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TUBA AR, Tiirkiye Bilimler Akademisi (TUBA) tarafindan yillik olarak
yayinlanan Art & Humanities Citation Index (AHCI, 2007) ve Elsevier
(SCOPUS, 2009) kapsamunda uluslararas: hakemli bir dergidir. Derginin
yaymn politikasi, kapsami ve icerigi ile ilgili kararlar, Tirkiye Bilimler
Akademisi Konseyi tarafindan belirlenen Yayin Kurulu tarafindan alinur.

DERGININ KAPSAMI VE YAYIN iLKELERI

TUBA AR dergisi ilke olarak, dénem ve cografi bolge smirlamasi olma-
dan arkeoloji ve arkeoloji ile baglantili tiim alanlarda yapilan yeni aras-
tirma, yorum, degerlendirme ve yéntemleri kapsamaktadir, Dergi arkeo-
loji alanminda yeni yapilan calismalara yer vermenin yam sira, bir bilim aka-
demisi yaym organ olarak, arkeoloji ile baglantili olmak kosuluyla, kiil-
tiirel miras yonetimi, koruma, arkeometri, cevresel arkeoloji basta olmak
tizere, doga ve sosyal bilimlerin tiim uzmanlik alanlarina agiktir; bu alan-
larda gelisen yeni yorum, yaklasim, analizlere yer veren bir forum olus-
turma islevini de yliklenmistir.

Dergi, arkeoloji ile ilgili yeni a¢ilimlar kapsamli olarak ele almak igin belir-
li bir konuya odaklannus yazilar1 "dosya" seklinde kapsamna alabilir; bu
amacla caginh yazarlarin katkismnin istenmesi ya da bu baglamda gelen
istekler Yayin Kurulu tarafindan degerlendirir.

Kazi ve ylizey arastirmalari da dahil olmak lizere, yeni yorum ve agihm
getirmeyen, yalnizca malzeme tanitimi iceren, 6n rapor niteligindeki yazi-
lar dergi kapsammin digindadir. Kiiltiir tarihi acisindan énemli bir yeni-
lik getiren énemli buluntular "haber" olarak dergiye kabul edilebilir.
Yazarlar dergiye makale génderdiklerinde, s6z konusu yazimn daha énce,
ceviri olarak bile bagka bir yerde yayimlanmadigim ya da yayimlanmak
iizere bir baska dergiye génderilmemis oldugunu kabul etmis sayilirlar.

TUBA-AR
TURKISH ACADEMY OF SCIENCES JOURNAL OFARCHAEOLOGY

TUBA-AR is an annual peer-reviewed international journal, included in
the Art & Humanities Citation Index (AHCI, 2007) and Elsevier (SCO-
PUS, 2009) published by the Turkish Academy of Sciences. Decisions con-
cerning the scope and content of the journal and the publication policies
are determined by the Publication Committee selected by the Academic
Council of the Turkish Academy of Sciences (TUBA).

PUBLICATION POLICIES AND THE SCOPE OF THE JOURNAL

As a policy, all types of original research, interpretation, assessments
and methodological studies in or related to archacology regardless of geo-
graphic area are included in TUBA-AR. As the publication of an acade-
my of science, the journal also includes new interpretations, approaches
and analyses in cultural heritage management and cultural protection,
archacometry and environmental archaeology, as well as related research
in other specialized disciplines. TUBA-AR hopes to provide a discussion
platform in these fields.

Upon the decision taken by the Editorial Board, a special section of the
journal may be reserved on specific entities that are being currently
debated in academic media.

