excavation-site. Juniperus, Cedrus and
Ouercus forests were sampled on the hills N of Canakl. They will provide interesting
material to compare with the forest to the S of Canakll and to the E of the excavation
site (Cedrus) and with the Quercus-forest to the NW of Gravgaz. An additional excur-
sion was made aiong the S-SE border of Lake Burdur. It will give information on the
presence of recent Chenopodiaceae polien in the vicinity of (and as a result of) saline
vegetation.

During these excursions "new" olive-trees were discovered in the village of
Kuzkdy and between Kuzkdy and Celtikgi.

For the study of the recent pollervprecipitation and the diagnostic vaiue of the
recent pollen spectra for the present vegetation, moss samples were taken in 12 sites
(mosses attach airborne recent pollen from within precipitation). The correspondant
vegetation of these sites was described following the Braun-B!anquet method of vege-
tation analysis.

6.3. Botanical and palynological study of the Gravgaz marshes: 32 Classic
Braun-Blanquet vegetation descriptions were performed within the marsli, especially in
its northern part. They complete the descriptions made in 1998. Oblique semi-aerial
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photographs were taken from the top of the Pilav Tepesi in the east and from the
subtop of the hills at the W-side. These photos will be of help with the general vegeta-
tion description of the marsh. in collaboration with the geomorphologist two new
drillings were performed at the east side of the marsh. Within the vegetation of
Common Club-rushes (Scirpus lacustris), a Dachnowky drilling reached nearly 7 m.
depth. Some 20 m. to the east, beyond the marsh, but stili in the vicinity of the limit of
the Club rushes vegetation, a dnllmg with the Ramguts drill was done through heavy
clays. it was combined with a sequential Dachnowvsky-drilling through peat, and sub-
sequently a continuation of the drilling with the Ramguts attained almost 7 m. The
botanical (palynological) importance of this last drilling is that it was performed within
the clayish layers that so far were not or insufficiently sampled. Material was sampied
for geomorphological and palynological analysis.

7. The Study of Farming Practices and of Landuse
K.DONNERS
S.DECKERS
D.RAES
E.VERMEULEN

7.1. Farming practices: In order to get a picture of the agriculture in the region
during the period before the introduction of tractors, interviews were carried out. Semi-
structured interviews, in which some questions were determined while others arose
during the course of the conversation, were opted for. The people who were inter-
viewed were chosen at random, although older people were preferred. So discussions
were heid with farmers, old people, school teachers and insiitutions. Apart from that
some group discussions were done because in such situation people could directiy
interact on each other statements.

The checklist of the questionary® contained the following topics: the area, crops
and yieids currently cultivated by a family; the division of each area between different
crops and the purpose for which they are used; the import and export of food or crops
in the area; the presence of rotation systems and their cycies for each crop; the occur-
rence of intercropping; the differences in yieid for vyheat in function of the altitude of the
fields on which wheat is cultivated; ali kinds of information about the cultivation of
beans; the dates of sowing and yielding; the length of the growing periods; the varia-
tion of the length of the growing period in function of the altitude; the type of fertilizers
used (chemical and/or organic) and their application to various types of crops; prob-
jems occurring in terms of diseases, water shortage, burning of crops; the degree and
influence of mechanization; irrigation practices; problems of the environment (erosion,
stoniness of fields, clayey soils, water stagnation) and practices used to improve the
situation; soi! knowledge (distribution of crops in function of knowledge concerning the
soil characteristics and the specific needs of certain crops); management practices to
control erosion, to conserve the fertility of the soils.

In total, 58 interviews were recorded, of which the major part took place in
Aglasun, the rest was done in surrounding villages, ali part of the ancient territory of
Sagalassos: Derekdy, Camlidere, Harmancik, Canakii, Yesilbaskdy, Kiprit, Bakirli,
Yumrutas, Bagsaray, Akyayla Koyu, Kayis Koyu, Hisarkdy, Yazir and Yukar Yumrutas
(Fig. 6). A comparison of present day agriculture (as also studied during the survey of
'98) and the land use of more or less 50 years ago wil be made with these newly
obtained data.

7.2. Soil studies: in order to assess the land carrying capacity in Roman-
Hellenistic times, data about the soils laying at the surface at that time are needed. In

2 Use was made of Martin Gary, M. Ethnobotany: A Meholis Manual, Chapman & Hail, London 1995.
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general it can be assumed that the present and the ancient landscape were somewhat
similar. The main difference is supposed to be a varying layer of colluvial deposits.
Mainly the soils developed in flysh have been eroded. As a result, in places where the
autochthonous limestone is not covered with flysh, less colluvium comes down from
the slopes and fields are not covered with a thick packet of coliuvium. These can be
seen as comparable with the soils as they were laying at the surface in ancient times.
Along a transect which comprised both soils with and without cofluvium, reference
points were chosen. These soils were sampled as reference profiles and their analyti-
cal results will be used in the simulation program to estimate the production.

The best place to search for these old red soils (palaeosols) is between the lime-
stone mountains. It can be assumed that the erosion that occurs there is mostly tillage
erosion from the moment that these fields were used for agriculture. These soils are
thus representative for the palaeosols. In Derekdy and Yazir, such soils are stili laying
at the surface. Infiltration tests were done and soil samples (undisturbed and disturbed)
were taken to be further analysed in Belgium concerning their textural, chemical and
hydrophysical properties.

7.3. Water availabiiity: In order to make an assessment of the amount of water
that was available in ancient times, infiltration tests were carried out on limestone
slopes. These observations should give an idea about the magnitude of water runoff
and immediate infiltration in the soil. On several agriculturai fields, the infiltration rates
were measured with the double infiltrometer. In addition, data were collected about the
method of irrigation, the frequency, the date of the last irrigation and the crop. The
slope was measured and samples were taken. This experiment was done at Koyund,
Derekdy and Aglasun. Uniformity was measured with the penetrometer. This experi-
ment was done on several fields a few days after they were irrigated. The crops were
mainly sugar beets, pat, gladiolas, maize and beans. in ali cases, data were collected
about the method of irrigation, the frequency, the date of the iast irrigation and the crop.
The slope was measured and soil samples were taken.

7.4. lrrigation studies: These included infiltrometer tests, sampling for hydro-
physical characterisation, carrying out a questionary about irrigation practices, study
the effect of stoniness on productivity, area sampling, determination of the yariation of
infiltration,in soils with different stoniness by means of a rain-simulator, profile descrip-
tions and sampling for soil fertility. To measure infiltration rates of water in the soil, the
principle of the double ring infiltrometer was used. The purpose of this method is to cal-
culate how fast rain or irrigation water can infiltrate in the soil.

Observing the irrigation in the valleys and measuring the uniformity of the water
distribution on the fields made it possible to estimate the efficiency of irrigation, which
*is an important factor to predict the maximum possible production for irrigated agricul-
ture.

Together with the authorities of the irrigation system in AJlasun, recently irrigat-
ed fields were visited. By means of a penetrometer the uniformity of water distribution
on an irrigated field could be measured. According to the layout of the fields the wet-
ted frontvvas measured every 2 to 3 metres along 2 or 3 transects starting from the
side where the irrigation water enters the field. As a result estimation can be made of
the efficiency of irrigation.

Discussions with farmers and people concerned with the irrigation schemes
gave data about the frequency of irrigation, the amount of water added during one irri-
gation session, the periods of water shortage and the area that is irrigated. Ali these
data are of main importance for the simulations with the 'Budget’ program later on.
Since this program requires daily rainfail data dver a series of years, a weather station
including a pluviometer has been installed both at Adlasun and at Sagalassos.

