0EANTIO

THZ EAAHNIKHEZ TEQAOINKHX ETAIPIAZ

TOMOZ XXXIX/I - 2006

bulletin

OF THE GEOLOGICAL SOCIETY OF GREECE

VOLUME XXXIX/I - 2006







.







Hpepida Tng Emitponiig MaAailovroAoyiag-
Zrpwparoypagiag (E.MA.Z) Tng EAANVIKAG
MewAoyikng ETaipiag

He B€pa:

«2YMBOAH TQN NEQN ME©OAQN
2TPQMATOIPA®IAZ - TTAAAIONTOAONMAZ
2TH ZYTXPONH FrEQAOINKH 'EPEYNA».



OPIrANQTIKH ENITPOMNH HMEPIAAZ

Mpoedpog
Fpapparéag
Mé£An

Kabnynmg Kapakitolog BaoiAelog
Aéktopag Avtwvapdkou Aompuiva

Ap. lwakeln Xpuodven

Kaénynmg BeAttléAog Eudyyehog
Kaényntpla Toaihd-MovonwAn ZtéAAa
Ap. KwotdénouAog Anunitplog
ToeAenidong BaoiAelog



MPOAOIOZ

H Emutporr} MaAatovroloyiag kKal ZTpwuatoypapiag cuomBnke Kat dpactmplo-
noteitat und my atyida mg EMnvikig MewAoyikig Etaipiag. To kivntpo ™g dnpt-
~oupyiag kat avdartugr) mg BpilokeTal oto eIk BAPOG TIOU EXOUV OTIG YEWAOYIKEG
ETIOTNUEG OTA avTikeleva Tou Beparelel. Apkel yl'auTtd va avapepel Kavelg mv
TepdoTia cUMBOAT] TNG TIAAALOVTOAOY(AG KAl CTPpWHATOYPAPIAg OV EKMOVNON TNG
BACIKAG YEWAOYIKNG XapToypdenang e EANGdag os kAipaka 1:50.000. O xdpteq
auto( arnoteAoUv To UNERaBPo KABE EPAPHOCHEVNG Epeuvag, eival SHWG MAPAAAn-
Ad Kal 1) artia Me HEPIKNQ eYKaTdAswne Mg Bacikng €peuvag

H evioxuom g YEWAOYIKNG €peuvag Kal n aglomoinon Twv SedopEVWY Kal TwV VE-
WV TEXVOYVWOLWY P0G OPEAOG TNG ETIOTAKNG KAl TOU KOWWVIKOU CUVOAOU, OTOV
Topéa TG TaAalovioAoyiag Kal oTpwuatoypagiag odriynoav myv Emtponr) omy
dlopydavwon Huepidag pe TtAo «ZUupBoAn Twv vEwV HeBOdwv ZTpwpatoypapiag-
MaialovtoAoyiag om oUyxpovn YEWAOYIKY €peuvas,

Z1éX0g ™G dlopydvwong autig fTav n napouciaon Kat cudimmon Twv vedTEpwV
eEeNifewv Qg €peuvag omyv emomun g ZTpwHartoypapiag-Nalaovroloyiag,
divovtag €ugaom oTIq véeg HeBGdoUG Tou Xpnolporiotouvial 1600 oy €peuva
600 KAl oV KaTaypapr Kat EpUNVeia Twy anoTEAEOUATWY.

Katd m didpkela mg Huepidag napouocidobnkav eikoot avakovwaoelg kat akoAou-
Bnoe culimon Ke a&ova ™ duvaplkr dpaomplomnoinon g Enttporrq og 6éuata
axune.

Ta npakTikd Mg 1ng Huepidag mg Emtporrig MahalovtoAoyiag-Ztpwuatoypapi-
ag, rou napouatdlovtal ge autd Tov eldIKO TéRo TG EAANVIKYG Mewloyikrg ETal-
piag, anoteholvtal ané déka epyacieg ol omnoleq dnuootevovral Jetd and kpiom.
H ermupélela ektinwong €yve and tov Kabnynmj Baolkewo Kapakitoo kat m
Aéktopa Aonuiva Avtwvapdkou. H €kdoon Tou TOHoU €ylve He TN MEPLMvA TOu
Kadnynm k. Mixan\ A. Asput{dkn Tov orolo kal euxaploToULE.

O Npoedpog TG OpyavwTikng Emitpornng

Baoikeiog Kapakitolog
KaénynTtrig Turjparog MFewAoyiag & MewnepiBdAAovrog
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BIOZTPQMATOIMNPA®IKH ZHMAZIA THZ AOMHZ
TQN AMOAIOQMENQN XAYAIOAONTQN*

A. ABavaoiou’

1eroupys[o MoArtiopod, Eopeia NMaiaioavBpwrioAoyiag-ZrmAatoroyiag N. EAAGdag

MEPIAHWH

H gupeia yewypaikr eEdniwon Twv EAepdvrwv omy Eupacia katd to npdaeato
YEWAOYIKO MapeABdv, KaBWG Kal 1 YEVIKA uynAr} cuxvémra diatmjpnong kat £0-
peoNG anoMBwuévwy Aswpdvav Toug, Kablotd ta anoAlBwuata autd xproa
yla BlOCTPWHATOYPAPIKEG CUOXETIOELG. Mia oOxeTikd véa pEBodog mou Bonbad
OTOV TIPOOSLOPIOUS XAUAIOSOVTWY eival N HEAETN TNG MIKPOSOWNRG TOug, Onwg
ekppdaletal anod m pHopPoAoyia Twv yYpapuwy Schreger. Ot Ypauuég auteg Xapa-
Kmpifouv TV odovTivi] Twv MPoBooKIBWTWV Kal gival 0pateég o€ YKAPOLIEG TOMES
wqg deflooTpoPeg Kal aplotepdaTpopeg oneipeg. H epapuoyry mg Hebddou oe
un mipoodiopiolua deiyuara XauAlodovtwy propel va odnynoel omy andédoon
TOUG O KAMOLo TAEOV Kai, CUVAKOAOUBwWG, 0NV AvtAnon BLOCTPWHATOYPAPIKWY
TMAnpogopldv and autd. v napouloa gpyadia nmapoucialovral n epapuoyn
™G HeBGdou oe Seiypata npogpxoueva and eAAnvikég B€oelg, Kabwg kat Ta véa
TAEIVOUIKA Kal BLOCTPWHATOYPAPIKA SeSouUEva TIOU TIPOKUTITOUV and autnv.

ABSTRACT

Fossil elephants of Eurasia are very useful for biostratigraphical correlations, as
they were widespread geographically and they are generally common and well
preserved as fossils. A relatively new method that contributes to the taxonomic
identification of proboscidean tusks is the study of their microstructure, as it is ex-
pressed in their Schreger pattern. This pattern is characteristic of the proboscidean
dentine. It is visible in tusk cross sections as intersecting spiral lines. The method
can be applied in small, otherwise not determinable, tusk fragments to help with
their taxonomic identification, making subsequently possible to come to biostrati-
graphical conclusions. The present study presents the application of this method in
Greek samples, as well as the resulting taxonomic and biostratigraphic data.

1. Eicaywyn

H ta&n twv MpoRookidwtwy MepAap-
Bavel ONAACTIKA YEVIKWG HEYAAOU
pey€8oug kat Bapldg kataokeung mou
epPAvIoav NEYAAN TAEIVOUIKY] TIOIKIAO-
popia kat euplTatn YEWYPAQPIKN
eEAMAWOT, KUpPiwg Katd ) Sidpkela Tou

Neoyevolg. Zrjuepa 1 Tta&n Bpiokeral
ota npdlupa Qg eEapaviong, Kadwg
avtnpoowneletal and pia HOAG Olko-
vYévewa (Elephantidae), dUo yéwvn (E/-
ephas kat Loxodonta) kai dUo 1 tpia
eidn e pkpd apiBud atduwv, Kat
TepLopleTal YEWYPAPIKWG OF MIKPENG

*BIOSTRATIGRAPHICAL IMPLICATIONS OF THE FOSSIL TUSKS’ STRUCTURE

A. Athanassiou

Hellenic Ministry of Culture, Department of Palaeoanthropology-Speleology
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Eik. 1. Sxnuarukr Staurikng tour xauAlédovra ornou @aiverat np Stdra&n twv SladoxIKWY KOAWY KWvwv

MG 030VTIVIG KL TO MEPIPEPEIAKD OTPWUA OOTEVNG.

exTdoews BUAOKEG TNG APPIKTIG KAt TNG
Aciag. O peydhog Suwg apiBudg Twv
QroOMOWUEVWV YEVWV Kal €8WV ToU
€xouv mneptypagel uéxpl oruepa, al\d
Kal N OUYKPITka uynAry ouxvomnta
dlaTENONG TWV OKEAETIKWV OTOLXEIWV
TOUG, AOYw UEYAAoOU HeyEBoug, €xouv
karaotioel ta Mpopookidwtd Wblaitepa
XPT|OA YO BIOOTPWHATOYPAPIKEG |ie-
Aéteg. Mia véa péBodog mou agopd
™ MEAETN ™G HIKPOSOWNG TwV XauAlo-
SovTWY, Kal EBIKWTEPA TN HOP@OAQYia
TWV YPAuWV Schreger, OUupBAAAeL
OTOV TPOOdIoPLOUS Ot eninedo yévougq
akéun Kkat MoAU JKPWV 8pauoudtwy
XauAlodovTwy, pe anotéAeopa t duva-
TémTa dAvtAnong onuavtikwv Tagvo-
HIKWV KAt ouvakoAouBwg BlooTpwpaTo-
YPOPIKWY OTOLXE{wV akdun kai and
eNINWG dlampenuéva anoAbwpuara.

O xauhiddovteg Twv MpoBooKIdWTWV
gival 3lapopoTomnEVOL, EMUNKUCUEVOL
Topeig MG dvw 1 Kal MG KATw Yyva-
Bou mou amoteholvral Kupiwg amd
odovtivn, n oroia mnepBdMeTal amd
AeTd OTPWHA OOTEIVNG. 2 TIPWIIOUS
avunpoownoug g Téd&ewg eival duva-
TOvV va undpxel MAeUptkd BLapnkng
Awpida adapavtivng. Ztoug EAEpavteq
(okoyévela Elephantidae), o mpwio
OVTOYEVETIKO 0TAd10, napatnpeital Aes-
mé oTpwWHa adauavtivig Kovtd oTo
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£YyUg Akpo Tou Xauhddovta, TO omnoio
ouvtoua arnorpiBetat pe m xprion. Ot
Xauhiédovteq avarrtuoooviat kad' OAn
™ didpkela Mg Jwng Tou artduou,
pe andébeom odovrivng otn Bdon Tou
XauAédovra and edikd KUTTapa, Toug
odovtoBAdoteg. Ta dadoxika oTpw-
pata odovrivng €xouv Hop®r] Koilou
KWVOU, e amoTsAeoua o XauAlddovrag
va dopeital and dladoxikoug KwvVoug
ou e@apudlouv o évag pEoa OToV
d\o (Ek. 1).

2. Mepiypa®n Kai I0TOPIKO

NG HeBSG30U

O ypaupég Schreger sival éva orrikd
pawvdéuevo Tou xapakmpilet v odo-
viiv Twv MPoBooKIdWTWY Kat Kupiwg
autry Twv Xaukoddvtwv  (Owen,
1845: 627, Trapani & Fisher, 2003).
Eivat opatég dia yupvol ogpOaAuou
0t (QPUOIKEG 1 AElAOMEVEG £YKAPOIEQ
TOPEG, KABeTA oToV dlaunkn agova Tou
xauAddovra (Ew. 2). Mpoketrat yia Ka-
MIUAEG YPQUMES TOU dlaTpEXOouV TNV
erupdvela g Topng deidoTpoga Kat
aploTePOoTPOPQ, TEUVOHEVEG HETAEU
Toug. To OTTIKG QUTO PAIVOUEVO TIPOKA-
Aeltal-and ) didta&n oTto XWPEOo TWV
owAnviokwv odovtivng, n onoia sivat
kupatosdnig. H kdbBe ypauury Schre-
ger onuatiZetal and dladoxikous ow-
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CRANH

Eik. 2. duowr eykdpota tour) xaukédovra tou Yévoug Mammuthus and tnv neptoxrj Enavouris, érou
Slakpivovral ot S1a0TaupoULEVES YPaUUES Schreger. AlGueTpog Toung: 11 cm.

Anviokoug mou Bpiokovrat otv Ba
@domn omv emedvela ™G eykdpowag
Toung (E. 3). ‘Ooo nukvoTepn eival n
KUpavom Twv cwAnviokwy (dnAadr}, 600
MIKPOTEPO TO WrKOG KUMATOG autig),
TOOO MIKPGTEET 1) AKTIVA KAUMUASTITAg
TWV YPAUHWV. H poperi kat n nukvatnta
TWV Ypaupwv egaptwvral eniong arnd
™V andéotaomn PETAEU Twv CWANVIOKWV.
Autdq eival uBavdtata o AGyog rou o
apIBOG TWV YPAUUWY YEVIKA HEldvETaL
npog tov d&ova Tou xauAiédovta.

Av Kau ot ypauuég Schreger meptypd-
PnKav ya npwin gopd and tov Ber-
nhard Schreger ndn 1o 1800 kat n
XAPaKMPLIOTIKY Unap€ry Toug otnv
odovtivn twv MPoRooKISWTWY avape-
pétav OXeTIkA Ouxvd Ot HETAYEVE-
otepeq  dnuoaievoelg (r.x. Owen,
1845), n ouoTnuatikr HEASTN TNG HOpP-
PoAoyiag Toug yia TagvouKoUg AGYous

dpxioe HOMNG katd T dekaetia TOU
1990 (Espinoza & Mann, 1993). H artia
pAAloTa Tav VOUIKY, KaBwg peTd To
1989 anayopeUTnke ge TIOMEG XWPES
TOU KOOMOU N Eeloaywyr] €Ae@avto-
30oVTOog MPOEPXOMEVOU and Ta anelou-
peva aptiyova &dn eAe@dviwv, evw
MapAMnAa emTpendtav n eloaywyn
eAepavrédovrog amd paupoud mou
TipoepxdTav and Ta eKTETAUEVA Kal
nAoUola avwNAEIOTOKAVIKA KorTdouata
m¢g B. ZBnpiag. Enpene Aomdv va
BpeBel TpoMog Jlaxwplool akdun Kat
MIKPWV TEpax(wV Tou oUyxpovou and To
anoMBwuEVO eEAEPavTOBoVTO.

Ou Espinoza & Mann (1993) xpnowuo-
noinoav TG Ywvieg mou oxnuatifovrat
METAEY TWV Ypapuwv Schreger (akpt-
BEOTEPA TWV EPATTTOUEVWV TOUG) OTNV
neploxnn g odovrivng Kovtd otnv
enagny ye mv ooteivn (Ew. 3) ya va
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A. ABavagciou

dlaxwpioouv deiypata ouyxpovwv Kat
armoAbwuévwy Xaulloddviwy. Mapatm-
pnoav 6Tl Ol ywvieq autég (Ywvieg
Schreger) sival yevikd okeieq oto Mam-
muthus primigenius kai aufAeieq ota
aptiyova &idn, nmapéxoviag éva Aueoco
ormiké kpimplo daxwplopou. Ot Biot
ouyypageiq yétpnoav oe deiypara and
Gomphotherium kat Mammut ywvieg
Schreger ouykploweg He aQuUTEG TOU
Mammuthus.

Ze avdhoya cupnepdopata kartéAngav
Kal METAyevEOTEPOL EPEUVNTESG OMwg

Avspmns
emeévaia

ot Palombo & Villa (2001) kat Trapani
& Fisher (2003), mapampwvrag OHwg
MIKPEG METaBOAEG TG Ywviag Schreger
avdloya pe ™ B€om MG TOMNG OTov
XauAwdovra. Ot Palombo & Villa (2001)
peAéEmoav kat delypata and Anancus,
Stegodon kal evONUIKOUG EAEPAVTES
(E. 4). Ot Trapani & Fisher, (2003),
TipoKeLévou va draxwpioouv TaEa mou
eppaviouv napduoleg ywvieg Schre-
ger, avértu&av €va MPOoKATapKTIKG oTa-
TIOTIKG oUompa yia Ty andédoon dety-
pdtwv xaulioddviwv ota yévn Elephas,

Eix. 3. 2tepeodidypauua xaukiddovra Srou OnuUeEdVOVTaL TA KUPIITERA XAPAKTNPLOTIKG TWY YOauLWY

Schreger. Katd Trapani & Fisher (2003).
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Eix. 4. EUpog tipwv twv ywvidv Schreger kovid otnv enagr odovtiviiG-octeivng og didpopa &idn

MpoBookidwrtwy. Kard Palombo & Villa (2001).
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Eix. 5. uoikr) tourj Tou xaukiédovra REG-2 tou eidoug Mammuthus cf. meridionalis ané to Peyyivio
dBTId0G, driou dtakpivovral ot ypauues Schreger. Ané Athanassiou (2006). KAiuaka: 10 mm.

Loxodonta, Mammuthus kat Mammut,
AauBdvovrag urt oYy To eUpog TWV
ywviwv Schreger, To Wrikog KUMATOG
TwV OWANViokwv odovrtivng, TnVv enikpa-
ToU0a YEWUETPIKA eUPAVION TNG
popeng Schreger kat T 6€om Tou Sely-
HaTog evtog Tou xauhddovta. H diay-
vooTikr} affa Tou OCUOTHUATOG WMEVEL
woTtdoo va eruBePalwbel pe neparTépw
napampenoelg, kabwg Baoiletar oe
TOAU TIEPLOPIOMEVO OTATIOTIKG delypa.

3. Epappoyn Tng peddédou

orov EAAadikO xwpo

Mapd tov neploplopévo diebvig opleuo
dNUOOIEUCEWV OXETIKA UE TIG YPOUMES
Schreger, otov EAAadiké xwpo gxouv
110N ueAemBel apketd deiypata xaulo-
6VTWV wg MPOG autd TO XAPAKT)-

pLoTikd. OLTpwteg MEAETEG Apxloav aTa
rAaiola SIMAWPATIKAG epyaciag (Ayadn
2003, urd v eniBAeyn Tou Av. Kab. I'.
Beodwpou) Kat Ta arnoTeA£ouard Toug
€xouv emniong avakowvwle( oe dlebvr
ouvédpla (Agiadi, 2001, Theodorou
& Agiadi, 2001, Agiadi & Theodorou,
2005).

Ta delypata xauAloSOVTwWY TIoU HEAETH-
énkav mpogpxovral and mnaAaldTeEPO
ev HEPEL SNUOCIEUNEVO UAIKG amd TIg
B€oelq BAaxiwtn Aakwviag, ANBEPL
EuBoiag, Nnoi HAeiag kat TriAo, mou
avikel OTIG OUAANOYEGQ Tou Mouoeiou
Mahalovtoloyiag kat MewAoyiag tou
Maveruotmuiou ABnvwv. Armdé autd, ta
detypara and 1o ANBEPL dev eupdvioav
ocageiq ypauueég Schreger, ye amoté-
Agopa va pnv eivat duvam n eEaywyn
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A. ABavaciou

Eix. 6. Eykdpowa tourj xaukédovra oe rpavég
aypoukric o8ou otnv meptoxrj Neardews Ko-
gavng.

OUMMEPAOUATWV TXETIKA UE TNV OUOTN-
MOTIKT] TQEIVOUNOoT TWV EUPNUATWY.

Ot vywvieqg Schreger Twv detypdrwv
ané tov Bhaxuwm kat To Nnoi erupe-
Bawdvouv wotéoo naratdTeEPOUs NPoo-
dloplopoug, pe BAOM HAKPOOKOTUKA
HOPQPOAOYIKA KkpiTpla, wg Mammuth-
us meridionalis kau Elephas antiquus
avtiotoxa (Zupewvidng & Ocodwpou,
1986, ©0dwpPou TIPOUT. EMKOLV.).
IBaitepo  evdlapépov mapouotalel n
MEPITTWOT Twv VAvwv eEAePAVTWV TC
TrAou, Twv omoiwv ol ywvieg Schreger
KOVTA OTnv enagr] odovTivng-ooTeivng
Kupaivovtal JeTagl 120-145°, ouvdé-
OVTAG TOUG PUAOYEVETIKA E TO TIAELOTO-
kawviké Eupaotarikd yévog Elephas kat
anokAgiovrag otevr] ouyyévela e mv
EEENKTIKY Ypapur] Tou Mammuthus.
KaBopiotik nrav n oupBoAr g
MEAETNG Twv Ypauuwv Schreger otov
TPOO3IOPIoNS TeHaxiwv XauAldSovta
ard to Peyyivio ®810TIS0¢ (Athanas-
siou, 2006), apoU To pKPS HEYEBOG TwV
Selyudtwy dev enéTpene my anddoar
Toug Og Kdmolo Ta&ov BAoel pakpo-
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Eix. 7. ©Opadoua odovtivng ané mv nepipépeia
TO0U XauAiddovta g €. 6, 6rou Stakpivovrat ot
Ypaupeg Schreger. KAijuaka: 5 mm.

OKOTUKWV HOPPOAOYIKWV KPITTPIwV.

O1 Tipég ywvidv mou peTpriBnkav sivat
80-92° (Ew. 5), emurpénovrag v ané-
doon twv gupnudtwv oto yévog Mam-
muthus, Kal OUVEKTIHWVTAG TNV TEPLO-
POUEVN KAUYN KAl OUCTPOPY TOU
eppavifouv Ta Tepdym, oto sidoc Mam-
muthus cf. meridionalis.

Kard m didpketa npdéopamg épeuvag
unaiBpou otnv Kodda tou ANdkpova
(MavayortoUuhou et al. 2008) evrori-
OTNKe XauAlodovTag oe TPaveég aypo-
TIkoU Spduou oty neploxr) NedroAng
KoZawng (Eik. 6-7). Abyw Tou Tipooava-
TOAlOHOU Tou XauAddovta k&Beta oTo
npavég, alMd Kat Tou oAU peydhou
MAXOUG KAl OUVEKTIKOTNTAG TWV
UTTEPKEIMEVWY TIOTAMIWY  INMATWY, 1
avaokagr] kat eEaywyf Tou ané To
nepBaAov mEtpwua eival aduvam.
Qotéoo, omv emepdvela ™G PUOIKAG
TorG N oroia Tuxaivet va eival kaBet)
otov diaunkn d&ova Tou XauAiédovra,
elval oapwg opatég oL Ypappég Schre-
germou oxnuatifouv ueta&lToug ywvieg
™G Ta&ews Twv 90° (E. 7), avdhoyeq
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dnAadn autwv Tou yévoug Mammuthus
KAl TWV TIAEIOKAVIKWOV JaoTodoviwy. H
napampnon autn, ouvdualépevn HE
mv nAkia Mg unéAoing navidag g
TIEPLOXTIG TIOU £(Val KATWTTAEICTOKAIVIKN
(Steensma 1988), odnyouv omnv ano-
doon Tou guprparog oto eidog Mam-
muthus meridionalis.

4. Zupnepdaopara

H pelét twv ypaupwv Schreger
TIPOCTPEPEL Eva TIPOTHETO LOPPOAOYIKO
“Xapakmpa Twv xauAwddviwv Mpopo-
OKIBWTWV ToU Bonbd otov TMPOCdlo-
PLOUS GKOUN KAl HIKPWY Bpauoudtwy,
ETUTPEMOVTAG O€ TIOAEG TIEPUTTWOELG
akpéotepn XpPOvoldynon anoAlbw-
HEvav Tavidwv.

ErunpooBétwg, n opoldtnta otn
YewpeTpia Twv Yypappwv Schreger
HETAEU dlapopeTikwv TAEwv pnopel
va aflornonBel wg ermmAfov otoixeio
OV aviXveuom (QUAOYEVETIKWV OXE-
ogwv, ONMWG TLX. OV avelpean Twv
TIAELOTOKAWVIKWV NIEIPWTIKOV  EBWV
nou €dwoav Yeéveon OTOUG &vdn-
HIKOUG VNOWWwTIKOUG TIANBUOUoUG eAe-
Pavtwv g Meooyeiou kat GAAWV apxl-
TieAdywv.

H epappoyn e pebddou oe peya-
AUTEPO QPIOUO BetyddTwy, gUpUTEPNG
TA&WOMIKNG TIPOEAEUTEWS, avapéveTal
va BEATIWOEL TIG YVWOELG Mag yla TNV
lotoAoyia ™G odovtivng kat AAAwv
QVTIMPOoWNWV Twv MPoBOOKISWTWY,
KAl va TPOoPEPEL £€T0L €va PIOXPOVO-
AOYIKO epyaleio pe eupltepo nedio
£QapHOYNG.
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THE APPLICATION OF CYCLOSTRATIGRAPHY AND
ASTROCHRONOLOGY IN THE NEOGENE MARINE
DEPOSITS OF EASTERN MEDITERRANEAN:
METOCHIA SECTION (GAVDOS ISLAND)*

A. Antonarakou’, H. Drinia’' & F. Pomoni-Papaioannou’

TNational and Kapodistrian University of Athens, Faculty of Geology and Geoenvironment, Department .
of Historical. Geology-Paleontology, Panepistimiopolis, Zografou, aantonar@geol.uoa.gr

ABSTRACT

“Significant lithostratigraphical and micropaleontological signatures, of Milankovitch-
scale climatic changes are recorded in Miocene deep-sea sediments. As a case
study, the Metochia Section, in Gavdos Island, which covers the time interval from
9.7 to 6.6 Ma, is used. This study emphasizes the sedimentological and micropa-
leontological characteristics of the section, attributed to Milankovitch-scale climatic
changes.

The short-term variations in climate and faunal compasition are related to preces-
sion-controlled sedimentary cycles and the long-term trend in climate is related to
eccentricity and obliquity cycles. Regional changes in sea surface temperature in
combination with variations of solar insolation have caused the cyclical astronomi-
cal controlled pattern of Globorotalia species.

NEPIAHWH
Zmyv napoloa PEAETN TTPAYHATOMOLETAL EQAPHOYT] TNG KUKAOOTPWHATOYPAPIKNG
MPOCEYYIONG KAl A0TPOXPOVOAGYNOMG oTnv Tour) Metdxia (vrjoog Maudog) ) omnoia
KAAUTITEL TO XPoVviké didomua and 9.7-6.6 exatopuupla xpdvia kai anoteAsital
eVOMAYEG MATYWV Kal ganpornAwv (kapé rpara mAolola 0g opyaviko
UAIKO). H peAétn emikevipwveral ota WNHAToOAOYIKA KAl KPOTIAAQIOVTOAOYIKA
XapakmpLloTikd NG TOUNG Ta oroia CuoxeTi{ovTal JE TOUG KAUATIKOUG KUKAOUG
Tou Milankovitch. Amodeikvietat dTt Ot WNUATOYEVEIG KUKAOL TIOU CUVIOTOUV TNV
TOMN avTIKaTorTPIfouV KALATIKEG AAAAYEG OL OTIOIEG EAEYXOVTAL AN TIG TPOXIAKES
napapétpoug ™G Mg, kat katd ouvénela XPNoweUouv OTNV eKTiunom Tou
XPOVIKOU Sla0TrATOq MOU avTimpoowredouv. And T HEAETN NG MEPIEXOUEVNQ
Hikporavidag arodelkvistar OTt ol HIKPENG KAipakag Sltakupdvoelg 1600 OTo
KAHaTIKO apxeio 600 kat ot ouvBeom NG mavidag Twv MUKPOArmoABwUATWY
ouoxetifovral pe TIG SIaKUNAVOoEI OTN METAMTTWOT TWV LOMHEPIWY ONMwg Kal ol
Wnuatoyevelq kUKAoL MetaBoAéq ommv empavelakry 8ardoola Bepuokpacia
TOTIKOU XapaKTrpa, o ouvduaoaud pe TG Slakupdvaelg TG NALAKNG akTivoBOALag
TiPOoKAAeTav TV KUKAIKG eAeyXOuevVT] katavopr ota €idn tou yévoug Globorotalia.

*H E®APMOrH THX KYKAOITPQMATOIPA®IAEZ KAl AZTPOXPONOAOIHZHZI XITA NEOIENH OAAAZIIA
IZHMATA THZ ANATOAIKHZ MEZOIEIOY

A. Avrwvapdkou, X. Ntpivia & . Nopdvn-Nanaiwdvvou
EBviké & Karnodiotpiaxd Maviuio Aénvwv, Tuhua Mewoyias & rewnepiBarrovrog, Topgag loTopiktiq MewAoyiag &
MaAatovroloyiag, Maveruotnuonohs Zwypapou
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1. Introduction

In the Eastern Mediterranean sendimen-
tary record, since Last Glacial Maximum,
major and minor climate changes are
amplified and perfectly preserved, as
for example, the deglaciation itself, the
Younger Dryas cold episode and the
Holocene climatic optimum.

Evidence concerning the Mediterranean
climate is available from historical and
fossil records and several signatures of
the Eastern Mediterranean Sea evolu-
tion have been detected. However, part
from geodynamical evolutions which
refer to large time-scale (million years),
in the sedimentary record includes sig-
nificant signatures of past changes in
climate, hydrology, fauna, oxygen, and
biological production (e.g. the peculiar
example of the sapropel layers over the
last half million years (Bethoux, 1993).
It is now over twenty years since it was
first demonstrated that orbital cycles
are preserved in the climatic records
of deep-sea sediments (Shackleton &
Opdyke, 1973; Hays et al., 1976).
There are clear and distinct effects of
orbital parameters (obliquity, eccentric-
ity, and precession) on intermediate to
short-term climate change. Orbital cli-
mate forcing is an important control on
variation in sediment supply, because
orbital parameters have a marked effect
on the seasonality of incoming solar
radiation (insolation), which results in
variations in the seasonality of rainfall.
As a result, orbital climate forcing plays
a major role in sedimentation and stra-
tigraphy.

The Miocene basins of eastern Medi-
terranean have been developed in
geographic latitude roughly 35°, which
intensely received the effects of climatic
fluctuations, due to the differentiations of
the orbital behaviour of the Earth. These
climatic oscillations, cycles, are clearly
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reflected in sedimentary cycles and an
excellent example is the Milankovitch
cyclicity of the prodelta turbidites, of
the Eastern Mediterranean Basin, since
the early Late Miocene (Postma et al.,
1993) and early Pliocene (Weltie & De
Boer, 1993).

These turbidites arise in successions
of alternating hemipelagic (bioturbated
marls) and sapropelic (lam-initic}) sedi-
ments, the latter being a mixture of well-
layered siliciclastic and organic mate-
rial. According to Krijgsman et al. (1995)
and Hilgen et al. (1995), the origin of
the laminate marl couplets is due to
astronomical forcing, in view of the fact
that the occurrence and thickness of the
sapropelic layer are roughly correlatable
with the insolation curve of Laskar et al.
(1993), (Fig. 1).

Rohling (1994) stated that the abun-
dance of preserved organic material
in the sapropels can be attributed to
a combination of anoxic conditions
at the sea bottom on the one hand
and high organic production on the
other. Moreover, Van der Zwaan &
Gudjonsson (1986), in their work con-
cerning stable isotopes on planktonic
foraminifera, demonstrated that sapro-
pel formation was simultane ~ith
periods of increased contir run
off. Prell & Kutzbach (1987) ana Hilgen
(1991) correlated the latter periods with
an intensified Indian Ocean SW sum-
mer monsoonal system, influencing the
eastern Mediterranean via the Nile River
and by increased continental activity of
Mediterranean depressions as an ele-
ment of the westerly Atlantic system.
Conclusively, the sapropels provide
important clues concerning the ori-
gin, the timing and the duration of cli-
mate-related turbidite deposition in this
basin.

A case study, which represents the afore-
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mentioned assumptions is the Metochia  (Krijgsman et al., 1995; Antonarakou,
section, in Gavdos Island, which covers 2001) (Fig. 2, 3). In the present paper,
the time interval from 9.7 until 6.6 Ma we attempt to highlight the intimate
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Fig. 1. Insolation curve of Laskar et al. (1993)
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GAVDOS ISLAND
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Fig. 2. Geological map of Gavdos Island, indicating the location of the Metochia section.

relation of the sedimentological and
micropaleontological characteristics
of the section, with the Late Miocene
Milankovitch-scale climatic changes.