Any type of preliminary excavation or survey report that lacks interpre-
tation and perspective cannot be considered. However, original discoveries
that bring insights to cultural history can be included in the journal in the
“news” section.
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SUNU

TUBA-AR Dergisi, Tiirkiye Bilimler Akademisi’'nin
kiltir tarihi ve arkeolojiye vermis oldugu énemi
yansitmaktadir; 14. sayiyla da bu cabay: siirdiirme-
ye calistik. Onceki sayilarda oldugu gibi, olabildi-
gince genis bir zaman diliminin, cografi cesitliligin
ve farkli bakis acilarinin dergiye yansimasina dzen
gosterilmistir. TUBA-AR’mn 12. sayisiyla baslatmis
oldugumuz “6zel konu-dosya” uygulamasinin ne
kadar dogru oldugu, almis oldugumuz olumlu eles-
tirilerden anlasiimaktadir. Dosya konulari, bir yanda
TUBA-AR Dergisi'nin bir bilimler akademisinin
yayin organi konumuna bagl olarak doga ve yasam
bilimleri ile kiiltiir tarihi arasinda bir képri kurul-
masinin saglanmasina, ote yanda da illkemizdeki
yayinlara yansimayan ancak kiiltiir tarihi acisindan
onem tastyan konular1 derlemeye Ozen gosterile-
rek secilir. Bu baglamda ilk dosya konumuz arkeo-
loji-yerbilimleri ile ekonomiyi biitiinlestiren “arkeo-
lojide kalay” olmustur. Onceki sayida ise, Anado-
lu’ya komsu olmasina karsin, iilkemizde ¢ok az bili-
nen Kafkasya kiiltiirleri ele ahmmust.

Bu yil konu olarak “gdmiit arkeolojisi” secilmistir.
Doga ve yasam bilimleri ile arkeoloji arasindaki
iliskinin tarihsel siirecine baktiimizda, gecen yiiz-
yilin ilk yarisinda zooloji, botanik, insanin fiziki
ozelliklerine agirlik veren antropolojinin 6n plana
ctktiginy, 1950°1i yillardan itibaren radyoaktif tarih-
leme yontemlerinin agirlik kazandigini gormekteyiz.
Libby’in 1949 yilinda radyoaktif karbon izotoplari-
na dayanarak gelistirmis oldugu ve yaygmn olarak C14
adlamasiyla bilinen yontem, arkeolojide gercek anla-
muyla bir devrim yaratmus, 6nceleri fizik ve ardindan
da kimya temelli yontemler arkeolojide giderek
daha yaygn olarak kullanilmaya baglamustir. 1990°h
yillardan itibaren benzer bir devrimin dnceleri biyo-
arkeoloji ve hemen ardindan da biyogenetik arkeo-
lojide gerceklesmis oldugunu soyleyebiliriz. Rad-
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yoaktif karbon yonteminin arkeolojiye girisinde
oldugu gibi, DNA ¢oziimlemeleri de bityiik bir heye-
can dalgasi yaratmis, giderek cok cesitli bilim dal-
larinin birlikteligini gerektiren izotop, biyokimya
gibi alanlar da arkeolojik calismalarin ayrilmaz bir
parc¢asi durumuna gelmistir. Bu son sayidaki dosya
konusu arkeolojide hizla gelismekte olan bu alanin
bir yansimasidir. Bu baglamda konunun uzmanlarini
bir araya getirerek diizenledikleri uzun soluklu bir
calistay-seminer dizisinin bildirilerinin dergimizde
yayimlanmasina izin veren Fransiz Anadolu Aras-
tirmalar1 Enstitiisii'ne (IFEA) ve seminer diizenle-
yicileri Dr. Yasemin Yilmaz, Dr. Laurence Astruc
ve Dr. Aksel Tibet’e dergimiz ve TUBA adna tesek-
kiir borgluyuz.