Once the daily rainfali data vyill be estimated, it will be possible to make a fre-
quency analysis of rainfail, which gives the reliable amounts of rainfail for ali months.

96



By means of the computer program 'Rainbow’ thé reiiable amount of rainfall wil! be
extracted from the monthly rainfall data oyer a series of years. The reiiable amount of
rainfalf will be an indication of the probability of exceedence. The 20% reiiable rainfail
for example indicates the rainfall that will be exceeded in 2 out of 10 years. In a next
step the evaporation coefficient of the different crops will be calculated, by which ali
data will be known, needed to estimate the net irrigation requirement. The uniformity
measurements as described above will then be processed to calculate the gross irri-
gation reqmrement

8. The Study of Terra-Cotia Figurines )
’ P.TALLOEN

P.Talloen ‘made a complete inventory of ali the terracottas stored at the depots
of the excavation house. The first-hand examination of the figurines enabled him 7o
establish a catalogue of Sagalassos figurines. For the time being six main categories
of figurines were i1dentified: animais (horses, dogs, bulls, lions, panthers); they repre-
sent the greater part of the figurines and are ali hand-made; a warrior-type (upper body
of a male figure, often wearing some kind of head-gear and coat of mail, and always
holding a small shield in his left hand and a weapon in his left); the detailed execution
of the front side of these figures and their flat back-side suggest that they are mould-
made; a rider-type (bodies of horses wearing a harness and with clear marks of rid-
ers on their back); these fragmentary figurines must undoubtedly have formed a group
with the fragmentary warrior figurines, since no lower bodies of the latter have ever
been found; for this type both production techniques could be discerned; an Aphrodite-
type (ali fragments belong to identifiable Aphrodite-figurines); the relatively large num-
ber of figurines allows us to distinguish them as a separate category; they were ali
rr|10uld rlgade dother de|t|e51nclud|ng Attis, Eros, Harpokrates, Hermes, Zeus; they are
ali mould-made

9. The Study of Window Glass
L.LOOTS

Ali window glass that was found at Sagalassos was evaluated in grder to study
the production tecnnique of this building material. Together with the physical anaIyS|s.
of the glass done by the geologists (P. Degryse), this should enable to gome to some'
definite conclusions concerning the window glass of Sagalassos. The’shape of the
fragments of the window glass and of the air bubbles trapped inside, as well as the
scratch marks on the surfaces of the fragments indicate that probably different tech-
niques were used side by side in the production. it is clear that pouring liquid giass on
a more or less flat, and often stone, surface formed seyeral fragments. Other frag-
rr?ents were produced in another way, possibly by blowing, or in the form of crown
glass.

10. Archaeozoological Research
B.DECUPERE™
"A.LENTACKER
S.LAMBRECHT
W.VanNEER

Larger faunal remains: ali faunal remains collected in the different excavation
areas of the 1999 campaign were studied. In addition, some unstudfed material from

B. De CUPERE, Royal Musetim for Centrai Africa, 3080 Tervuren, BELGIUM.
A.LENTACKER, Royal Museum lor Central Africa, 3080 Tervuren, BELGIUM.
S. LAMBRECHT, Royal Museum for Central Africa, 3080 Tervuren, BELGIUM.
W. Van NEER, Royal Museum for Central Africa, 3080 Tervuren, BELGIUM.
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previous years was examined as well. The animal bones were identified to species and
skeletal element, and wherever possible sex, age and other special features (patholo-
gies, butchery marks and other traces) were established. Complete bones and the
more comptete proximai or distal ends were measured with callipers to 0.1 m. The
gathered data serve to reconstruct the ancient economy and ecoiogy of Sagalassos.
Because of the lack of reference material in the field, most fish remains and elements
of bird, amphibian, reptiles and smaft mammals were brought to Belgium for further
1dentification. These finds are under study at the moment and comprise about 200
mammals, 800 birds, 250 fish, 4 reptiles, 48 amphibians and 1 mollusc shell.

The majority of the finds consist of buthchery refuse among vyhich the domestic
species preponderate. Cattle (Bos primigenius f. taurus), sheep (Ovis ammon f. aries),
goat (Capra aegagrus f. hircus), pig (Sus scrofa f. domestica) and chicken (Gallus gal-
lus f. domestica) were the main source of animal proteins, whereas hunting was of
mindr importance. Among the hunted species hare (Lepus capensis) was the most
common animal. Fallow deer (Dama dama) and'red deer (Cervus elaphus) were only
very poorfy represented.

Although in small numbers, fish occurs regularly, especially in occupation levels.
To obtain a more complete sample of these contexts, dry sieving of the sediment was
carried out on a 4 mm. mesh in layers where finds from small animals were to be
expected. In general, the recovered fish remains consist of wiid garp and other
cyprinids which came from the nearby lakes. A Mediterranean species (Auxis thazard)
occurred as well but its identification stili has to be checked. Contacts with the
Mediterranean area also illustrated by the presence of the mussel (Mytilis eduiis). More
information about trade contacts with the sea coast or other areas will most probably
be gained after the identification of the remaining fish bones.

Other categories of finds comprise the left-overs of animal carcasses that yvere
not eaten such as horse (Equus ferus f. caballus), donkey (Equus africanus f. asinus)
and dog (Canis lupus f. familiaris). Also the remains of intrusive, burrowing species
such as the large land gastropod Helix and other small landgastropods (Metafruticicola
redtenbacheri and Jaminia loewii), tortoise (Testudo graeca), fox (Vulpes vulpes) and
mole rat (Spalax sp.) were observed.

Traces visible on the animal remains were also studied. These are mainly butch-
ery and cut marks, but comprise also traces left by small rodents, dog and pfant roots
and help to reconstruct the taphonomical history of the animai remains. Only small
quantities of waste from bone and antler working have been found at the site, as well
as a number of horncores of goat that were cut off near the base and which are an indi-
cation of horn working.

Tiles with footprints of animals, which occur regularly at the site, were inven-
torised. An identification of the prints was made, showing that dogs (of different sizes)
are the most common. Prints of sheep or goat, bird and cat were observed less fre-
quently. The type of tile on which the prints occurred was established by Lieven Loots.

11. Athropod Studies
J.SCHELVtS’

Samples have been taken and processed by J.Schelvis in order to study the
remains of arthropods (insects and mites) both at the site of Sagalassos and at the
Gravgaz marshes. At Sagalassos ten samples were taken from yarious contexts. At the
Gravgaz marsh a total of 28 samples have been taken from a single core placed adja-
cent to core 3bis of the geomorphoiogical survey. The core was taken from a depth of
4.65 meters thereby covering a period of deposition of approximately two millenia.

The samples from Sagalassos have been processed at the excavation house at
Aglasun.The arthropod remains were extracted by means of wet sieving at 106 mm.

J. SCHELVIS. Wirdumcrweg 1, 9917 PA Wirdum, The NETHERLANDS.
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and subsequent flotation with Paraffin oil. The results of these flotations were stocked
in alcoho! in 60 mi glass jars for further study in the laboratory. The samples from the
Gravgaz core will be processed after transportation to Belgium.

The aim of the arthropod study is to provide paleo-ecological data on the city of
Sagalassos and its surroundings. Various groups of insects and mites can be used to
reconstruct the local environment and to shed more light on the sanitary conditions of
the inhabitants of Sagalassos and their domestic animals. The remains of specific
stored-food pests such as grain weevils could provide data on aspects of the paleo-
economy. It stands to reason that an attempt will be made to integrate the results of the
arthropod studies with those from other specialised studies in environmental archaeol-
ogy such as the study of animal bone, Cladocera and paleobotanical studies of phy-
toliths and pollen.