2. Lithostratigraphic Signal

Metochia section, a Late Miocene hemi-
pelagic marl succession, is located at
the northeast part of the Gavdos Island
and contains 96 (L1 to L96) rhythmic
alternations of poorly to non bioturbat-
ed brown-grey, organic-rich laminated
beds (the so called “sapropels") and
bioturbated, light grey-blue, homoge-
neous, hemipelagic marl beds (Fig.
3), deposited in approximately 850 m
water depth (Postma et al. 1993). The
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Metochia Section

sapropelic intervals become dominated
by sandy turbidites from L7-13 (Fig. 3).
The turbidite sequences are character-
ized by multiple events of thinly bed-
ded, wedging turbidites, each turbidite
sequence being covered by a marl
layer. For instance, the L7 turbidite suc-
cession (Fig. 4) contains at least 100
separate turbidite events recorded as
thinly layered fine sandy to silty turbi-
dites ranging in thickness from 0.5 to
3 cm. The fine-grained intervals have
a typical brown to yellow colour and
contain organic plant material, which
contrasts markedly with the blue-grey
colours of the overlying homogeneous,
hemipelagic marl interval. Turbidite
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Fig. 3. Lithostratigraphical column of the Metochia Section and age time control derived from the astro-
nomical calibration of the sedimentary cycles and planktonic foraminifera bioevents.
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Fig. 4. The L7 turbidite succession.
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sequences L8-L11 display crude thick-
ening and coarsening of upward trend.
In the central and upper part of these
sequences, the sand/clay ratio increas-
es, with turbidite beds becoming thicker
and coarser upwards.

The strong association between turbi-
dites and laminites suggest that growth
of the prodelta lobes occurred dur-
ing precession punctuated periods of
increased precipitation and increased
run-off. Tectonic tilting, seismic shock
and sediment overloading due to sea
level lowering are believed to be far less
important triggering mechanisms for
the L7-L13 turbidites.

The described turbiditic sequence is
characterized by fluctuations of the

iMETOCHIA

Fig. 5. Distribution pattern of Globorotalia species
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thickness of the turbiditic layers. The
absence of channel deposits, the
fact that the sequence is coarsening
upwards and finally, the lobe geometry
of the layers, indicate deposition in rela-
tively small-sized sandy lobes. These
lobe deposits were created probably
due to local scale palaeoclimatic fluc-
tuations owing to precession and not to
glacio-eustatic sea-level fluctuations.
This interpretation is supported:

1. by the obvious predominance of
local scale climatic effects in the Medite-
rranean. Detailed analysis of the sedi-
mentary record that has been affected
by climatic and oceanographic fluc-
tuations, due to precession, showed
that they represent changes in the
discharge, in the sediment supply and

SST

Tortonian

Fig. 6. The SST proxy record of the Metochia section
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in the primary productivity. This fact is
well-documented for the Late Miocene
and the Lower Pliocene of the central
and eastern Mediterranean.
2. by the tectonic setting of the basin
which excludes the presence of a shelf,
implying that the effect of possible sea
level fluctuations in the sediments was
of small importance.
On the contrary, the fluctuations in river
run-off, which in turn, influence precipi-
tation, constitute the responsible mech-
“anism for the creation of the described
turbiditic system. The periodical alterna-
tions between relatively dry and humid
climatic conditions, with simultaneous
change in the flow and in the sediment
supply, appear to be the most likely
explanation for the creation of this sedi-
mentary setting.

PCA2

Eoneh
Coeon
Poiwty
oy

3. Micropaleontological Signal

The aforementioned assumptions were
further supported by micropaleonto-
logical analysis based on planktonic
foraminifera.

The distribution pattern of the plank-
tonic foraminifera species identified in
the Metochia section has been ana-
lyzed and used for the orbital con-
figuration of the climatic changes and
the sedimentary cyclicity of the section
(Antonarakou, 2001).

According to Antonarakou et al. (2004),
one of the most significant events which
can be correlated with Millankovitch-
scale climatic changes is the replace-
ment of the Globorotalia menardii group
by the Globorotalia miotumida group,
characterizing the Tortonian/Messinian
boundary (7.12 Ma).

Due to the fact that during the Miocene,

PCAI(41pD)

Eccentricity PCA2{41pt)

Thnngs

€0 4020 6 20 40 W W O

22 G54

Fig. 7. PCA analysis and correlation to orbital parameter (eccentricity)
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the Globorotalia menardii group was
restricted to the tropical and subtropical
region, whereas the Globorotalia mio-
tumida group was present in temperate
areas, their presence determine differ-
ent climatic zones (Sierro et al., 1993).

The distribution pattern of the keeled
globorotaliids throughout the section
reveals short-term recurrent variations
of the G. menardii group, being pre-
sented from the lower part of the sec-
tion. Whereas, Globorotalia miotumida
appears later at the section and marks
the Tortonian/Messinian boundary (Fig.
5).

Keeled globorotallids display an inter-
mittent distribution pattern. This holds
in particularly for the sinistrally coiled
G. menardii 4 in the lower part of the
section (cycles L1-L45, 3-53m). This
species occurs more regularly between
L46-L68 (54-78m) but then vanishes
until a short but prominent influx in L69
(82m). The top of this brief reoccur-
rence is equated with the LCO of G.
menardii 4 (7.5 Ma) even though this
species shows a final and extremely
brief influx at the upper part of the range
of G. menardii 5. Keeled globorotaliids
then become absent again up to the
first occurrence (FO-7.3 Ma) level of the
right-coiled G. menardii 5 directly above
the L72 (88m). The interval in which G.
menardii 5 is the dominant keeled glo-
borotaliid is punctuated by a very short
but distinct influx of G. menardii 4. At
about L73 (90m), G. menardii 5 is defini-
tively replaced by left-coiled assem-
blages of keeled globorotaliids, charac-
terized by a reniform chamber outline
in spiral view. These assemblages are
termed Globorotalia conomiozea group
by Zachariasse (1979) and Globorotalia
miotumida group by Sierro (1985) and
Sierro et al. (1993). The earliest rep-
resentatives of G. conomiozea group
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show flat tests typical of G. miotumida,
while  the regular occurrence of the
conical types (G. conomiozea) starts in
cycle L76 (92m).

Variations in their relative abundance
reflect variations in sea surface tem-
peratures with G. menardii correlated
with warmer intervals and G. miotumida
with cooler intervals. This replacement
is used to identify regional short-term
climatic fluctuations in the Tortonian /
Messinian boundary. This interpretation
is further supported by the SST curve
based on temperature sensitive spe-
cies, using the habitat characteristics of
all the identified planktonic foraminifera
species (Fig. 6).

The Principal Component Analysis
applied on the total data set of the
containing fauna revealed that PCA 1
variations correspond to Sea Surface
Temperature and PCA 2 to the Sea
Surface Productivity (SSP curve,
Antonarakou et al., 2004) and are cor-
related to eccentricity cycles. SSP varia-
tions reflect the sedimentary cycles for
the studied section (Fig. 7).

Both the proxy records of the micro-
paleontogical characteristics and the
statistical analysis suggest that during
the Late Miocene, the climate was quite
stable. Long-term changes reflected by
the abundance fluctuations pattern are
determined by a cooling trend, from 9.7
Ma to 7.6 Ma, a warmer period from
7.6 to 7.2 Ma and then a cooling trend
which finishes at the Messinian. At 7.6
Ma specimens of G. miotumida start to
exist but the replacement takes place
at 7.2 Ma, where the climate seems
to be ameliorated. In spite of the fact
that all these proxy curves simplify
the original and highly complex faunal
patterns of the individual taxa, short
term variations still remain. To establish
both the frequencies of these short-term
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variations and the possible influence of
astronomical forcing, spectral analysis
was performed on the proxy curves on
individual taxa based on their quantita-
tive data.

The spectral analysis shows that in
Metochia section sedimentary cycles
(sapropel cycles) are astronomically
forced by precession and eccentricity
cycles while sea surface temperature
variations are controlled by precession
and obliquity variations (Fig. 8). This
orbital configuration during sapropel
formation indicates strongly seasonal
contrast.lt is remarkable that, in the
studied sequence, for the time interval
between 9.7 to 8 Ma, sea surface cycles
and SST are also related to obliquity
cycles. However, this orbital configura-
tion is strongly determined by fluctua-
tions in the distribution of several spe-
cies (Fig. 9). In particular, the relative
abundance fluctuations of G. menardii
are related to obliquity (41 Kyr) cycles
and precession (23 kyr) cycles together
with N. acostaensis d. G. falconarae and
G. glutinata. This is a mixed association
of eutrophicate and tropical species.
These species are more abundant in
the lower part of the section for the time
interval 9.7 to 8 Ma.

4. Conclusions

This work represents a review of the
most significant lithostratigraphical
and micropaleontological signatures
of Milankovitch scale climatic changes
overprinted on Late Miocene.
Lithostratigraphical signatures of Milan-
kovitch-scale climate changes are detec-
table on the Late Miocene section of
Metochia, in Gavdos island (an interval
between 9.7 to 6.6 Ma) Identification and
documentation of the lithostratigraphic
signature was not possible without a
detailed. micropaleontological analysis
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based on planktoni foraminifera which
enables us to reconstruct the small-
scale climate changes recorded in the
studied section.
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IZTOPIA, ®INOZO®IA KAl EGAPMOI'H
TQN NArKOZMIQN ZTPQMATOTYMNQN KAl
TQN AMOAYTQN OPIQN. MPOZ®ATEZ ANAGEQPHZEIZ
THZ FTEQAOIIKHZ XPONIKHZ KAIMAKAZ*

M. A. Aeppitakng’

TEBvIKG & Kanodiotptakd Maveruotropuio ABnviyy, Turiua MewAoyiag & MewnepiBérovtog, Touéag
lotopikric MewAoyiag-faAaiovroAoyiag, MaveruotnudnoAn Zwypdpou, mdermis@geol.uoa.gr

NEPIAHWH
TateAeutaia 150 Xpévia, Ta 6ELA TWV AMOKAAOUMEVWV “TUTTIKWV” YEWXPOVOAOYIKWV /
XPOVOOTPWHATOYPAPIKWY eVOTITWV kaBopifovrav and Toug Sidpopoug EPEUVNTEG
mGg YewAoyiag pe yewlotoptkd cupBdvra kat nokiloug Tpdnoug. Auth N EANen
TUTIOTIONOEWS KATEOTNOE OUOIAoTIKA adUvato TOV CUOXETIONG Ot maykdoula
KAipaka.
Tig TeAeutaieq dUo Sekaetieg, N MPO0d0G OTIG TEXVIKEG TIEdIOU Kal EpyacTnpiwy,
OTIG MEAETEG TWV PABIEVEPYWV KAl OTABEPWY LOOTOTIWY, N BEATIWHEVN AELOASYNON
Twv anoAibwpévwv apxeiwv, n agloAdynon NMaAalopayvnTikwy SeSOUEVWVY Kal 1
E£PAPHOYT TG KUKAOOTpwuaToypagiag, BeATiwoavInvnoidmratwy dedopevwy kat
oguvéBalav noAU atov akpifr] kabBoplopd g AleBvolg XpovooTpwaToYPAPIKG
KAlpakag, elodyovrag véeg unoditalp€oelg kal kabop(lovrag Ta 6pla Twy YEWAOYIKWV
neplodwy. ZUuVvOETOVIAG TIG ONUAVIKOTEPEG OUVEIOPOPESG TIOU TPOKUTTTOUV
ard autég TIG VEEG TPooeyyioelg katd m ouvedpiaon Mg Aiebvolg Evaoewq
ZTpwuaroypagpiag, To 2004, 38 e1dikol, untd v npoedpia Tou F.M. Gradstein, ané
1o Maveruotmuio Tou ‘OoAo, cudiitnoayv Tig avabewProeLg TToU TIPOKUTTOUV and Ta
véa otouxeia kat mpogRalav v o nipdogarn €kdoon TG MewAoywnig KAipakag
2004.
Zmv avaBewpnuévn Mewloywkny KAuaka, enéxenkav avaueoa OTIG TIOMEQ
HEBGBOUG MoU UTIAEXOUV, YIa TNV CUYKPATNOT TG, QUTEG TMOU TTAPEXOUV TIG TILO
agémoteq MAnpogopieg. H teAeutaia MewAoyikh KALaka, n omnoia evowpat@vel
ONUAVTIKEG aA\ayeg, Baoiletar omv epappoyr g évvolag tou Maykdouiou
Zrpwpuardtunou kat Andhutou Opiou. Zxeddv nevijvra MaykGouiol ZTpwpatTdTurol
pe AridAuta ‘Opta €xouv eykpIBel HEXPL OTjUEPQ.
Av Kal €xouv Yivel TepdoTieq TPOOTIABEIEG Yia TN dnoupyia piag o TARPoUg
lewAoyikig KAlpakag, xpeidetal 13laitepn €muovr yia v unoompeEn wag
©Bavikng KAlpakag, ou Ba éxel ) ouvaiveomn oAGKANENS ™G MewAoyikrig Kowo-
mrag.

*HISTORY, PHILOSOPHY AND APPLICATION OF GLOBAL BOUNDARY STRATOTYPE SECTIONS AND POINTS.
NEW REVISIONS OF GEOLOGICAL TIME SCALE

M. D. Dermitzakis
National & Kapodistrian University of Athens, Faculty of Geology & Geoenvironment, Department of Historical Geology-
Paleontology, Panepistimiopolis Zografou, Greece
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ABSTRACT
In the last 150 years, the limits of the so called “formal” geochronological/ chronos-
tratigraphical units were determined by several rock researchers using geohistorical
events in several ways. The lack of standardisation made them useless for a global
scale correlation.
During the last two decades, the development of the field and laboratories tech-
niques, the studies of radiogenic and stable isotopes, the improved evaluation of
fossil files, the evaluation of paleomagnetic data and the application of cyclostratig-
raphy, improved the quality of data and contributed to the creation of the most up-
to-date International Chronostratigraphic Scale, including new subdivisions and de-
termination of the boundaries of geological periods. The compiled New Geological
_-Time Scale GTS 2004 integrates the most recent results of these new methods and
was constructed by the International Union of Stratigraphy (ICS), in 2004, presiding
F.M. Gradstein, from the University of Oslo, along with 38 other specialists.
The new revised Geological Scale encompasses selected new methods that provide
the most reliable information. The last Geological Time Scale incorporates important
changes and is based on the application of the Global boundary Stratotype Section
and Point (GSSP). Almost 50 GSSP have been defined up to now.
Despite the enormous efforts for the construction of the most complete Geological
Time Scale, a modified version needs the support and consent of the entire geologi-

cal science community.

1. Eicaywyn

H unodiaipeon Twv 4,5 dl0EKATOUMU-
plwv etwv ™G Mewloyikng lotoplag
™G Mg, oe OxeTikA Xpovikd dlaomi-
pata 1ou va mapouctdlouv Maykoouia
duvatdmmra avapopdg 1 CUOXETIOUOU,
Tapapével oe eKKPeROMTA and myv
EMOXA TWV TPWTWV YEWAOYWYV, ONWC
Tou James Hutton (1795) kat tou Charles
Lyell (1800) (rmpBA. Aeputldkng & Aek-
Kag, 1982) Znuavtikog aplOpog uedo-
Sdwv Tou anookotouv ot dnuoupyia
«OVASWV» LETPIOEWS TOU YEWAQYIKOU
xpovou Bpiloketal r{dn oto apxeio, evw
évag AapupvBog Spwv Xpnoylornolou-
vIal YA TOV XapaKIMPLoWUO eVOg OUYKe-
KPWHEVOU  YEwAOYIKOU Sla0TUATOG.
AM\ot and autoug Toug dpoug Baoilo-
VTal oTIg aKoAouBieg METPWHATWY 1}
oTpwpatoypagia (r.x. Alwvodldniaon,
ovomua, oelpd, Babuida), kat AAAOL
OTM XPOVIKY| dldpkela ou éaaBav xwpea
ONMAavTIKa yeyovoTta (r.x. Auwvag, repi-

odol, eNMOXEG, NAKIa). (MPRA. Aepuitla-
Kng, 1975) Zuxvdtepa, ol mnepiodol, oL
ETOXEG Kal ol NAkkieg, adplota kabopi-
fovtav wg ol mepiodol Mg undpewg
navidwv kat xAwpidwy, Twv onoiwv Ta
arnoABwuaTa eUNePLEXOVTAV OTIG TUTIL-
KEG akoAouBieq Twv ocuoMudTwy, Oel-
pPWV Kat Babuidwv.

ErurAéov, dipopolpeva TmpoBEua-
Ta (mpoodloplopoi) onwg Katwtepo,
Méoo, AviyTepo, Xpnoldorolouvtal yid
mv neptypadr Tou MewAoyikoU Xpod-
vou. MapdAa autd, ol UTodlapéaelg
Tou Xapakmpilouv ta didgpopa otadla
omv oTopia ™G Mg napapévouv ave-
napkelg. To OXETIKA MIKPO XPOoVIKO Sld-
oTnua r.x., Tou davepolwikol Meyaal-
wva, To ornoio KaAUTTTeL Ta TeAeutaia
570 exatoppUpla €m, dlaipeitat «eUKo-
Aa» og 3 KUpla TURHaTa Kat og 16 pikpo-
Tepa egattiag Twv dpBovwy NaAalovto-
AOYIKWOV JedOUEVWV TIOU €XOUME O
d1dBeon Hag. AvtiBeta, To amépavro
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Mpokdauppto, To omoio €xel didpkela
Oxedov 4 dloekatoppupinv eTav, dat-
peftal oe Tpia onuavtikd THRRATa — Tov
Karapxatolwikd, Tov Mpotepolwikd kal
Tov Apxaiké Meyaawwva, kal mapapével
EKTTANKTIKA eEANNMEG aKOUa Kat arjuepa.
Ta apxik@ cuotiuata, oelpég kat Babui-
deq arotelouv yevikd autd Tou KaAou-
pe oOnueEpa  «ABOOTPWHATOYPAPIKES
EVOTNTEG» KAl OXl «XPOVO-OTPWHATO-
YPAPIKEG evOTNTEG» UMO TN oUYXPOWVN
évvola. Mpdyuan, Ta kupia ABoAoyiKd
XAPAKMPLOTIKA nepBwplakwv BaAdo-
owv Qdoswv xpnoluonoménkav ya
TOV XaPaKINELoOUS and Toug LoTOPLIKOUG
OTPWHATOTUTIOUS, WG OUOTIMATA, OFL-
pég kat Babuideg. To mMPORANMA Toug,
Opwg, rTav 6Tt Ta 6pld Toug ouxvda opi-
{ovtav and oTpwHaToypaPikd Kevd.
210 mAaiolo ™G yevikiig Tpooeyyioe-
WG NG AVTIAYPEWG TWV XPOVIKWV EVO-
TTwv, dnuioupyrenkav avandépeukta
OTPWUATOYPAPIKA KEVA Kal eTKalu-
Yelg HeTagu Twv SLadoxXIKWY EVOTHTWY,
enewdr] oL apXIKEG TUTIKEG TOMEG 1] TA
TIETpWHATA OUVONIKA Tipoadlopilovrav
anapartTwg oe JIAPOPETIKEG YEWYPA-
PIKEG TIEPIOXEG KAL NTAV OUCLACTIKA
aduvato Ta avdloya XpPovikd dlaoth-
gata ( ot xpdvol TG UnapEews Twv
nephapfavouevwy Mavidwv Toug) va
ouoxetifovral MAIpwg.

Mpokeévou va eEaielpBoliv autd ta
KEVA Kai oL emKaAUyelg, ot Tepiodot,
Ol EMOXEG Kal oL NAkieg Babuiaia avrti-
petwriionkav wg Xpovikd dtaotruarta,
avegdpmra and onoladnnote ouyke-
KPIMEVT TUTIKA Toun, Kal kKabopiom)-
Kav EVVOLOAOYIKA ard maAatoBloAOYIKA
YEYOVOTA TIOU TPOEKUYIAV KUPIWG ME
m Bonbeia g BlooTpwuatoypapiac.
AUTEG Ol QrOKaAOUEVES “TUTOTOIN WS-
VEG” BLOXPOVOAOYIKEG evATNTEG KaBO-
piotnkav Bdaoel kupiwg SladsoIuwv
BaAAooIwY TEAQYIKWY AMOAIBWUATWY
(m.x. yparrtéhlBot yia 10 OpdoBioto,
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auupwviTeg yia To loupaoikd K.ATL).
Evroutolg, AMyw tng arnouciag kdrol-
ou €ykupou dlebvouq oWHATOog ZTPWw-
patoypagiag, ol akapreg culntmoelg
yla TO Qv auTtd Ta OUYKEKPIMEVA amno-
ABwpuata yparroAMBwy 1} KwvOdovTwY
1} KEQAAOTOBWV KATL. OvTwg KabBdplav
pia dedopévn nepiodo, enoxr) 1) nAkia,
Arav avandégeukteg. EmmAdov, ta dpla
mou kaBopiomkav and mnaAaiofLloAo-
YK yeyovota ftav eyyevwg aotaen)
e arriag Twv Ta&vouIKWY aAAaywVv Kat
TV avakaAUyewv VEwv aroAlBwuad-
Twv, AAAA Kal TNG SUOKOAQG VA CUOXE-
TIoToUv Ot Maykoowa kAipaka, egarti-
ag Tou navidikou enapxwTiopou. Katd
ouvénela, Ta ovouara Twv UMoBeTl-
KA “Turoroinuévv” meplddwv, ero-
XWV KAl NAIKIWV XProlonowrenkay He
OoNUavTIKA SlaPopeTIKOUG TpdTIoUg and
TOUG YEWAGYOUG Ot dldpopa HEPN Tou
KOOUOU.

EEarriag aumg T KaTtaoTdoewg mou
enkparouoe, n dnuuoupyia evog die-
Bvolg OTpwHATOYPAPIKOU  KWSLKA
urip&e and v apxr] o KUPLog atdxog
™g AleBvolg Ynoemtponig ZTpwuato-
ypaopwng Tafwourioewg (International
Subcommission on Stratigraphic Clas-
sification, ISSC), n omnoia dnuioupyn-
Bnke 10 1952 oto 19° Alebvég MewAo-
YIKO Zuvédplo mou eixe dopyavwOel
oro AAyépt. Ot mpwrteg dnUOOIEUOELS
TWV BACIKWV apXwVv NG oTPWATOYPa-
Qg ta&ivourioewsg ota mAaiola Tou
Algbvolg Kwdika ZTpwHATOYPAPIKTIG
Ta&wounioews (International Guide for
Stratigraphic Classification) (Hedberg,
1965, 1976; Aeputldkng, 1975) mou
nipayparonowénkav YeTd tn ouoTaon
™Q erutpormig ISSC ue mpwto mpode-
dpo Tov Hollis D. Hedberg (1952 €wg
1977), emnpéacav WBlaitepa tnv ava-
TUEN NG OUYXPOVNG ZTPWHATOYPa-
elag. =MV l0aywyr Tou KWSIKa ava-
PEPETAL... «ZKOTIO TOU KWOIKA QrtOTEAEL
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n npowbnon e diebvoug ouupwviag
avapoplkd pe TG apxES NG OTPWHa-
Toypagikric ta&vouricewg kat n avd-
rtu€n ag kownig dtebvwg arodeKTriq
OTPWUATOYPAPIKIG OpoAoylag ue kavo-
VEG TWV OTPWUATOYPaPKWwy dladika-
OlWV».... KAl ... «Ol ouotdoelg autrig
me nMpwtng ekdooesws Paoifovrat atnv
TpEXoUOa ouvaiveon Twv HeAWV. Ot ueA-
AovTikég exkdboelg Ba ermpépouv avau-
“plopritnTa arayég rou Ba unayopeu-
ovral arno TI¢ EQAPUOYES Kat TN Xeron
T0U KWdKa, aMd kat v avarruén twv
VEWV anoyewv Kat uebodwv».

O duadoxog tou Hedberg o Amos
Salvador, mou mpondpeuce omv Ate-
ovry Yrmoemutpormi ZTpwpatoypadl-
kg Ta&wviunoswg amnd 1o 1977 wg T0
1992, eE£dwoe TN deltepn €kdoon Tou
Alebvolg Ztpwpatoypagikol Kwdika
(International Stratigraphic Guide, ISG),
o omoiog akohouBe{ oe éva ueydAo
TUAKA Tou TNV TIPWTN €Kdo0T, HE eAd-
X10Teq aAAayeg Kat SUO OMUAVTIKEQ
MPOUBNKEG, TIOU APOoPOUV OV OHOL-
opoppia Twv opiwv OTIG OTpwUATO-
YPaQIKEG povadeqg kal omv Mayvnto-
oTpwpatoypapia. lMepleAduBave eni-
ong éva yAwoodplo (Salvador, 1994).
O diddoxog Tou Salvador, M.A. Murphy,
OUVUTIOYPA®PEL HE TOV TIPOKATOXO TOu
Mo oUvtopn €kdoom Tou Kwdlka, Tou
dnuootevetal oTo TEPLOSIKO Episodes
To 1999 (Murphy and Salvador, 1999).

Qotdoo, Ta TeAeutaia elkool pe TPLE-
vTa Xpovia, n E0aywyr) Kat N Epappoyn
VEWV TEXVIKWV OTOUG Slapopousg KAG-
doug ™G ZTpwHaToypa®iag, aAld Kat
N OUVSUAOTIKY] ETILOTNHOVIKY] TTIPOOEYYL-
om o¢ €va TePAoTIO OUVOAO JeSOUEVWY,
and HakpompdBeoua Kal eTTUXr| £Tl-
OoTMHOVIKA TIpoYpAppaTa, érnwg ta Deep
Sea Drilling Program (DSDP), Ocean
Drilling Program (ODP), Integrated
Ocean Driling Program (IODP) (amé
To 1968 €xouv Tpayuatorondel 1257

eEEPEUVITIKEG YEWTPNOEIG Ot OAoug
Toug wkeavoug), elxav wg aroTéAeoua
pia mpwtopavn, paydaia avarrtugn mg
ZTpwpatoypapiag.

To péyebog kal To e€Upog TWV VEWV
dedopévwy, Ta ormoia ouvexwg auga-
VoVTal O TIOAUTIAOKOTNTA Kal Omua-
ola, Kat n oUVOUAOTIKY ETILOTNUOVIKY)
TIPOCEYYIOT TWV OCUYXPOVWY HEAETWV
UTIOXPEWVOUV TNV enave&€raon Twv
Bdoewv oTig onoieg ompileTal n oTpw-
patoypaglkny tagvounon. Enougvag,
onuepa Bewpeltal amapaimm n ava-
Pewpnon oToug UTIAPXOVTEG KWBIKEG,
AapBavovtag unown Tig VEeg IBlaitepeg
eEeldIKeUpEveG Kal OlAPOPETIKES EMi-
Hépoug HeBOBoug Tou XpenotdoroloU-
vIdal yla Tov Kaboplopd mg «Maykdoul-
ag Topng ZTpwpaTtoturou Kat AmoAu-
Tou Oplou» (GSSPs, Global Stratotype
Sections and Points).

Mia oOxeTikri onuavTik TpwToBou-
Ma E&ekivnoe ota mAaiola Tou TIPW-
Tou Zuunoaoiou nou dlopyavwbnke anod
mv Alebvry Yrnoemutponr ZTpwuATo-
ypapkng Ta&voprioewg (ISSC) katd
™ ddpkela tou 320u Alebvoug Mew-
Aoylkou Zuvedplou om OAwpevtia TO
2004. H npwTtoBoulia erikevTpwveTal
om dnuoupyia dla@dpwv EMTMHO-
VIKWV opAadwv epyaciag e anmwrepo
okomd ™ dnuooieuon, undé mv alyida
™G Alebvolg YmoemTpornmg ZTpwua-
Toypagiknig Tagivounoewg (ISSC), piag
oepag dpbBpwv TIoU TITAOPOpPOUVTAL
Néeg E&eAikeiq otn Zrpwparoypagi-
ki Ta&ivéunon «New Developments in
Stratigraphic Classification». K&8e pia
oelpd Ba apopd Oe évav EMPEPOUS
KAA30 ™Q oTpwuatoypagiag. Baoikn
apxn aumiq ™G TpooTddelag anote-
Ael n «opadikn) epyaoia», oe eBEAOVTIKN
Bdon, xwplg oroladnnoTe OWKOVOIKN
evioxuonm.

Ta d0o mpwTa B€uata mou erAEXDN-
kav eival n Ztpwpatoypapia akoAoubi-
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wv Kat n Kukhootpwuartoypagia. Emi-
KePaAelg Twv opddwv epyaaiag sivat
o Ashton Embry (Geological Survey,
Kavaddg), éva «nmarad» péhog g ISSC
ME HEYAAN eumnelpia OTn OTPWHATOYPA-
¢la akohouBiwv kat o Andre Strasser,
éva «véo» WENOG TNG UMOETITPOMING Yia
mv Kukhootpwuaroypagia.

Katd ) dadikaocia npostoysaciag tTwv
4pBpwv o0 TPBEdPOG AstToUpPynoe wg
EMOTNMOVIKOG OuvTOVIOTG Kat £iXe
mv euBuvn TG TeAlkng avabswpr}-
oewg. Mia mpokatapkTikry TepiAnyn
TOU MEANOVTIKOU Kelpévou dleveurion
omv urnoemtponr]. ZxoMa, TEooon)-
keg kal Slopbwoelg powdnBnkav and
™mv opdda epyaciag oTtoug Ouyypa-
Pelg yia va evowuatwdolv oTo Kuplwg
Kelpevo. Ao eMNVIKNG Meupdg otnv
opdda epyaciag cuppeteixe o ypd-
¢wv Kabnynmg M. A. Agputldkng, o
onoi{og MPATelve TNV TPOMOTOIN o™ Tou
6pou astrochronology oe astrogeochro-
nology, kaBwg £tot kaBopileTal cwoTod-
TEPA N €vvola NG AOTPOAOYIKNG XPO-
VOAOYNOEWSG TWV YEWAOYIKWV OUMRG-
viwv. To npwto apBpo pe Titho KukAo-
orpwuaroypapia - ‘Evvoleg, Opiopol
kat Epappoyég «Cyclostratigraphy -
Concepts, Definitions and Applications»
ME ouyypagelq Toug A. Strasser, F.
Hilgen, kat P H. Heckel éxel 1dn dnuo-
oleubel ato €ykupo SilebveEg TiePLodIkO
Newsletters on Stratigraphy (Strasser et
al., 2006). H dwadikaagia Aettoupynoe
TIOAU KaAd kal Ba anoteAéost MPATUTo
Yla TNV TPOETOINAcia TwV EMONEVWY
Gpbpwv.

ZxOA\la Kai TMPOOBNAKEG OTIG OMASES
epyaoiag Bootpwparoypapia - €vol-
€G Kal £PAPUOYEQ Kal XNUELOOTPW-
patoypapia - €vvoleg Kal EPAPLOYES
€otelhav oi: Hendrik de la Rey Winter,
Ashton Embry, Michael D. Dermitzakis,
Gilles Serge Odin, Brian R. Pratt, Maria
Bianca Cita, Maria Rose Petrizzo, Stan
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Finney, Yokichi Takayanagi, Alberto
Riccardi, Bruce Waterhouse, Roger
A. Cooper, Lucy E. Edwards, Geza
Csaszar, Mike Johnson, Albert Brakel,
Jan A. Zalesiewicz, Manfred Menning,
Ki-Hong Chang, Jacques Thierry kat
Algimantas Grigelis.