Dosya konusunun yam sira, daha onceki sayilarda
oldugu gibi, arkeolojiyle ilgili cesitli calismalara da
dergimizde yer vermeye Ozen gosterdik. Yazilarin
seciminden de goriilecegi gibi, tilkemizde hizla gelis-
mekte olan farkli bilim kurumlarindaki gen¢ mes-
lektaslarimizin calismalarina dncelik verilmistir. Bu
tam anlamiyla Tiirkiye Bilimler Akademisinin siir-
diirmekte oldugu “genc bilim insanlarini 6zendirme
programi”yla uyumlu bir yaklasimi yansitmaktadir.
Bilindigi gibi Tiirkiye Bilimler Akademisi baglamin-
da stirdiirtilen ve akademinin Gviing kaynagi olan ve
kisaca GEBIP (Geng Bilim Insanlarim Odillendirme
Programi) adiyla bilinen proje, genc bilim insanlari-
nt 6zendirmeyi, yonlendirmeyi ve bilim diinyasina
tamtmay1 amag edinmistir. GEBIP, diger tilkelerde-
ki bircok akademi tarafindan da dikkatle izlenmek-
te ve uluslararasi ortamlarda O6rnek bir uygulama
olarak goriilmektedir. Bu nedenle TUBA-AR’da
dosya dis1 yazilarinin se¢iminde de bilim diinyasinda
tanmmis blyik isimler yerine, gelecek icin umut
veren geng bilimcilerin ¢alismalarina agirhk veril-
mesi, derginin bir politikasi olarak benimsenmistir.



TUBA-AR1n 14. sayisiyla yeni bir uygulamayi daha
baglatmus bulunmaktayiz. Arkeolojik calismalar uzun
solukludur; verilerin elde edilmesi kadar, bunlarin
degerlendirilmesi ve yayima doniismesi uzun zaman
gerektirir. Bu nedenle kazi ya da arastirmalarla orta-
ya cikan, baska yerlerden 6rne§i bilinmeyen dnem-
li buluntularm, ayrintili bir degerlendirmeye girme-
den hizli bir sekilde 6n bilgi olarak bilim diinyasina
aktarilmasmimn dogru olacag: diisiincesinden yola
cikilarak, dergide “haberler” adiyla yeni bir béliim
daha acmaya karar verilmistir. Benzer bir yaklasim
1940’1 yillarda onceleri Halet Cambel ve hemen
ardindan Handan Alkim tarafindan uygulandiktan
sonra, Anadolu arkeolojisinin bilyiik isimlerinden
Machteld Melling tarafindan daha sistemli bir sekil-
de American Journal of Archaeology-AJA'da “Axc-
haeology in Asia Minor” olarak uzun yillar boyun-
ca stirdiirtilmustiir. Melling’in vefatindan sonra cesit-
li arastirmacilar bu gelenegi kisa bir siire siirdlirmeye
cahismslardir. Bu tiir yayinlarin bilim diinyast icin ne
kadar yararh olacagi 6ngoriisiiyle bu sayidan itiba-
ren “haberler” boliminin ilerki sayilarda da yer
almast icin caba gdsterilecektir.

Bu yilki ilk uygulamada yalnizca 4 yazi yer almustir;
bunlarin her birinin kiiltir tarihi agisindan tasidig
onem kuskusuzdur. Ancak Tiirkiye’de siirdiriilen
arkeolojik projelerin say1 ve cesitlemesi gz dniine
alindiginda bu saymm yetersiz oldugunun da bilin-
cindeyiz. Ilerki sayilarimizda meslektaslarimizin
ortaya cikardiklari en énemli bulgularin hizh bir
sekilde yayimlanabilmesi icin katkida bulunacakla-
r1 umudundayiz.

Gecen donem icinde Tiirk arkeolojisi iki biytik isimi
yitirmenin acisim duymustur. Orta Dogu Teknik
Universitesi’'nin kurucu rektorii olan Kemal Kur-
das, arkeolog olmadigr halde Tiirk arkeolojisinin
gelismesine, yeni kusaklarm yetismesine ve arkeolojik
kazilann cagin gereklerine uygun bir sekilde yapil-
masina yadsinmaz katkilar da bulunmus, kendisi hig-
bir arkeolojik calismanin bire bir icinde olmadig:
halde, basta Keban, Karakaya ve Atatiirk baraj alan-
lar1 ile ODTU yerleskesindeki 50’nin iizerindeki
kazinin yapilmasini ve elde edilen sonuclarin hizla
yayimlanmasini saglayan ortami hazirlamgtir. ODTU
rektorliigiinden vefatina kadar stirekli olarak arkeo-
lojiye, arkeologlara, arkeoloji yaymlarma ve dzellik-
le arkeometri alaninda kendini gelistirmek isteyen
genc bilimcilere destegini stirdiirmiistiir. Yalmzca