12. Anthropological Studies
E.SM1TS

During the 1999 season Dr.E.Smits established a catalogue of the 7th century
AD inhumation graves on the Lower Agora excavated in 1998 and 1999 and complet-
ed a preliminary report of the physical anthropological study of the human bones from
this area.
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Fig. 1: The city map of F. Depuydt at a scale 1:2000 based on the map at a scale 1:500



Fig. 2: View of the valley of
Catal Pman, located to
the south of the clty

Jj Rclativc pottery density vs. deraity ofarchitectural fragrticnts

Fig. 3: Map of the area sur-
yeyed by on-fine walk-
ing in the valley of
Catal Pinan

Fig. 4: View, of the basin of
' Gravgaz, .seen fro”i
the south .
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Tome g em

Fig. 6: View of the part of the territory of Sagalassos studied in view
of the ancient and present land-use and farming practices
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LES PITHOI DE PESSINONTE (ANATOLIE CENTRALE)
DONNEES ANALYTIOUES COMPLEMENTAIRES

Paul De PAEPE’
Geert DEVOS
Frank VERMEULEN

INTRODUCTION

Les fouilles da la Mission archeologlque de I'Université de Gand & Pessinonfe,
conduites par John Devreker, ont livré un important matériel céramique, dont des
dizaines de vases de provision (pithoi ou dolia) fabriqués entre le Phrygien final (env-
iron 400 avant J.-C.) et le Byzantin ancien (Vie-Vllle siécle de nétre ere) (Devos,
1998). De 1996 & 1998, vingt-huit de ces containers en céramique commune ont éte’
examinés concurremment en lames minces et par analyse chimique multi- élémentaire
au Laboratoire de Minéralogie de ['Universite Pétrologie en Micropédologie de
['Université de Gand. Cette recherche, menée par étapes successives, a permis de
répondre aux questions au sujet du caractére local ou non de chaque objet En outre,
eile a mis en évidence que I'utilisation & Pessinonte de pithoi confectionnés en dehors
de son territoire n'est effectif qu'a partir du Bas-Empire (De Paepe et Vermeulen, 1998;
De Paepe et Vermeulen, 1999; De Paepe et al., 2000; Devos et al., 2000).

De nouveaux prelevements ont eu lieu pendant la campagne de fouiiles de
1999. Comme ie corpus céramique analysé précédemment comprenait prés de 60%
de pithoi du début de I'époque byzantine (tableau 1, col.a), nous avons favorise€ de pro-
pos délibéré avec le dernier échantillonnage (vingt-sept tessons au total) les
céramiques phrygiennes, hellénistiques et romaines (tableau 1, col.b). De ce fait, le
nombre d'objets de chaque période étudiés au laboratoire jusqu'a ce jour est main-
tenant plus equilibré.

Nous résumons ici les resultats obtenus par I'etude des vases sélectionnés en
1999 (Annexe 1). Les nouvelles données montrent une bonne convergence avec les
observations des années précédentes. Malheureusement, elles ne permettent pas de
préciser davantage le (s) lieu (x) de fabrication des productions non locales. En plus,
elles ne dévoilent guére la présence de pithoi d'autres types pétrographiques que ceux
dé crits antérieurement (les types A & F). On comprend deés lors que nos futures inves-
tigations céramologiques & Pessinonte s'orienteront vers une autre catégorie de
céramiques grossiéres. Une étlide portant sur des amphores trouvés dans des couch-
es d'occupation couvrant une durée de prés de neuf cents ans (du Ve siecle avant J.-
C. Au Vlle siécle de nétre ére) sera mise en route dés I'été prochain (Juillet-ao(t 2000).
Elle sera réalisée en collaboration avec Patrick Monsieur. .

Paul De PAEPE, Vakgraep Geologie en Bocfemkunde Laboratorium voor Mineralogie, Petrofogie en Micropedotogie
Krijgslaan 281 B-9000 Gent/BELCIKA )

Geerl DEVOS, Vakgroep Archeologie en Oude Geschiedenis van Europa Blandijnberg 2 9000 Gent/BELCIKA
Frank VERMEULEN, Vafcgroep Archeologie en Oude Geschiedenis van Europa Blandijnberg 2 9000 Gent/BELCIKA
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Période de fabric:sntion ) ) a b

_Période phrygienne tardive 1 1
Transition entre-la période phrygienne et la période hellénistique 4
Période hellénistique  , + 3 3

" Transition enftre la période hellenlsthue etla perlode romaine 1 2
Période romaine 5 7
Transition entre la période romaine et la periode byzantine 2 1
Période byzantine ancienne 16 9

Tableau 1: Datation des pithoi analysés jusqu'a ce jour
a. Nombre d'objets examinés avant 1999
b. Nombre d'objets &tudiés, dans le cadre du present travail

IDONNEES PETROGRAPHIOUES

f Urie grande part des Ceramlques recueillies en 1999 appartiennent aux types
pétrographigues A, B et C, tels qu'ils ont ete définis et décrits en détail dans nos
travaux anterieurs. En effet, 'les représentants de ces trois types constituent prés de 78
pour cent de I'ensemble analyse {21 tessons sur un total de 27). En raison de la com-
position minéralogigue’ et petrographique des divers éléments constilutifs de leur
dégraissant, ces trois types de céramiques ont été attribués précédemment 4 des ate-
liers installés 4 ou pres de Pessinonte. le reste du matériel correspond 4 des
céramiques des types pétrographiques D et E, dont nous avons démontré qu'elles ont
&té fabriqués, dans un contexte géolo ique trés different de celui du gisement ol elles
ont &té miseg au jour. Les nouvelles données suggérent que les vases du type E sont
plus répandis 4 Pessinonte que-ceux du type p (4 échantilons contre 1), mais ceci
est en désaccord avec nos prenpieres observations. La céramique du type F, dont le
prfemier et unigue fragment a éte identifié en 1998 (De Paepe et al., 2000}, nest pas
représentée,

Les pithoi assignés aux types pétrographiques A (les tessons PS57, PS58,
PS64, PS70, PS72, PS74, PS80 et PS81), B (les tessons PS63, PS66, PS71, P875
PS77, PS?8 et PS79J et C {les tessons PS55 PS62, PS65, PSG? PS73 et PS?G)
presentent en proportions plus ou moins egales (respectlvement 30 26 et 22 pour Cent
de I'ehsemble). Ceux 6u type Acontiennent rarement des grains isolés d epidote et des
fragments de schistes 4 épidote. lls ont done été rattachés au sous -type A1 (De Paepe
et al., 2000). La distinetion au mieroseope polarisant entre les céramiques du type
pétrographlque B et celfes du type C est dellcate Les inelusions gneissiques et grani-
to-gneissiques, qui sont les "marqueurs” de la céramique de type 8, ainsi que les
débris de roches rtiagmatiques granitor'des qui caraetérisent les ceramigues du type C,
renferment en effet les mames minéraux essentiels. lis sont en plus beacoup trop
pelits pour que la strueture magmatique ou metamorphlque de la roche-mére soit
enepre bten visible en lame mince. Polir résoudre ce probleme, nous avons utilisé
cornme dans le passé le critere de l'absence ou de la présence de vermicules de
qudrtz a disposition buissonnante dans le feidspath (myrmekite). Il est un fait que bon
nombre de grains granitiques contenus dans le fond de péte des céramiques du type
C sont myrmékitiques.