Ao EMANVIKNG TIAEUPAG, O OUPHETEXWV
KaBnynmig M. A. Aeputlakng oéoov
apopd omv oudda epyaasiag Biootpw-
paroypagia - éwoleg Kal EQApHOYES,
onuewoe 6t Ta napadslypata epap-
HOYNG Twv HEBOdwv mMou avagpgpo-
vtal 8a npénel va e0Tiafouv oe ToTuKA
Kat maykéouia oxrjuata Blolwvav, eve
npdtelve va npootebel oTa B€uara Tou
OXETIKOU GpBpou n avdiuon Tng OxE-
oewqg Blootpwuatoypagpia kar Xnuet-
ooTpwuaroypadia: Piolwveg KAl CUp-
Bévta woténwv. Ooov agopd omyv
opdada epyaciag XnuelooTpwHaToypa-
¢ia - évoleg Kal EQPAPHOYEG, UTIOOTH-
pi&e 6Tl 0 Opog Chemostratigraphy 6a
npénel va avtikataotabel and tov 6po
Chemiostratigraphy, kabwg 10 TPWTO
OouvBeTIKO ™G AEENG MPOo€pxeTal amod
™V eMnVikn} A&n «mueia» kat oxt
AEEN «xupud» (Aepuit{dkng, 2002). Ermi-
ong, NPEJTEIVE va CUUTEPANgBoUv Ta
Béuara «ZTpwparoypapia COTONWV
Kal OTPWHATATUTIO KAl «ZUMBOAN TNG
oTpwuatoypagpiag tootérnwy oto PETM
(Paleocene-Eocene Thermal Maximum)
KQal N OIKOAOYIKY] onuacia mg».
Mpdopata, n Aiebvrg Ynoemtpo-
m ZTPWHATOYPAPIKNG Ta&ivOUnoewg
dlopydvwoe v Aldokeyn tou Penrose
(Auotpia, louviog, 2006). Zkomndg TG
dliaokéPewg Penrose (2006) rtav n
e&€raan mg Bepelwdoug pUOEWS TG
OTPWHATOYPAPIKAG TAEWVOUOEWS, TN
OUMBOAN TG avarTugews MG OTPWHA-
Toypapiag ot YEWAOYIKEG ETUOTAHES
Ta TeAeuTaia xpdvia, Onwg eriong kat
O EKOUYXPOVIONOG Kkal 1 diddoon twv
EPAPLOYWV TNG OTPWHATOYPAPiag.
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H didokeyn mpayuaronomndnke oto
Schloss Seggau Tou Leibniz Tng Auotpl-
ag, ot 3-9 louviou 2006 kal apako-
AouBriBnke andé 31 emotruoveg anod
mv Appikr, TV Auctpalia, Tnv Eupw-
N kat T NoTa Apepikry kaw 6 Eupwnai-
OUG MEPIKNG QraoXOAj0ewg EPEUVI-
T€q. Ol ouppeTExovteg NTav oi: Marie-
Pierre Aubry, William A. Berggren, Bjprn
Berning, Robert M. Carter, Nicholas
Christie-Blick, Michael D. Dermitzakis,
Lucy Edwards, Hans Egger, Stan Finney,
- Rick Fluegeman, John A. Flynn, Stefano
Furin, Andy Gale, Piero Gianolla, Yuri
Gladenkov, Martin Gross, Mathias
Harzhauser, Stephen Hesselbo, Linda
Hinnov, Dennis Kent, Brian McGowran,
Thierry Moorkens, Stefan Mdllegger,
James 0Ogg, Khaled Ouda, Jozsef
Palfy, Brad Pillans, Werner E. Piller,
Markus Reuter, Walter Schwarzacher,
June Schwarzacher, Ali Soliman, Fritz
F. Steininger, Gian Battista Vai, John A.
Van Couvering, Michael O. Woodburne
Kat Jan A. Zalesiewicz.
Zto mAaiolo g dlackéPews eEETAOTN-
Kav TO XPOVOOTPWHATOYPAPIKO Kabe-
otwq Tou Kawvolwikou, Ta npopARuara,
oL POoPateq HEBOSOANOYIEG kAL TO UEA-
Aov TG XpovooTpwparoypapiag, eved
eniong éva pEPOG aglepwbnke omnv
e€€taon mbavwv BEATIVOEWY OTIG TPE-
XOUOEG €vvoleq Kal MPAKTIKEG. H dla-
okeyn Tteheiwoe pe pia avoixtr) ouln-
TNOoT MOU MEPLOTPAPNKE YUpw and Ty
napoloa KAtdoTtaon G ZTPWHATO-
ypapiag kat mv avavéwon tou Kwdika
Zrpwuaroypapiag.
‘Evtovn urp&e n avnouxia yia ) 6€on
™G ZTpwpatoypagiag om ompepwn
ETOTNHOVIK Kowvwvia. H Ztpwpuarto-
ypapia dadpapartilel onpavtiké péAo
omyv dlepedvnon Mg Mg kat mg loto-
piag Mg Zwrig. O otpwuaroypdeol,
onuepa, kaAouvtatl va MPowdrjoouv To
pPOAo TG oBevapd Eekvwvrag pe pia

avaygévvnorn TG LOTOPIKNG OKEPEWS
omv eknaideuon péow g loTopikng
Blohoyiag kai g lotopiknq yewAoyi-
ag. Emiong, Toviobnke ot mpénel va
gvoroinBouv ol évvoleg oTIg dldgo-
PEQ YEWMOATIOTIKEG Ttapaddoelg. Evw
onuavtiké Briga oe aumj myv nPOKANoN
aroteAel N KATApPTION oToug Bactkouq
Kavoveg NG ZTpwpatoypadikig Tag-
VOUROEWG.

2. H évvoia «Maykéopiag Toprg
ZrpwparoTumou kai AméAutou
Opiou»

BaBuiaia 1o dpaud tou Hedberg ee-
AixBnke omv évvola g «Maykdomag
Toung ZTpwparéTurou Kat AmOAUTOU
Opiou» 1} GSSP. H évvola Tou GSSP yia
UYNAAG akpiBelag CUOXETIOPOUG amat-
Tel Ta épla Twv Babuidwv va opifovrat
péoa ge guvexelg akoAouBieg, yeyovog
nou dev guvéBalve OTOUG TIEPIOOOTE-
poug and TOUG LOTOPIKOUG OTPWHATO-
Turouq. Autdq eival kat 0 Adyog Tou Ta
GSSP enéyovtat ouvribwg oe Badld
B8alkdoola mepBaNovta, ota oroia
eEEMKTIKA yeyovOTa NG THI-KOOUOTO-
Aftikng meAayiknig navidag (kwvodovta,
QUMWVITEG, TAQYKTOVIKA TPNHATOPO-
pa, oplopéva edn TPORITWY KAL) 1/
Kat ot Slakundvoelg Tou LooTAToU Tou
AavBpaka, xpnoleuouv wg Kuplot Sei-
KTEG OUOYXETIOMOU.

H peydAn mieoyneia twv emkupw-
pévawv 1} Tueaviv GSSP Bpioketalt o
Autikr) Eupwrn. MoAd andé autd ta
enineda Twv GSSP eival pepIKWg oUp-
PWvVa HE TNV LOTOPLKY XPNOM TG OVo-
HATOAOY(aG TIOU XPNOLLOTIOLETaL YIa TIG
Babpideq (r.x. To GSSP g pdong Tou
Kevopuaviou nou kaBopilel kal  Bdon
Tou Avwtepou KpnridikoU ocupmirel
ouOIaoTIKA HE TV apXr] TG Babuidag
Kevoupdvio, 6nwg autr opiotke anod
Tov Alcide d'Orbigny To 1847). AvtiBe-
1a, dMa enineda GSSP mou kabopi-
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Zouv BaBuideg avabewpouv v LOTO-
pin Babuida (n.x. To GSSP g paong
Tou Tpladikou eivat oMUavTIKA VEWTEPO
and m onuavtikdtepn padikn e§apavi-
on KAl TIG YEWXNHIKEG avwuahieg Tou
ato apeAddv kabdpilav To oplo Mép-
Ho/Tpladikd).

Mapoho mou 1 diebvrq YEWAOYIK] KAL-
Maka kabopiletal and naykooua yeyo-
véta, Umdpyouv TIOAUGPIBUEG TIapah-
Aayég g, ot ornoieg Paoifovral oe
ONMAVTIKEG NUATOAOYIKEG UETABOAEQ
kal nmalaloriepiBarlovtikd 1} BloAoyikd
XAPAKTINPLOTIKA O TOTIKN OPWG KAIpa-
ka. Mapadeiyparog xapv, To Zvowva-
To («Cincinnati») artoteAel Babuida Tou
Avatépou OpdoBiaiou nou €xel xpnot-
pomoinBel yia niepirou évav awwva omyv
Kevtpikr) Auepikn).

Mpénet va eipaote oe B€om, e0KOAA Kat
Me BeBaldtnTa, va METATPEMOUNE KAl
va ouoxeTifoupe auTég Tig napadoota-

KEQ TEPIPEPEIAKES KAakeg ata Jiebvr)
npdtuna, dnwg autd kabopifovral and
Ta GSSP. Av 10 OkeQTel kaveig, autd
aroteAel kat v oucia MG ouvtdge-
wg g naykdéouag wortopiag ™G Mg
— dnAadn 1 TekUnPiwomn kAL 0 CUOXETL-
ouég Twv yeyovoTwy rou EhaBav xwpa
oe OAeg TI MePLOXEq ™G I'Mg. Movo
KAt autév ToV TPOTO HMopouv Ol YEW-
EMIOTNUOVEG VA KATAVOr|O0UV TA TOAU-
TAoka otddla mg eEelifewg, TG TEept-
BaMovTikiig ox€oewqg «artia-emnidpa-
OMp, NG TEKTOVIKIG KAl TNG YEWXNHIKTG
avakukAwoewg. AuTO eival kat évag
arnd Toug KUpLoug oToXoug Twv dlapo-
PETIKWV UToETITpON@V g Alebvolq
Emutportig ZTpwuatoypaiag.

3. H évvoia Tng Babpidag

Ma Tov kaBopiopd [iag Raduidag anat-
TouvTtal agevog Ta duo andAuta opla
(GSSP), ou MV 0ploBeTOUV EMAKPL-

L‘lcvxéomcg ZIpWHATOTUTTOC

loTOoPI KOS ZTPWHATOTUTIOS

Xpovog

ZUVEXEIC
ATmro8éor:-

Mn-cuvexéc apxeio

@

R KaBopiopsc
BabuidagB

GSsP
orn faon ™g

0

Badpida I

(3)Ba8pida B

Badpida A

Emimedo GSSP

s TOHE 10TOPIKOD ZTpwpaToTUTIOU

Eix. 1. quoptagéc oTpwuaroypapikwy evotrtwy. Mia Babuida anaitel Ta akdAouda yia Tov rArpn
KaQoptouo ™me: éva GSSP yia Tov kaBoplopd Tou katwrepou opiov, §va GSSP yia Tov kaBopioud Tou
avwtepou oplou Kai Ta Kupla ABoAoyikd kat maviSikd Xapaktnplotikd g BACIOLEVA OTOV IOTOPIKG

OTPWHATOTUTTO Artod TOV Oroio To 6voud TG nPonABE.
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Xpdvog

Avdtepn Babuida

b

[OTOPIKOC ZTPWHATOTUTIOC
(aouvexnc amébeon)

Maykéouiog
Z1pwuaréTutiog (GSSP)
(ouvexnc amméBeon)

Katwrepn Badpda

BaBuida A

Babpida A

Eik. 2. AvaBewpnon ¢ éwotag e Babuidag. Ot neplooGTEQOL LOTOPIKOL OTPWLATOTUITOL KABopioTNKav
O€ KEVIPIKEG PAOEIG MAQTPOPLAS LE QMOTEAECLA N ANGBEDN va gival CuViiBwS aouvexnc LETa&y Kabo-
prougvwv Babuidwv. Avribeta, n évwvota Tou anéAutou opiou (GSSP) anaurel To 6pto wag Baduidag va

kaBopiletal o€ na ouvexr) akoAoubia oTPWUATWY.

Bwg, KAl APETEPOU O LOTOPIKOG OTPW-
MaTOTUTIOq TIOU TEKUNPLWVEL TO YEVIKO
nieplexopevo Mg Baduidag (Ek. 1, 2). O
LOTOPIKOG OTPWHATATUMOG £ival N Turlt-
K} Tour] mou €3waoe To dvoud mg ot
Babuida. Mpénet va undpxel ouvoxn
pETAEU TOU TIEPLEXOMEVOU TOU LOTOPL-
KoU oTpwuardturiou dnwg autdg kabo-
plomke (BnA. d’Orbigny, 1849-1852))
Kat Twv B€oswv Twv 300 amdAutwv
opiwv (GSSP) nou kabopilouv Ta ouy-
Xpova 6pid Tou.

H povadikémra tou andAutou opiou
arotelel eyylnon 6Tl T0 Splo Autd
eivat - kaBoploTikd. Katd ouvénelq,
TIPOPANHATA OXETIKA HE TIPONYOUHEVT)
Xprion SladoxXIKWV OTOPIKWOV OTPWHA-
TOTUNWV (evdexopévwg acupBiBactwv
AOYWw OTPWHATOYPAPIKWV KEVWV 1 ETTL-
KaAUpewv) dev umndpyouv. Emopsvac,
n Awbvriq Evwon Itpwparoypagiaq

npoteivel 6Tt dev xpeldletal n Unap-
&n napaotpwuatdTuniou 1 BondnTikig
TOMAG Yia TNV evioXuom 1 GUHMAYPwWoT
evog andAutou opiou (GSSP).

Evroutolg, pia kat povadikni Tour ond-
VIQ TEKUNPLWVEL MAPWG TN YEWAOYIKN
1otopia rou mepikAeieTal ota dpla piag
evoTnTaq. ZUUPWva He oANOUG OTpw-
patoypdgoug, BonenTikég Touég (Oxt
onueia) 6a prmopoucav va TEKUNPLW-
oouv KaAUTepa v akohoubia yeyovo-
Twv 1oy ouvodelouv €va GSSP. MNapa-
delyparog xdptv, katd mm didpkela g
TIPOKATAPKTIKNG HEAETNG Yia TOoV Kabo-
plopd Tou GSSP oty tour EL Kef, omv
Tuvnolia, npotddnke va evioxuBel o eri-
onuog kaBoplopdg Tou opiou Malotpt-
xtiou/Aaviou (kat katd ouvénewa Kpnti-
diou/MaAaloyevoug) and pia Bondnt-
K1) akoAouBia oV NrepwWTIKY MEPLOXT).
Mpdyuatt, n toury EL Kef ouoxetiom-
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Ke pe v Toun Scollard Canon g B.
AUEPIKNG Me TN XPNoM Tou erunedou
avwpoAiag Tou pwdiou. H mpoogyyt-
on Suwg autry anoppiplnke ASyw Tou
kavova riou Aéel o1t éva GSSP mnpénet
va eivat povadikd. H mpoobrikn tng
Tourig Scollard Canon Mg B. Apepikiig
(Eupeoa al\d pe BeBawdmra) Ba elxe
OUMIMANPWoet To dplo atmy Tuvnoia pe
géva aguyxpovo nrelpwtikd apxeio aro-
NBwuATWY (oTIOVOUAWTA, KOKKOL YUpE-
WG) KAl UE EMIMAEOV YEWXPOVOAOYIKEG
KQl JayVvNTOOTPWHATOYPAPIKES TIANPO-
Qopieg un dabéoueg oto GSSP g
Tuvnoiag.

Mapdéha autd, undpxouv OPIOPEVES
ouGdeg epyaociag mou €xouv dextel TNV
apynl Twv Bondnrikv Topwv. Mapa-
defyparog xdaplv, 1o GSSP tou opiou
Aakévio - Baywwolo kaBopiletat oto
Cabo Mondego, omv MoptoyaAia, kat
SUMMANPWVETAL and pia Tour ot ZKw-
Tia.

Mo mpdopara, n peAétn tou GSSP
ywa 10 6plo Kapmndavio/Maiotpixtio oto
Tercis (FaAAia) evioxUbnke amd v
enaveEétaon axkoAouBlwv ard AMeq
TIEPLOXEQ TTOU TIEPIEXOUV TO OUYKEKPIUE-
vo 6plo, kal eldikétepa and Ta takkd
Arnévviva. H ouuniripwon autr napei-

Time| Sections Stratotype
| Ma
65 -5 —he—«— 555P at El Kef (Tunisia)

Historical Stratotype
Maastricht (The Netherlands)

Campanian pp] Maastrichtian Stage |Danian pp

= =
2
= g E
0 L
70 A o %
- 2| &
b -GS5P at Tercis (SW France) = § | 8
‘ o
4 (&)
Historical Stratotype ;
'f_, of Champagne charentaise
7 (SW France)

Documented section

El‘K. 3. I‘lapdéf:tyya ToU qdyxpovou kaBoptouoy, mg Baduidag Tou MatoTpxTiou. ZNUEWIOTE OTt O LOTOPL-
KOG OTPWHATOTUNOG Ao To Limbourg (3) TEKUNpIwVEL OV Eva EPOG Tou aUYXPOvou MatotpixTiou eva
&va onuavike SIaoTnua Sev aVIMPOCWITEUBNKE OTO OTPWHATOTUNO. AUTG 03IYNOE OE SIAPOPETIKOUG

KaBoplouoUs e Babuidag neppepetaxd.
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XE ETUMALOV XPNOWES (PUOIKO-XTHIKEG
(MayvntooTpwuatoypagia) kat Bio-
OTPWHATOYPAPIKEG (TTAQYKTOVIKA TPN-
HaTo(Gpa) MANPOPOPIES TTIOU APOPOoUV
oto enkupwuévo GSSP (E. 3).

Katd ouvénela, oL BonBNTIKEG TOMEG
elval xprioweg yati evioxouv pe -
rméov nAnpogopieg To GSSP kat mape-
Xouv évav Tio a&loTILOTO YEVIKO OUOXE-
TIONO, suvowvtag €T0L TN XP1OoT] MAyKo-
OMWV OTPWHATOYPAPIKWY urodialpe-
O£WV 0E PEYANEG TIEPIOXES.

4. «Xpuor akida fj Xpuoo yeyovog»

ApXIka uriipxav oMol evdolaopol anod
TOUG OTPWHATOYPAPOUG, YIa TO av éva
GSSP 8a mpénel va kabopiletal and
autd nou KaAeltat «xpuon akida» 1} ard
autd ToU KaAeltat «Xpuood YEYOVOG.
Kal ta d0o amoteAouv HETAPOPIKEG
EWOLEG YIO TNV Teptypadn Twv anod-
AUTWV opiwv naykoopiwg. H «xpuon
akida» (golden spike) xpnoiuelel ya
va kaBopioel Asttoupykd é€va dedo-
pévo Opto, mou arnartel v enoyn
HIOG OUYKEKPIMEVNG OTpwUatoypa®l-
KNG TOUNG Kat poopiletal va anoteAel
povipo omuelo. Mapadeiyparog xapty,
To undpxov oplo Zoupicu/Aepoviou
kabopiletal and ™ xpuon akida mou
Bpioketral oTO eninedo TMou avTlOTOL-
XEl oMV KATWTEPN YVWOTY EUPAVIOT)
gvog anoABwpaTog yparmtoAidou, Tou
Monograptus uniformis, oe pia ouyke-
Kpwévn topry oto Klonk mg Toexiag
(McLaren, 1977). Aum n xpuom akida
Bev UMAPXEL TIEPITTTWOT] va HETAKIVNOEL,
aKOpa KL av KArolog avtinpéownog Tou
M. uniformis BpeBel oe enimedo xaun-
Aotepo omv (Bla Tounry (Cowie et al.,
1986; Remane, 2003; Gradstein et al.,
2003). AvtiBeta, Ta 6pia [ag «xPovoAo-
YIKNG evétnTag Baclouévng oe xpuod
yeyovdta» kaBopilovrat evvoloAOYIKA
pe Baon yewioTopikd oupBdavra. Autd
onuaivel 6Tt 0 avtiotoog KaBopPIou6g

Tou opiou Z\oupiou/AeBoviou Yive-
TalL anid pe Baon tnv €EEMEN Tou M.
uniformis, oroudnnoTe kat onotedrino-
TE aut mpayparonoleTal. Autd Spwg
onuaivet 6tL, 600 N Yvwon pag auEdve-
TAl KAl CUMMANPWVETAL OXETIKA HE TNV
eEENEN Tou M. uniformis, TO OUYKEKPL-
uévo 6pto Ba upioTarar ouvexwsg TPO-
rornomoetg. ‘Eva d\Ao npdpAnua eivat
OTL TOAAG and autd Ta «XPuod YEYOVO-
Ta» €lval XPOVIKWG KAMWG «TUYKEXUME-
va», Onwg 1.X. eivatl n évapén Twv naye-
TWVWV, 1) EEENEN OPLOPEVWV BIOAOYIKWY
3wV Kal ol avTioTPOPESG TOU YHIVOU
payvnTikou riediou (Opdyke et al., 1973;
Clement et al., 1982). Yndpxouv Ouwg
Kal «Xpuod yeyovoTa» TIOU eival oTiy-
paia, énwg o avrikTunog Tou peydlou
UETEWPITN, TIOU Ba propouce va xen-
owloromnBel yla va kadopioel evwololo-
Yikd 10 dplo Kpnuidikou/Mahaioyevoug.

5. O1 «Xpuo£qg akideg» oTnVv Npagn

‘Eva andiuto o6plo (GSSP), kardmv
ouppwviag oe dleBvég eninedo, sival
HIQ OTPWHATOYPAPIKY) TOUN TIOU XPNOoL-
pevel wg Tour) avapopdsg evog ouyke-
KPILEVOU oplou TOU YewAOYIKOU XPO-
vou. Ta mepwoadtepa andiuta opla
(GSSP) opifovrat pe Bdom maiaiovro-
Aoylkég aMayég. Qg ek toUtou Ta
GSSP neprypdgovral cuvribwg and my
daroyn Twv petafdoewv petagl dla-
(POPETIKWV Mavidikwv Babuidwv, av kat
oAU Teploodtepeg MaviBIKEG Badui-
deq €xouv meptypagel and ot GSSP.
H npoomidbela kabopilopol GSSP €xet
apxioer ané To 1977. Méxpt To 2004
eixav eykpiel, 45 and ta 96 GSSP rou
arattouvral yia Tov Kaboplopd Twv
opiwv. ‘Eva 1daviké GSSP 8a mpénet
va eival mpoorté otnv €peuva, apKeTa
EKTEVEG WOTE va €EA0PAAleTal N HEA-
AovTiki Tou npdofacm, va cuoxetiletat
€UKOAQ e ANAEG ETIIPAVELAKEG TOUEG OF
TaykoouLo eninedo, va nepléxet padio-
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XPOVOAOYT|Oa OTPWHATA EKATEPWOEV
Tou opiou kat va meplhapBdvel KaAd
kaBoplopévoug deikteg oTo Oplo NG
Baduidag, wote va 1oxUouv TIayKooui-
wG. AuoTuxwg, Opwg, kavéva GSSP dev
eivat 1daviko.

AEiCel va avapépoupe peplkd and Ta
kUpLa KPITPLa TIoU €X0UV KaTd Katpoug
XpnotoronBel yia Tov KaBoplopd Twv
GSSP.

H peydAn misoynoia twv GSSP €xel
Baowtel oe kdnolo BlocTtpwpaToypa-
Piké KaBodnynTké kpimplo, dnA. otV
KATWTEPN 1] QVWTEPN YVWOTH EUPAVE-
an evég anoAMBwuaTog, evog povadi-
koU meAaykou Bahdootou eidoug otov
oTpwHATéTUTO TOu opiou. Autd Ta
kaBoplopéva emnineda yevikd Umnootn-
piovral kat and PlooTpwWUATOYPAPIKA
dedopéva Kal AWV TAEIVOULKWY Oa-
dwv, Tou BonBolv Tov CUCXETIONO He
TOUEG OTIOU TO KUPLO KABOINYNTIKS Kpt-
plo hnopel va eival ordvio, va arou-
owddel, 1 va elval Kakwg dlatneEnuevo
(McLaren, 1997; Murphy, 1977).
Mepikad GSSP éxouv kabBoplotel xpnot-
MOTIOIWVTAG TOUG TMAAALOHAYVNTIKOUG
opifovteg avaoTpoPriq wg KUPLO Kabo-
SNYNTIKS KPITPLO, HE TUUMATPWHATIKA
BlooTpwparoypapikd otolxeia endvw
Kal KaTw and v avactpoQri yia el
mMA€ov ouoxeTiopd. ‘Eva napddetypa
artoteAel To GSSP tou opiou Mahat-
oyevoug/Neoyevoug (OAtydkaivo/Met-
okawo), To omnoio TornoBetr|bnke oOc
€va npopaveg 6pio Uayvitolovng oty
Tour} Lemme - Carrosio g lraAiag kat
TO OTI0(0 AVTIMPOOWTIEVEL TO XPOVOAOYI-
KO Opto noAdtmrag C6Cn.2r/C6Cn.2n
(Steininger et al., 1997).

Av Kal Katd\nAn oe MOMEC TEPUTTW-
OEIG, N XPrion Twv opllOvTwv avaotpo-
PG MOAKOTTAG, WG APXIKG KaBodn-
YNTIKG KPP yia TOV TIPoodLopIopd
evog GSSP, unopsi, eniong, va sivat
npoBAnuatikn, etartiag ™mg SuadiKAg
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QUOEWG TOU ONUATOG KAl TG ETIAKOAOU-
6ng duvartdmrdg pag “va ouoxeTioou-
ME” OTOLOSNMOTE KATAVONTO TIPOPAVES
HayVNTOOTPWHATOYPAPIKO SESOHEVO HE
M YEWUAYVITIKY XPOVIKT] KA(UaKQ TTIOAL-
kémmrag (Odin et al., 1977; Shackleton
et al., 2000). Autd Ta mpoRAfuara eivat
WBlaitepa évrova o ekeiva ta Xpovika
dlaomuara nou Xapaktnpifovrar arod
Mia oUVOETN HayvnTikn loTopia TTOAKO-
mrag (dnwg eivat To Neoyeveg), orou
Ol avaoTPoQPEg eugaviovtal ouvrnowg
avd 100.000 £€wg 200.000 €m (Cande &
Kent, 1992).

Ol aguppwvieg yevikd dev Bswpoulvtat
KataMnAot opifovteg yia Ty TonoBE)-
oM TWV «XPUOWV aKidwv» Adyw Tng nept-
oplopévng duvardmrag OUOXETIOHOU
nou napéxouv (Walsh, 2004; Walsh et
al., 2004). Evrtoutolg, ot van Couvering
et al. (2000) toroBsmoav T XPuom
akida tou opiou Melokaivou/MAsiokai-
vou og [ia aocuppwvia uetagl Tou un-
BaAdoolou Zxnuatiopou Arenazzolio
Kal TOU UTMEPKEeleEVOU SaAAoOIoU —XT)-
patiopoU Trubi, amewkovifovrag £r0t
mv 10TopKN évvola G BAcewg Tou
Zaykhiou omv meplox) Mg Meooyei-
ou. Ma térola avopBa3doEn TomoBET-
on xpuomg akidag dikaloAoyriBnke and
ToV eEQIPETIKO CUOXETIONS TOU ZYNHa-
TIopoU Trubi pe TNV aoTPOXPOVOAOYIKN
KA{uaka.

Agupgpwvol opilovteg, eriong, xpenot-
poroloUvTal Pe MPOoCoxT| Kat g€ OPLOHE-
veg AM\eg mepiTtwoelg. Mapadelyparoq
Xapiv, anéAuta épta yia to Mpokduppto
eivat 3UokoAo va kaBoplotolv Kat sival
KkaravonTo, OTL 0 KAAUTEPOG SlaBEaiuog
OTPWHATATUTIOS OPIOU Yla TOV KaGopt-
ouo piag 1dlaitepng unodlaipéoewg ToU
MNpokapBpiou Ba npénel va nephaupa-
VEL TNV TOTIOBEM oM TG XPUoNG akidag
oe pia deutepeliouoa dlouppwvia, edv
N €MAOYT €vOg TETOOU Oplou TIAPEXEL
™V KaAUTeEN SuvatdTnTa CUCKETIONOU
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and OAeg TIG AAM\eG SIABETIUEG TOHES.
Zriuepa, TA  XNMELOOTpWHATOYPAPL-
KA kpimpla dadpapartifouv onuavti-
KO pOAo OTOV KQBOPIONS TWV amolu-
TWV OPiWV, KAt TTPOCPEPOUV OE HEPIKEG
MEPUTTWOELG TN duvaTtdtnTa yia akpipn
TAYKOOMO CUOXETIONG Twv Oalaooti-
WV Kal un-8ahacoiwv ¢doewv. ‘Etot,
To andéAuto dpo Kpnridikou/ Mahato-
yevoug kaBopiotnke TUMIKA oTnv Tour
EL Kef, Tuwnoia, pe ™ xprjon mig did-
OoNuNG avwuaiiag pidiou wg apxikou
- kKaBodnyntikou kpimpiou (Alvarez et
al., 1980). H xnuelootpwpatoypapl-
Kn Tpoogyylon eEnyeitay, eniong, and
mv aflonpdoeKtn apvnTiky Tdon Twv
woténwv avbpaka (CIE) mou Yyiverat
anodektr] wg KaBodnNyNTIKG KPP0
yia 1o 6po Maralokaivou/Hwkaivou.
H apvntikii autr} Tdom Oouoxetiletal
oe peydho BaBud pe TIG TMAyKOOUL-
€6 TTaVIBIKEG aAaYEQ TwV BNAACTIKWY,
TwV BEVOOVIKWY TPNHATOPOPWV KAl TWV
SIVOHAOTIYWTWV KAl, GUVETNIWG, TIapEXeL
BuvatoTTa CUOXETIONOU OE MAayKOOULO
eninedo. Ta Baldoola otdda 100TO-
nwv ofuydvou, 1000 BeueNddn omyv
karavonon mg yewlotopiag Tou MAsto-
MAewoTtokaivou, aroteAolv éva AGA\o
NMapAadetypa XNUELOOTPWHATOYPAPIKWY
eawvopévwy mou dradpapartifouv Baot-
K6 poAo omv unodiaipeon tou MewAo-
ywoU Xpdvou, eldIkdTEPA OTOV EMIONUO
kaBoplopd Tou opiou Tou Méoou-Avw-
Tepou MAsioTokaivou.

TéNog, pia KavoTOpOG TPOCEYYLOM
oTov KaBoplopd andAutou opiou Kata-
deixBnke and mv Odin (2001) kat Odin
& Lamaurelle (2001), ot omoiot kaBo-
ploav T xpuon akida yia 1o Oplo
Kaundvio/Mawotpixtio om uéon uiag
“déoung” dwdeka DAPOPETIKWY Plo-
OTPWHATOYPAPIKWY TIEPIOTATIKOV 3la-
POpwv £BWV o pia Bardoowa Tour ™Q
FaAAiag, aAd xwpiq unddelEn kanotou
OUYKEKPIUEVOU BLOOTPWHATOYPAPIKOU

TIEQLOTATIKOU WG apxwKou kadodnyn-
TIKOU Kptmpiou ya 1O 6plo. Aut n
TPOCgyylan, mapoAo Tou uroBiBAlel
 onuacia onoloudnnoTte KPmpiou
OUOXETIOMOU, UTOYPAMMIZEL TO YEYOVOQ
6Tt HONG KaBoploTouv, Ol XPUOEG aki-
deq anotelolv oTabepd, BewPNTIKWG
oudétepa enimeda CUTKETIONOU.