Tiirk arkeolojisi degil, tiim bilim diinyas1 icin yeri gii¢
doldurulacak bir kayiptir. Prof. Dr. Askidil Akarca,
bilimsel arkeoloji egitiminin filizlendigi donemde,
Istanbul Universitesi Arkeoloji Boliimii'nde arkeo-
lojinin dogru bir sekilde algilanabilmesi icin 6nemli
bir bireysel caba gostermistir. Arkeolojinin sanat
tarihiyle i¢ ice olarak algilandigy, insan ve kiiltiir 6ge-
lerinin yerine anit yapilar, sanat eserlerinin 6n plana
ciktigi donemde, verdigi dersler, gerceklestirdigi
seminerler ve yaptigi alan calismalariyla kiltiir tarih-
ciliginin yerlesim ve yerlesimin dogal cevreyle iliski-
leri anlasilmadan yapilamayacagini vurgulamus olan
onctl isimlerden biridir. Akarca’nin énciil yaklasimi
giiniimiizde geliserek Tiirk arkeolojisinin bilim diin-
yasinda saygin bir yer kazanmasina katkida bulun-
mustur. Kendisini saygiyla aniyoruz.

Diinyada oldugu gibi ilkemizde de arkeoloji ve kiil-
tur tarihiyle ilgili siireli yayinlarin sayist hizla art-
maktadir. Bu hizl artis ister istemez dergilerin yak-
lasimiyla uyumlu nitelikli yazi bulmalarim giicles-
tirmektedir. Bilindigi gibi akademik yiikseltmelerde
stireli yayinlardaki yazilar ve 6zellikle tarama endeks-
lerine giren dergiler 6n plana ¢cikmakta, buna karsi-
lik kitaplar bu tiir yiikseltmelerde tiimiiyle puanla-
ma disinda kalmaktadir. Oysa arkeoloji gibi sosyal
bilimlerin bircok alaninda geleneksel olarak kitap ya
da kitap icindeki bir makale, siireli yayimndan daha
kapsamli bir cahsmayi yansitir; dolayisiyla bu tiir
yaymlarin bilimsel degeri cok daha fazladir. En
onemli tarama endeksine kabul edilmis olmasina
karsin, TUBA-AR’in kitaplarm yerini tutmadigl,
tutamayacag goriistindeyiz. Dergimizde ¢ikmus olan
yayinlara bakildigi zaman bunlarin 6zgiin ancak
kiiciik dlcekli degerlendirmeler oldugu acikca gori-
lecektir. Ancak gene de TUBA-AR’m, iilkemizde
bilimin gelismesinde 6ncii bir yeri olan bilim aka-
demisinin yayin organi konumunda olmast, dergi-
mize onemli bir sorumluluk yiiklemektedir. Bu
sorumluluk her seyden dnce bilim etigi, cagdas diin-
yaya actlim, bilgi paylasimi ve bilimde dogmalar-
dan uzak yeni arayislar gibi “akademi” kavramiyla
uyumlu olmay1 zorunlu kilmaktadir. TUBA-AR bu
gorevi elinden geldigi kadar yerine getirmeye ve
Tirkiye Bilimler Akademisi’nin uluslararasi bilim
diinyasinda kabul gormiis 6zgtinlGgii ve saygihgiy-
la yayin hayatini siirdiirmeye ¢aba gostermektedir.