Les inelusions volcaniques présentes dans le tesson PS60 (le seul représentant
du type pétrographique D de la collection) ont généralement une strueture fibro-radjée
hien développée. Comme plu3|eurs de ces fragments renferment du quartz bipyramidé
et corrodé (‘quartz rhyolitique’), il est probable quils proviennent de la désagrégation
de roches rhyo|itiques. Dans presaue tous les pithoi du type D décrits auparavant, la
texture at lanature minéralogique des phénocristaux pris dans les fragments lithiques
suggéraient une Composmon andésmgue et rares &taient les vases qui contenaient des
débris de roches A struéture fibro-radiée.
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Comme nous layons signalé a plusieurs reprlses la céramigue du type pétro-
graphique E, représentee ici par les tessons PS56, PSS9, PS61, PS68 et PS6Y, se dis-
tungue par Iabondance le trés mauvais Callbrage la taille relativement grand'e et l'o-
rigine trés variée (un melange déléments sédimentaires, magmatiques &t métamor-
phiques) de ses éléments dégraissants. Son fond de péte est quelquefois bourre de
carbonates et ces minéraux font également partie du cortége minéralogique de cer-
tains fragments de roches. Dans le cas du tesson PS56 les inclusions voicaniques sont
particulterement nombreuses; PS61 par contre est remarguable par sa richesse en
fragments de roches ultramafiques altérés et/ou’serpentinisés. Quant au tesson PS69,
il contient tant de grains micaschisteux et tant de paillettes de mica qu’on pourrait, &’
premiére vue, le confondre avec une céramique du type pétrographique A.

DONNEES CH!MIOUES

L'examen par spectrome'trie diabsorption atomique a fourni les concentrations
absolues de neuf constituants principaux et de dix constituans en traces. Les analyses
chimiques rapportées dans le tableau 2 ont été recalculés & 100% pour une perte au
feu (PF) nulle. Les valeurs de la perte au feu de chaque é&chantillon sont données en
bas du méme tableau. Comme nous le verrons tout de siite, la constitutuion
minéralogugue du dégraissant des différentes Céramlques influence tres profondement
leur composition chimigue globale.

Letude attentive de I'ensemble des echantlllons en se référaht au potassmm et
au magnésium, démontre que les céramiques supposées étre fabriquées en dehors du
territorie de Pessinonte se distinguent nettement des productions locales (Fig. *1). Le
matériel du type pétrographique D est en effet de loin le plus riche en potassium, tan-
dis que les taux du magnesium mesurés dans les vases d dégraissant du type E sont
autour du double de ceux enreqgisirés pour le reste des tessons. Ces particularites
chimiques s'expliquent facilement dune part, par la nature franchement potassique
des fragments rhyolitiques inclus dans la céramique du type D, et, d'autre part, par le
caractére magnésien des roches péridotttiques, gabbroTques et basaltiques qu'on trou-
ve sous forme dinclusions non plastiques dans la céramique du type E. La presence
dans la céramique du type E de nombreux grains d'olivine, présentant des degres vari-
ables d'altération, se traduit egalement par des taux assez ¢leves du chrome et du
nickel. Les teneurs élevées de ces traces dans la céramique de ce type he peuvept
done surprendre. Hies constituent des criteres supplémentaires pour differe’ncier cette
céramique aussi bien des productions locales que de la ceramique du type D (Fig. 2).

L'examen au mieroseope polarisant a montré que les fragments de roches pris
dans le fond de péte de I'echantillon PSE60 (type D) sont presque exlusivement de com -
position rhyolitique. Ce fait est corrobore par les Tesultats de I'analysechimique. La
teneur en strontium du tesson PSG60 (135 ppm) est trés basse comparée 3 celle des
céramigues du méme type pétrographique qui contiennent surtout des débris andesi-
tiques {PS3 et PS54). Ces deux échantillons contiennent respeetivement 1150 et 1157
ppm de Sr (De Paepe et Vermeulen, 1999; De Paepe et al. 2000). Il est bien connu que
les andésites renferment beaucoup de phénocristaux et/ou de mierolites d'andesine, un
feldspath plagioclasique qui incorpore faciiement du Sr dans sa strueture cristalline!

Pour effectuer un elassement de I'ensemble des échantillons a partir de tous les
caraetéres chimiques recensés dans cette étude (27 échantillons, 19 éléments), nous
avons utilisé la méthode de l'analyse de grappes et le logiciel UNISTAT. Le diagramme
arborescent (=dendrogramme) de la figure 3 met en évidence deux groupes de
céramiques. Lepremier (GR1) réunit les cing échantillons du type perographique E. Le
deuxiéme (GRZ) rassembte toutes les céramiques des types pétrographiques A, B, C
et D. Il se divise en deux sous-groupes {(GR2-1 et GR2-2). GR2-1 comprend'unique-
ment des tessons attribués aux types B et C. Dans le,sous-groupe GR2-2 se—rangent
toutes les céramiques du type A, deux vases des types Fet C {un de chaque type), ¢
le seul fragment du type D {(PS60). Ce dernier occupe’une posmon marginale.par rap—
port aux autres membres de ce sous-groupe.
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Tableau 2: Nouvelles analyses chimiques* de pithoi <ie Pessinonte

Eehant. | E855 PS56 PS57 7858 7859 PS60 PB61 PS62 P863
st02 68,48 58,34 65,23 69,89 58,82 66,92 63,99 63,07 58,51
A1203 17,75 13,85 18,63 15,92 13,12 17,40 12,68 18,26 15,74
Fe203* 3,98 9,61 6,65 6,48 8,36 5,10 7,17 5,31 4,85
102 0,53 1,59 0,56 0,91 1,26 0,45 0,37 0,71 0,53
MnO 0,05 0,23 0,11 0,10 0,19 0,07 0,12 0,10 0,11
cao 2,71 4,05 1,14 1,35 8,22 2,18 3,67 4,29 12,59
HgO 0,92 7,57 2,15 1,66 6,11 1,69 S,96 1,91 2,34
Na20 2,72 3,06 2,11 0,71 1,93 1,61 0,69 3,06 1,97
K20 2,86 1,70 3,42 2,98 1,99 4,58 2,35 3,29 3,36
Li 32 32 52 33 39 29 34 23 33
v 55 190 111 117 148 61 88 86 64
cr 59 444 182 113 376 112 541 68 77
co 9 45 23 20 38 17 36 16 10
Ni 27 264 100 60 228 110 594 31 38
cu 14 63 35 30 61 30 39 24 20
7n 56 98 98 86 98 67 79 71 72
Rb 80 53 146 114 69 226 61 109 95
sr 669 110 317 250 166 135 248 983 581
Pb 28 7 22 22 11 30 18 28 19
PR 4,25 2,75 2,33 3,67 6,54 2,14 4,63 1,09 6,39

t Elferaents majeurs et mineurs en % de poids: &léments traces en ppm: perte au feu
en % de poids {Anal.J.Van Hende)
S Tout le fer est isalculé& sous forme de Fe,03

(PF)
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Tableau 2 i(stiite): Nouvelles analyses chimiques® de pithoi de Pessinonte

Echant. FS64 PS65 PS66 PS67 PS68 PS69 PS70 PS71 P872
sio2 66,38 63,85 61,76 58,66 56,41 57,89 66,22 67,09 63,94
A1203‘ 17,25 17,13 15,42 16,12 13,00 12,60 15,26 16,13 15,39
Fe203* 7,90 5,82 5,18 4,79 9,33 7,49 5,65 4,17 6,01
TIO2 0,91 0,65 0,59 0,55 1,35 0,99 0,74 0,45 0,73
MnO 0,17 0,12 0,11 0,10 0,22 0,18 0,11 0,08 0,11
CcaO 1,32 4,75 9,34 11,31 7,46 11,52 4,73 4,52 6,40
MgO 2,15 2,15 2,41 2,31 7,99 5,62 2,27 1,77 2,70
Ha20 1,04 2,21 2,28 2,55 2,43 0,98 1,33 2,41 1,42
K20 2,88 3,32 2,91 3,61 1,81 2,73 3,69 3,38 3,30
Li 34 30 28 29 42 29 35 31 32
v 119 99 84 70 171 108 84 . 55 89
cr 169 93 90 66 480 412 95 49 102
Co 25 18 17 13 46 38 16 10 16
Ni 67 45 41 35 295 301 41 25 48
Cu 38 29 29 22 60 44 23 18 34
7n 95 76 77 67 96 87 71 56 78
Rb 101 98 104 91 54 74 115 92 108
Sr 156 561 653 773 140 268 274 490 287
Pb 20 25 25 24 10 16 18 19 17
PF 3,37 7,11 6,19 8,86 8,13 10,65 6,09 5,22 8,41

t Eléments majeurs et mineurs en % 'de poids; é&léments traces en ppm; perte au feu