6. H diapopomoinuévn euon

NG ZTpwparToypapiag

“H unodiaipeon pe T xprion Twv anod-
AUTwv opiwv eival duvatn yla To peya-
AUTEPO HEPOG TOU YEWAOYIKOU QpXel-
ou”. Autd, BéPawa, dev omuaivel ot
eival kat anodoTikfy o OAeq TIG TIEPL-
mrwoelg. Ta andéAuta épia loxUiouy oTig
QaKOAOUBI(EG OTPWHATWY TIOU TIEPLEXOUV
Kolvd, gUPEWG avayvwpioa Kprmpla
Y1a CUOXETIONG. AUTA SIEUKOAUVOUV TOV
KaBopPIOHS TOU OTPWHATATUTOU O Opt-
OUEVEG TIEPUTTWOELG, AAAG YIa TNV TEK-
unpiwon g lotopiag ™G Mg mpenet
va Angdoulv undyn OAa ta dabgoiua
oTolxela, Onwg n OXeTKN apbovia, n
eukoAia avayvwpicewq kat n eupeia
Karavour ota diapopa NETPWHATA TIoU
Bpiokovral diackopruopéva oe didgpo-
pa onpeia mg M.

Navtwg €va andiuto Oplo Tou kabt-
epWveTal XwpPI§ PlOOTPWHATOYPAPIKS
€heyxo dev amotelel PEAMOTIKA TIPO-
ogyylon Yyla Tov TPOCJIOPIOHS €VOQ
onueiou otov xpdévo. Autd dev onuai-
VEL 6Tl TO andAuto Oplo dev Ba uro-
pouoe va enkeyel Pe Bdom KAmolwo
PUOIKO-XTIMIKO KPITT)PLo, TO Oroio oe
Torukd emnimedo Bewpeitar a&érorog
delkng xpdvou. Anattel Suwg TV Tau-
TéXPOVN TIapouasia BLooTPwHATOYPaPL-
KWV SeIKTwv, KAtL mou dev eival duvatd
oata neploodtepa neTpwuara tou Mpo-
KauBpiou Kai, ouvenwg, n €vwola Tou
anélutou opiou dev Ba uropouce va
XPnoiuoronBel anoteAeouatikd yua va
TEKUNPLWOEL TN XpovooTpwuatoypapia
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QUTWV TWV METPWHATWV. 2 avtiBeon pe
TIq anobéaelg Tou davepolwikou, Grou
T0 oaPég gpyaleio eival n Biootpwua-
TOYPAPIQ, O CUOXETIONOG Twv artobe-
ogewv Tou MpokapBpiou yivetal kupiwg
HE Yewxpovohdynon. Ouwg, n Mewyxpo-
voloyia onavia uropel va epappooTtel
oe pia akolouBia oTpwudtwv agou Ta
XPOVOAOYT|OWa atoixeia (yewxpovoue-
Tpa) dev undpxouv oe OAa TG OTPWHA-
Ta MG akoAousdiag.

‘Eva deUTepo XAPAKTIMPLIOTIKO QuTWV
TWV TMAAQIOV TETPWUATWV elval ott
UMIAPXOUV CUYKPITIKA Afya mou pixvouv
¢wg omyv twtopia Tou MpokauBpiou.
To 1pito XapakmpioTikd eivat, 6T n
dlampenon autwv TWV METPWHATWY
eivar pTwyn He amotéleouq, N akpi-

oto MpokduBplo Kat Katd ouvénela Ta
andAuta opla €xouv Afyn duvartdtn-
Ta epappoyng. Yndpxel, ouvenwg, pia
OUYKEKPIMEV] £QAPUOYY] TNG XPOVOo-
oTpWHATOYPAPIag Mou xpnoilornoteitat
yU' autd 1o didompua. Aut n p€Bodog
uloBemBnke Otav €ytvav anodeKTEG Ol
Maykdouieg Turmomoinuéveg ZTPWHA-
Toypagikéq Hhkieq (GSSA, Remane et
al. 1996).

E&aipeom anoteAel 0 npdopara anode-
KTOG kaBoplopog g mepiodou Evria-
KAplo, o oroiog Baoiotnke otig diadika-
oleg Twv andAutwv opiwv (GSSP), rou
Xpnoworolel Tn PlooTpwpatoypapia
wg KUPLo epyaAsio.

Alagpopornoinuéva epyaieia eivar da-
géoa yia mn PeAém vewdTepwv arno-
Béocwv, apou autég divouv
nepLoodtepa OTolXEla Kat n

{eoves
PROKSKRIAY

IOOTOTIRS  oAcopay T KiKkot
s xhipaxa  Milankovich

Hamia
1A 20

wepiodot - yuy
B.Eupimns - gAgpmas SIS

XEIPOMOINT

Slatmjpnom Toug sival capwg
KaAUtepn (Ek. 4). Ta teheu-

Eix. 4. Ztpwuaroypagia twv véwv anobéocwy. Orou kat étav
Stapopa e&ioou xpriowa oTpwuaroypa®ikd epyaeia urmo-
poUv va xpnoworomBoulv Kat ival CUCXETIoWA LETAEY TOug,

n éwolta tou GSSP dev eivat anapaitntn.

Bewa TwV MEPIBAMOVTIKWY TIANPOPOPI-
WV TIOU apxIka ¢aivetal uynAr, ouot-
aoTikd va eivat moAU pkpr. ‘Etol, dev
eival duvaré va kaBopiotolv Badpideq
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s MOYZTEPIA :

’5 Taia 3 €wg 5 ekatop. xpoévia
=% ™mg v ivmg loTopiag arote-
5‘ S AoUv (Siaitepn TiepiTTTwoT).
g Ta orpwparoypapikd epya-

Asla eivar agpbova, gupéwg
duabeoia, kat oL TopEG eivat
ouvexelg kat MoMEG. Ot TAn-
popopieg diampouvrat Kad
Kat gival PooITéG Kat yia ta
BaAdoola kat yla ta nrek-
owTikG meptBaM\ovta, apou
grmpaveiakeg anobgoelg
val MOAU TNEPLOTOTEPEG
210 TG avrioToixeg TaAal-
otepeg. To KAlpa ftav Ayo-
TEPO 0TABEPO TUYKPITIKA HE
autd Twv NaAaldTePwWV amno-
B€oewv. Te o35, n eupdavion
Tou avBpwricy anoteAel éva
BLoAoOYIkS YEYOVOQ TTIOU OUVE-
oTd 1Blaitepn TPOCOXT Y@ EKEIVO TO
OUVTOMO XPOVIKG dtdoTnua.
M autriv ™ OXeTIKA JKPY XPOVIKN
nepiodo, kABe epyakeio mapdyel pia
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otyoupn TPOCEYYLOT OTOV KaBopPLopd
KQl TV avayvapLom ornolacdnoTe ako-
Aoubiag. Mpokeévou va TeAetononBel
n epunveia, n xperion dilApopwv ave-
EGpmTwv epyaleiwv elval evdedely-
pévr. O apolBaiog ouoxeTiopdg eival
EPIKTOG Kal emBuUNTog, OTav EPEUVW-
vTal ol akohouBieg pe T xprion duo i
TEPLOOOTEPWVY EPYAAEiWV Kal pia ko
YAwooa prnopel va kaBiepwbel. Auti n
TIPOCEYYLOT OIEUKOAUVEL TNV eTiTeuEn
Qg MANPOUG YVWOEWS TWV dlapopo-
-TIOINMEVWY KAl OXETIKA QUETARANTWV
EYYEVWV XOPAKINPLOTIKWV OE QUTEG TIG
akoAouBieg.

Kdbe epyaieio mapdyet v kApakda
Tou. KdBe Térola KAipaka uropsl va
€xel avapopd ot PLOOTPWHATOYPAPI-
K4 dedopéva (6nwg oL TTAAUVOAOYIKEG-
KAHATIKEG AAAQYEG), OF YEWXNMIKA
oroixela (dnwg ta otddla tou ®0) oe
apBunTIkEG NAkieg (eite petpnuéveg,
elte ouvaypéveg amd TOug KUKAOUGQ
Milankovich, efte and Tig kQunUAeg Tou
80, pe pia yevikr] akpifela mg TaEews
Twv 10.000 gTwv), OE HAYVNTOOTPWHA-
TOYPAPIKEG EVOTNTEG (MOU OTO dLAoT™-
Ha autig NG MepLédou €xouv “Katai-
AnAQ” ovéuara, kat eival Ox1 pévo apid-
Hoi), 0g MePIKEG ABOOTPwWUATOYPAPL-
KEG evOTNTEG (ONWG OL NAYETWAELS arno-
B€0e1g Tou ovopaZovTal MOKINOTPOTIWG
avaloya pe v neploxr). Asv umdpxet
kavéva “kuplo” epyaieio ywa v kata-
ypapr] TG otopiag Tou MAsto-Tetap-
Toyevoug. ‘OAeq ot KAlpakeg avagpépo-
vral oe akpeiq aplBunTikég nAwkieg
étol kaBoploudg GSSP dev anarreitat.

7. Npdopareq avabewproeig TNG
FewAoyikrig Xpovikrig KAipakag

H opydvwon mgq Aiebvolg Evwoswg
FewAoyikwv Zuvedpiov (IUGS) otn
dekaetia Tou ‘60, Eekivnoe NaykOouEs
TIPOOTIABEIEG YIa TOV aKPIRY] TPOodio-
PLOHO TWV YEWAOYIKWV XPOVIKOV dla-

otnudtwy. ‘Eva diktuo epyaotnpiwv
TIOU XPNOIWOTOIOUV OHOLOHOPPES dla-
dikaoieg €peuvag avéAafe v napoxm
KOAWG QrOBEKTWV YEWAOYIKWV Sedo-
pévwv. H Awebviig Erutporty Ztpwpa-
Toypagiag (ICS) mou dnuoupyndnke
0N OUVEXELQ, OPYAVWOE HEPIKEG UTIO-
ETUTPOMNEG TIOU EMPOPTIOTNKAV UE TOV
oTéX0 TG OUYKEVIPWOEWG, Tagvoun-
oewq Kal dlamprioews MG OTPWHATO-
YPapIKng Bdocewg dedopévwy, ya va
EVOTIOO0UV TNV TIEPLPEPELAKT] OVOUa-
ToAoyiq, va avanpooapudoouy Ta ano-
TeAéopara and TG vEeg OSIEMOTNUOVL-
K€Q MeBGSouUG Kal, eriong, va opioouv
Kal va Ta§vourioouv TIG OPOAOYIES.
Kard ouvénelq, n MewAoywkry KAipaka
dpxioe BaBuaia va mapouctdlel Tio
OXETIKEG Kal QEOMIOTEG, TIAYKOOMIWG
EPAPMOOIUES OTPWHATOYPAPIKEG UTO-
dlaipgaelg. Emautou, ol avabewprioelq
mou éAapav xwpa kard ta £ 1982,
1989 kat 2000 eival a&§loonueiwteg, av
kat dev eival UVONIKA TIAIIPELS.

ZTIg Teheutaieg dUo dekaetieq upévo,
oL eEelifelg otig TeXVIKEG TEdiou kal
epyaompiwv, n NPéodog OTIG HEAETEQ
Twv padlevepywv Kal otabepwv Loo-
Tonwv, n BeAtiwpévn afloAdynon Twv
arnohBwuévwv apxelwv kat n xpnon
TWV anodelEewv TwV YHIVOV HAyVNTIKWY
avaoTpoPwV Kal TwV KAIMATOAOYIKWV
KUKAWV mou diampouvtal ota Inuato-
YEWV] IETPWHUATA YIQ OKOTOUG XPOVOAO-
yioewg, BeAtiwoav v nodmra Twv
dedopévwv Kal ouveBaiav oAU oTov
akpLBr] kaboplopd TG Alebvoug Xpo-
vooTpwuatoypapikiig KAluakag, elod-
yovtag véeg unodlalp€oelg kat kaBopi-
Zovtag Ta 6pla TWV YEWAOYIKWYV TIEPL-
63wv. Zuvegtovtag TI§ OMUAvTIKOTE-
PEG CUVEIOPOPES MOV TIPOKUITTOUV amnd
autég TIS VEEG TPOOEYYIoEIG, Katd
ouvedpliaon Aebvoug Errporig ZTpw-
patoypagiag, To 2004, 38 edikol und
v npoedpia Tou F.M. Gradstein, ané
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70 Maveruomjuo Tou Oolo, cudfftnoav
TIG QvaBewPrOELg TTIOU MPOKUTTTOUY and
Ta véa ototxela kat pogRaiav v o
npdopatm €kdoon Mg MewAoyikrg KAL-
pakag GTS 2004.

Je aumyv v Kaivolpyla avaBewpn)-
on, eNAEXONKaV avapeoa OTIG TIOAEQ
HEBGDdOUG IOV UNAPXOUV Yla TNV Kata-
okeur) g Mewhoywknig KApakag autég
TIOU TIAPEXOUV TIG TIO A&LOTIOTEG TIAN-
pogopieg (Ogg, 2004). Napadeiyuatog
Xapv, véa dedopéva yia v eEAMwaon
Tou Baldooiou mubuéva, Baduovoun-
péva péow G ouvduaouéwng eeap-
poyng g Xpovikng Khipakag Mew-
payvntikng MoAwkdémrag (GPTS) kat
XPOVOAOYNUEva e TN HEBOSO “CAr/CAr
£PappoOoTNKaV yia ToV KaBoploud Hept-
Kwv opiwv, m.X. loupaoikou/Kpntidi-
koU, Kpntidikou/Kavolwikol. Erumié-
OV, O QOTPOVOMIKOG OUVTOVIOMOG TWwV

Wnuaroyevwv KUKAwV Tou ernpedlo-
vrat and Tig petaBoAég mg Mg omv
EKKEVTPATNTA, AOESTNTA KAl METATTWOT
IONUEPLDV (TPOXIAKOG CUOXETIONAS), O
oroiog Bewpeitat akpiPrig ywa Tmepio-
do didpketag 20 Kyr, xpnoiuonoménke
yia Tov KaBoplopd Twv unodlaipEoewv
Tou MeoolwikoU (Tpwadikd, loupaot-
k6, Konmidikd) kat eniong yia v uro-
dlaipeon Twv TEAEUTaiwV 23 XAASwV
eTWv. Idlaitepa akpiBeig padioxpovo-
Aoynoeig pe Hebddoug eaouatoypd-
Qwv palag (TIMS) diaAloewg I0OTOMWY
(U/Pb), kai padloxpovoloyrioelg e
HEBOBO CAr/PAr gAeyxOueveg ano véa
BeATiwpéva mpdtuna kat 1dn dnuoot-
eupéva oTolxela, ou Angénkav arno Tig
npdopareg puebddoug SHRIMP (U/Pb),
uloBemmBnkav. ‘OAa autd ocuvéBaiav
otn peyaAUtepn alomiotia apKeETWv
and ta oTpwpaToypaPikd diactriuara

i

1 iR
1eRa0t
SAONIOA

x

&

-

Gur
1A
EHOA0T

AL
TAPTOTENEL | yno acar
g

B

J1e

MEGTENEL

KAINOZQIKOX

TPINOTENET

SANEPOIGIROE
. DAAAIOTENEE T

NAAAIOZQIKOL

g
2
£
£ 3

|

it iraneat

G

g

L

> %
EEBEE8g8¢is Son

BGEBHOGG

[EING]

SEITILBIL I ISV IO |

NAAAIOIQIKOE
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Ernotnudv, Gradstein et al., 2004)
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peTafl Tou KapBplou-Tpladwkou-Ken-
Tdikou, Tou €wg TWpa eixav urodlat-
pebel pe Bdon pévo MaAAAlOVTOAOYIKA
1) TEKTOVIKA yeyovoTa. Ot yew-pabnua-
TIKEG KAl OTATIOTIKEG HEBODOL TUOXETI-
opoU fTav pepikég and TG UTIOAOWTES
TEXVIKEG TIOU UuloBeBnKav oty agl-
oAdynomn Twv JaBECIUWY ATIOABWHE-
vav otolxelwy, padloxpovoAoynoewv
Kabwg, eniong, kal otov pudud ere-
KTaoewg Tou Bardoolou TIUBUEVA KATA
™ JlAPKELd TWV YEWAOYIKWV KEVWV TOU
TpladikoU, loupaoikou kat Kpntidikou,
KawoZwikou.

H l'ewloyikiy Xpovikry KAiuaka 2004, n
orola eVOWHATWVEL ONUAVTIKEG al\a-
YEG, Xapakmpiletat and Tov kabopt-
oué Maykéopiwv Topwy ZTpwpaAToTU-
nwv Kat AntéAutwy Opiwv (GSSP), nou
napouctafouv naykooua duvatéomra
OUOXETIWOMOU, 1 ard Tov Kaboplaud
Maykéouwy Turorouévey ZTpwpa-
ToypPaPkwV HAKIWOV TIou dev Slabétouv
looduvapo ZTpwpatotuno (GSSA).
Kpurnrolwikog Meyaaiwvag

1} Mpokduppio: Karapxalolwikog,
Apxaikog kai MpoTepolwilkég AlWveg
Ol UTOBLALPEDEIG KAl O OUOXETIOMOG
Tou davepolwikol Meyaawwva Baoi-
Covral napadooiakd omyv eEENEN ™Q
{wnig Twv petalwwv. AvtiBeta, To Mpo-
KAUBpPLo otepeital YEVIKA KAADSG TEKUN-
PLWHEVWY aKPLBOV TIAYKOoUIwy optlo-
VIWV CUOXETIOHOU, KAl O OUOXETIONOQ
TWV TIEPUPEPEIAKWY OTPWHATOYPAPLOV
Tou [MpokauBpiou xpnowwonoiel yevi-
KWG TN padloxpovoAdynom. Emopévwg,
onjpepa To MpokduBplo dlapeital oe
unodlaipéoelg, oTig omnoieq ot Mayko-
OMleg TUTTOTIOINMEVES ZTPWHATOYPAPL-
k€G HAwieg (GSSA) €xouv eneyel yla
va oploBemioouy TIG KAt eKTiunon nAt-
Kieg Twv KUPLWV KUKAWV Wnuatoyevéoe-
g, TNG dnuoupyiag opevawyv palwv kal
mg neaoTedTIag.

O odpog «[MpokduBplo» dev AMOTEAE(

eMiONUO  OTPWHATOYPAPIKO OpO0 Kal
avagpépetal ankd ota MeTpWHATa mnou
dnuoupynBnkav Ty arnd to Kauppto.
Alalpe{tal  TUTKA OToV TAAALOTEPO
Katapxaiolwiké Awwdva, otov Apxaikd
Awwva Kat otov vewTepo MpoTepolwikd
Awva. Ta druna npoBguara Apxaikog,
Eo-, MaAalo -, Meoo - kat Neo-Apxai-
KOG, eykpiBnkav ané v UTOETITPOTM)
Tou lMpokauBpiou To 1996.

O Mpotepolwikdg Awwv apxiel Tpv
and 2500 ekatop. xpoévia. Ot Maato-,
Meoo- kat Neo-TipoTePOlWIKES ETIOXES
Slaipolvtal oe Teplddoug Tou Taip-
VOUV TO OVOud Toug amd KAQOIKA TEKTO-
VIKA, WnUaToAoyikd 1 mepiBarovTika
Xapakmptotikd, H teAeutaia nepiodog
Tou NeompotepolwlkoU, Tou Kaheital
npocwpivd  “Neonpotepolwikég I,
OVOHAOTNKE TUTIKA wg Tiepiodog Evtia-
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Eix. 6. Karavoun anmoAtbwudTwy Katd urkos Tou
oplou lMpokcuBplou-KauBpiou. H eugpdvion Tou
xvoartoAlbwuarog Tricophycus pedum kaBopilet
0 Bdon tou Kauppiou.
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Kdplo OTI§ apxEQ Tou 2004. H mepiodog
Evtiakdplo apxilel oto TéAog g kaAd
TEKMNPIWHEVNG TIAYETWIOUG TIEPLOSOU
(nayetwveg Marinoan) nepinou 630-620
EKATOM. Xpovia, Kal kabopiletal amd
éva MaykOopo ZTpwHatétumno Kat Anod-
Auto Oplo (GSSP) o oepd Flinders
™G AucTpahiag.

davepolwikog Meyaalwvag:
NaAaiolwikog Alwvag

To KdauBplo olUompua/mepiodog €xel
unoBANnBel oe PIJIKEG aMayEg yla Tov
KaBoplopd Tou Kal Ti§ unodlaipgoelg
TOU KaTd T SLApKeLa TG TIPONYOUHEVNG
dekaetiag. H Bdon tou Kapppiou kabo-
pifetal Twpa and €va Maykdouo ZTpw-
patoturio kat AndAuto Oplo (GSSP)
rmou ouvdéetal e TNV TIPWTN EUPAVL-
on Twv oUvBeTwv MeTalwwv umd
Hop@1] xvoanoAbwudtwy (Tricophycus
pedum, EiK. 6). Autd To eniredo oxe-
OOV CUMMITTTEL e A €VToVn apvnTikn
Tdon Twv WwoTdnwv Tou dvlpaka. Mevi-
K4, To KdauBplo xapakmpiletal amnd
TIOAUAPIOUES TOTIKES UTIODIAUPETELS HE
Bdon Tiq Wnuatoyeveig ¢pAoelg Kat my
evonuiki mavida, aAAd ol meploodTe-
peg and autéqg dev eival KATAMNAEQ
yla naykéopa xprjon. Evroutolg, n
Unap&n oto Méoo kat Avwtepo Kdp-
Bplo Taykéouwy PlOoTPWUATOYPAPL-
KWV SelKTwv, Onwg elvat o mavdnut-
KOG, meAaylkég TpwoBitng Agnostoid,
UMOOXETAL TN MEAAOVTIKY Taykooula
urodlaipeon tou M. KapBpiou pe ™
xprion Maykdéopio ZtpwpatdTumno Kat
AndhuTto Opio (GSSP). Aut T oTiyur,
uovo N Bdon tou Avwtepou KappBpiou,
To ®oupdyylo, kabopiletal and Mayks-
oplo ZTpwuatdtuno pe Andhuta Opla
(GSSP).

OL UTIAPXOUTES TIEPLPEPELAKEG AKOAOU-
Bleg Twv oelpwyv Kal Twv Babuidwv yia
10 OpdoRioio Bpébnkav, eniong, va
MnV elvat LkavoromnTIKES Yla maykoouia
xpnon. H unoerutport} tou OpdoBioiou
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€xel poodlopioel éva ouvolo dladedo-
HEVWV BLOCTPWHATOYPAPIKWY ONeiwY
avagopdg e Baon Toug ypartoABoug
Kal Ta Kwvoedovta, Tou Ta XPENOLUOoTIOoLN-
el yla tov kaBoplopd twv Maykdoul-
WV ZTpwuatoTunwy kat AndAuta Opla
(GSSP).

Ot unodlaipgoelg Tou Zhoupiou kabo-
plomkav kupiwg to 1980 kat To 1984
pe Tov Tipoodloplopd GSSP pe Bdon
TOUuG YparrOABoug Kal KAQOIKEG AlBo-
OTPWHATOYPAPIKEG evOTNTEG TNG VOTI-
odUTIKAG AyyAiag kat Oualiag. Evrou-
TOlG, O TIPOOJIOPIONOG HEPIKWY amd
autd ta enineda dev elval anoAuTa Tek-
Hnpwpévog. Emopévwg, 1y unogmiTpo-
T Tou Z\oupiou Bploketal om ¢don
™G €K VEOU avaBewprioews OPLOHEVLV
MNaykéouwy ZTpwHATOTUNWY Kat Ano-
Auta Opia (GSSP).

lNa 1o AeBdvio, ABavbpakopdpo kal
Méppo xpnoldonowrBnkav kupiwg Ta
KwvddovTa yla Toug maykdououg opi-
{ovteg ouoxeTiopoU Tou ouvdgovTal
HE emkupwpévoug i Tubavoug Mayko-
OMIOUG ZTPWHATOTUTIOUG Kal ATOAUTA
Opla (GSSP). Ot BaBuideg Tou Aefo-
viou oploBetolvtal MApwg ané GSSP
Ttou €xouv rotoroinBe{ omy Toexia, ™
MaAia, ™ Meppavia, To OulunekioTav
kat To Mapodko.

Macdio mou To AilBavBpakopdpo rTav
pia amo Tig MpWTES TEKUNPLWHEVES YEW-
Aoyikég Teplddoug, omjuepa anoTeAel
Mia aé TIQ TiO TIOAUTIAOKES KQl CUYKe-
XULEVEG Qrd MV drnoyn TG OTGWHA-
TOypaQiag Kai Tou ouosxetiopcy, Ot
KaAd KaBlepwpéveg, aANd ave dpm-
TEG, TOTUKEG UNODIAPETELG 0NV EUPW-
nn, Pwoia, B. AueplkA kat alou, elvat
dUokoAo va ouoxetiotouv. MNa Tig Ste-
Bveic Tunoroinuéveg oelpgg Kat Bab-
uideg, n umoemuTpor) Tou ABavBpa-
KOQOPOU amopAcioe va eykaTaAsipel
To olomua unodlalpéoewsg Mg AuTi-
Kng Eupwrng (Ztepdvio, Beotgpdiwo,
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NapoUpto), Kat va uloBeTroel pia pwot-
K] ovopatoAoyia. O uBavog Maykooput-
og Ztpwuarérunog (GSSP) ya kdabe
BaBuida oupniTrel pe ™ JladedopEvn
EUPAVION TWV KWVOSOVTWV 1} TOU TPN-
patopdpou Fusulina.

H rniepiodog tou Meppiou xwpiletal oe
TPEIG ETMOXEG/OEIPEG - TNV KATWTEEN
oepd/enoxr] Kiooupdho, n ornoia €xet
téooepelg Maykdouioug ZTpwuatdtu-
noug de AmdAuta Opwa (GSSP) om
Pwola kat to Kalakotdv, ™ peoaia
-oeipd/enoxry MouadaAourio, n omoia
€xel tpelg Maykdououg ZTpwuatdTu-
noug pe AndAuta Opia (GSSP) oto
TéEag, kal v avwtepn oslpd Aoriyyto
pe dUo Maykdouous ZTPwUATOTUNoOUS
He AmoAuta Opia (GSSP) omv Kiva.
‘O)ot ot MaykOououg ZTPWRATATUTIOUS
pe Amdauta Opua (GSSP) ouoxetilo-
VIQL HE UPaVIoEIG KWVOSOVTWY.

Meoolwikég Aiwvag (EIK. 5)

O1 nepioodtepeg Babuideq tou Tpla-
dikou (Aviolo, Aadivio, Kdpwvio, Ndpio,
Paftio), ovopdommkav amé Tig TAOU-
oleg 0e auUWviTEG QOBECTOABIKEG
akohouBieg Twv Bopelwv ANMEWV NG
Augtpiag. Evroutolg, n oTpwparoypa-
¢la aQUTWV TWV QUOTPLOKWV TEKTOVL-
Ouévev pAacewv anodeixBnke akatdA-
AnAn yla v KaBLEPWOT TWV EMIOTHWV
oTpwHaTdTUnwy opiou, 1 akdua Kat
yla v Tekunpiwon mg oelpdg dard-
&ewg Twv Babuidwv. H yevikn éNen
0apwWV OTOPIKWY TIPONYOUMEVWY Yia
TNV TOnoBEToN TWV opiwv Twv Badui-
dwv Tou Tpladikoy, Tou cuvdéetal Ue
TIG SUOKOA(EG EUPECEWG TAYKOOMIWY
OpPWOVTWV CUOXETIOMOU, €xel KaBuoTe-
prioel v kabiEpwon enionuwy Mayko-
OHIWV ZTPWHATOTUTIWV Kal AMOAUTWV
Opilwv (GSSP).

O MNaykéopiog ZTpwuaTdTUMog Kal
AnoAuto Oplo (GSSP) g Bdoswg
Tou Tpladikou (kaL Kat' emékraom Tou

Meoolwikold) omv Kiva, ouprirTel pe
v anokardotaon anod Ti§ palIkég e&a-
pavioelg mou EAaBav xwpa oTo TENOG
Tou Mepuiou, dnwg autr| urodeikvue-
Tat and v oxeddv nMaykOoua epeavt-
omn evog Kwvodovrou kat T ANRgn Jag
OTMUAVTIKAG QPVNTIKAG TAOEW,G TWV 10O-
Ténwv Tou dvepaka. Autd Ta yeyovo-
Ta epgaviovral oAU €viova apeowg
META TV KopUpwor Twv eEapavicewv
oto Av. Mépo. Ot Babuideg Tou Tpia-
dkou dlampouv TNV QATIKY] OVOUATO-
Aoyia, aM\G akdua ekkpepolv anogad-
OEIG OXETIKA Je Toug KUpLoug opilovteg
ouoxetiopou. Ol appwviteg  Yevikd
TIAPEXOUV UYNANG EUKPIVEIQG CUOXETL-
oud kau urodiaipeomn tou loupaoikouy
oe 6An MV udpodyeto. O1 Baoelg oxeddv
OAwV TWV loupacikwv Raduidwv opilo-
vral napadooiakd ot Baon Twv {wvwv
QUUWVITWV Ot TIEPOWPLAKESG BaAAooIeg
akoAhouBieg Mg Autikig Eupwrmg, kat
ot Naykdoptol ZTpwpardturiol kat And-
Tuta Opla (GSSP) €xouv dampnost
QUTOV TOV OUOXETIOMO LE TOUG EUPW-
naikolq deikteq appwvitwyv. O poodi-
optoudg tou Maykdopou ZTPwUATOTU-
nou kat Anoiuto Opto (GSSP) oto Av.
loupaoikd kwAletat and €vav €viovo
eyk@polo daxwpiond g Tnbldog oe
Bdpela kal AMa navidika kabeotwra,
Ta ornoia eunodifouv TMPOg TO MAPOV
TOV NMAYKOOWUIO CUOXETIOMO.

AuTdg 0 Mavidikég EMAPXIWTIONOG, Eidt-
KA OTOUG QUMWVITEG, OUVEX(OTNKE Ka
oto Kat. Kpnudikd, mnepimAékovtag
€10l Tov evroruopd Tou [Maykdopou
Zrpwuardtunou kat ArnéAutou Opiou
(GSSP) yia ™ Baon tou Kpnridikou
(Bepiaoo) kat dM\eg mévre Babuideq
Tou Kart. Kpnuidikold. Katd ouvénelq,
€vag HIKPOTIAAQLOVTOAOYIKOG Selktng
pe calpionellidae mpoteivetal yia m
Bdon tou Bahavliviou, kai payvrrikol
opifovieq avaotpoPriq €xouv mpota-
fel wg KUpla KPLITMPLA CUCXETIONOU
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yia Ttoug Maykdouioug ETPWHATOTU-
noug kat AnéAuta Opua (GSSP) tng
Bdoewg tou Kpnuidikod (Chron M19n)
Kat Mg Pdoswg tou Artiou (Chron
MOr). Ta AnéAuta Opia Tou Avitepou
KontidikoU mephaupdvouv €va Tmoiki-
A0 OUVOAO TIAAGIOVTOAOYIKWV OpAdwV,
CUMIEPA\AUBAVOUEVWY TWV TIAQYKTOVL-
KOV TPNUAToPopwV, TIEAQYIKWY KPLVO-
13wV, QUUWVITWOV KAl BEAEUVITWV.

Kaivolwikog Aiwvag (Eik. 5)

I véa oTpwHatoypadikr KALaka, n
duaipeon Tou KaivolwikoU meplopiletal
oe Malaoyevég kat Neoyeveég xwpiq

mv enionun xprion tou Tprtoyevoulq

KaBopiletat andé AmdAuta Opia mou
ouvdéovtal pe pia avwpaiia 1pdiou
Tou evroriletar oto TéAog tou Kpnt-
Sikou (Bdon Mahaloyevoug), pia ouvo-
TITIKA GEVITIKA TAOT TWV COTOMWY TOU
Gvepaka (Bdon Hwkaivou, Ek. 7) kat
v eEA\ewn evdg mAaykTovikou Tpn-
paro@épou (Hantkenina) (Bdomn OAryo-
Kaivou). Mavtwg, ot Babuideg KABE pag
anoé auTtég TIG EMOXEG/OELPES akdua dev
€xouv KaBopiotel Turika and Mayko-
OMI0 STpwuatéTuno, olte Ta kupla
KQITPIa QUOXETIONOU €xouv eTUAEYEL
Evroutolg, wg ArntdAuta ‘Opia 6a xpnot-
{oromoouv eviexopévwg onueia ava-
Popdg and 1a AofectoMBikd Navvoa-

noAiBwuarta, Ta NAayktovika Ten-

patopdpa kal Tig Mayvntikeég Ava-

OTPOQPEG.
Kdbe MMaykéopog ZTpwuatotu-
mog ue AnéAuta Opta (GSSP) tou

Depty (mbs!)