TUBA-AR YAYIN KURULU
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ABSTRACT

Despite the availability of large amount of information on human bones, little attention has been given to the environmental
conditions of bone weathering and preservation. Secondary hydroxyapatite (carbonated hydroxyapatite for primary bone
mineral) as the most well known but intriguing constituent of the bone was determined (SEM) in the pore spaces of a Bitin-
ian (2nd century BC) mans vertebral bone fragment as aggregates together with probable amorphous compounds.
Unweathered primary microcrystalline hydroxyapatites of the bone structure were also determined by TEM indicating resist-
ance to weathering. Organic bodies such as the True Slime Moulds of the Phylum Myxomycota were observed feeding on
hydroxyapatite fragments, and secondary minute hydroxyapatite aggregates forming on unnamed elongated mycelia. All
these features add up to manifest the alterations that primarily occur in post mortem soil-less environments of bones more
independently and freely than in soil media, without being masked by the numerous processes the latter would shelter.

OZET

Insan kemikleri hakkinda ¢ok fazla bilgi olmasina karsin, kemiklerin aynsmast ve korunmasmnda cevre kosullarmn etkisi
iizerine yapilan ¢alismalar kisuldur. Ikincil hidroksiapatit ve amorf bilesenleri calismada drnek olarak kullarlan Bitinya
bolgesindeki bir insarmn (MO 2. yiizyl) vertablea kemik parcalannda gozenek bogluklaryla birlikte taramall electron
mikroskobu (SEM) ile belirlendi. Kemik yapisinda aynsmars birincil mikrokristalin hidroksiapatitler, gecirimli elektron
mikroskobu (TEM) ile saptannustir. Phylum Myxomycota-True Slime Mould'lan gibi organik canhlann, hidroksiapatit
mineral parcaciklanmn lizerinde beslendigi gozlemlendi. Calismanin bulgulannda saptanan tiim bu goriniimler,
toprakl ortamlardan farkh olarak éliim sonrast topraksiz ortamlarda daha belirgin bir bicimde ortaya cikmslardr.
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INTRODUCTION

Large amount of information is available on human
bones in archaeometry, medicine, and forensic stud-
ies indicating the presence of amino acids, collagen
and inorganic fractions, namely as the hydroxyapatite
(HAP- carbonated hydroxyapatite for primary bone
mineral). Seventy percent of the bone is made up of
HAP including the compounds of calcium (phos-
phate, carbonate, chloride, fluoride, hydroxide and
citrate). Although may be present in amorphous
forms, this primary mineral is predominantly crys-
talline (Hedges and van Klinken 1992) as platelets
or rods, about 8 to 15A thick, 20 to 40A wide and 200
to 400A long. Substitution occurs in the HAP of
bone by inter-crystalline exchange and re-crystalli-
sation, via dissolution, with the addition of new elec-
trolytes, influencing the HAP formation in different
pathways. Solutions containing phosphate salts ini-
tially accelerate the rate of HAP formation by reduc-
ing the incongruency of the CaHPO, dissolution
and new crystal formation during which Ca? is
replaced or electrolytes adsorbed on the crystal sur-
faces (Smith et al. 1983; Brown and Fulmer 1996).

Secondary HAP, which is of special interest for soil sci-
entists and agronomists studying the dynamics of
phosphorous in soils and its availability to plant’s may
form in a soil-less (the post-mortem conditions of
tombs) or soil environment through the weathering of
the bone or other phosphate sources. However, little
attention has been given to the environmental condi-
tions of bone weathering and preservation (Sobel and
Berger 1994), despite the quantities and composition
of surviving organic materials in a specimen depend-
ing on their burial environment (Garlick 1969).

Environmental factors that are suggested to influ-
ence the rate at which collagen degrades include the
composition, pH and hydrology of the matrix; oxy-
genation; temperature; and changes brought about
by soil flora and fauna (Henderson 1987). The pro-
tein contents of the bone undergo a relatively slow
hydrolysis to peptides, breaking down into amino
acids followed by a spontancous rearrangement of
the inorganic crystalline matrix, which weakens the
protein-mineral (HAP) bond and leaves the bone
susceptible to dissolution by the action of internal
and external agents (Henderson 1987). The study we
have undertaken is interdisciplinary attempting to
determine the formation of crystalline/amorphous P

Duygu BOYRAZ et.al.

compounds and the HAP orientation on and with-
in the bone using the microscope and submicro-
scopic methods coupled with XRD to understand
the dynamics of P as HAP in a soil-less environment.