)

en % de poids (Anal.J.Van Hende)
$ Tout le fer est calcui® sous forme de Fe,O,

(PF)
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Mouvelles analyses chimigques~ de pithoi de"Pessinonte

Takbleanu 2 I[aliite):

Echant . FS73 PS'?_4 PovE FET7* . PSTY . . FP878 . P879 PS80 X EFSB1
gtoz 63,93 64,53 58,00 57,88 58,62 67,29 65,05 69,43 68,51

T R1203. 16 46  -15;94 --15,74 - 16,35 15,30 18,67 14,89 15,94 15,40
Fa203* 6,32, 8,32 4,41. .. 4,86 4,58 -5, 67 T 5,45 5,90 - 6523 - -
TIO2 0,88 0,78 0,57 0,60 L0,56. . 0,68 . 0~79. .0,36 0,75
HOO 0,132 0,17 0,10 0,09 0,10 0,10 0,10 0,09 0,17
‘Ao 5,04 ©%,48 12,77 7 12,36 ° 13,027 = 2,51 5,84° 2,00 0 1,48
MO 2,36 2,72, 2,51 2,58.. . 2,46 - -1,39 ..2,86 . 2,29 2,94
Na20 2,01 1,64 2,39 2,26 2,02 .. 1,47 2,17 1,00 0,91
K20 2,88 2,42 3,51 3,02 3,34 2,22 2,85 2,99 3,61
Li 29 28 .32 31 32 . 33 41 32 42
v 104 170 62 61" 63 84 110 87 113
cr 113 149 75 - 66 69 72 96 108 227
co 21 28 11 13 12 15 16 .20 30
i 46 68 40 32 33 3.2 54 52 150
cu 32 45 21 22 21 19 31 34 53
zn 84 80 74 70 71 76 81 96 104
Rb 101 87 125 91 102 93 94 128 148
er 422 296 £45 701 583 213 795 155 S171
Eb 26 23 22 15 20 23 19 19 34
PF 3,56 2,57 9,93 4,54 10,60 0,72 7,63 2,19 4,14

£ Eléments majeurs et mineurs en % de poids ., “eléments traces en ppr; perte au feu (FF)

en % de poids

(rnal.J.van Hende;

.

£ Tout le fer est «walculé szous forme de Fe,03




Le caractére potassique n'est pas la seule partrcularue chimique du matéeriel du
type pétrographique D. En effet, il se distingue ‘'egalement par des teneurs assez
élevees en alumine, rubidium et plomb combinees avec des concentritaons faibles du
fer et du strontium. Un dendrogramme qui se fonde sur |es dosages de ces six consti-
tuants principaux et traces (Fig. 4) permet done une ldentification rapide de cette
céramique peu commune sur le site de Pessinonte.

CONCLUSIONS

_ Les données anaiytiques que nous venons de présenter et les datations rap-
portees en annexe (yoir Annexe 1) confirment la validiteé de notre double hypothese:
I'apparition des premiers pithoi d'origine non locale (ceux des types pétrographiques D
et E) dans la ville antique de Pessinonte a partir du Bas-Empire et leur utillisation assez
courante dés le début de I'epoque byzantine. Nos reeherehes anterieures avaient deja
attiré I'attention sur la présence de produetions non jocales dans le secteur de I'acro-
pole et & l'intérieur de la zone d'habitation. Le présents travail montre qu'elles sont
également présentes dans d'autres secteurs du site, notamment & proximite du temple
el dans des batiments localisés prés du Gallos.

Grace a la presente reeherehe, le nombre de pithoi soumis conjointement & une
étilde au mieroseope petrographlque et une analyse chimique globale a presque dou-
blé (47 au lieu des 28 échantillons anaiys€s precédemment). Toutefois, malgre la mui-
tiplication des observations ei des mesures, aucun nouveau type petrograph|que n'a
pu étre identifie. Les lames minces des échantillons de la campagne de 1999 four- nis-
sent également peu de renseignements complémentaires permettant de mieux cireon-
serire la provenance ou le lieu de fabrication des différentes produetions.

Il resuite done clairement de nétre étlide que, si I'on veut résoudre un jour le
probléme des provenances des pithoi de Pessinonte, ii faudra pouvoir anaiyser un
grand nombre de ceramlques issues d'anciens fours de potiers des environs du site et
des régions avgisinanr.es. C'est la raison pour !aquelle nous avons décide de sus-
pendre temporairement nos travaux sur les pithoi et d'aborder proehainement I'etude
des amphores du méme site. Personne ne peut ignorer que pendant I'antiquite clas-
sique les amphores, qui tout comme les pithoi servaient & la conservation des liquides
et des grains, ont &té transportesur de longues disiances et constituent d'excelients
indicateurs des échanges cornmerciaux. Comparées aux pithoi, elles presentent le
grand avantage d' avoir déja éte I'objet de nombreuses &tudes archeologiques, petro-
graphiques et chimiques. Ceci facilitera sans doute, méme a trés court terme, V inter-
prétation des données analytiques.
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ANNEXE1

Description arché'ologique succincte
des Gchantillons sélectionne*s pour cette étiide

Dans la liste qui suit, tous lea vasas exposéa dans le jardin du musde de
Ballibisar porteni un numdro qui se termine par un asteéxisque (FS55*%, par
exemple). Ceux qui se trouvent dana l« depdt du musGe, par contre, sont
pourvue d'un numfiro se terminant par le symbole S.

Autreo symbolee: D: datation; P; provenance.

PS55*

PS56"!

PS57*

PSS8*

PS59*

PS60*

PS61*

(&R5949)

Fragment de paroi & padte rouge brun et cuisson oxydante, dGgraissé
avec des grains de quartz et des paillettes de mica. D: Byzantin an-
elen (Vle-VIIIe siécle). P: fortin sur 1l'acropole (objet trouvad in
situ).

<Pess.89-16-29) (JM12)

(RR5950)

Fragment de paroi a pate rouge brun et cuisson oxydante, dé&graissG
avec du guartz, du mica et des fragments de sehiste. D: Roroain tar-
dif (IVe-Ve siicle). P: un entrepdt préds du Gallos (objet trouva in
situ) .

(Pesa.69-E-2) (JH25)

(ARS951)

Fragraent de paroi & pite rouge brun et cuisson OKytJante, dagraissi au
mica, avec du quartz et des fragments de echiste, avec un bord inte-
rieur trait® & la poix. D: Phrygien final (Ve-IVe avant J.-c.)- P'
Bscteur du temple (objet trouve€ in situ) .

(Peas.98-B6-280) (JM28)

(AR5952)

Fragment de paroi & pdte rouge brun et cuisson oxydante, dégraiss® au
mica, avec du sehiste et des quartz de taille varide. D: Byzantin an-
cien (Vle-VIIIe siécle). P: fortin sur 1l'acropole (objet trouvG In
situ).