Eix. 7. KaBopioudg Tou opiou MNMaratokaivou-Hwkaivou
ue Bdon tnv androun apvnriki) TGON TWV (OOTONWY

TOU @vBpaka.

kat Tetaptoyevolg, Ta onoia ouolaoTt-
Kd arnotelolv meplddoug ™G apXIKNg
unodiaipéoewsg mg lotoplag ™g I'g
og TE00EPA ONUAVTIKA TUrjata. Evrou-
Tolg, TOo Tetaptoyevég dampeital wg
KALLATIKOG-OTPWHATOYPAPIKOS  6pOQ
™G KA{Nakag katéxovrag ™MV epapxt-
K} B€on Tou uno-aiwva yla Ta npon-
youpeva 2,6 ekatop. xpovia (Baon mg
Babuidag Mehdolo, Aubry et al., 2005;
Berggren, 2007) orou emkparouoav
ONUAVTIKEG SIQKUPAVOELG TIAYETWVWY,
Kal eMOpEVWG KaAurrel To OAdKavo,
MAewoTdkawvo kat To Av. MAsidkawo.

H unodwaipeon Ttou Malatoyevolq
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Neoyevoug €xel fabuovounbel pe
TIOANOUG  opilovTeq QUOXETIOHOU
(MKPOQMOAIBWUATA; HAYVITIKOL,
otafepwv LOOTOMWY, 1§ AOTPOVO-
pikoi kUkAot). EruriAéov, Ta GSSP
€X0ouV EMAEYEL e OTOXO TNV AUEOT
BaBovéunom He ToUG QOTPOVORL-
KoUg KUKAoug “Milankovitch”, wg
€K TOUTOU UTdpXouv QmoOAUTEG
nAkkieg. Zuvenwg, and T Pdon
Tou Av. Melokaivou €wg T Bdon Tou
MAewotokaivou undpxouv BaBuovoun-
pévol Maykoouiol ZTpwHatdTurol Kat
AndAuta Opta (GSSP).

To MAsiotékaivo ouviotaralr and uyn-
MG eukpivelag BaBuideg pe paon ta
woétona ofuydvou. Enopévwg, yia mv
anoguyn ouyxuoewg, dev kaBopilovrat
andéAuta épta. Avt’ autwv, To MAelaTo-
kawvo unodiapeitar oe evomTeg, ME
™ Bdon Tou Méoou MAsioTékaivou va
opiletai dokiuwaoTikd wg n BAon wag
MaYVNTIKIIG avaotpo@nig, kat Tn Baon
Tou Aviitepou MAsloTokaivou va guumni-
TITEL L€ TN MECOMAYETWAN Nepiodo nepi-

3
»
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mou ota 126 XA\ddeg €m. H Baon
Tou Olokaivou kaBopiletal MaykoouLo
XPOVo ToU CuumiTTTEl Me TN AjEn g
VEWTEPNG Yuxpeng Teptddou Tou Nedte-
pou Apuaciou ota 13.000 xpéwvia.

8. Emihoyog
Av Kat €XouvV Yivel OMUaVTIKEG TIPOOTIA-
Beleq yia ™ dnuoupyia g mAEov npd-
opatgq MewAoyikig Xpoviknig KAipakag
(GTS- 2004), 0 kaBoplopdg piag Wavi-
KNG KAiMakag, mou Ba €xel ) ouvaive-
-0 OAGKANENG TG YEWAOYIKNG KOWO-
mrag, ouvexlel va arnotelel éva Wdai-
Tepa duvapikd epeuvnTikd nedio. Mia
A\\n avaBewpnon avauévetal oto 33°
Blebveéq Mewloyikd Zuvedplo oto ‘Volo
TO 2008. Ekel mpokeital va eEgtaotouv
véeg avabewpnoelg Kal iowg 6a Aubouv
MoA\d amé T1a avandvimra {nmuara,
onwg o KaBopoPOG pePkwv and Ta
KAaowda dpwa t.X. AeBdévio/AilBavBpa-
KopOpo, MEpuio/Tpladikd, Tumonolw-
VTag £T0L TIG UNIAPXOUCEG HAKPOXPOVL-
£q neplodoug (r.x. Kaupplo, davepolw-
1k6G). Avapévetal erniong n €ykpLom g
unodlaipgoewsg MG Apxaikrg Meyaat-
wvodianiaong oe Neoapxaikry, Meoo-
apxaikr], Mahaoapxaikr] kat Eoapxaikn
AwvodidnAaon.
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ZTPQMATOIPA®IKEZ MEOOAOI:
AYNATOTHTEZ & AAYNAMIEZ.
KINAYNOI & NMPOONTIKEZ*

A. ZapneTtdkn-Agkka' & A. Kepepidou'

TEBVIKG Kat Kartodiotptakd Maveruotriuto Abnvawyv, Turjua lewAoyiag kat MewnepyBdrrovrog, Tougag
lotopikric MewAoyiag - MaiatovroAoyiag, Maveruotnuioinoin Zwypdpou
zambetaki@geol.uoa.gr

NEPIAHWH

H Ztpwparoypapia eival n emomiun nou HeEAETd TN JATagn TwV YEWAOYIKWV
OXNUATIONWY, KaBWG kal Ta yeyovéta Tou Ty emmpedlouv, pe OKOMO v
avaouykpdtnom NG LoToplag Tng Yng, N onoia kataypdpetal oe dUO CUVIOTWOEG:
TO Xpovo Kal To Xwpo. Eival pa eumepikr) emomun, Baoiletar dnhadn oe
dedopéva unaibpou, Ta ornoia Kat JEAETA XPNOOTOoLIVTIAG TIG YVWOELS TIOMWV
ETUOTNHOVIKWY KAABwV Kat Sidgpopeg HeBddoug avaluong kal epunveiag, kdle pa
and Tig onoieg Mapouotdlel TGOO MAeOVEKTNNATA GO0 Kat pelovekmuata. Ma myv
eEaywyr) eMopévws agdMmoTwV CUUEPaoUATWy Kpivetal anapaitntn n oTevr) kat
ouvexnq ouvepyaoia MeTafy Twv dlapdpwv autwv pedddwv. Idlaitepn mpoooxr
anarreitat o 6Aa Ta 0TAda TG CTPWHATOYPAPIKNG €peuvag, and v apxikn
apaTPNoT Kat CUMOoYT Twv dedopéviv HEXPL TNV avAAuon Kal EpUNVELa auTwy,
WOoTe N €psuva va Pnv kateuBuvetal anod Tig erkpatoloeg Bewpieg Kal HOVTEAQ
epunveiag.

ABSTRACT

Stratigraphy is the science that studies the arrangement of geological formations,
as well as the events that influence it, aiming at the reconstruction of earth’s history,
which is recorded in two components: time and space. As an empiric science, it
studies field data using the knowledge of many scientific fields (petrology, min-
eralogy, sedimentology, paleontology, physics, tectonics, chemistry, astronomy,
statistics, informatics etc) and various analytical methods such as lithostratigraphy
that includes sequence stratigraphy, facies stratigraphy and cyclostratigraphy,
seismostratigraphy, chemostratigraphy, magnetostratigraphy, biostratigraphy and
isotopic chronology. Each one of these methods presents advantages as well as
disadvantages, therefore, in order to reach reliable conclusions, the close and con-
tinuous collaboration between these methods is considered essential. Particular
attention is required through all the stages of the stratigraphic research, from the
observation in the field and the collection of data up to their analysis and their inter-
pretation, in order to avoid any influence by the prevailing theories and models of
interpretation.

*METHODS OF STRATIGRAPHY: POSSIBILITIES & WEAKNESSES. DANGERS & PERSPECTIVES

A. Zambetakis-Lekka & A. Kemeridou
National & Kapodistrian University of Athens, Faculty of Geology & Geoenvironment, Department of Historical Geology-
Paleontology, Panepistimiopolis Zografou
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1. Eicaywyn
H Stpwuatoypagia eival pia kateEoxrv
EUMEIPIKY]  eoThun. Baowféuevn

o mapamproelg unaidpou €xel wq
QVvTIKE{HEVO TN HEAETN g dnuioupyiag,
™mg olUvBeomg, Mg dadoxng kat Twv
OXETEWV TWV YEWAOYIKWV OXNHATIOUWV
He TEMKO OKOTO TNV avaguykpdotnom
™mg lotopiag MG MG 010 YEWAOYIKS
Xpdvo. Bdoel tou oplopold autol TO
QVTIKEINEVO TNG OTPWHATOYPAPIKNG
épeuvag apopd OAa Ta METPWHATA,
- I{nNuaToyevr}, TUPLYEVY], HETAMOPPW-
péva. H otpwuatoypagia eivat eno-
HEVWG pLa oUVOETT] EMIOTIIN TIOU XPNOL-
poTolel oV €peuvd TG TIQ YVWOELG KAl
TIG €PAPHOYEG TIOAAWV SIAPOPETIKDV
ETUOTNHOVIKWY KAGDWV Omnwg 1 METPO-
Aoyia, n opuktoAoyia, n inuaroioyia, n
TIAAQLOVTOAOYIQ, N TEKTOVIKT], 1 PUOIKY,
N acTPOovOou(a, N XNMela, N OTATIOTIKN, N
TIANPOPOPIKN K.a.

H Ztpwparoypapia dpxioe va avarrtio-
oetal and Ta péoa Tou 170U awwva
Kal MpwTepydreg aum|g Oswpoulvral
apxika o Nicolaus Steno (1638-1686) o
onoiog £€8eoe v apxr) MG opl{évriag
anobeong Twv NUATOYEVWV OTPW-
pdtwv kKaBwg kat TNV opxy NG
unmépBeong autwv, Kablepwvovtag
(1669) ™ oTpwpatoypapia wg MV
ETUOTAMN TIOU MEAETA Ta YEWAOYIKA
otpwpara. Apydtepa, o Georges
Cuvier (1769-1832), Jdiakpivovrag
mv eEENEN Twv amnoAlbwudtwv ota
QMeNAAMNAQ OTPWHATA, KATAoOKEUAoE
pagi pe Tov Alexander Brognart (1808),
€va YEWAOYIKG XAPTr TwV TPITOYEVAV
anoB€oswv Mg Aekavng Twv MNapioiwv,
evwy o Wiliam Smith (1769-1839)
KataokeUaoe TOV TPWTO YEWAOYLKS
Xdpm g AyyAiag kat Oualiag,
TapaBETOvVTaq Kal YEWAOYIKEG TOMEQ
(1819), avayvwpilovrag 6Tt Ta YEWAO-
Y4 otpwpara uriopouv, BACEL ™G
AlBoAoyiag kat Tou TIAAQLOVIOAOYIKOU

TIEPIEXOMEVOU TOUG, VA avayvwplotouv
akdua kar oe pPeYAAEG QarooTACELS.
And Toug MPpwTePYdTEG TG OTPWHATO-
YPaPiag G YEWAOYIKAG EMOTNIUNG
MEXPL OTUEPQ, N OTPWUATOYPAPIKN
gpeuva meplhappdvel 3 dadoxika
otddia: To nmpwTto oTdadlo eival To Yew-
METPIKO OTAdI0 kal ouviotarar otmv
avaAuon TWV YEWUETPIKWV OXETEWV
METAEU TWV YEWAOYIKWV OTPWHATWY
Kal oXnuatiopwv. Katd to otddio autd
dlakpivovtal evotnTeg OTPWHATWY
Baocet Twv ABOAOYIKWV XAPAKTN-
PLOTIKWV TOug, OL oroieq duvartdv va
daxwpilovral pe empdveleg aoup-
pwviag, xwpig va unetoépxetal o napd-
YWV XPOVOG. Z& OPIOUEVES TIEPITTWOELG,
EKTAKTA YEWAOYIKA yeyovoTta (nealo-
TELOKEG EKPNEELG, TTTWOELG LETEWPLTWV,
andéTopEG KMUATIKEG HETABOAEG) €XOuV
agrioel Ta (xvn Toug OTa YEWAOYIKA
OTPWHATA (NPALOTEIAKT] TEPPQ, OTPWLIA
PWiou KA Kal amoteAolv Xapakm-
pLOTIKOUG  opilovteq OTpwHAatoypa-
PIKWV CUOXETIONWY OTN ZTpwHATo-
ypagia oupBdvtwy. To deltepo aTddio
apopd OTn OXETIKY XPOVOASYNON TwvV
gvoTrTOWV 1 TV CUupBdvtwy, Xwpelg
apeunTiky  exTiunom Tou XPOvou.
Téog, TO TP(TO OTAdI0 aPopd o
XPOVOLETPNOT, dnAadT| TNV apBunTikni
exTiunon Tou Xxpdvou, ot XINAdeg 1)
ekatopulpla xpdvia n omola eival
YVWOTT] Kat wg andAuTn XPovoAdynom
Xwpig auté va onuaiver ot eivat
OPLOTIKY 1] Kal aKPIBNG.

1. M€6odoi ZTpwparoypaPIkng
‘Epeuvag - AuvatoTnTeg Kai
Aduvapieg

Ma pa oAOKANPWHEVT) OTPWHATOYPA-
PIKT] €peuva xpnowlornotovvral ddeo-
peq péBodOoL avAAuong Kat epunvelag
TWV  YEWAOYIKWV  &VOTATWY  Kal
ouuBavTwv énwg:

- n ANiBooTpwpartoypagia, n omnoia
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neplhauBdvel v ZTpwparoypagpia
TV {nuatoyevwyv akoAouBiwv, Tnv
ZTpwuartoypapiailnuatoyevwyveasewv
kat v Kukhootpwpatoypagia,

- n ZeI0PoOTPpWHATOYPAPIa,

- n XnuelooTpwparoypagia,

- n MayvnrooTpwpuatoypagia,

- nn BiooTpwparoypagia Kai

- n looromikn yewypovoAdynon.

2mv napouca epyacia 6a meptypd-
POULE EV OUVTOUIO TO QVTIKEIUEVO TWV
HEBOdWV auTwy, XwpEIig va Tig avalu-
goupe MepAITépw, £0TIAlovTag TEPLo-
obtepo Ot KAmMola XAPAKTNPELOTIKA
TOUG, OF TIAeovekTruata 1} aduvapieg,
TIoU o1 EB0d0L auTEG Tapouotalouy.

H AwBooTtpwpatoypapia HeAetd TaQ
ABOAOYIKA XOPAKITPLOTIKA TWV OTPW-
Hatwv, Jiakpivovtag ABoAoyikoUug
oxnuatiopols. ' autrv evrdooovtal
n Zrpwparoypadia Twv WNUATOYEVWY
akoAouBuwv, ou diakpivel akoAoubieg
ing, 2ng, 3ng KAm. TdEewg, ot
onoieg dwaxwpifovrat peta&y TOUQ
pE emupdveleg aocuppwviag 1} Suoup-
pwviag, mou avtoTolxouv O
B8aldoaieq anooupaoelg Kal EMIKAUCELG
Kal n ZTpwparoypapia twv QAcEwv
TV WNUATOYEVWV OTPWHATWY N omoia
e€etdlel Ta nepBdAovta andbBeongc.
Mpdkerrat yia Tig xapakmpeilOpeveg Kat
WG YEVETIKEG pEBOJOL NG ZTPWHATO-
YPa®PIKNg €peuvag.

H Kukhootpwparoypapia peEAETA TIQ
HETABOAEG TNG Wnuatoyéveong oe
OX€0M HE TIG TPOXIAKES METABOAEG TG
YNNG WG MAAvNTIKoU oWHatog. H peAét
TwV KUKAOBeudtwv mpénel va eivat
AemropepEéatatn kKat undpxet ndavra
0 TPOPBANUATIONOG av Ta HETPOUMEVA
naxn €xouv N Oxt ermmpeactel and
dlaygveon 1] AAAeG HETAYEVEQTEPES TNG
anéBeoriq Toug HeTaBOAEG. Ermiomg, n
EKKEVTPOTTA KAl N METAMTWON TWv
lonuePLV dev eival otabepeq KaTd
SldpKela Tou YEWAOYIKOU XPAvou Kat
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autd Ba mpénel va AapBdvetat undyn.
H XZesiopootpwpatoypagpia Siakpivel
OTPWHATOYPAPIKEG evdTnTEg BAgel ™G
avAKAQoMG TWV OEICUIKWY KUPATWV OF
SlaXWPIOTIKEG eTPAveleG AMIBOAOYIKWV
aouvexelwv. Qotdoo, n epunveia Twv
oelopkwy dedopdvav Ba mpénet va
unoompiletar andé ka\j yvwon g
vyewAoylag NG TEPOXNG MEAEMS,
n onoia ouvnbwg mephapfdvet
kat dedouéva yewtpnoswv. Me tov
TPOMo autd TuoTonoteTat n puon Twv
QOUVEXELWV TIOU €XOUV Kataypapel Kat
napd\nAa autég npoodlopilovral Kat
YEWXPOVOAOYIKA.

H Xnuelootpwuatoypagpia peAeTd Ta
YEWXNHIKA XOPaKTNPELOTIKA TWV Wnuato-
YEVWV TMETPWHATWV ETIKEVTPWVOVTAG
Kupiwg OTIq METABOAEG QUTWV OTIQ
dLdpopeg ABoAoyikég evomreg. Baot-
{6uevn oTo YeYOVOg OTL TO YEWXTHIKO
"MPOPN" Twv (NUATOYEVWV TIETPW-
MATWV avrtavakAd TIG EMKpaTouaeq
QUOIKOXNUIKEG OuvOnkeg katd Tnv
Bidpkela mg andbeong, otoxeUel OtV
€EQYWYN] CUUMEPACHATWY OXETIKA E TO
niaAalonePBANNOV Kal TIG EVOEXOUEVES
METABOAEG auTOU pe TNV Mdpodo Tou
xpdévou. 3to mAaiolo autd n Xnuelo-
oTpwuatoypapia propel va xpnot-
peloel wg epyalelo OUOXETIOMOU,
eruTpénovrag v oUykplon Wnuato-
YEVWV Osipwv BACEl LOOTOTIKWV 1
XNUIKOV enelcodiwv ta omoia Bew-
polvtat Tautdxpova. Mepart€pw, n
oUYKPION TWV KAMMUAWV TWV YEWXT)-
MIKQOV HETABOAWV He ANeq peBddoug
YEWXPOVOASYNONG HMOpPE( va TG Kara-
omoel éva epyaAelo OXETIKAG XPOVO-
Adynong.

H Xnuelootpwuatoypagia sivar and
TIq MAéov Sladedopéveq peBdG3oug atn
oUyxpovn oTpwpatoypadiki épeuva. Ot
duvardmreq g HEBGSou eEapTwvtat
and mv TeEXVOAOYIKN €EENEN kal TV
autouaronoinon  TwWV  AVAAUTIKWV
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opYGvwv Onwg TWV PacUaToypdpwy.
Inuavtikoi meploplopol TiBevral amd
TO UYPNAS KOOTOG TWV avaAuoewy, 1diai-
TEPA £QOOOV Ol OTPWHATOYPAPIKES
MEAETEG amattouv kavod aplbud dedo-
pévov yla mv egaywyn a&ormotwv
OUNMEPAOUATWV.

H Mayvntootpwuatoypapia peAeTd myv
apapévouca Payvition oe oplopéva
OPUKTA TWV TETPWMATWV Kataypd-
POoVTag He auTtdv Tov TPOTo TI§ ava-
OTPOPEG NG TIOAKOTNTAG TOU YNAIVOU
-jayvnTikou nediou. Baowkd avtikeipevo
NG HAYVITOOTPWHATOYPAPIKIG avAlu-
ong elvat n OXETIKA XPOVOAdynom
evog yeyovotog 17 Mlag akoAouBiag
yeyovdtwy €nerta and oUyKplom Twv
KATaypapwv Hde TNV HayvnrooTpw-
patoypa@ikn kKAipaka. To yeyovdg Ot
Ol QvaoTpoPEg G ToOAKOTTAg elval
pawvépeva rnou cuppaivouv Tautdxpova
oe OAn v €ktacn Tou MAQviiTh
anotelel onuavtikd TAEOVEKTNHA NG
peBddou divovrag ™ duvarémra ya
CUOXETIOMOUG O Maykooua KA{Maka
KaBWG KAl YO CUCXETIOMOUG HETAEU
TMETPWHATWY TIOU OXNuarticdnkav oe
SlaPopeTIKA amoBeTikd nepiBaiiovta
Qot600, onuavTikEG PoUNoBETELS Yia
v andkmon éco to duvatdv Tio
a&omoTWY anoTeEASOUATWY anoteAolv
1600 TA HAYVNTIKA XAPAKINPELOTIKA
TWV UMd peAém Wnudtwv 600 Kal 1
ouxvotTnTa TWV avacTpoPwyv TNng
noAkéTTag. MetaBoAég oto pubud
Wnuatoygveonqg kat n mbavr) Unapén
KEVWOV O autriv evdEéxetral va emnn-
pedoouv v ekéva Mg dadoxng Kat
mg JIAPKEIAg TWV avacTPOPWV NG
MoAIkOTTAg Oe wa NUAToyevr] ako-
Aoubia Tautdxpova SUwWG, UTO EUVOIKES
ouvlnfkeg, pmopouv va avadeixfouv
KATd TV HayvnTooTPWHATOYPAPIKN
peAé. ‘Ooov agpopd omv ouxvémta
TWV avaocTpopwy, eival MPoPavég ot
n péBodog kadBioTaral MEAKTIKA un

£QAPUAOIUN dTav MPOKETAl yia nePLo-
Boug HEYAANG XPoVIKNG dldpkelag katd
Tig onoieg dev napampeitat avaotpopr
™NQ MOAKKOTNTAg ev) e§(00U ONuavTIKG
MPOBANUA OV EPAPHOYT] TNG HEBOSOoU
MIopPel va TPOKAAECEL KAl 1 UYPnAnA
ouxvoTnTa avactpo@rg NG TOAKO-
mrag, énwg cupBaivel yia mapddetypa
oto Neoyevég. TENOG, patvéueva onwg
0 TEKTOVIOMOG Kal T8aveéS aAAOIWOELS
TWV HAyVNTIKOV OPUKTWV 6a TpErel
va SlepeuvavTal He PoooxT] EVW oQa-
Auata priopsl va umeloéABouv TAOO
Katd v dertyuaroAnyia 6oo kal katd
mv ermAoyn Twv peBddwv avaiuong
TV SetyudTwy.

H Buootpwpatoypapia Baciletar om
HovO3poun €EEMEN TwV AnMoABwWUATWY
otn SIdpKela TOU YEWAOYIKOU XpOvou.
Bdosl autwv dlaxwpilel Ta oTrpwuara
TIOU TA TMEPIEXOUV Ot evOTNTEG, TIG
Biolwveg, TIg ormoleg Ta&vouel
lEPAPXIKA OTO YEWAOYIKO Xpovo. Ta
anoAilbwpara eivat autd mou BRalouv
TOUG MPWTOUG MEPLOPLOMOUG OTT] XPTiom
MG BlOoCTPWUATOYPAPIKAG HEBGDOU.
Qg €upa dvra mMpoTIHOUV OPLOHEVEG
OIKOAOYIKEG OUVONKEG TIOU TOUG TIPOO-
PEPOUV OUYKEKPIUEVA TtaAalonepIBA-
Aovta, katd ouvénela, ot Plolwveg,
eivat oy ouoia owolwveg. To YEYOVOQ
autd KabloTd avaykaio TO CUCXETIONO
SLAPOPETIKWY BLOCTPWHATOYPAPIKWY
KAlMGKWY TIOU avTIoTOoLXoUv oe dlago-
PETIKA aAalonepBAANovTa.

H lootorkr| yewxpovoAdynon eivatotnv
ouaia Xnuelootpwparoypagia, n onoia
ompiletal om METATPOM] OPIOHEVWY
aoTabwyv OToIxelwv ToU TepLEXovTal
oTa METPWHATa, 0e AAAa otabepd pe
aueon orabepry Ox€om e v Tdpodo
Tou xpovou. Mapéxetal kat’ autd Tov
TPoMo anmdAutn XPOVOASYnon Twv
OTPWHATWY, OTI MEPUTTWOoElG BERawa
Tiou 1 HEBOBOG Hmopel va ePpapuoaTel.
Ouneplopiopoi mg ueBdédou eEaptwvtal

53



A. Zapnetdkn-Aékka & A. Kepepidou

and ta eEeraldueva oToxela kal Tig
XPTOWOTIOIOUEVEG  EPYAOTNPLAKEG
HeBGdoug. Emiong avapépetal dvrote
éva o@dAua Tto e0pog TOu ormoiou
Hropel va avtinpoowneUel Jia OAOKAN-
pn Bogwwvn.

Ao Tig ueBddoug auTég,

- n ABootpwuaroypagia,

-n Ztpwparoypagpia Twv WNUATOYEVWY
PAcewy,

-n STpwparoypagia WnuarToyevaov
AKOAOUBLWV,

-n Kukhootpwpuaroypadpia,

-n ZelopooTpwHaToypagia,

-n Xnuelootpwuaroypagpia kat

- n Mayvntootpwuatoypapia,
EMTPEMOUV 1] YEWHETPIKY SIAKPLOM TWV
OTPWHATOYPAPIKWY EVOTHTWV OTnpi-
Covtal 3e oy apoucia oTotxelwy 1oy
elvar duvatdv va enavaiapdavovrat
ato Xpovo.

Erutpénouv otpwpatoypadikolq ouo-
XETIOHOUG 0g TOTkG 1) MEPLOTSTEPO
eupU nedio, xpeldlovral Spwg Tn XPovo-
OTPWHATOYPAPIKY KAl YEWXPOVOAOYIKT]
avtiototxia.

H Blootpwpatoypagia emrpénet N
OXETIKI] XPOVOASYNON Twv 3lapopwv
OTPWHATOYPAPIKWY EVOTHTWY, KaBOTL
ompiletat omv un enavahauBavouevn,
kard T didpkela Tou Xpovou, eEENEN
TWV ULV OPYAVIOUWY.

H looTorikr YewXpoVvOAGYNom ETUTPENEL
oTo péTPpo ™G duvamiq akpiBeiag mv
anoéAuT ¥ OVOHETENOT TWV EVOTITWV

2. Zuyxpovn ZTpwHATOYPAPIKN
‘Epeuva - Kivduvoi kai MpoonTikég

H olyxpovn oTpwuaToypagikn €peuva,
yia v efaywyny a&émotwv oupmne-
paoudtwy, anarel T oTevy ouvep-
vacia 3apdépwv OTPWHATOYPAPIKWOV
HEBSDWV.

H ABootpwuatoypagia, ye TOug erupe-
pPoUG KAGdoUG NG, dev €xel vonua av
dev unoommpiletat and BooTpwuaro-
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YPAPIKEG XPOVOAoyroelg. ANA kat n
Blootpwparoypagikry avdiuon anaitel
N YVWOOoN TS YEWMETPIAg Twv anobé-
otwy, OTNnVv ornoila umeloépyeTal kat o
apdyovtag ToU TEKTOVIOHOU.

EEGMoU, Ta 6pla OTPWHATOYPAPIKDV
akohouBuwyv, Tou umodnAwvouv opla
KUKAwV Inuatoyéveong ouvdedueva
he @awvdueva Baldoolag andécupong
i enikAuong, ouxvd tautifovtal pe Ta
opla eupaviong 1 e£aPpaviong opadwv
QrMOAIBWHATWY.

Eniong, n akpfrig Blootpwuatoypa-
QK1 HEAET elval mpoanarouuevn yla
KABE HayVNTOOTPWHATOYPAPIKT) CUCKE-
TIon. AAM@ Kal Ta PayvnitooTpWHAto-
ypaogkda dedopéva duvavral va Bondn-
oouv T BLOCTPWHATOYPAPIKY €peuva.
Zuykekpléva, dedopévou OTL oL avao-
TPOYPEG NG TOAKSTNTAG eival Ppawvo-
peva mou oupBaivouv tautdxpova ce
O6An v €Ktaomn Tou TAQVATN, £V Ol
eupavioelg kat eEapavioelg Twv eldwv
dev elval Tautdxpoveg, n ouvepyacia
Twv dUo HeBOdwv, omou autr) eival
€QIKT, elval anapaim ya opbdtepa
BlooTpwHATOYPAPIKA KAl XPOVOOTPwW-
Hatoypagikd cupnepdouara.

Zmv Eéva 1 dideral éva napdadetyua
OUOXETIOMOU  BLOTTPWHATOYPAPIKWV
dedopévwv 1600 HE TNV XPOVOOTPW-
HATOYPAPIKA KAl  YEWXPOVOAOYIKN
KAluaka 600 Kal Je TV HayvnTooTpw-
HaTtoypadikr] KA(LaKa Kal v andAutn
XPOVOAGYN oM.

H yewxnuiky avdiuon umnopel va
AEITOUPYNOEL  CUMMANPWHATIKA WG
TMPOG TIG AMNEGQ OTPWHATOYPAPIKES
HEBGBOUG, UTTOSEIKVUOVTAG EITE TOTUKNG
efte maykooulag KApakag enelcodia-
deikteg, Me TNV mpolndBeon OTL 1
OTPWHATOYPAPIKY TOUG B0 €XEL KAAG
npoodioptatel pe HeBAdoug YEwXPOoVo-
ASyNnong.

Ta anoteAéopara g CUVBETIKNG QUTG
avtiinyng NG OTPWHATOYPAPIKNG
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€peuvag, eival amapaimrta ya Kabe
YEWAOYIKY] €peuva, amd T XapTo-
YPAPnoM LEXPL TNV EPAPUOTHEVT YEW-
Aoyia.

H ‘maykoopionoinon' n onoia xapakt-
pilel ™ oUYXpOVI] OTPWHATOYPAPIKA
gpeuva, €ixe wg amotéAeoua Tov
EUMAOUTIONO TWV YVOOEWV Kat v
EMOTNAvVON TwV adUVaPIdV Kal opal-
MATWV TWV EMUEPOUG OTPWHATOYPA-
PIKOV HEBGDWV.

Zuykekplpéva, n eEENEN kal n paydaia
—avamtugn Tov dla@dpwyv  peBEdwv
meg Ztpwuaroypagiag, aMd kupiwg
N EUMEPIOTATWHEV OUVOUQOTIKY HE
TOMEG HEBOBOUG OTPWHATOYPAPIKY)
pHeAETn, aveédelEe mpoBAnuatiopoug
TIOU TIAAQLATEPOL EPEUVNTES eixav 1dn
ETIOTHAVEL

EmBefawwdnke, upeta&l dMowv, Ot
HOVO éva HIKPO HEPOG TOU YEWAOYLKOU
Xpovou karaypdeetat amd Ta Yew-
AOYIKA OTPWUATA. ZTPWMATOYPAPIKEG
OElPEG, (PAVOUEVIKA TIARPELG, EMTE-
PLEXOUV OTPWHATOYPAPIKA Kevd, Ta
oTo{a AVTIOTOLXOUV O YEWAOYIKG XPOVO
0 0oroi{og OTIG CUYKEKPLUEVES TIEPIOXEQ
dev €xel kataypael, undpxel Opwg
OTO YEWAOYIKO apXeio AAAWV MEPLOXWV.
Mapadelypara Twv MANPECTEPWV Kat
TIAEOV QELOTIOTWY CUHMEPATUATWY TIOU
ETUTUYXAVOVTAL UE AETTTOUEPEIG MEAETEQ
ot onoieq epapudlovral TePLOTO-
TEPEG OTPWHATOYPAPIKEG MEBODOL,
apBovouv ot diebvr) BRAoYpapia.
AvapEpoupe pia evalapEépouca HEAETN
TOU KATWTEPOU WOALBIKOU OXNUATIOHOU
Tou péoou loupaoikou o vétia AyyAia
(Callomon, 1995). H meploxr) evtdooetal
oTIq 13laiTePa MEAETNUEVES LOUPAOTIKEG
Aekaveq NG duTikig Eupwrmg, and mv
enoxr} Tou William Smith. Apopd éva
WONBIKS oynuaTiopd Tdxoug mepimou
5 u, o€ pla eviaia Aekd@vn urkoug 80xA
nAiag Aaleviou - Baylwoiou.