MATERIALS AND METHODS

A segment of the backbone (vertebrae) of a Bitin-
ian, Greco-Roman male recovered from a presti-
gious 2nd century BC tomb near Bursa, located in
western Turkey-a tomb of high quality masonry with
the bones of a high ranking person lying on the
ground with the decayed/weathered artefacts and
goods without direct soil contact (Figs. 1-2) was
analysed at a Bruker AXS D8 Advance Cu k-alpha
x-ray diffractometer as powdered/ground samples of
around 20-50 micron size. Scanning electron
microscopy (SEM-Carl Zeiss EVO 40) coupled with
a Bruker AXS Microanalysis-XFlash 4010 unit was
also used in order to reveal the occurrence and for-
mation/chemistry of the HAP and its orienta-
tion/relation to the bone microstructure and other
minerals. Transmission electron microscopy (TEM-
JEOL-JEM 1400) was performed on the ultra thin
sections (ultra cuts microtome) of the bone sample
in order to determine the crystal morphology, ori-
entation and degradation of the primary carbonat-
ed hydroxyapatite.

The soil body overlying the tomb was classified as a
Colluvitechnic-Calcaric Regosol (a poorly devel-
oped (transported) undifferentiated calcareous clayey
soil with low organic matter content -around 1-2% at
the surface of the profile-, with a horizon sequence
of Al, A2, ACk, Ck, 2Ckm overlying a tomb stone
using the WRB soil classification (IUSS Working
Group WRB 2006) with degraded macchia vegeta-
tion of the mild to xeric Mediterranean climate.

RESULTS

Similar to the earlier works, the bone sample stud-
ied contained well crystallized HAP with the full
range of peak orders, most likely due to the absence
of the long-decomposed/oxidised organic com-
pounds expected to mask the XRD peaks (Fig. 3).
Secondary HAP (Ca; (PO4);0H) (Deer et al. 1974)
together with amorphous phases of calcium phos-
phate (ACP) aggregates were determined in the
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large rounded pores of the bone (Fig. 4). The
leached solutions (observed during the field study)
from the overlying soil and the humid environment
created in the tomb have most probably being
responsible for the dissolution of some of the pri-
mary P minerals (Fig. 5) and development of the sec-
ondary hydroxyapatite. The coalescing of the poor-
ly crystalline HAP with amorphous calcium phos-
phate confirmed the transformation via an internal
rearrangement, instead of the prevailing earlier view
of the dissolution — re-precipitation process (Fig. 4).
The SEM observations also revealed the presence of
densely oriented primary fibrous HAP as random-
ly distributed and interwoven domains acting most
likely as reinforcements in the bone matrix along
with the minute unweathered primary HAP crystals
disclosed by TEM (Fig. 6).

The coalescing pores determined under the SEM
with the patchy diffused matrix seem to be the sites
of elemental P loss via the probable weathering of the
larger primary HAP minerals (Fig. 7). The True
Slime Moulds of the Phylum Myxomycota observed
on the surface of the bone may have been the repeat-
edly rejuvenated long-standing generation of scav-
engers which are still active today. The development
of the sporangia of the Myxomycota may well be an
indicator of the advanced feeding process taking
place on the bone HAP and consequently leading to
the liberation and mobilisation of the elements with-
in the cavities of the bone matrix (Fig. 8). This
process seems to contribute to the weathering of
the bone matrix rich in HAP followed by the devel-
opment of the secondary (0.25-0.50 pm in size)
ACP/HAP minerals and aggregates, confirmed by the
EDAX peaks of Ca and P. They are forming on the
elongated mycelia-like organic features (determined
by EDAX peaks of C) most likely due to the devel-
opment of the strong bond between the HAP and the
protein as stated by Henderson (Henderson 1987)
(Fig. 9). Studies on the protein-HAP interfaces
together with studies on other minerals transforming
to HAP in protein rich environments has been illu-
minating for the strong relations of the bonded
organic-inorganic compounds and of the surface
bonding properties of HAP and its predecessor min-
erals during deposition (Xie et al. 2002; Stayton et al.
2003).