(Pess.8B-13-K2) (JH10)

(AR5953)
Fragment de paroi & pate rouge brun et cuisson oxydante, dagraisoG
avec beaucoup de grains de quartz et du achiste. D: Byzantin ancien

(Vle-VIIIe sLecle). Ps fortin sur 1l'acropole, au coeur d'une =zone
perturbGe.

(Pess.87-12-53) (JM11)

(AE5954)

Fragment de paroi & pdte orange rouge et cuisson oxydante, ddgraissa
au quartz et au mica. Ds Romain tardif (IVe-Ve siécle). Pi un entre-

pdt prés du Galloe (objet trouvE in situ).
(PB3B.69-E-3) (JHI)

(AR5955)

Fragment de paroi & pidte rouge brun et cuisson oxydante, tré&s gros-
siSrement dégraissé avec du quaj:tz, des paillettee de mica et des
fragments de sehiste. D: Byzantin ancien (Vle-VIIIe sidcle). pj for-
tin sur 1l'acropole (objet trouva in situ).
(Pesa.87-12-8) (JM3)
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PS62*

PS63*

PS64*

PS65&

PS66*

PS67*

PS68

PS69°

PS70*

PS71°

(AR5956)

Fragment da paroi 1 pate orange rouge et cuieson oxydante, dégraisad’
avec du gu&rtz et moins fréguemment au mica, avec traces d'un engobe.
D: Byzantin anelen (Vle-VIIIa oibGcle)e P: fortin sur 1'acropole (ob-
jet trouv* in «itu).

(Pege.90-17-29) <JM27)

(AR59S7)

Fragment de bord & péte brune et cuisson oxydante, dGgraissé au
quartz at au mica, avec traces d'un engobe. D: Romain anelen (Ier
Bi&cle aprds J.-C-). P: eecteur du "forum", mis au jour lor» du net-
toyaga du mur 41.

(PesB.99-N1-41)

(AR5958)

Fragment de bord & piAte rouge brun et cuisson oxydo~reéductrice, dé-
graissf au quart« et au mica, avec traces de poix & 1'ititGrieur. D:
Phrygien flnal/HellénIBtlque ancien (IVe siele av. J.-c.). Ps sec-
teur du teraple.

(Peaa.98-B6-266+285)

(AH5959)

Fragment de paroi & padte rouge brun et cuisson oxydante, dé&graissé& au
quartz et au mica, traces de brlilure & 1'intérieur. D: Phrygien fi-
nal/HelléniBtique ancisn (IVe sie€cle av. J.-C.)- P: secteur du tem-
ple.

(PeBB.99-B6a-311)

(ARS960)

Fragment de bord & pdte rouge brun et cuisson oxydante, dagraissd au
guartz et au mica, traces de poix. D: Phrygien final/Hell&nistique
ancien (IVe siécle av. J.-c.)- P: secteur du temple.

(PeaB.99-B6a-320>

(ARS961)

Fragment de paroi & péte rouge brun et cuisson oxydante, dGgraissS au
guartz et au mica. D: Phrygian final/Hellénistigue ancien (ive si&cle
av. J.-C) . P: secteur du temple.

(£>esB.99-B6a-308)

(AR5962)

Fragment de paroi & péte rouge brun et cuisaon oxydante, djgraissé au
quarta, au mica et avec dea fragments de ecblste. D: Byzantin ancien
(Vle-VIIle sié&cle). Ps Zone d'habitation (au-dessus de la etoa) (ob-
jet trouvé in situ).

<Pea«.99-H2-148)

(AK5963)
Fragment de base & pate orange brun et cuisson oxydante, abondamment
dagraissd au mica. D: Romain tardif/Byzantin ancien (Ve sigcle). P:

secteur du temple, couche d'habitation et de destruetion.
(Pees.92-B1-10)

(AR5964)
Fragment de base a pite gris belge et cuisaon oxydo-cfductrice, da-
graissf au quartz et au mica. D: Romain (ler-IITe siécle). P: secteur

du temple, restes d'un pavement.
{Pess.92-B1-71)

(AR5965)
Fragment de bord & péte orange brun et cuisson oxydante, dégraissg au
guartz et au mica. D: Romain moyen (Ile-IITe siécle). P: secteur de

la Haghia Sofla, couche de rehauasement/couche d'habitation. -
(Pess.92-L1-21a)
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ps72’

PS73%*

ps74°

PS75*

PS76"

PS77"!

PS78%*

PS79%

PS80’

pss1’

(AR5966)

Fragment de bord & pate rouge brun et cuisson oxydo-réductriee, d&-
graissd au mica. D: Helléniatigue ancien (Vle-IIIe sietle av. J.-C.).
Pi sectaur da la Haghia Sofia, dépotoir rempli da matdriaux de con-
atruction.

(PeaB.92-L1-37)

(AR5967)

Fragment de bord & pdte rouge brun et cuisson oxydante, d4grai»o6 au
guartz et au mica. 0: Romain ancien (premitre moiti& du ler si&cle
aprés J.-C.)-. Ps osotaur de la Haghia Sofia, couche de rehaussement.
(PeBB.92-L1-9b)

(AR5968)

Fragment de bord 1 pdte rouge brun et cuisson oxydo réductrice, dé&-
graiesé avec du guartz at dea paillattea de mica. Dt Hellénlstlgue
tardif (Ile-Ier siécle av. J.-0,)- PJ secteur du temple, couche de
rehaussement.

(Pess.94-B4-19)

(AR5969)

Fragment de paroi & padte bcige brun et cuisson oxydante, d&graissid au
quartz et au mica. D: Hellenistigue tardif/regne d'Ruguste (ler sid-
cle av. J.-C) . P: secteur du temple, restes d'une couche.
(Peaa.9E-B6-93)

(ARS970)

Fragtnent do parol & pate orange belge et culason oxydante, dagraissé
au quartz, au mica et avec des fragmentB de roches. D: Hellfnistique
tardif/r&gne d'Auguste (ler siecle av. J.-C) . Ps secteur du "forum",
fosse dans un batiment hellzZnietique.

(Pess.9S-N1-53)

(RR5971)

Fragment de baBa & pate orange belge et cuisson oxydante, dagraissé
au quartz et au mica, avec traces de poix & l'intfirieur. D: Hellénis-
tique tardif (ler eiécle av. J.-C). P: Becteur de la Haghia Sofia,
couche de rehaussement.

(Pess.92-L1-64)

(AB5972)

Fragment de paroi & pate rouge et culsson réductrice, dégraissé au
guartz, au mica et avec des fragment3 de roches carbonatéeB. Type do-
liura. D: Romain (ler-IIe sidcle). PJ eecteur du "forum".
<Pes8.9S-N1-23+27)

(AR5973)

Fragment de bord & pate rouge brun et cuisson oxydante, d&graissd au
quart;t, au mica et avec des fragmento de achiste. Ds Bys;antin ancien
(Vle-VIIIe sl&cle)es P: fortin eur l'acropole (objet trouve in situ).
(Pess.87-11-34)

(AH5974)

Fragment de paroi & pate rose rouge et cuisson oxydo-rd&ductrice, dé-
graiasd au quarti et avec des paillettes de mica. D: Byzantin ancien
(Vle-VIIIe Bi2cle). Pt fortin sur l'acropole (objet trouve In situ).
(Pesa.87-11-54)

(AK5975)

Fragment de paroi a pate rouge brun et cuisson oxydo-rdductrice, d&-
graissé au quartz, au mica et avec des fragments de schiste. D: By-
zantin ancien (Vle-VIIIe oiécle). P: fortin sur l'acropole {objet
trouvd in situ) .