H @nuatohoyikr] peAétn deixvel oTi

n akohouBia TEPLEXEL TIOAUAPIBUEG
erupdveleg dGppwong, ald povo
AETTTOEPTIS BLOCTPWHATOYPAPIKHA HEAE-
™ anekAAUYE TV MOAUMAOKOTNTA TG
oTpwuaroypapikng didpbpwong. Ze
deKkaTpPelg TOUEG Tou €ylvav otV ePLo-
X1} tpoodiopiotmkav 56 navidikoi opifo-
vIeq BACEL TWV QUUWVITAV. 2€ Kapia
Toun dev nepiéxovrat Aot ot opiovTeg,
eVW oL MePLoodTEPOL and Toug Hooug,
kat pahota dlapopetikoi 0e KABe
neplmTwon, arouotdfouv and kdbe
Toun. Kavévag and toug opifovteg dev
glval mapwyv kat oG dekatpeiq TouES
oL oroieg  eival, katd pégov 6po, Hévo
Katd 1o 43% m\Npelg. Ta kevd autd dev
Ba uropoucav va aveupeBolv Xwpig
AeTTTOHEPN] BIOCTPWHATOYPAPIKT] MEAE-
mn Tou Katd Ta dMa eviaiou Kat pavo-
HEVIKA TIA)poUG OxNHaTIoROU.

Ta anoteAéopara autd, Tta onoia
e&rfixénoav ané t ouvduaoTIKr £pap-
poyry AlBooTtpwuatoypaPikwy, nua-
TOAOYIKWV Kal BlOOTPWLATOYPAPIKWV
HEBGDwV Kal agopolv pia eviaia kat
HIKPY] OXETIKA 0g €Ktaom mneploxn,
Snuioupyoulv urévoleg yia v opbo-
TNTA OUPMEPAONATWY TIOU apopouV
OUOXETIONOUG METAEU Aekavwyv He
TeAeiwg dlaPOPETIK] TaAAloyEwypa-
QIK} KAl TEKTOVIKY loTopia, aitepa
étav dev €xel yivel Aertropepn|g ALBoAo-
YK} Kal BlOOTPWHATOYPAPIKY] HEAETN
ME arelkOvion TWV TIPAYHATIKWY TIAXWV
Kal TG avrioTonsg XPOVOOTPWHATO-
YPAPIKAG anddoong.

Mapdadetyua eviomopoU OTPwWHAToYPa-
POV KEVWV OE (PAIVOMEVIKA TANPELG
OTPWHATOYPAPIKEG OELPEG, HE TN
OUVOUQOTIKY] EQAPHOYN TIEPLOTOTEPWV
OTPWHATOYPAPLIKDOV HEBOD WY,
anoteAel Kal n HEAETN ™G akohouBiag
Castlecliff om Aekdvn Wanganui g
N€ag Znhavdiag, n onoia anoteAel ent-
Aeyuévn Toun avagopdg yia To oTpwia-
Toypapikd dwdotnua TMAswokaivou -
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Eik. 1. ZUOXeTIONOG NG XPOVOOTPWHATOYPAPIKAG KAl YEWXOPOVOAOYIKIG KAILAKAG avitepou loupaotkod
- Konudikou ue T uayvnrooTowuatoypa@ky kAiuaka (koAdva 1 katrd Harland et al. 1982), mv
andAutn xpovoAdynon (koAdva 2 kard Harland et al. 1982, koAdva 3 katrd van Hinte 1976) kat ue
BrootpwuatoypaPikeq kAiuakeg (koAdva 4 BGEoel mAQyktovikwy Tpnuartopdpwv kard Caron 1985,
kOAdva § Bdoet aoBeatoAbikou vaworhayktod katd Sissingh 1977, koAdva 6 Bdoet aktvolWwv kard
Sanfilippo & Riedel 1981, koAdva 7 Bdoet Swvouaottywtwy kard Williams 1977 kat koAdva 8 Baoet calpi-
onellids katd Allemann et al. 1971) (a6 Bolli et al. 1985).
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MAelotokaivou (Kamp & Turner, 1990).
v akoAouBia aut €ytve AETTTOUEPNS
MEAET Twv o0TOnwv 80 kat n
KQUITUAN CUOXETIOTNKE LE TNV KAUTUAN
3'®0 ag yerrovikng Aekavng. Anoé To
OUOXETIONG QUTO KATEOTT) TPOPAVES
6Tt n akohouBia Castlecliff mapodt
pawdtav TANPENG, AnEKPUTTTE TIOAAEQ
duouppwvieg. Zuvohikd mepimou 53%,
dnAadn neplocoTEPO and To HIoO Tou
YEWAOYIKOU XPOVOU TIOU QVIIIPOOW-
riedeTal and auTtrv TNV Tour, Sev eKTIPO-
- gwneltat and (ruara.

Avdhoya dlaotiata Kevav Wnuatoys-
VEOTG UTMApXoUV aKOun kair oe meAa-
YIKEG anoBEoelg wkeavwy, Onou ot
oelpéq Bewpouvral mapadooiakd Tio
mAnpelg. Ta dwaotriuata autd povo
TTIOAU AETTTOHEPTIG BLOOTPWHATOYPAPIKT|
peAéT urnopel va avadei&el (Aubry,
1955).

H dwaniotwon autr, Tou oe peydho
HEPOG KevoU OTPWHATOYPAPLIKOU
apxeiou Twv napadooiakd npoodlopio-
MEVWV OTPWHATOTUTIWYV, avedelEe TO
npoRANua évragng WnUaToyevwv ako-
AOUBLWV AANAWV TIEPLOXWV, OL OTtoleg dev
QVTUTPOCWMEUOVTAV OTOUG OTPWHATO-
Tutioug. Katéom Ouvenweg ErTaKTIK
n avdykn enavanpoodloplopoy g
ZTpwHatoypadikig KAipakag, €lod-
Yovtag To VEo PO TOU OTPWHATATUMOU
oplwv kal ™G "Xpuong akidag" ywa
Ta Opla petafl Twv enavanpoodlo-
pLoBévTwy Babuidwy Xwpig opoen).

H Abviig Ynoemutpornj ywa tnv
ZTPWHATOYPAPLKN Ta&vounon,
€XEl OUOTIOEL OV EYKUKAIO NG Me
aptf. 25 Ttov loUNo Tou 1969 dT "ot
oTpwpatdTunol opiwv mpénel ndvra
va en\éyovtal eviog akoAouBLwv ouve-
Xoug Wnuatoyéveong. To dplo wag
XPOVOOTPWHATOYPAPIKNG  evOTNTAG
dev npEnel MOTE va TonoBeTeTal O Jua
QouVEXEld. AMOTOMEG Kal OPACTIKEG
alMayeq ot AiBoAoyia 1} TO amoAr-

BwuEvo MEPIEXOHEVO TIPEMEL va EEETA-
Jovral e v unodia ST EVOEXOHEVWG
va urnodelkviouv Keva otnv akoAoubia
rou Ba eEaoBéviav v agia Tou opiou
WG XPOVOOTPWHATOYPAPIKoU deiktm
Kal Tpénet va xpnoulornolovvrat pévo
€4V UNIAPXOUV EMAPKT| OTOLXE(O Yia TV
OUOIaOTIKY} OUvEXela Tng andébeong'.
Mpoteivetal €tot n "xpuom akida"
yia évav otpwuatrdétuno opiou va
TomoBeteiTal YEoa Oe €va OPLOUEVO
OTPWHA Yla va eAaxiororole{tat n
ruBavémra ot propel va méoet oe €va
XPOVIKO xdoua.

‘Eva péoo ehaxiotonoinong ry eEaeyng
TV TMPORANUATwY TG enavdAnyng 1
TWV KEVWV € XPOVOOTPWHATOYPAPIKEG
akoAouBieg eival va kaboplotel Turikda
WG OTPpwHATOTUTOg Omuelakol opiou
Moévo 1 Bdon Tng evomrag. Kard
OUVETELT, A XPOVOOTPWHATOYPAPIKY|
evotnTa pe T BAaom g KaBoplouévn
oe Ja torobeoia Ba €xel v opodn
™G kabBoplopévn and T Pdon uag
UTtePKeievng evétntag oty idia, aAld
ouxvotepaq, oe [a A\An torobeaia.

H kaBiEpwon véwv dladikaowiv yia Tov
ENAvarnpoodlopIopd TNG XPOVOOTPWHA-
TOYPAPIKAG KAMAKAG Kal TwV OTPWHaA-
ToTUnwyv opiwv anartel avtimapaBoArn)
600 1O duvartdv neploodtepwv dedo-
MEVWY, BLOOTPWHATOYPAPIKWY, XTMELO-
OTPWHATOYPAPIKWY LAYVNTOOTPWHATO-
YPAPIKWV KaBwg kat dedougvwy padlo-
XPovoAdynong. e kABe mepimrwon, 1
duvardémra npdofaong kat n orabe-
pémra mg 0éong Bewpoulvral ana-
palnTa xapaktneloTikd yvwpiouara
evlg otpwuatdtuniou opiou. H véa
OTPWLATOYPAPIKY KA{uaka Tou tapou-
odotnke T0 2004, YeTd and enimoveg
dladikaoieg, TMePIEXEL TIOMOUG enava-
TPOOSLOPIOKEVOUG  OTPWHATITUTIOUS
opiwv, evw) TMapauével O enavamnpoo-
Sloplopdg Twv urtoAoimwy.

H Ewdva 2 amnewoviel Tov mpoadio-
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pLOpS Tou OTPWHATATUNIOU Tou opiou
ANBiou / Kevouaviou onwg mpocdio-
plomke ané ™ Aiebvry Emtponn
Ztpwpatoypapiag (Gradstein et al.
2004). O mpoodloplopdg autdg Baoi-
OTMKe oTnVv gpyacia Twv Kennedy et al.
(2004) ot dutik TIAQyld TOU OpPoUg
Risou (Hautes-Alpes) ot Ndétia Mainia
Kat unoompiletat T6oo and PlooTpw-
paToypagkouq 600 Kat XNMUECTPW-
patoypagikoug Oeikteg. MAnpel de
avaykaieq mpolnoBgoelg oOnwg 1
- Ikavou Tidxouqg adiatdpaktn andbeon
KaL 1 eUKOAN kat eAeUBepn npdoRaon.
H otpwpartoypagia eivar pia capwg
eunelptkn} emotun. ‘Exovrag wg Bdon
TIg mapampenoelg unaibpou, o yew-
AOYoQ KaAsital va yevikeUoel TQ anoTe-
Aéouara g €peuvdg Tou, elodyovtag
ePUNVeUTIKEG Bewpleg, epapudlovrag
oUCLaoTIKA TV HEBOSO TG enaywyng.
2V Ouvéxela TPOoXwped oIV mnapa-

op D'.TT']pq oy
&
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& =
N 3
= =
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Eix. 3. O gpunveutikog KUKAOG.

YWYT) HovTéAWY, 1) artodoxi 1} andppupn
Twv omnolwv €Eaptdral and 1o av ta
MOVTEAQ QuTd Kal TO BewpnTiKS TOug
unopabpo Ba enaAnBeutolv 1 Oxt
and véa dedopéva unaibpou. Auth
N KUKAIK] epunveuTikn diadikaoia, n
ornoia avagEpeTal WG EPHNVEUTIKOG

KUKAOG (EIK. 3) eppavioTnKe apxika wg
Be0A0YIKN TPOCEYYLOoM OTNV avaditmon
Kal EpUNveia NG MIVEULATIKNG aAnBelag
om BiBAo kat ot cuvéxela eEeNixBnke
KalXpnoylotoletat EUPEWG OTIG PIAOTO-
QIKES KAl KOWWVIOAOYIKEG ETIOTNHEG
(Miall & Miall, 2004).

H sloaywyr Tou gpuNVeEUTIKOU KUKAOU
oTn  YewAoyikry peBodoloyia Eylve
arné tov Frodeman (1995) oe wa
ouZnmon ya T dlapopd HeTagy Twv
MEBOBWV TWV YEWAOYIKWV EMOTNMWV
and ekeliveG TWV "OKANPWV' QUOKWV
EMOTNHAY, OTIWG 1) PUOLKT| KaL N XnHela.
MPAyuatt fia onuavrikn Slapopd pe Tig
MEBGS0UG TWV MEIPAMATIKWY EMOTNUWY
eival 6l Ta mepduara PUOKNG Kal
Xnueiag yivovtal e andAuta eAeyxos-
HEVEG £PYQOTNPIAKEG CUVONKeG, OMou
KGBe MAPAUETPOG KAl OPLAKY] CUVONKN
eAéyxetal, pdyua to oroio dev eival
EPIKTO HE TI§ TPOTOMOIWOELG TOU
YewAoylkoU mapeABOvTog, oL ornoieq
aKOun Kat pe TN Xpnoiuomnoinom Twv
HeyaAUTepwV Kai oxXupdtepwv ouUy-
XPOVWV  UTIOAOYIOTWYV, QVTIMPOoow-
nedouv akpaleg amAomowjoelg NG
npayuarnkémrag.

Ot YEWAOYIKEG UTOBEODEIG KAl CUTE-
pdouata dev uriopouv va eAgyxfouv
relpapatikd. Ot ouvBrikeg Tou emkpa-
ToUoav kal ot diepyacieg mou Enapav
XWPa o100 YEWAOylkO mapeA8dv dev
eivat duvatdév va avarapaxbouv pe
akpiBela oTo epyacTriplo.

O éAeyxoq unoféoewv, Bewpudv Kat
YEWAOYIKWV HOVTEAWV elval duvatdv
va emreuxBel, alMda povo Bdoel Twv
CUMMEPAOUATWY KAl TwV TPORAEPEWV
mou duvatdv va yivouv BAcel autwv
0g avAAoyouq OXNHATIONoUG 0 GAAEG
TIEPIOXES Kal oto unédagog. MEBodol
OTWG oL JIEPEUVNTIKEG YEWTPNTELG, T
davolEn onpdyywv, ouykataiéyovrat
METAEU TwV TPOMWYV EAEYXOU TwV. Onwg
avaépel o Pettijohn (1956), "Tinote dev
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ouvetilel, onwg [a eppavion. MoAég
POPEG, a Kahn Bewpia £xel datpnbel
and pia yewtpnon'.

‘Eva onpavtiké mpdBAnua rnou mapou-
owdetatkardamy dadikaaoia petapaong
and v napaTtnPnaom otV EPpUNveia Kat
avriotpopa, apopd oTo Kard néoo ol
g€pUNveleg Hropolv va enmpedoouv
OUA\OYT] Twv dedouévwy oTo Unaibpo.
Mapatmpettat dnAadr) 10 pavouevo n
{dla nnapatmipnon va kabodnyeitat and
TO OUVOANO TWV ETKPATOUCWV EKe(vN
v niep(odo IewV Kal UToBETEWV.

Aev gival ondvieq ol MepuTtHoEelg katd
TIG omoieg amdyelg epeuvnTwy, Alyo-
TEPO 1] TEPIOTATEPO TEKUNPLWHEVEG,
uloBeTouvtal and Toug HadnTEg Toug
A Kat andé AA\oug epeuvnTEg, OL omnoiol
XPNOOTIOUV TIG JIKEG TOUG EPEUVEQ
g "napadeiypara” nou anodeikviouv
TN véa dnoyn-Bewpia. ZTiq MEPUTTWOELS
Qutég 1 QAUN TOU EPEUVNT ToU
Aavodpel TO HOVTEAO Kal 1 "uéda" Twv
Bewptav sival KaBopLoTIKO TAPAYOVTEG
yia 10 €idoc Twv mapammpenoewyv oTo
unaiBpo. 1 dwanioTtwon aut] avagé-
perat o Kuhn (1962) Afyovrag 4Tl ta
"aroteAéopara Tou  emiBeRatwvouv
Non anodektég Bewpieq TpaBolv ™y
TIPOOOXT], EVW AMOTEAEOUATA TIOU TIG
aKupwvouv ayvoouvtal. Z€povTag nota
anoteAéopara mpEnel va avauévovral
and v €peuva, Ol ETUOTNHOVES WIMOo-
pPoUV va €MvOoouV TIG TEXVIKEG amné-
KmMOoTG Toug".

To npoépAnua autd kabiotarat akdéua
pHeyahutepo dOtav  ermupuld&elq 1
polnoBéoelg Tig onoleg eixe B£oel o
apxIKog ePEUVITNIG Ya TV 1OXU NG
darnoyng tou, oradakd ayvoouvratl Kat
eEapavifovralkal ECKEPHEVA TIAPOoUoLd-
Covtat eurelpikd dedougva Pe TPOMo
mou va e&umnpetel kKatdAMnAa TN
OUYKeKPIEVT Bewpia, TapaBA€novtag
kdnowa Sedopéva tTa omoia dev oup-
pwvouv Kal uneptovilovtag AAAa rou
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mv unoompiCouv.

Xapakmplotiké napddetypa 8Upa autg
MG TOKTIKAG anoteAel TO POVTEAD [e
™ HeYaAUTepn emippor] 0T ZTPWHATO-
ypagia ta teAeutaia 20 xpoéwvia, TO
MOVTEAO TOU TAYKOOMIOU £UOTATIOMOU
MG ZTpwparoypagiag Twv Znuarto-
YEVWV aKkoAouBwwv. Muprivag Tou
povtéAou autou eival i menoibnomn ot
0 mivakag Twv TMAyKOOUWV KUKAWV,
onwg mpotddnke anod toug Vail et al.
(1977), avabewpnnke and toug Haqg
et al. (1987, 1988) kat Graciansky ef al.
(1998), uropei va xpnouonoindei wg
"epyaAeio yewxpovoAdynong' (Vail et
al. 1977). KaBoplotikd xapaktnptatikd
TOU MOVTEAOU eival 1) menoibnon ot ta
dpla Twv akoAouBlwv eival MayKOoHLoL
XPOVOOTPWHATOYPAPIkol JelkTEG KAl
ém ot nAikieg Toug Jev ermpedlovral
and TV TEKTOVIK] TwV INUATOYEVAOV
Agkavwv.

NapdAo TOU OTIG AVAKOWVWOELS TOUG
1600 o1 Vail et al. (1977) éoo kat ot Hag
etal. (1987, 1988) napabétouy Blootpw-
Hatoypagikols CUOXETIONOUS Baotlo-
MEVOUG Ot MEPLOOOTEPEG BLOOTPWHA-
Toypapikée xAipakeg (E. 4) kat em-
onuaivouv STt Ta Opla TWV AKOAOU-
Buwv mpénel va xpovohoyouvtal Me
BlooTpWUATOYPAPIKEG HEBAdOUG ¢TO
To duvatrdv AEMTONEPEOTEPEG, TIC * 70
elval oL mepuTtwoeLg otn dlebvy - -
yYpagia oTiq onoleg Ta épla Twv IKo-
AouBwwv cuoxetifovral e Tov Tivaka
Twv naykéouwy KUkKAwv Twv Hag et al.
(1987, 1988), xwplig Mepartépw EAEYXO
ané m Blootpwuaroypagia 1 AAeq
XPOVOOTPWHATOYPAPIKEG HEBBASOUG.
Me Tov TPdMO autd, dnuioupyriBnke
otadiakd n eviunwon Ot i RlooTpw-
paroypagia eival oy npayuankémra
pia emninovn péBodog n onoia propel
va napakaupBel. Autd anotélece [a
KOA) apOopur] Ya TIOMEG peydheq
ETUXEPNIOE va aroAUoOoUV TIOAAOUG
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BlooTpwparoypdeoug epeuvités. Népa
OuWG ard Ta CUVIEXVIAKA CUNPEPOVTA,
300 audveg YEWAOYIKY €peuva amd
TG nuépeg Tou William Smith, €xet
318GEet 6TL 1 BlooTpwaAToypapia sivat
0 TEAIKOG KPITIG TWV XPOVOOTPWHATO-
YPAPIKWOV CUTXETIOM®V. H BiBAloypagia
eival MAnPEng and ox€dla ABooTPpw-
HATOYPAPIKOV CUOXETIOUWY TIOU EXOUV
arnotuxet AGyw avernapkoug poooxT|S
om BlooTpwparoypagpia.
TUuPAOS OCUOXETIONOG OTPWHATOYPA-
- QIKWV Yeyovotwv omnv onlap-offlap

KaumUuAn Twv Haq et al. (1987, 1988)
Xwpig kaBopiopd Tou edv ta BlOOTPW-
patoypapikd dedopéva urnootnpifouv
TOUG OUOXETIONOUG TOuG, dev Wmopel
va BewpnBei eMOTNHOVIKY TEKUNPiwOoT).
To HoVTEAO QUTO, TTOU KUPLapXEl METagU
TwV OUYXOOVWY YEWETIOTNHOVWY, EXEL
£EGA\OU UTOOTE( EVTOVOTATEG KPITIKEG.
Apketol eivat autol Tou unoatnpilouv
4Tl O£ TIOAAEG TIEPUTTWOELS EUMEIPIKA
otouxeia éxouv anoppipbel 1 dev Exouv
eu@aviotel kaBéAou eneldr] dev CUPPW-
voUoav HE TO HOVIEAO!
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Eix. 4. nay’KdOlel KUKA’OI Kkat ueTaPoAEg g Baidaoiag oTabung kard tov Katvolwiké (And Vail et al
1977). OLKUKAOL guoxsu{ovrat LE TN MAYVNTOOTPWUATOYPAPIKY) KAIUAKQ, TN YEWXOPOVOAOYIKT) KAUaKa, T
YEWXOOVOUETPIKY KAILUAKA Kal StApopeS BLOCTPWUATOYPAPIKEG KAILAKES MAQYKTOVIKWY TONUATOPOPWY,

vawoanoAlBwudTwy Kat akTivolwwv.
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3. Zupnepaopara

H Ztpwpatoypagia, and v kabiEpwon
™G WG EMOMUNG, and Ta HEoa Tou
170U aiwva, eEehiooeTal dAPKWG Kal
aravrtd Katd TPOMo anOTEAEOUATIKO
oTig avdykeg Tou oUYXPOVOU KOOHOU.
Qg KAGA30G TWV YEWeNMOTNUWV eivatl
0aQWG EMMEIPIKT] eroun otabepd
Baoiopévn og dedouéva unaibpou.
Avdloya Tou &idoug Twv METPWHATWY
TIou KaAefTal va PeAEToel KABe popd
Kat TV eTUSIWKOUEVWY AMOTEAEOUATWV,
€xel avarrtigel dldpopeg peBOdoug
£€pEUVAg, XPNOWOTTOLWVTAG TIPOTYHEVES
EPYAOTNPLOKEG, XMMIKEG KAl (PUOIKEQ
avaAuTIKEG HEBODoug, peBOdoug
OTATIOTIKAG QVAAUOTG KAl UNTOAOYLOTIKA
povTéAa olvBeong Kat amnekoviong Twy
QAMOTEAEOUATWV.

H oUyxpowvn otpwpatoypadikr} €peuva
anartel T oOTeVr) ouvepyaocia meplo-
odtepwv HeBOSwV yia Vv eEaywyn
aférotwy oupnepaocudtwy. I1daitepn
npoooyr) 6a mpénel va ermdelkvieTal
Katd TN CUA\OYTY Twv S3ed0Uévwy, WoTe
va eival avermpéaota and T £mKPa-
Touoeq Bewpieq kal PovTéAQ, Ta omoia
TPENEL va oToXeUouv OV gpunveia
Twv dedopgvwy Kal Ox1 Ta dedopéva va
npooapuolovral ¢ auTss.

Zmv enoxn uynhng texvohoyiag kai
UTTOAOYLOTWY, Ol OUYXPOVol YEWAGYOL
3¢ Ba npérnet va ayvoouv 6TL To unaibpo
elvat n Ty Twv SedopEvwyv oMV
urmpeoia Ttwv omoiwv Ba mpénet va
TiBeTal n olyypovn texvoloyia. Ot yew-
EMIOTNHOVEG TIPEMEL VA EMUOTPEYOUV
oto unaibpo.
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ABSTRACT

In the present paper we examine the use of carbon and oxygen stable isotopes
in the study of global palaeoceanographic changes, with special reference to the
oceanic anoxic events (OAEs). The analysis of stable isotopes was applied to the
examination of Cretaceous sediments from the lonian and Pindos zones of Western
Greece. In the lonian zone the carbon and oxygen stable isotopes, combined with
biostratigraphic data, record the palaeoenvironmental change corresponding to the
anoxic events Bonarelli (Cenomanian/Turonian, OAE2) and Paquier (Lower Albian,
OAET1b). In the Pindos zone, within the Cretaceous sediments, we observed two
organic-carbon-rich levels. According to the biostratigraphic and isotopic analysis,
the first level corresponds to an OAE of Santonian age. This local oceanic anoxic
event is described for the first time. The second level, Aptian - Albian age, possibly
correlates to either the Paquier event (OAE1b) or the Selli event (OAE1a), which in
Greece were until now known only in the lonian zone.

MNEPIAHWH

Zmv napouca epyacia eEeTdleral n XPNON TwV OTABEPWV LOOTOMWY TOU
Aavepaka Kat Tou ofuyodvou, otV HEAETN TAYKOOUWY TIAAQIOWKEQAVOYPAPIKWY
HeTaBoAwv, pe 1Blaitepn avagopd ota wkedvia avofika eneioddia (OAEs). H
avAAUOT| TwV oTaBepwV 100TONWY epapudomke ota Konmidikd i{fuata Twv {wvav
Idviag kat Mivdou ™g Autikig EMA3ag. Emyv Iévia {wvn ta otabepd todtona
Tou avBpaka kai Tou ofuydvou, 0e OuvdUAOWUO ME TA PBLOCTPWHATOYPAPIKA
oTolxela, kKataypAapouv TNy TaAaloNePBAMOVTIKY HETABOAY] TTOU QVTIOTOLXEL 0Ta
avo&ikd eneloodia Bonarelli (Kevopdvio/Toupwwvio, OAE2) kat Paquier (Kat. AABo,

*H XPHZH TON ZTAGEPON IZOTONON TOY ANOPAKA KAI TOY OZYFONOY ZTHN MEAETH NAMKOZMIQN
NAAAIOQKEANOIMPAGIKON METABOAQN: TO MAPAAEIMMA TON KPHTIAIKON IZHMATON THI AYTIKHE EAAA-
AAZ

B. Kapakitaiog?, X. Toikog?, K. Ayid3n-Kataiaoivn?, 2. Nreppirldyhou! & E. XarZnyapaAdpmoug!

1EQvirG & Kanodiotptakd Mavermotriuo Adnvayv, Touéas lotopuric MewAoyiag & Maiatovrodoyias, Turua MewAoyiag &
TewntepiBdArovrog, NaviroAn, Zwypdapou.
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OAE1b). tn {wwn Nivdou, eviég Twv Konudkav nudrtwy, evronifovrat d0o
m\olola og opyavikd UAKG enineda. SUppwva pe TNV BIOCTPWHATOYPAPIKT Kal
looToriky} avaiuon, To mpwrto avtiotoixel oe OAE Zavréviag nAiag. Autd To
TOTKO WKEAVIO AVOEIKG €Melo6dl0 avagepeTal yia mpwt ¢opd. To dedtepo
eninedo, nAkiag Arrtio - ANBLo, TBavd cuoxeTifeTal e KAmoLo and Ta eneloodia
Paquier (OAE1b) kat Selli (OAE1a), Ta onoia omv EAAGSa 1jtav péxpt orjuepa

YVWOoTd pévo otnv Iévia Zwvn.

1. Introduction
The earth of the Mesozoic era is wide-
ly known as the "greenhouse world".
During this era, there have been many
- short periods of time when the global
climate changed rapidly, probably due
to the dissociation, release and oxida-
tion of gas hydrates from continen-
tal - margin sites and the consequent
equally rapid global warming from the
input of greenhouse gases, particularly
methane (Jenkyns, 2003). The methane
released from these gas hydrates was
almost instantly oxidized to carbon diox-
ide, which was furthermore dispersed
into the oceans and the atmosphere,
raising the global temperature by sev-
eral degrees. These phenomena are
referred to as Oceanic Anoxic Events
(OAEs) and are known to have occurred
many times during the earth’s history.
The most important of these events are
the Paleocene - Eocene thermal maxi-
mum, the Bonarelli event (Cenomanian
- Turonian), the Paquier event (Lower
Albian), the Selli event (Aptian), and the
early Toarcian OAE.
The main characteristics of these short
periods are high levels of atmospher-
ic and oceanic CO,, almost complete
absence of the permafrost, decreased
thermal grades from the equator towards
the poles, and increased temperature in
the oceans. In addition, the Oceanic
Anoxic Events are characterized by car-
bon and oxygen stable isotope excur-
sions just before and during the events,
which are recorded in many different

marine environments (Jenkyns, 2003).
The global oceanic anoxic events
are associated with the deposition of
black shale horizons, which have been
deposited during very short periods of
time. These deposits consist of organic-
carbon-rich sediments, which repre-
sent major disturbances of the oceanic
system and carbon cycle. There are
three primary triggers of organic-car-
bon-rich sediment deposition (Harris,
2005), namely: (1) reduced oxygen lev-
els which do not allow the degradation
of organic matter (Demaison & Moore,
1980, Tyson, 1987), (2) organic produc-
tivity in the photic zone, usually stimulat-
ed by high nutrient flux, that overwhelm
the oxidizing capacity of the water body
(Suess et al., 1987, Pedersen & Calvert,
1990), and (3) slow sedimentation of
clastics or carbonates that would other-
wise dilute the organic matter (Creaney
& Passey, 1993). According to Tyson
(2001, 2005) when the sedimentation
rate is generally low, a relative increase
serves to isolate organic matter from the
oxidizing water and enhance organic-
carbon content. Reversely at high sedi-
mentation rates, the relative increase
simply dilutes the organic carbon. The
relative significance of these three fac-
tors is still greatly debated.

Because not all the organic-carbon-
rich black shale horizons are caused
by global oceanic anoxic events, the
analysis of carbon and oxygen stable
isotopes is essential to the recognition
of genuine OAEs. Indeed a main char-

65



V. Karakitsios, H. Tsikos, K. Agiadi - Katsiaouni, S. Dermitzoglou & E. Chatziharalambous

acteristic of OAEs is the abrupt nega-
tive excursions in carbon and oxygen
isotopic ratios. By analyzing the isotopic
content of sediment samples from a
continuous section comprising the pre-,
syn- and post-deposition of the organic-
carbon-rich horizon, we are able to
detect excursions of the 3'C, which are
indicative of an OAE.

The carbon and oxygen stable isoto-
pic ratios are calculated by compari-
son with the standard PDB belemnite
(®C/™2C and '®0/™0 respectively in bel-
emnites from S. Carolina U.S.A) or
other new local standard, according to
the formula: 3={[Rsample- Rstandard]/
Rstandard}*1000, where R is the molar
equivalent of 3C/'2C or ®Q/"0 for CO,
analysis. The 80 values, in biogenic
marine carbonates, reflect both the tem-
perature and the '®0/'®0 ratio of the
water in which these carbonates formed
(McCrea, 1950, Urey et al., 1951).