The Phytolith of the wheat glume is of an undefined
primitive species which is still present in Anatolia,

and is most probably a remnant of the tomb acces-
sories/donations of the funeral ceremony (Fig. 10).
The rhombohedric calcite crystals found around
the wheat glume appear to be slightly dissolved sec-
ondary crystals, and they are likely formed on the
bone and were subsequently subjected to slight dis-
solution perhaps by percolating waters from the
overlying soil. The existence of the same wheat
species in Turkey since the 2nd century BC, may doc-
ument the consistency of the climatic conditions
from that period to the present.

CONCLUSIONS

The changes/alterations of the ‘P’ states from pri-
mary to secondary, determined in the bones studied
revealed that HAP is a relatively soluble mineral.
However, despite the loss/weathering/dissolution of
the primary HAP in the course of history, the sharp
peaks of the mineral determined by XRD are most
probably of secondary origin (the individual HHAP
minerals and their aggregates with ACP) as has also
been observed visually. The leached soil solutions
should be responsible for this morphological-wise
subtle, but micromorphological-wise evident phe-
nomenon. The fibrous HAP seems to be consistent
against the dissolution by retaining its interwoven
morphology in the bone matrix at scanning electron
microscopy magnifications, whereas the ultra thin
sections of TEM with higher magnification revealed
the co-existence of the platelets and fibres of HAP
in the bone matrix at much smaller sizes, probably
indicating higher resistance to hydrous dissolution.
The probable feeding process of the Mycomycetes
(The True Slime Moulds) on the HAP grain —
although a well known fact at post mortem envi-
ronments- seems to indicate the consumption of P
as a nutritive source by the organisms taking part in
the bone weathering and consequently contributing
P as a plant nutrient to the soil environment, fol-
lowing their life cycle. The partly dissolved surfaces
of the calcite crystals determined around the wheat
glume may also manifest the leaching processes
from the overlying soil. However, this phenome-
non requires further elaboration by the use of high-
er resolution microscopy and other relevant equip-
ment on bones in the soil as well as soil-less envi-
ronments. The wheat glume lying on the bone, of
contemporary morphological similarities, may indi-
cate the somewhat similar climatic conditions of
the area to that of the 2nd century BC.
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the recent
WRB soil
classification)
deposited on
the tomb of
the
recovered
bone.

155



156

Duygu BOYRAZ et.al.

R E-EE-FRTT ERE TR
i

R R
i

LR - SN
Bloonw soum 000 25 0 o4 2 nitie pio 19 30 b0t st B SR kil 0 B BB T ol B ARET B B e SR ¥ S W REEE R BEER YA BRI A R
se s R R A R TR RS AR BRE B e LOUT BRRE T IR Baaiul W 7 IR 306 0 B G+ RS EE IR mawt
B R R R L e LR s

Fig. 3 - HAP mineral (XRD) in Bitinian bone.
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Fig. 4 - (a, b) HAP and ACP aggregate in pore (SEM).
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Fig. 5 - (@) Partly degraded/weathered hexagonal primary HAP minerals in bone (TEM), (o) coated/encrusted secondary (pseudo-
hexagonal) calcite in bone matrix.
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Fig. 6 - Primary
fibrous HAP,
(a) single
crystals (TEM),
(b) interwoven
in matrix with
HAP+ACP
aggregates
(SEM).
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Fig. 7 - The coalescing pores with the patchy diffused matrix
(SEM).
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Fig. 8 - (a) Myxomycetes on HAP mineral and (b) chemical composition of the HAP mineral
under the net of the Myxomycetes.
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Fig. 9 - (a,b) Elongated organisms with HAP aggregate formations
on surface (c) chemical composition of the aggregates.
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Fig. 10 - The wheat glume (WG) remnant on the bone (SEM).
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