(Pess.90-18-38) .
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ANNEXE 1

BREVE NOTE SUR LES AMPHORES DE PESSINONTE
Patriék MONSIEUR™

Durant I'éte de 1999, un premier examen des amphores grecques romaines
et byzantines & Pessinonte a ete’ e'ffectue’ Malgre’ le temps restreint dont nous dispo- -
sions, la reconnaissance du matériel amphorique dans le dep&t du musée de Ballihisar
a donné des résultats prometteurs. Dans le but d'avoir une vue globale des différents
types une sélection ponctuelle d'une cinquantaine de fragments a été faite. lls provi-
ennent aussi bien des fouilles anciennes du prof. Pieter Lambrechts que des fouiiles
récentes, y comprisla campagne de 1999.

Tous ces fragments d'amphore ont €t€ étudies, identifiés (si possible) et décrits
dans le détail, les fragments diagnostiglies photographles et dessinés. Il s'agit pour
une grande partie de petits fragments, ce qui a rendu difficie leur ldentification. Une
étiide plus approfondie sera entamée prochainement. Les datations des amphores
englobent la période allantdes IVeou llle siécles av. J.-C. aux Vle ou Vlle siécles de
nétre &re. L'origine des amphores est en général égéenne ou italique. Le contenu de
la plupart de ces récipient de transport était du vin. Les amphores a vocation domes-
tique (amphores de table de dimensions plus petites) n'ont pas été prise$ en consid-
eration. Aussi avons-nous écartés dans cette note les amphores & fond plat
famphores-cruches'’) dont des fragments ont été mis & jour par centaines dans une
couche d'incendie dans la stoa est de I'agora, en face du deuxieme théatre d'epoque
severienne. Ni la date, ni leur contenu ou origine est connu a ce jour. EIIes figureront
dans une étiide & part.

Les Amphores D'époque Hellénistique

Déja aux eépoques archa'fque et classique, quelques fles du monde grec ancien
jouissaient d'une forte réputation en ce qui concerne leurs crus: Chios, Lesbos et
Thasos. Pessinonte a livieé quelques exemples intéressants d'amphores chiotes. Un
fragment de pied d'une amphore de Chios date sans aucun doute de la premiére moitié
du Ule siécle av. J.-C, et peut-étre méme du dernier quart du Ve siécle. Le beau frag-
ment supérieur avec son col plus élancé que ses prédecesseurs est a placer au lle ou
lier siecle av. J.-C. Quelgues fragments d'amphores d'une paté atant du gris au gris-
noir sont trés probablement originaire de Lesbos. Non seulemeht la’ pate typique, mais
aussi quelques caractéristiques morphologiques laissent peu de doute sur-leur origine.
Quelques fragments proviennent du secteur B6 (mur de fortification hellénisiique prés
du temple), ol des niveaux phrygiens ont &té atteints. Apparemment ils étaient asso-
cies a de la ceramique phrygienne tardive, datant probablement de la premiére moitie
du llle siecle. Alors ce serait un des rares cas ol I'existence d'amphores de Lesbos est
attestee a !"'epoque helienistique naissante. Les amphores de Thasos sont represen-
tees par un pied appartenant & une amphore du type lll de Virginia Grace, et une anse
estampillee dont seulement la moitie est conservee. L'estampille, qu'il faut lire
[Kaldmou / [Thalsioon {lettres retrogrades), date comme le pied du llle siecle av. J.-C.
Deux ateliers livrant des estampilles au nom de I'eponyme Kadmos ont ete decouverts
sur e de Thasos. Comme on devait s'y attendre, les amphores de Cnide, de Rhodes
et de Cos sont presentes. Les Cnidiennes peuvent se reconnaitre assez facilement a
leur pate et surtout au pieds a pointe courte surmontes d'une sorte de disque, typiques
pour les llle-lle siecles. Malheureusement aucune estampille nous est parvenue
jusqu'a ce jour. Neanmoins on peut encore s'attendre & la decouverte de ces reperes
chronologiques de premiere importance, tellement ils sont abondants sur les sites
mediterraneens. Il en est de meme des estampilles des amphores rhodiennes. Une
anse d'amphore de Rhodes date du lier siecle av. J.-C. et du lier siecle apr. J.-C.
Quelques fragments de pied en forme de tetine se laissent facilement identifier comme
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des amphores de Cos. Une autre caracterlsthue de ces amphores sont les anses
bifides. I! faut rester néanmoins prudent, puisque d'autres sites de production, comme
par exempie Cnide, fabriquait parfois le méme type d'anse. En plus, ili est un fait
qgu'aussi bien le vin que les amphores de Cos ont été imités dans tout le bassin
méditerranéeri, jusqu'en Taraconnaise. Pour le moment on ne peut qu'avancer une
date générale des llle-le siécles.

Les amphores d'époque républicaine, impériale et byzantine

La présence d'amphores d'origine itaiique ne doit pas nous étonner. En vu de la
diplomatie et des conquétes romaines en Gréce et en Asie Mineure, suivies plus tard
par la création de colonies, elles nous semblent les térnoins naturels des marchands
itafiens qui ont su profiter des nouveaux marchés qui leur ont été présentés. Trois
grands groupes d'amphores peuvent étre distingués: les Gréco-Italiques (Sicile et Italie
du Sud), les types Lamboglia 2 (ctte adriatique) et les types Dressei 1 (Etrurie, Latium
et Campanie).

Les amphores gréco-italiques peuvent dater du IVe au lle siécle av. J.-C. Une
pied formant une pointe longue et un fragment de (evre gréco-italiques se situent au
milieu du lle siécle et appartiennent au type Will a. La pointe d'un pied et fragment de
levre appartiennent 4 une forme de transition gréco-italique-Dressel I. jls datent de la
deuxiéme moitié du lie siécle av. J.-C. Un fragment de col et une pointe sont
attribuables au type Lamboglia 2, datant du dernier quart du Ne siécle ou de la pre-
miére moitié du lier siécle. Les amphores Dressei 1 apparaissent durant les années
140-130 et disparaissent pour la plupart 4 la fin du 1lier siecle av. J.-C. Au cas ol eiies
sont tres fragmentés, les amphores Dressei 1 peuvent étre difficile & distinguer de leurs
predecesseurs grécoHtaliques qu'ils imitent partiellement. Dans un état de conserva-
tion raisonnable (aspect typologiques, mieux encore si des inscriptions peintes a dates
consulaires ont ete préservees), les Dressei 1 se revelent comme des guides fossiles
par excellence pour suivre dans le temps les progrés de la romanisation. Elles sont
tres frequentes, meme en Belgique actuelle des -Dressei 1 ont été attétées. Une
chronologie affinee exige une analyse plus approfondie des fragments et des con-
textes. |l serait bien interessant de pouvoir mettre en rapport les Dressei 1 de
Pessinonte avec les guerres mithridatiques OLJ avec la creation des colonies romaines.

A ce moment nous n'avons pu repérer avec certitude des amphores des deux
premiers siécles de I'empire. Seule une anse d'amphore du type Kapitan Il témoigne
de la fin du ile et du llle siecle. Elle est certainement d'origine égéenne. Une anse mas-
sive pourvue d'une marque en forme d'aréte de poisson ou de palme provient proba-
blement d'une amphore de Byzacéne en Afrique du Nord, relatée au type Africana I
grande. Elle appartient aux lle-IVe siécles. Les amphores d'époque romaine tardive et
byzantine se font moins rares. Trois types bien représentés dans le bassin méditer-
ranneéen oriental (bien qu'ils occurrent aussi a l'ouest et au nord) surgissent: Late
Roman 1, aire de production en Cliicie, Late Roman 2, aire de production peut-&tre en
region pontique, peut-etre aussi en Grece continentale, et Late Roman 4 (cigar-
shaped’) d'origine palestinienne et égyptienne. La plupart d'entre elles estmai datée:
IVe-Vle siecles voire la premiere moiti€ du Ve siécle de ndtre ere.