The &"°C values in marine carbonates

reflect the *C/*2C ratio of CO, dissolved
in deep ocean water, which in turn
depends on the source of carbon in
the CO,. Carbon dioxide enters in the
ocean by interchange with the atmo-
sphere, and it is also generated by the
decay of organic matter both on land
and in the ocean water. The later is rela-
tively depleted of *C because organ-
isms preferentially incorporate "2C. Thus
the water runoff from the continents is
organic-rich and with low C/'?C. As a
result a negative excursion of 3'*C could
indicate an increase in water runoff from
the continents. Another factor which
influences the &"C content of ocean
water is the residence time of deep-
water masses in the ocean. Water bod-
ies that have remained in the bottor of
the ocean for a long period of time are
also depleted of *C, due to the oxida-
tion of low 3'*C marine organic matter
that sinks from the surface. Respiration
by bottom-dwelling organisms also

Meso-Helicoic
21 Molasse
Pro-Apulian zone
Elnniw zone
Gavrove-Tripolis vone e

3 hotitc-quarzite unit
B2 Muni unit (Plattenkalk)

Olones-Pindos 7ome
Parnassas-Ghions zone
E Subpelaganian-Pelagonian zone
Vardar-Axias zone

Serbo-Mavedoninn renc

E()phhms

e
% * sites of orgauic rich

black vhales

Fig. 1. Simplified geologic map of Greece. Noted with asterisk are the sites of organic rich black shales.
1: Gotzikas section, 2: Proussos section, 3: Panaetolikon section, 4: Kalarites section.

66



Bulletin of the Geological Society of Greece, vol. XXIX/I, 64-79

apparently causes a decrease in '°C of
deep bottom waters. Additionally nega-
tive excursions of 3*C can be attributed
to decreased primary productivity of
photosynthesizing marine organisms.
On the other hand a positive 3'°C excur-
sion corresponds to increased primary
productivity, and increased sedimenta-
tion rate, which permits the renewal of
the deep-water masses.
In this paper, we present up to date
results of our studies on integrated
- chemostratigraphy and biostratigraphy
of Cretaceous pelagic carbonate suc-
cessions and associated organic car-
bon rich sediments of Western Greece
(lonian and Pindos zones, Fig. 1).

2. Regional Geological Context

2.1. lonian zone

The lonian zone (W. Greece) belongs to
the External Hellenides’ domain, which
corresponds to the southern passive
continental margin of the Neotethys
ocean (Laubscher & Bernoulli, 1977,
Karakitsios, 1992, 1995). It comprises
sedimentary rocks ranging from Triassic
evaporites, and associated breccias, to
the Jurassic - Eocene carbonates and
lesser cherts and shales, which are fol-
lowed by the Oligocene flysch (Fig. 2).
During the Early Lias, the present part
of western Greece was covered by an
extensive carbonate platform (Bernoulli
& Renz, 1970, Karakitsios, 1992, 1995).
The contemporaneous shallow-water
Pantokrator limestones represent the
pre-rift sequence of the lonian domain
(Karakitsios, 1990, 1992). During the
Pliensbachian extensional stresses
associated with the opening of the
Neotethys brought about the formation
of the lonian Basin (Karakitsios, 1992,
1995). This Basin became an area of
persistent syn-sedimentary faulting and
subsidence.

The syn-rift sequence began with the
deposition of the Siniais Limestones
and their lateral equivalent, the Louros
Limestones (Karakitsios & Tsaila-
Monopolis, 1988, Dommergues et al.,
2002). These formations record regional
subsidence followed by internal syn-
rift differentiation of the lonian Basin
into smaller palaeogeographic units
and evaporitic base halokinesis, which
was recorded by the prismatic wedges
of the syn-rift formations, and include
the Louros Limestones, the Ammonitico
Rosso or Lower Posidonia Beds, the
Limestones with Filaments and the
Upper Posidonia Beds (Karakitsios
et al.,, 1988; Karakitsios, 1995). The
post-rift sequence in the lonian Basin
is defined by an unconformity (Early
Berriasian) at the base of the Vigla
Limestone Formation, whose deposition
was relatively uniform across the Basin
(Karakitsios, 1990; Karakitsios & Koletti,
1992). The particular geometry of the
restricted sub-basins that were formed
during the syn-rift and post-rift periods
may have favored increased organic
matter burial during the early Toarcian,
late Callovian - Tithonian (Posidonia
Beds) and Aptian - Cenomanian (Vigla
Shale Member) (Karakitsios, 1995,
Rigakis & Karakitsios, 1998). The main
orogenic movements in the lonian zone
took place at the end of the Burdigalian.
The geologic evolution of the lonian
basin is an example of inversion tecton-
ics of a basin with evaporitic basement
(Karakitsios, 1995).

2.2. Pindos zone

The Pindos zone is also part of the
External Hellenides’ domain, and
appears in Western Greece as a series
of stacked and imbricated, north-south-
trending thust sheets, which were
emplaced during the Tertiary Alpine
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Fig. 2. Representative stratigraphic column of the lonian zone (Karakitsios, 1995). 1: pelites and sand-
stones, 2: cherty limestones with clastic material, 3: pelagic limestones with clastic metarial, 4: pelagic
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dolomites, 15: breccia, 16: section of pelagic bivaive (filament), 17: ammonite, 18: brachiopod.
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orogeny (Fig. 3). The Pindos palaeogeo-
graphic domain is bordered to the east
by the Parnassus-Ghiona zone and the
Pelagonian zone, and to the west by the
Gavrovo-Tripolis platform (Robertson et
al., 1991).

From the major orogenic phases affect-
ing the Hellenides, the Mesohellenic
phase and the Neohellenic phase (lat-
est Cretaceous - Tertiary) affected the
development of the pelagic Pindos zone
during the Cretaceous (Neumann &
Zacher, 2004).

The stratigraphic column of Pindos zone
in Western Greece comprises basal
Triassic clastic formations, followed by
pelagic limestones and cherts (Norian
- Liassic). Radiolarites s.l. are depos-
ited throughout the Aalenian - base of
Senonian interval, whilst platy pelagic
limestones (with Globotrunacana spp.)
appear during the Upper Cretaceous.
Finally, there is a transitional formation
("couches de passage") between the sili-
ceous-calcareous beds and the flysch
deposition (Paleocene) (Fleury, 1980).
During the Early Cretaceous, ophiolites
were emplaced onto the Pelagonian
microcontinent situated east of the deep-
marine siliceous Pindos basin (Huss
et al., 1987). The true origin of these
ophiolites and therefore the nature of the
Pindos basin remains still a very contro-
vertial subject. Some authors assume
that the ophiolites partly originated
from a Jurassic Pindos ocean (Clift &
Robertson, 1990), while others believe
that an eastward origin is more likely
(Stampfli, 2000). In any case, clastic
deposition took place along the margins
of the Pindos basin, during the Earliest
Cretaceous, as a result of these oroge-
netic movements (Richter et al., 1996).
Siliclastic lithologies of the Pindos Basin
known as "Premier flysch du Pinde" (Fig.
3) are assumed to reflect these eohel-

70

lenic and/or younger tectonic processes
in the eastern zones (Aubouin, 1959,
Richter et al., 1996).

At the end of the Campanian the neritic
development of the Pelagonian and
Parnassus-Ghiona zones ceased and
all sectors of the carbonate-platform
belt east of the Pindos basin were
covered by a blanket of pelagic lime-
stones, which are equivalent to those
deposited in the Pindos basin (Fleury,
1980, Neumann & Zacher, 2004). The
Pindos zone resembled the western
slope of this pelagic sea attached to the
Gavrovo-Tripolis platform, which, in the
latest Maastrichtian - Palaeogene, was
invaded by siliclastic sediment com-
mencing flysch deposition in the western
Hellenides (Gonzalez-Bonorino, 1996).

3. Methodology

We collected hand-specimens approxi-
mately every 0,5 to 2m along the sec-
tions where the black shale horizons
were located. About 10 mg from each
sample were powdered after careful
screening to avoid contamination from
weathering surfaces, local intense silici-
fication or secondary carbonate vein-
ing.

Powdered samples were analyzed for
TOC and total carbonate contents, zs
well as bulk organic carbon and/or car-
bonate isotope ratios at the Departments
of Earth Sciences and Archaeology,
University of Oxford. Duplicate TOC
analyses were obtained for all organic
carbon-rich samples, using a Strohlein
Coulomat 702 device. Rock-Eval pyroly-
sis data (S0, S1, S2 and Tmax values)
for the same samples were quantified
using a LECO THA 200 Thermolytic
Analyzer at the University of Newcastle.
The standard deviations of duplicate
analyses for S2 and Tmax, expressed as
percentages of the average value, are *
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5 % and + 4 % respectively.

For determinations of bulk organic car-
bon - isotope compositions, all TOC - rich
samples were acidified with dilute HCI at
ambient temperature to remove carbon-
ate. Approximately 5-10mg of the dried
carbonate-free residues were weighed
in tinfoil cups and placed in a Europa
Scientific Limited CN biological sample
converter connected to a 20-20 stable-
isotope gas-ratio mass spectrometer.
Carbon-isotope ratios were measured
- against a laboratory nylon standard, with
a 8"C value of -26.1 + 0.2 %o. Analytical
results are presented in %o deviation from
the VPDB (Vienna Pee Dee Belemnite)
standard.

Carbonate (C, O) isotope ratios for all
collected samples were determined
on CO, gas vyielded after reaction with
orthophosphoric acid at 90° C, using
a VG Isocarb device and Prism mass
spectrometer. Normal corrections were
applied and calibration to VPDB was pre-
formed via our laboratory standard cali-
brated against NBS19 and Cambridge
Carrara marble. Reproducibility of repli-
cate analyses of standards was generally
better than 0.1%o0 for both carbon and
oxygen isotope ratios.

Complementary to the carbon and iso-
tope analysis, palynofacies analysis and
compound-specific isotope analysis was
applied to our samples. These analyses
have been completed as far as the lonian
zone samples are concerned (Karakitsios
et al., 2004, Tsikos et al., 2004) and the
Pindos zone samples are being exam-
ined at present.

Regarding the chronostratigraphic con-
trol, we have applied biostratigraphic
analysis on thin sections and smear
slides, so as to examine both foramin-
ifera and calcareous nannofossils. The
examination has been conducted at the
Department of Earth Sciences ’'Ardito

Desio’ (University of Milan), and at the
Department of Historical Geology and
Paleontology (University of Athens).

4. Results
4.1. lonian Zone

The organic-carbon-rich black shale hori-
zons are located in the Vigla limestone
formation, which has been examined
thoroughly in the Goizikas section (in
the homonymous valley) south of the
Tsamantas village (NW Epirus). Generally
the Vigla limestone formation (Berriasian
- Turonian) comprises a thick succession
of thin-layered (5-10 cm), sublithograph-
ic, pelagic limestones, with abundant
radiolarian and frequent cherty beds with
radiolarian. In the upper part, this forma-
tion contains a series of organic-carbon-
rich marlstones and shales interbedded
with limestone and cherty beds. This
series now named Vigla shale mem-
ber corresponds to the "Upper Siliceous
Zone" of Albian - Cenomanian age (IGRS-
IFP, 1966). In the Gotzikas section the
Vigla shale member comprises 27 deci-
meter-thick horizons of organic-matter-
rich calcareous mudstones and shales,
within the partially silicified limestone
beds (Fig. 4).

tion (hammer for scale).
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Chemically, within the organic-carbon-
bearing marls (TOC content: 1 to 6
wt%, bulk 3"°CTOC: 27.2 to -24.2 %o,
and hydrogen index: 170 to 450 mg/g),
only two horizons display clear char-
acteristics of true black-shale deposits,
i.e. higher TOC content (44.5 wt % in
the upper and 28.9 wt % in the lower
horizon) and much higher &"CTOC
values (-22.2 and -22.1 %o respectively)
than the surrounding beds (Fig. 5). The
rise in 3CTOC of the lower horizon
coincides with a respective, positive
shift in bulk carbonate $13C values in
limestone immediately below. On the
contrary, the upper horizon did not
give any bulk carbonate 3C value,
due to its particularly high TOC con-
tent (44.5 wt %). The presence of the
planktonic foraminiferal assem-
blage Rotalipora appenninica,
Rotalipora cushmani in the 6 m
of limestone immediately under,
and of Praeglobotruncana
gibba in the 5 m immediately
over, the upper horizon, place
this level to the Cenomanian
- Turonian boundary interval

in apolar hydrocarbon fractions, and
lesser 2-methyl-hopanoids indicate
a substantial relative contribution of
bacteria (in particular cyanobacteria).
This observation is also true for other
organic-carbon-rich marine deposits of
the Cenomanian - Turonian interval,
comprising the oceanic anoxic event
(OAE2), also known as Bonarelli event
(Tsikos et al., 2004; Karakitsios et al.,
2004).

On the contrary, the relatively high bulk
3"CTOC value of the lower horizon is
attributed to the predominance of isoto-
pically heavy cyclic isoprenoids relative
to steroids / hopanoids, which points to
an episodic, sharp increase in the rela-
tive contribution of marine chemoauto-
trophic archaea to the organic matter, in

3 ¥ 8 B B & 3 8 8§

(Fig. 6). Additionally, the pres-
ence of calcareous nannofossil
Hayesites albiensis in the strati- .
graphic interval 3 m below and -
10 m above the lower horizon, =
as well as that of calcareous =
nannofossil Eiffellithus turrisei- -
ffellii and planktonic forami- <3
niferal Biticinella breggiensis, 4
Planomalina buxtorfi, Rotalipora =
appenninica at the first 7-10 ~
m above it, place the lower %
horizon to the Lower - Middle ™3
Albian time span (Fig. 6).

The causes for the sharp shifts
in 3°CTOC in the two hori-
zons are diverse (Fig. 5). The
predominance of hopanoids
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Fig. 5. Lithostratigraphic log and & stable (C,0) isotope
profiles across the examined Vigla section in the Gotzikas
locality, lonian zone, NW Greece. Note the different scales

for the section above and below the section gap.
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Fig. 6. Summary of biostratigraphic information for the Gotzikas section. Biostratigraphy is based on
observed distribution of calcareous nannofossils and planktonic foraminifera.

addition to a primarily algal source.

As a result, it seems very likely that
this horizon corresponds to the well-
documented Lower Albian oceanic
anoxic event (OAE1b) or else "Paquier
event' (Tsikos et al., 2004; Karakitsios
et al., 2004), which is currently known
to characterize only the Tethys - Atlantic
regions (Tsikos et al., 2003).

4.2. Pindos zone

Black shale horizons were also observed
in the pelagic Cretaceous formations
of the Pindos zone. Particularly these
were located in limestones, cherts
and red marls of Aptian - Albian and
Santonian age (Fig. 7). Limestones,
marly limestones and cherts outcrop in

the Proussos section, on the road from
Karpenisi to the Proussos Monastery. The
carbon and oxygen stable isotope analy-
ses of samples, taken along this section,
exhibit a distinctive negative excursion
in the isotopic ratios, which is immedi-
ately followed by a positive excursion, just
beneath the black shale anoxic horizon
(Fig. 10). The presence of planktonic
foraminifera Globotruncanita elevata and
Marginotruncana gr. pseudolinneiana, in
the black shale horizon, place this horizon
in the upper part of the Dicarinella assy-
metrica biozone of Upper Santonian age.
We therefore conclude that the above
organic-carbon-rich black shale horizon
probably corresponds to an oceanic
anoxic event. This is the first time such an
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s

Fig. 8. Black shale horizons in the Panaetolikon section. This section corresponds to an up-fold.

angequenf/y the two arrows on the right point towards the same organic-carbon-rich horizon (the fold’s
axis is placed between them).
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event is described, within the Cretaceous,
but after the OAE3 (Coniasian-Santonian
boundary), the identifying factor being the
carbon and oxygen stable isotopic ratios
anomaly.

Within the Pindos zone formations, in
the sections Panaetolikon (Fig. 8) and
Kalarites (Fig. 9) we have also identified
organic-carbon-rich black shale hori-
zons, which possibly correspond to the
oceanic anoxic events of Aptian-Albian
age. These horizons can be correlated
to the ones formerly described in the
lonian zone, as corresponding to the
OAE1b (Paquier Event), or to the OAE1a
(Selli event), (Danelian et al., 2004).

5. Conclusions

The present research renders the use
of carbon and oxygen stable isotopic
analyses an important tool in the study
of global palaeoceanographic change.
Undoubtedly the field observation of
black shale horizons is a first indication
of the presence of an oceanic anoxic
event. However, not all black shales
correspond to global anoxic events.
The fluctuation of 8*C and &0 ratios
in the ocean water through time, as
recorded in the sediments deposited
during this time, reflect the changes in
the CO, content in the oceans as well as
in the atmosphere. These disturbances
of the carbon cycle are considered to
be the main cause of biologic, climatic
and other environmental change, and
are thus intimately connected to the
Oceanic Anoxic Events. Consequently,
only the identification of 3"°C and 30
ratio anomalies in complete geologic
sections, accompanied by integrated
stratigraphy, should be used to cor-
rectly identify Oceanic Anoxic Events.
In the Greek realm, the following
Oceanic Anoxic Events have been so
far identified:
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- The Bonarelli Event (OAE2) at the
Cenomanian - Turonian boundary inter-
val of the lonian zone formations,

- The Paquier Event (OAE1b) of Lower
Albian age, also in the lonian zone,

- An Upper Santonian OAE in the Pindos
zone formations, described for the first
time herein.

- Additionaly, in the Aptian - Albian for-
mations of the Pindos zone, we have
identified anoxic black shale horizons,
which probably correspond either to
the well documented Paquier Event of
Lower Albian age, or to the Selli event
of Aptian age. Samples from complete
sections covering this age span are
currently under analysis, regarding the
carbon and oxygen isotopic contents, in
order to conclude whether they truly cor-
respond to an oceanic anoxic event.
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PLIOCENE MOLLUSCS TAXONOMIC DIVERSITY
AS A TOOL FOR THE CLIMATIC-OCEANOGRAPHIC
RECONSTRUCTION AND STRATIGRAPHY.
TWO EXAMPLES FROM THE EASTERN
MEDITERRANEAN*
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ABSTRACT

Due to their high extinction rate, the Molluscs of the Pliocene in the Mediterranean,
resulted potentiaily useful as a tool for climatic-oceanographic and chronological
inferences.

In the present study, we document the possibility of application of the model of
Raffi and Monegatti (1993) in the region of Eastern Mediterranean, by studying two
examples from the Hellenic area and Cyprus.

This model concerns the extinction events of Molluscs of Pliocene, separating 4 dif-
ferent units of Molluscs with different climatic-oceanographic importance. It is docu-
mented that the two selected sections, Atsipades in central Crete and Athienou in
southern Cyprus, give elements for the correlation of their deposits with this model.
The Atsipades section is connected with the first significant extinction event, at the
Mollusc Units of Raffi and Monegatti, resulting from the first important Pliocene
cooling phenomenon of our hemisphere. The Athienou section is connected with
the MPMU2 unit of Raffi and Monegatti, between the first and second distinctive

extinction events of the Pliocene Molluscs.
Key words: bivalvia, ecobiostratigraphy, Mediterranean, Pliocene, taxonomic diversity.

NEPIAHWH

To peydho mooootd e&apdviong Twv MaAakiowv Tou [MAslokaivou, To onoio
Eenepva 10 30%, divel T duvatdmra MG XPHONG TOUG Yia TNV avayvwplon
KALHATIKWV-WKEAVOYPAPIKWV KAl XPOVOACYIKWV OTOlXeiwv. SNV napouoa epyaaia,
n duvardmmra xprong Tou povrélou Twv Raffi & Monegatti (1993) oy neploxn
MG avatoAkrg Meooyeiou, amodekvietal and Tt peAEm dUo napadetyudrwy
and Tov EAMadiké xwpo kat mv Kamnpo.

To povtéNo auTtd agopd oTa BLOCTPWHATOYPAPIKA yeyovéta eEapdaviong Ttwv
Mahakiowv Tou MMAelokaivou, dlakpivovtag 4 evdtres Malakinv SlapopeTIKAg
KALLOTIKAG-WKEQVOYPAPIKIG ONHAciag. AUO MEPIOKEG TTOU EXOUV KAAA MEAETNOE(

*H ZYMBOAH THZ TAZINOMIKHZ KATANOMHZ TON MAAAKION TOY MAEIOKAINOY STHN KAIMATIKH-
?nlézEgr'gzPAmKH ANAZYZTAZH KAl TH ITPQMATOrPA®IA. AYO NAPAAEIMATA ANO THN ANATOAIKH

E. Kogkepidou
EBvike & ’Kano&orpxaxé lavjuo ABnvwv, Tougag lotopikri lewdoyiaq & MaAatovroioyiag, Turiua MewAoyiag &
lewneptBarrovros, Mavinoin Zwypdpou
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ané aut) TV droym, n Tour Atomnddeq Hparieiou Kpritng kat n tour] ABnévou
Kumpou, 3ivouv OTOIXE(Q Yia TO CUCXETIONS TWV AroBE0EWY TOUG HE TO HOVTEAOD
autd. H Tour ATOINAdEG CUOXETIZETAL LE TO TIPWTO RLOCTPWHATOYPAPIKS YEYOVOG
efapdvione Twv taxa Twv BevBovikwv MaAakiwv twv evomitwv Twv Raffi &
Monegatti To oroio urnopel va Bewpnbel wg AMOTEAEOUA TOU TIPWTOU YEYOVOTOG
uxpavong katd to MAsdkawvo. H touri ABnévou pnopel va CUOXETIOTEL pe TNV
MPMU2 evétnra Twv Raffi & Monegatti, uetd to yeyovog g mpwmg e§apaviong
Kal TIpLv To Yeyovog g deutepng eEapaviong twv Maiakiwv Tou MAsiokaivou.

1. Introduction
The reduction in taxonomic diversity of
marine Molluscs throughoutthe Pliocene
in the Mediterranean, has been report-
ed already by Levi (1900) (in Ruggieri,
1962). Up to the 50’s it was believed
that the Pliocene faunas were stable
and were represented

knowledge of the statigraphic range of
Molluscs calibrated by biostratigraphic
and magneto-biostratigraphic data
could well play an important role in the
stratigraphic classification of sections
that characterize shallow water environ-
ments, when the calcareous plankton

by warm-water taxa, @ A
which they were dis- ey
appeared in the upper-
most Piacenzian or at
the P/P boundary. In
the 60’s (Ruggieri,
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Fig. 1. Mediterranean Pliocene Molluscan units (MPMU) correlated to the
Planctonic foraminifera biostratigraphy, to the Standard Global Chrono-
stratigraphic Scale and to Geomagnetic Polarity Time Scale (Gradstein
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is absent.

For the Greek Neogene, an extended
investigation of the faunal succession
has been worked out (Dermitzakis &
Georgiades-Dikeoulia, 1987).

This research has allowed a first
approach to the analysis of the mollus-
can taxonomic diversity and a proposed
biozonation which corresponds to 4
assemblage biozones and one acme
zone for the Pliocene. These data gave
the possibility of working out a chrono-
logical framework for the Greek Plio-
cene, based on marine molluscs and in
particularly on the bivalves.

In this work, we make an effort to inves-
tigate whether the extinction events
during the Pliocene (according to Raffi
& Monegatti, 1993) can be recognized
and give more precise chronological
data in the Eastern Mediterranean too.

2. Discussion

As three major extinction phases have
been evidenced during the Pliocene in
the Mediterranean basin, by means of
Molluscan fauna, four MPMU were rec-
ognized by Raffi and Monegatti (1993).
As these extinction events were not
followed by recovery phases, a pro-
gressive decrease in warm-water taxa
occurred. Every MPMU was defined
by the lack of taxa which disappeared
in the immediately previous extinction
event and by the presence of the par-
ticular taxa which disappears in the suc-
cessive extinction phase.

In order to study the applicability of
Raffi and Monegatti model, the con-
trol of systematic classification of the
Mediterranean Pliocene Molluscs,
is essential. For ltaly, this work has
been almost completed with the study
of 356 species of infralittoral and cir-
calittoral environments. Dermitzakis &
Georgiades-Dikeoulia (1987), contrib-
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ute significantly to this field, for the
Greek area. Nevertheless it is necessary
to extend this study on the Hellenic area
and on the Eastern Mediterranean.

For this purpose, a multi-disciplinary
approach has to be carried out, includ-
ing biostratigraphic, magnetostrati-
graphic and paleoecological data.

On this frame, we attempted to correlate
two representative sections (Atsipades
in central Crete and Athienou in south
Cyprus), by means of Molluscs sys-
tematic classification, biostratigraphy
and paleoenvironmental characteristics
with the Mollucsc Units of Raffi and
Monegatti.

Further objective documentation based
on the study of more Pliocene outcrops
of eastern Mediterranean is necessary.

2.1. Study area

The Atsipades section, is located in
Central Crete, in the southern part of
the Hiraklion Basin (sensu Meulenkamp
et al., 1994). It is approximately 80 m
thick, representing a shallowing upward
sequence from outer shelf marls and
sandy marls at the bottom, to shallow
inner shelf deposits at the top of the
section (Fig. 2).

The biostratigraphical analysis based
on planktonic foraminifera and nanno-
fossils, determined the base of the suc-
cession as younger than 3.61 Ma and
the top up to 3.21 Ma.

The fossil assemplages of the greater
area, have been recorded by (Symeo-

CRETE
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N
o
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& Afsipaties

Fig. 2. Schematic map of Crete indicating the
location of the study area



Bulletin of the Geological Society of Greece, vol. XXIX/l, 80-86

nidis and Konstantinidis, 1967, Zacha-
riasse, 1975, Dermitzakis and Geor-
giades-Dikeoulia, 1983, Koskeridou,
1997, Koskeridou et al., 2002).

The paleoecological analysis based on
foraminifera and molluscs, show that to
the bottom of the section the environ-
mental conditions was more typical of
deeper waters with high productivity and
moderate oxygen content (Drinia et al.,
2005). The deposits of the middle and
upper part of the sequence, thought,
-are being characteristics of normal
salinity and high oxygenation environ-
ment of the inner shelf. Therefore, rich
macrobenthic assemblages, including
Bivalves, Gastropods, Brachiopods,
Echinoids and Annelids, colonized these
settlements (Koskeridou et al. 2002).
As for the MPMU, Raffi and Monegatti,
did not use species typical of bathyal

CYPRUS

RICOSIA
®

Anient A

biofacies, the correlation with our sec-
tions, have been done only in the parts
that correspond in shallower-water
zones.

The second section studied, was
Athienou, which is situated near
Athienou (South Cyprus) (Fig. 3), at the
southeastern opening of the Mesaoria
basin to the open sea. At the end of
Pliocene the Mesaoria basin became
a narrow shallow sandy platform (Mc
Callum and Robertson, 1990). The
Athienou section belongs to Nicosia
Formation and it has been studied by
Koskeridou et al. (2005). In terms of bio-
stratigraphy, the section belongs to the
Globorotalia crassaformis Zone (Spaak,
1983) and has a Middle Pliocene age
as has been proved by the cooccur-
rence of the planktonic foraminifera
species Globorotalia crassaformis and

Fig. 3. Schematic map of Cyprus indicating the location (A) of the study area
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Globorotalia bononiensis. The studied
invertebrate faunal component points
to very good ecological conditions of
normal salinity and high oxygenation
and indicates an environment 130m in
depth.

3. Results

The fauna from Atsipades section indi-
cating the neritic zone, shows an inter-
esting similarity with this of the first
appreciable extinction event (immigra-
tion and local disappearance) of tropi-
cal Mollusc taxa, as these have been
determined by Raffi et al. (1989) in the
Mediterranean Pliocene, which approxi-
mates or just follows the first occur-
rence of Globorotalia bononiensis and
G. crassaformis.

These beds are remarkable for their
relatively abundant, well-preserved
macrofossils, mostly bivalves and gas-
tropods (Koskeridou et al., 2002). The
presence of Flabellipecten flabelliformis
(BR.), Chlamys scabrella (LK.), Dymia
fragilis (KOENEN), Neopycnodonte
navicularis (BR.) and a minor presence
of Terebridae and Conidae, with the
species Terebra acuminata (BORSON),
Conus (Lautoconus) mediterraneus
BRUGUIERE and Conus ventrico-
sus GMELIN, has been noticed. The
absence of the large number of benthic
molluscan taxa of tropical affinity as
Chlamys latissima (BROCCHI), Callista
italica (DEFR.), Pelecyora gigas (LK.),
Pseudoxyperas proaspersa (SACCO),
Tugona anatina (GMELIN) and of
Gastropods Strombus coronatus DEFR.,
Ficus and Ancilla, is obvious. Therefore,
the studied fauna allows assignment for
the middle and upper part of the sec-
tion, to the limit of the Mediterranean
Pliocene Molluscan Unit 1 and 2 of Raffi
& Monegatti (1993).

The deposits of Athienou section, also
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contain a rich Mollusc and Brachiopod
fauna. The most dominant representa-
tives of the Gastropods and Bivalves are:
Neopycnodonte navicularis (Brocchi),
Glossus humanus (L.), Chlamys opercu-
laris (L.), Chlamys angelonii (Meneghini),
Chlamys glabra L., Amussium crista-
tum (Bronn), Pecten jacobaeus (L.) and
Chlamys flexuosa Poli. The total compo-
sition of the fauna along with the lack
of tropical taxa, the minor appearance
of Terebridae and Conidae and the
presence of Neopycnodonte navicularis,
allow the emplacement of these depos-
its between the first and the second
extinction event in the Mediterranean
Pliocene, and the assignment to the
MPMU2 of Raffi and Monegatti (1993),
which is in accordance with the bio-
stratigraphical interpretation by the
planktonic Foraminifera.

The composition of the Mollusc fauna
of the two studied sections should
be considered the effect of the first
incident of falling temperatures during
the Pliocene. The first cooling wave
occurred in the Northern hemisphere
relatively sudden, in high and mid lati-
tudes, in accord with the first appear-
ance of Globorotalia crassaformis and
Globorotalia bononiensis and marks the
beginning of the Plio-Pleistocene ice
age, with the absence of fully devel-
oped ice sheets yet.

However the presence of thermophilic
benthic Molluscs, in the studied sec-
tions, suggests that relatively high tem-
peratures (higher than today’s) occurred
during that era, in the coasts of Cyprus
and Crete.

A large number of thermophilic taxa
apparently migrate south, due to that
specific event. This mentioned above
event, has been recorder also, in the
coasts of North Atlantic and was a small
scale global event.
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4. Conclusions

The faunal assemblages of two studied
sections, Atsipades (Central Crete) and
Athienou (South Cyprus) suggest that
there is possible applicability of the
Raffi & Monegatti (1993) model, to the
Eastern Mediterranean.

There are similarities between the con-
tained fauna in these two sections and
the Mollusc fauna diversity patterns
which lead to the MPMU zones of the
previous mentioned authors.

-The deposits of Atsipades and Athienou
sections are well calibrated by biostrati-
graphical data. The environmental fac-
tors -except the temperature- that fauna
indicates in these two sections, seems
to be favourable for tropical taxa, which
are in this case lacking. Also a dras-
tic decrease in other taxa of Bivalves
and Gastropods is occurred. These
elements lead to the conclusion that
the Molluscs fauna of these deposits
are connected with the first significant
extinction event, at the Mollusc Units of
Raffi and Monegatti, resulting from the
first important Pliocene cooling phe-
nomenon of our hemisphere.