La recherche sur les amphores & Pessinonte s'est revelee intéressante. Elles
peuvent procurer des données chronologiques pour diverses époques. Les amphores
sont en mé&me temps des témoins importants pour au moins une partie des Activités
économiques de Pessinonte, plus particulierement ies relations commerciales que la
ville et, ne l'oublions.pas, le sanctuaire de Cybéle ont dii avoir 4 partir de Pépoque hel-
Iénistique jusqu'au haut moyen age.
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ANNEXEZ2

RELATOINS GENEALOGIOUES ET STRUCTUBES FAMILIALES DES POPU-
LATIONS ANCETRES DE PESSINUS

L BELADJAL*
J. MERTENS

Le génome cTun individu est maintenant techniquement accessible dans divers
compartiments: ADN nucléaire codant, non codant, séquences répétées, ADN rnito-
chondrial, ADN plasmidien. Il est done par consequent possible d'etudier la variabilité
génétique des individus a l'intérieur des populations naturelles, de caraetériser les affil-
iations et d'effectuer a travers elies des comparaisons.

Les caractéristiques étudiées peuvent étre la quantité totale d'’ADN, la séquence
d'un ADN ou d'un fragnnent d’ADN, le profil de restriction, la longueur du génome, le
nombre, la place des séquences repetees ete. LADN mltoehondrlal (mtADN) est par-
ticulierement exploité dans cette deseription et a donné lieu a des découvertes intéres-
santes. Une cellule contient plusieurs mitochondries (environ 500) et chaque mito-
chondrie contient entre 1000 et 10 000 molécules d'ADN, ce qui lui donne la carac-
téristique d'ayoir une chance d'étre le mieux conserve dans le temps, contrairement &
'ADN nucléaire qui n'est présente qu'a un double exemplaire par cellule. Comme
mtADN est hérité d'une fagon elonale, c'est-a-dire de la mere vers ses enfants, elle est
idéale pour la construction de la phylogénie matemeie et les modalités de transmis-
sion meére-enfant.

Les dents sont les parties squelettiques les rnieux conservées dans le temps, ce
qui permet de les considérer comme candidates ideales pour I'extraction d'’ADN du
matériel osseux des restes archéologiques. A ce moment nous avons mis la
méthodologie au point, aprées exploration de plusieurs protocoles disponibles et leur
adaptation & notre but de reeherehe, ce qui a la fin nous donne un protocole propre 4
soi. Les grandes lignes se résument comme il suit:

. Les dents entieres sont d'abord rincees dans de l'eau distillée stérile, puis
mises dans de I'nypochlorite de sodium, dans de I'éthanol, puis séchées & lair libre.
Cette procédure permet d'éliminer les débris de la surface des dents.

Le broyage des dents en poudre fine a ete fait en recourant aux instruments
dentaires. La couronne est sectionnée et l'intérieur de la dent est broyé€. De cette fagon
la contamination de la partie externe de la dent est mise hors cause.

. La decalcification est faite selon deux_méthodes: (i) en utilisant de l'acide acé-
fique normal, (ii) en utilisant de I'EDTA (Ethylene Diamine Tetraacetic Acid). La deux-
itme possibilité semble donner les meilleurs résultats.

. Extraction aprés mise au point du protocole approprié.

Comme la quantité d'’ADN extraite est trés faible, une déteetion sur gel élec-
trophorése est impossible avant I'amp]ification. Cette derniere a été faite par PCR
(Polymerase Chain Reaction), en utilisant Qiagen ADN polymerase (VWestburg,
Leusden, Pays-Bas) et des amorces spécifiques pour I'ADN mitoehondrial humaine. La
déteetion du produit PCR se fait sur gel d'agarose contenant de I'étidium bromide.
L'electrophorése submarine se déroule dans du tampon TBE (Tris Boric EDTA) et I'ob-
servation se fait par translumination aux UV.

A présent, le protocole est mis au point (Fig. 1). Le reste des echantillons sera
fait proehainement afin de reconstruire tes relations généaiogiques des habitants
indiqués par nos collegues archéologues.

L. BELADJAL. _Universite’ de Gand, Laboratoire d'Ecologie, K.L. Ledeganckstraat 35, B-9000 Gent/BELGIQUE
J. MERTENS, Université de Gand, Laboratoire d'Ecologie. KL, Ledeganckstraat 35, B-9000 Gent/BELGIOUE
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ANNEXE3

PESSINUS
GEO-ARCHAEOLOGICALFIELD CAMPAIGN 1999

Morgan De DAPPER*

The geo-archaeological field campaign, conducted from 26 to 31 Auaust
1999, was focused on the study of the valley infill of the broad riverplain between
Ballihisar and Ertugrul, dovwvnstream from the site of Pessinus.

The aim of the campaign was twofold: (1) to test a new driliing set and (2) to
assess the thickness, nature and age of the infill and the possible role of hurnan activ-
ity in the process of colmatation.

1. THEDRILUNG SET

A drilling set, produced by 'Eijkelkamp’ (The Netherlands) and allowing samplina
up to a depth of 15 metres in almost ali sediment types, was tested. The set is hand
operaied, compact and easy to transport. A station car is sufficient and therefore mobil-
ity in the field I1s very high. The set is also very versatile; it consists of easily detach-
able steel extension rods and of several types of augers and gouges which can be
adapted to the type of sediment encountered during the drilling.

e M 7ffariting setalso aliows to sample looga gadiments below the groundwater

table. Under such circumstances a detachable piastic casing is gradually lovwered- the
casing tube prevents the collapse of the drilling hole after each removal of the sarriple.
The sampling itself 1s performed by a bailer boring equipment. When in operation the
bailer creates a v0|d below the casing tube, that allows the piastic tube to be driven fur-
ther into the sediment. After finishing the drllllng, the casing tube is easily removed
using handies which clamp around the casing.

2. THE VALLEY INFILL

Three drillings were performed reaching depths of respectively 8 m., 10 m, and
14 m. In al! cases the groundwvater table was present below a depth of 3 m, from the
surface. The bulk of the sediments consists of a Ca-rich fine sandy to silty clav This
texture is closely related to the soft mariy Neogene geoiogical substratum whirh k
exposed in the surrounding hillslopes.

_ Distinction could be made between an upper colluvial facies and a lower alluvial
facies, containing thin gravel lenses, resting upon the geologica! substratum.

Organic material is rarely present but some samples may allow for AMS 14C-
dating. The presence of a few sherd fragments in the lower part of the sediment shows
that the maim part of the infill process must have taken place after human occupation,
Deforestation leading to bare slopes, very vulnerable to soil erosion, is most orobably
the main cause for accelerated colmatation of the valley floor.

This process may also account for the lack of lithic implement finds in the vicinitv
of Pessinus: the lithic sites on the hillslopes are most probably completely eroded, while
the lithic sites on the original valley floor are buried under several metres of sediment.

3. FURTHER RESEARCH
The test of the drilling equipment was succesful; a denser netvrork of drillina
spots will be established during future field campaigns.

The sediment samples will be screened for the presence of biological indicators
such as microfauna (Prof.Dr. Johan Mertens, Ghent University) and phytolites (Drs
Luc Vrijdaghs, Africa Museum Tervuren) in order to allow for paiaeo-environmentai
reconstruction.
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Fig. 1: Gel Electrgpharése de: M-ADN du marqueur; CP-AND d'un contble positif; D1-3-ADN
de dent 1 & 3 des individus d'un tombeau Byzantin; CN-contrdle négatif
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