In order that these observations should
be effect in Eastern Mediterranean,
detailed studies should be carried out
in other regions of this area. The results
of this work constitute spark on stud-
ies to the direction of determination of
Molluscs extinction patterns of Eastern
Mediterranean.
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MEPA ANO TOYZ NYPEOKOKKOYZ:
TA MAAYNOMOP®A KAI H ZHMAZIA TOYZ
ZTHN EPMHNEIA TOY NAAAIOMEPIBAAAONTOZ*

K. KouAn' & M.A. AeppItakng'

TEBviKS kar Karodiotpiakd Maveruotriuo Abnvayv, Turua Mewloyiag kat MewneptBaAovtog,
Tougag lotopikiiq MewAoyiag kat Maiatovroioyiag, flaveruomnuounoAn Zwypdepou
akouli@geol.uoa.gr

NEPIAHWH
Ta «AA\a» maAuvopop®a, 1j non-pollen palynomorphs (NNP), énwg ovopdZovtat
- omn diebvr BIBALOYpadia eival opyavikriq oUoTaong HIKPOATOABWHATA MoU ouxva
Bpiokovtal pali Ye Toug YUEPOKOKKOUG 0Ta TAAUVOAOYIkd ¢pdouata. ‘Onwg ot
YUPEOKOKKOL KAl Ta OTdPLa, Ta «AAAa» TIAAUVOHOPPQ, dev KaTaoTpEpovtal and
™mv enidpaon wxupwv ofwv (HF, HCI k.a.) mou anattel n npoetoacia Twv
TIAAUVOAOYIKWV TIAPACKEUAOUATWY. ZTa TeAeuTaia nepthapBdvovral ondpta and
MUKNTEG, KowvoBla Kat omopla and UK, UMOASIMHATA {WIKWY HOVOKUTTAPWY N
TIOAUKUTTAPWY OPYQVIOHWV KAt UNIOAE{UPATa PUTIKAG UANG.
H ouvexriq mapoucia Twv «AAAwv» TIAAUVOUOPPWY OTA TIAAUVOAOYIKA (pAacua-
Ta TAPEXEL MIa EVAANAKTIKY] TMyr] TTAAQLOOIKOAOYIKWY dedopévwy, 1 oroia ot
ouvduaoudé e TV avaluor YUPEOKOKKWY ETITPEMEL TNV KAAUTEEN KaTtavornom
TWV TIAAQLOOIKOAOYIKWY HETABOAWY e18IKA KaTd TO TetapToyeveg. H peAé Twv
«QAN\WV» TTAAUVOHOPPWY, and Ja ceipd OAokawvikwyv BEcewv TG EAAGSag (Aiuvn
Kaotopidg, vijoog Zkupog, nedidda Mapabwva), anodeiXTnke ONUAVTIKY yia TNV
avaouotaorn Tou MAAAloTIEPBAAAOVTOG KAt TNV avixveuom 3lapopwv HOPPWY
avBpwrivng dpactnpétnTag.
NEEe1g kALIBIG: TaAuvoAoYia, «GAAa» MaAUVOLOPPQ, MAAQLOOKOADYIQ, TETQPTOYEVES.

ABSTRACT

Non-pollen palynomorphs (NPP) are organic-walled microfossils that are frequently
discovered in palynological preparations during pollen analysis. Like pollen and
spores they are resistant to corrosion and they survive the chemical preparation with
heavy acids of pollen samples. NPP include a big variety of microfossils like fungal
spores, algal spores and coenobia, animal remains and plant tissues. They provide
an alternative source of paleoecological information especially for the Quaternary.
A combined approach of pollen and NNP allows the better understanding of
paleoecological changes. The study of occurrences of NNP from a series of
Holocene deposits in Greece (Lake Kastoria, Skyros Island, Marathon coastal
plain) was proved of great importance in the interpretation of paleoenvironmental
conditions and the tracing of human activities in the past.

Key words: palynology, non-pollen palynomorphs, paleoecology, Quaternary.

*BEYOND POLLEN AND SPORES: THE CONTRIBUTION OF NON POLLEN PALYNOMORPHS IN PALAEOENVI-
RONMENTAL STUDIES

K. Kouli & M. D. Dermitzakis

National & Kapodistrian University of Athens, Faculty of Geology & Geoenvironment, Department of Historical Geology-
Paleontology, Panepistimiopolis Zografou
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1. Eicaywyn

H avdiuon Twv YUPEOKOKKWV €XEL
KaBlepwOel €3w) Kal MOAA xpdévia wg
Hia and Tig onuavtikétepes HEBAdoUG
HEAETNG Kal gpunveiag Twv xepoai-
WV OlKOOUOTNUATWY Tou Tetaptoye-
vouq (lversen 1941). Zta maAuvoAoyl-
k4 napaockeudouata Opwg, ouvriBwg
napampeital -eKTég TWV YUPEOKSKKWY
Kal oropiwv- Kat mMnbwpa dM\wv, Tot-
kiAng mpoéleuong, HIKpoanoMBwua-
Twv. ITa JKkpoanoAibwpara autd nept-
AauBdvovtal oriépla HUKITWY, Qrolkieq
1} ondpla Qukwv, didpopa acTiovduAa
K.a.. TeAeutaia, autd Ta pIKPoarnoAlBw-
Hata -ta ovopaldueva «AAAa» aAuvo-
HOP®a- €XOUV TIPOTEAKUCTEL TO EVIIAPE-
POV APKETWV ETMLOTNHOVIKWY OHASWV e
npwtondpo autrjv mq Maiaiookohoyi-
ag tou Maveruomuiou Tou Amsterdam
(van Geel 2001).

H kataypapr] Twv «dAAwv» TAAUVO-
HOpPwy, Ta onoia aptBoUv Oe HEPIKES
ekarovtadsc “Types”, odnynoe omv
avakduyn moAAWV vEwv TaAalonepl-
BAAOVTIKWV SEIKTWV. ETUMALOV, 1) MEAE-
Tn omopiwv Kal kKowoRiwv and npaactvo-
pUKN é€xel anodei€el 6t autd arnote-
Aouv €Eoxouq deikteq doov apopd To
TPOPIKO KABEOTWG Kal TV udpoAoyl-
Kr] KaTdoTtaom Twv uypotonwyv (Tyson
1995).

H xprion twv «G\wv» TIAAUVOLOPPWV
yia mv gpunveia twv nalatornepiBal-
Aévtwv Tou Tetaptoyevoug Yyvwpiletl
dlebvwg peydin avamrugn kabwe 6Ao
KAl TEPLOOOTEPOL TIAAUVOAGYOL Qva-
yvwpiCouv, HETPOUV Kal KataypApouv
TNV Napoucia Toug 0Ta TAAUVOAOYIKA
¢dopara (Marinova and Atanassova
2006, Riera et al. 2006, Rimalaye et al.
2007).

2. Ta «dAAa» maluvépopga

H ynuir) rpoeToacia Twv maAuvoAo-
YIKWOV TIApaoKeuaoudtwy mepAappa-
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veL enidpaon oto deiypa pe pia osipd
ofgwv (USpoXAWPIKS OEU, udpopBopt-
KO OEU, BeuKS 0EU, aKETIKAG avudpitng
K.Q.) Tipokelpevou va dlaiubel n avdp-
yavn UAn kat va ouykevipwbBoulv ot
opyavikng ouoTaong YUPEOKOKKOL Kat
omnépla. EKTég and Toug YUPEOKOKKOUG
Kal Ta onépla gTa MaAuvoAoyikd napa-
okeudopara diampeitat €va TAR8og
AWV «AN\A\WV» TTAAUVOUOPPWY PUTL-
KNG 1 (wikig mpoéAeuong, peygboug
5-500 pm, Ta onoia gppavifovrat e€at-
PETIKA QvBeKTIKA OTIC MEPLOTOTEPES
HOPPEG BLaBPwWONG.

H kataypagn Kal CUuOTNUATIKY TEP!-
YPa®ry Twv «AAAWV» TIAAUVOUOPPWV
Eekivnoe and v epeuvnTiky) opdda
Tou epyaotnpiou Mahaiookohoyidg
Tou [MMaveruomuiou Tou Apotepvrap
artd 1 dekaetia Tou 70 kal onuepa
Undpxouv Kataysypapuévol navw anod
900 dlapopeTIKO{ TUMOL HE XaPAKTITPL-
OTIKN] popgoroyia (van Geel 2001). O
6pog TUNog (type) dev avtiotoxel oe
Ta&ivoukn dlaipeon, aAd avtinpocw-
nievel JoPPATUTIOUG, KaBWg 1 TAELOWN-
¢ia Toug anoteAeital and unoAeiupara
(omdépla 1 Bpavouara) 1dn YVWOTWV
OTNV EMOTNUN YEVWV KAl 8wV (TLX.
o type 315 avtiotoxel oe omdpla Tou
nipacvopukoug Spirogyra pe Asio Toi-
Xwua, Ek. 107).

Ta «aA\a» Tialuvopoppa eival Ikpoa-
TIOMBWHATA TMOIKIANG BIOAOYIKAG TIpO-
g\eUong: oMopIa HUKATWY, onépla Kat
Kowvopla Qukwv, Iwika umoAelppara
K.a. H ooAoyikr] onupaocia toug eival
MEYAAN kaBwg €xel anodelxBel otTi, oe
avTiBeon He TOUG YUPEOKOKKOUG Ol
oroiol peTapépovral oe PeYAAeg aro-
otrdoelg, autd diatmnpoulvral Kupiwg
in situ. Katd ouvénela ot mAnpogo-
pleg mou maipvoupe amd Ta «dAAa»
naAuvéuoppa apopolv OTIG TOTUKEG
MAAQLOTEPIBANOVTIKEG OUVONKES NG
KGBe Bgomg deryuatroAnyiag (van Geel



Aektio ENMnvikrjg MewAoyikriq Etaipiag, Top. XXIX/I, 87-99

1986).
Ot uUknTeg amotelolv pia TEPACTIA
BloAoylkfy Oundda, avTimPoowrol NG
orofag Bpiokovtal oe xepoaia Kat oe
uddtiva neptBaNovta. Meydho pEPOG
TWV OTIOPIWV TWV MUKNTWV Tou dlatn)-
peital oTa TAAUVOAOYIKA TIapPaCKEUd-
OMATA TTAPEXOUV MOAUTIUEG TTAAALOOIKO-
AOYIKEG TANPOPOPIES. XAPAKTNPLOTIKO
rnapddetypa n avelpeon o€ MAAuvoPpa-

OMaTa HOPPOTUTIWV TIOU €XOUV CUOXE-
TIo6el ye mv owkoy€vela Sordariaceae.
Znv owkoy€vela Twv Sordariaceaae
avijkouv TIOAAG KompdPiha €idn, aAAd
kat £{®n ta oroia guovtal oe EUAO TIOU
artoouvtifetat (Cercophora-type, type
112, van Geel et al. 1980/81). Ta yéwn
Sordaria (type 55A), Podospora (type
386), Sporomiella (type 113) €xouv guv-
deBel e avBpwrivn dpactmelétnTa Kal

Eix. 1. <AMa» taiuvduoppa and tig OAokavikég anoBéoels g Ajuvng Opeotiadag (Kaotopid): (a) type
207, (B) type 360 (Brachysporium: HUKNTas rou Bswpeitat uneibuvog yia my anokoddunon EUAou, van
Geel et al. 1989), (y) type 353 (xeepvd auyd Twv okwArikwy Rhabdocoela), () Botryococcus, anotkies
nPAcoPuUKWY, (€) Pediastrum simplex, Qrotkieg npacwopukwy, (ot) type 315 (orépto Tou mpacwvoPu-

koug Spirogyra)
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edIkd pe ta kémpava OKOCITwV JWwv
(van Geel et al. 1989, van Geel et al.
2003).

Ta xAapudoomndpia Tou puknta Glomus
fasciculatum (type 207, van Geel et al.
1989) Bpiokovral ota taAuvopdouarta,
eite anopovwéva, eite 0 CUCWUATW-
pata. O ouykekpipévog puknTag, ava-
mruoeTar ota £3dgn, n de napoucia
Tou omnopiou Tou (type 207, Ek. 1a) oe
Mpvaieg anoBéoelg g Oyiung naye-
Tdoug meptdédou kat tou OAokaivou
€xel ouvdebel pe dlaBpwon edaPKWV
optlovtwv otnv eupltepn neploxn (van
Geel et al. 1989).

Ta ondpa kat kowopla mPacIvopu-
KQV TIOU TepAappdvovTal ota Malu-
VOAOYIKA TIQPQKEUAOHATA QmnoTeAOUV
Beikteq Tou UdpPARlou TEPBANNOVTOG
andbeomg, MApPEXOVTag MANPOPOPIES
yia 10 BA60G KAl TO TPOPIKG KABEOTWG
TIou emikparoloe Katd v anébeon
(van Geel et al. 1989, Tyson 1995).
Ta Zygnemataceae eival and ta mo
Kowvd QUK TOU QMAVIWVIAL O¢ aro-
0€oelg YAUKWV uddtwy. ZTa «dAAa»
TIAAUVOHOPPa EXOUV Kartaypape( omno-
pla and ta yévn Mougeotia (type 62,
313), Zygnema (type 314, type 373),
Spirogyra (type 130, 131, 315, 342)
K.a. Ot mneploogdtepol QvTIMPOoWTOL
auTng TNG OIKOoYEvelag QuUKwY Bpioko-
vial oe pnxd, Apvdalovra, kadapd kai
m\ouola oe ofuydvo Udata (van Geel
and Glenfell, 1996). To KOOUOMOA(TI-
ko eidog Botryococcus Bpioketar oe
Alpveg, motduia akdéun kat meplodikouq
VEPOAGKKOUG and Toug TIOAOUG €wg
TOUG TPOTIKOUG, akudlel de oe pnxa
VEPA TIEPIOXWV HE TIEPIOPLOUEVT BPOXO-
TTwar, oL onoieg duwg rapouaialouv
HEYAAn enoxikdmra ot dldpkela Tou
g€toug (Guy-Ohlson, 1992). Ou anoiki-
€G TOU TIAQYKTOVIKOU TIPQCWVOPUKOUG
Pedjastrum eival Ta TAgov dladedous-
va naA\uvoépoppa oTiq Aluvaieg anoBg-
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oelg (Prescott 1951), Bewpouvtal 8¢ Ot
Xapaxkmpifouv eutpoPikd TePIBANO-
vta (Jankovska and Komarek, 1982).
Ta npacivopukn Botryococcus (eik. 13)
Kat Pediastrum (Ek. 18) ouxvd ouvu-
ndpxouv ot anobéoelg, Xwpiq dpwg
va akpAalouv cuyxpovwg, YEYOVOG Tou
unodnAwvel TIG SIAPOPETIKEG TOUG
OlKOAOYIKEG TipoTIuroelg (Tyson, 1995).
MetaBoAég Tou Adyou Botryococcus/
Pediastrum (B/P ratio) €xouv ouvde-
Bel pe pETABOAEG OTO TPOPIKG Kabe-
otwg Twv uddtwv (Pollinger, 1986),
omv adpupdémTa (Tyson, 1995) kat To
BaBog Toug (Talbot and Livingstone,
1989). To Botryococcus €xel ouvde-
Bel pe ohyotpogikdtepa nepiBailovta
and Ot 10 Pediastrum, eival Teploood-
TEPO euUpUaNO Kal xapakmpilel Enpég
nepLddoug dtav n oTadun Twv uddtwyv
eivatl xapnAn.

Ektdég and uiknteg kat @uUkn, ora
«dA\a» tahuvopopea neplthappdvovrat
Kal TIOAG uikpoaroNewpata J{wikAg
npogAeuong. Ta XapaktnpioTtikétepa
ané autd eival ta xeyepwvd auyd 1§
KOUKOUAIQ TOU TIaPAYOUV Ol OKWANKEG
Rhabdocoela (type 353, Ek. 1Y), kaBwg
KAl 0 XITvdng evOOOKEAETOG TWV TPN-
pato®or . v OL OKWANKeG Rhabdocoela
Couv ot BuAToug, €An, Xavrdkia, mnyEg,
TPEXOUNEVO vepd N Aipveg meg v Zo-
vtat 3¢ OTO TMEPIPUTO TOU EK.ITOTE
uddtivou guotrjpatog (van Geel et al.,
1980/81).

3. Napadeiypara ané

Tov EAAGSIKO Xwpo

Ta teAeutaia xpdvia ota mAaiowa g
TIAAUVOAOYIKNG €peuvag TETAPTOYEVWYV
artoB€aewv and mv EAAGda rou npay-
uaromnoleitat otov Touéa loTopikng
lewAoyiag kat MaAaiovroAoyiag, Ta
«GA\a» TIaAuvOpopPa Kataypdgovral
Kal peAetwvral cuomuatikd. Mapa-
KATWw avapgépovtal TPEIG TIEPUTTWOELS
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MEAETWV OTIOU Ol TIANPOPOpPiEq ToU
rpor\8av and Ta «dAAa» TAAUVOLOopP-
¢a ouvéBaAAav OonuavTtikd omv avacu-
0Taom TWV TIAAQIOV OLKOCUOTNHATWY.
S£ OPIOUEVEG TIEPUTTWOELG, N eyyUTNTa
mg 8éomg detyparoAnyiag e yvwoTeg
apPXAIONOYIKEG O€oelg enérpePe TNV
OUOYXETION TWV TIAAUVOAOYIKWY Jedo-
MEVWV, OCUMTEPIAQUBAVOUEVWV TWV
«GAAWV>» TIAAUVOUOPPWY HE Ta apxXalo-
Aoyikd dedopéva.

-3.1. Aipgvn OpeoTiadag
O mnapaAiuviog veoMBIKOG OIKIONOG
Tou AotnAlod avaokdrretatl and my
apxaohoyikr) opdda tou Aplototelei-
ou Maveruomuiou Oecocalovikng pe
EMIKEPAANG Tov Kabnynm I'. X. Xoup-
pouiddn and 1o 1992 €wg omuepa.
MpdketTal yia Tov mpwTo Kal Lovadiko
TIPOICTOPIKO TIAPAA(UVIO OIKIOMO TIOU
Bpioketar untd €peuva ot xwpa pag. H
B€om katokrBnke anod ) peon NeoAoi-
K1} (5500 r.X.) éwg Kal Ta mpwrta oradia
™G NPWIKNG XaAkokpatiag (3500 m.X.).
H mahuvoAoyikn Slepedvnon Twv amo-
B€oewv ™G Aipvng OpeoTiddag €xel wg
OTOX0 TV avanapdotaocrn Tou Tahat-
omepiBaMovtog, m dlepelvnon Tou

avBpwrioyevoug Torm{ou Kat T HEAE
TWV QUOKWV TPWTWV UAWV Tou Bpi-
okovtav otn SdBeon Tou KATo{kou Tou
OIKIOopoU Tou AtotnAloy (KouAn, 2002).
To UNIKG TIOU MEAETNONKE TMPOEPXETAL
and dU0 MuPrveg Kat aroKaAUTTeL TV
otopia Mg BAGoONG OV TIEPLOXN
ané mv Oywn Mayetwdn nepiodo
(teAeutaia nepimou 14.000 xpdvia). To
evdlaQgpov doov apopd TV napou-
ola Tou MPOIoTOPIKOU avBpwIou otV
nieptoxn} otn Lwvrn CUYKEVTPWONG YUupE-
okOkkwv Y (8.200-5.000 xpoévia mpwv)
n ornoia -ywa ta adlardpakta and Tov
avBpwrno mepBANOVIa- QvVIIMPOow-
nevel To dldonua, Kard To onoio Ta
ddon mapouoidlouv T pEyloTn €EG-
MAwWOY] Toug otnv wtopia g Bépelag
EAAGSag, 1600 and dnoyn nukvotnTag
600 Kal NMoINdTNTag (Bottema, 1974,
Willis 1994).

Ma 1o ddompua g avepwrivng katoi-
Knong oto AlotinAwd avayvwpiotnkav 7
YAWPIBIKEG pAoelg BAon Twv EMANN-
AWV HETABOAWV TNG €KTAONG KAl TIUKVO-
mrag tou ddocoug. Mpdkerrat ya 3
neptédoug auinuévng emppong g
dpacmpedTnTag Tou avlpwriou OTo
niepiBaAov SlaxwpiZdueveg ano neplod-
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Eix. 2. 2uykévipwan (% aTo aOpoloua YUpeoKOKKWY) EMAEYLEVWY «dAAWV» MaAUVOUGPPWY OToV nupriva

G25 and m Aipvn Opeoridda
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doug e pkpdtepn dpacmpiotnta. To
avBpwToyeveég Totio KABE XAWPISIKAG
PAaong neplypdenke pe Baon ta &idn
deikteq.

H dpaocmpiémra Tou avBpwrnou otnv
neploy yiverar évrova aiobntr, €f
ariag Tou EUTPOPIOHOU TIOU TIPOKAAEL
OT0 TOTUKO TMEPIBANOV, OTIG KaTaypa-
PEQ TWV «AAN\wv» TIaAUVoudpPwv (EiK.
2). H ouvexng mapoucia Tou MUKN-
Ta Brachysporium oe OAeg TG XAwpL-
OlkEG @doelg, muortonolel v Unap-
&n omv mepoyx) EUAou TOU AmMOoU-
vtiBetar (van Geel et al. 1989), Ta
Oe type 200, Phaeoamerospore kai
Phaeophragmospore ouvB€touv uia
YEVIKOTEPT  €lkéva amnolkodounong
0OpYQaVIKNG UANgG, n onoia opeliietal otnyv
€l0PO1} OTO OlKOOUOTNHA TWV arnop-
pyudTwv Tou okiopou. H mapouaia
KOTIPOPU\WY HUKATWY TNG OIKOYEVELQg
Twv Sordariaceae eivat dNAWTIKY NG
diatrpnong oikéorrwv {Wwv and Tov
npoiotopikd AornAidn. TéAog ot da-
KUPAvoelg oy KaunUAn Tou puknta
type 207 eival avrikarorrpilel ™ diG-
Bpworn Twv edaPikav opldéviwy (van
Geel et al., 1989) MePLOXWV TIEPIUETPL-
K4 TOU OWIOMoU TIOU EKXEPOWBNKav
TIPOKEIPEVOU va Xpnolgornomeolv wg
Bookdtorol.

ZNUHavTikég MANPOYPOPIES yia To UddTL-
vo TePIBANOV kat v eEENEY TOU OTO
XPOvo avtAriénkav andé Ti§ Slakupdv-
Oel§ TWV QUKWY, SIVOLAOTIYWTWV Kat
{wépopPwV OTA MAAUVOAOYIKA PACHa-
TA KAl CUMTNANPWRATIKA and Tig dlaku-
pavoelg mg napdxdiag pAdomong. To
TPOTIKG KABEOTWG Twv UdATWV Kata-
Ypdgel pia mopela ard oAyoTpodt-
KEG, YUXPEG ouvBrikeg katd v Oyun
nayetwdn mnepiodo, 0c UECOTPOPIKES
otmv apxr) tou OAokaivou Kat ot ouvé-
XEWQ EUTPOPIKEG. H 0TAOUN Twv uddTwv
napouociaoe €vroveg SIAKUPAVOELG, EVW
Ta teleutaia 5000 xpdvia epgavilel a
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ouvexn TTwon.

Katd m ddpkela g Oywng naye-
Twdoug Teplddou (Lwvn W) to udpd-
Blo mepBAMoV Kuplapxeirat and mv
napoucia KUOTEWV SLVOUACTIYWTWV
Spiniferites cruciformis OTO KATWTEPO
uépog kat Gonyaulax apiculata oTo avw-
TEPO, OL OMO(EG AVTIMTPOCWIEUOUV A
Yuxper|, oAyotpoikn) iepiodo (Kouli et
al., 2001). Katd mv unolwvn W2-1 n
otadpn ™G Aipvng firav XaunAr onwg
ouvayetal and my augnuévn napoucia
Twv Zygnemataceae, Twv BeAdvwv anod
Ceratophyllum xai g napoxdiag PAA-
omong.

Me v apxr} Tou Olokaivou ta dwo-
MaoTywTd avtikablotwvTat anod anoiki-
£G TOU TpacivopuUkoug Pediastrum kat
auEdveral Kal N CUMMETOXT] Twv OTIo-
plwv Spirogyra ota ¢douara, wg aro-
TEAEOUA TNG METABOANG TOU TPOPIKOU
KAQBEOTWTOG TG Alvn TIPOG TIO EUTPO-
PIKEG ouverkeq. H cuvinapén twv dia-
POpwv edWV Tou Yévoug Pediastrum
Kal To MoTiBo eEdmiwong kabevog anod
autd Beixvel a ouvexr) mopeia Twv
uddatwv MG Aiuvng mPog uYnAdTePO
TPOPIKO KABEOTWG HE MECOTPOPIKEG
PAoelq Orou KUPLapXel To P. kawraiskyi
KAl EUTPOPIKESG PATEIG HE P. boryanum
kat P. simplex. (Tyson, 1995). Katd
T ddpopeg PACELG KATOKNONG OTO
AlorinAid 1o uddTivo e BAAOV TTapou-
olaoe ouvexe(q HETABOAEG WG TIPOG TO
TPOPIKO KaBeoTwg Kupaivouevo amd
METO- TIPOG EUTPOPIKO OE EUTPOPIKO
WG UTIEPTPOPLKO.

Mwa clvtopun kat andToun TTwon g
oT1deung Twv Uddrwy napameeraikatd
™ wvn X énwg urodelkvUel ¢) n LeYAAn
eEamwan tou Botryococcus (Talbot &
Livingstone 1989) twv Zygnemataceae
(van Geel et al., 1980/81, 1989), PB)
n unoxwpnon S6Awv Twv elBwv Tou
Pediastrum (Talbot & Livingstone 1989)
Kat 'y) n andtroun auvgnon twv BeAo-
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vawv ané Ceratophyllum kal Twv QuUywv
and Rhabdocoela, okwArkwv (type 353,
Haas, 1996). H rredom Mg otdéung mg
AUVNG CUMMITTTEL e TNV KaTayeypapé-
VI XQuNnAr) otdbun mou mapouocialav
Apveg Twv Baikaviwv (Malo Jezero
MNouykooAaBia, Beug, 1967, Xewadit-
da Bottema, 1974) mptv and 9.000 xpo-
via, €€ arriag Mg Enpdtntag Tou KA{pa-
T0g (Harrison and Digerfeld, 1993).
XaunArl epeaviletar n otddun ™G
Apvng kard tig edoeig Di VI-Di VII, evw
- XQPAKMPLOTIKY] Yla v nepiodo ekeivn
eival n mapouoia ektetauévng napdait-
ag {wvng he mouola pUTOKAAUYN arod
Cyperaceae, Sparganium kai Typha. Exel
Ta vepd eival apabr kat katd Térnoug
ApvaZovra Tomnog 1davikég yia Tnv ava-
TuEn Twv dlagdpwv Zygnemataceae,
MUKATWV Kat v andébeon auywv and
Rhabdocoela (type 353) kai 8pauoud-
Twv evtépwyv (type 52).
And 1o péoov TG pdong Y b 1o kabe-
oTwg ot Alpvn yivetat dlapkwg eutpo-
PIKOTEPO Kal 1 otdbun Mg Ppioketal
0g A JLapKN MTWOoT, ANMOTEAEOUA TWV

ENESTEPWV KALUATIKWY OUVENKWY TIoU
grukparolv ta TeAeutaia 5000 xpo-
via (Harrison and Digerfeld 1993). 2
BaBd Twvn Qg Aluvng Bplokovral P.
simlex kat P. boryanum, evw ta P.
kawraiskyi kai Tetraedron e&agavifo-
vrat. H rron auty unopel va ouvdeBel
HME TN TIIOOT TG OTABUNG TG AlUvng
Tou napampenoe o Bottema (1974) oe
edopara and ™ Répra 6xBn ™G AMuvng
Opeotiddag. Ané v unolwwvn Z i
Kal ueTd Ta Pediastrum avtikadiotavral
Mrpwg and Zygnemataceae, delktng
OTL N OTABUN ™G AlVNG XAuNAWVEL KL
dA\o Kkal i mapdAia Jovn udpoxapousg
BAGooNG enekteiveTal.

3.2. NMNediada Mapabwva

H 3iepelvnon twv malalonepiBario-
VTIK@WV OUVONKwWv ™G napdktiag nedid-
dag Tou MapaBwva katd To OAdKavo
napouctdlel TGoO apxaloAoyiké, 600
Kal TePPANOVTIKG evdlapEpov. ZToL-
xela yia avBpwrvn eykatdotaon oty
neploxry undpxouv 11dn andé ™ Neo-
MOkr] Tepiodo, evw ol anobgoelg Tou

| zm Zu  ZI|Yb| Dil-vil [Ya| X2 | X1 ] W3 [ Wo |
i<

‘3 _§

§ g ECTpogIxd

2.

b 5 Meoorpopid:
- Orayorpopued
=

eZ

C:;L;g Yymaiy

O 2 H

52 - .

~ =5 Xopmkh
=
'

0 2000 4000 6000 8000 10000 12000 14000
Xpdvaa

v o oTpEpa

Eik. 3. Avanapdoraon mg udpoAoYiknG kKataotaons mg Aluvng Opeotiddag andé my Oywun naystwdn

nepiodo wg orjuepa.
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€\0oug 0NV avatoAkn TIAeupd g nedi-
adag mepiéxouv MANBOG TTAAQOOIKOAO-
YIKWV Kat TaAalornepRArOVTIKWV dedo-
pévav. ITIG anoBgoelg ot Paviopoulos
et al. (2003, 2006) avayvwoploav TPEIG
W{NUATOAOYIKEG evoTNTEG: TNV evomnTa
A (5500-3500 xpdvia mptv), v evom-
Ta B (3500-2500 xpdvia mptv) kat mv
evotnra C (2500 xpoévia mptv €wg orjde-
PQ). H 1ZnNuatoAoyKr, HIKPOHOPPOAOYI-
Kr] Kal JIKPOTIAAQLOVTOAOYIKY] avdAuon
karedelfe 1a didpopa anobeTikd nept-
BAN\ovTa KaBwS Kal TiIq METAROAEG TG
oTadung Mg Bdlacoag oty mepLoxn
yla ta TeAeutaia nepirou 6.000 xpdvia
(Paviopoulos et al., 2006, Triantaphyllou
et al., 2003).

H maluvoloyikri avdiluom SelyndTwv
arnd 6 daPopeTikd TPOPIA eNETPeYe
v diepedvnon mg eEENENG TG TaAat-
oBAdomong otnv neploxn (Kouli et al.,
submitted). Ta naAuvopdouara xapa-
kmpilovtat and v napouaia nArdoug
eldwv-SeiTwv avBpwrvng dpaompio-
mrag énwg Cerealia type, Rannunculus
acris, Plantago lanceolata type, petagu
TV onolwv kat ondpla and Konpd@t-
Aoug MUknteq Sordariaceae (van Geel
et al., 2003) kat gndpia Puccinia (Yeipa
omnpwv: van Geel et al., 1980/81, Car-
rion and van Geel, 1999).
O131aKUPAVOEIG TWV YUPEOKOKKWY USPO-
Blwv Kal USPSPUWY PUTWV KABWG Kal

3 Simiarky

gag gepd «AAwv» TIAAUVOUSPPWY
(SivopaoTiywtd, ondpia TPACIVOPUKWDV
KQl JUKATWV, UTTOAEIATA EVTOHWV K.Q.)
oTa naAuvopAacuara eivatl SnAWTIKN TG
ouvexoUg XWPIKNG Kal XPOVIKNG aoTd-
Belag Twv mepPPaAOVTWY anddeong.
Mpokeévou va opadoroinBouv nepto-
XEQ MAPOUOLWV USPOAOYIKWV OUVENKWV
TIPAYLATOMONBNKE EPAPXIKY) avaAu-
on katd ouotddeg (hierarchical cluster
analysis) amooKonwviag oTov €AeyXo
™G OHOIdTTAG-dlagopornoinong Twv
und peAém detyudrwy. EMAEXBNKE n
Q-tinou (Q-mode) opadomoinon Twv
SelyHATwV OTO MAPEG OwWHaA Twv ded0-
pévov. Ma tov unoAoyiopd tou Bab-
HoU opoldtnTag MeTa&ly Twv detypdtwy
TIapaTPnong UMoAoyicBnke o delkmg
opodmrag Pearson kal mapouctaodn-
KE YPAPIKA UE TNV Kataokeur] devdpo-
ypduuarog (Eik. 4). To devdpdypappa
avadelkviel TV opoldTnTa peTa&l Twv
dewypdrwv, evw 1 opadoroinon mou
TIPOKUTITEL QVTINMPOOWEUEL BLOTOMoug
TIou eA€yxovtat and dlaPopPETIKEG MEP!L-
BaA\OVTIKEG MTAPAPETPOUG,.

Ztov kKAGdo | avriikouv Tta delypara
T8/7, T8/5, T10/1, T6/F1, T8/6, T6/P1,
T10/3 kat T10/4, Ta omoia meplopilo-
vtal o evémra C. OAa ta napandve
Seiypata xapakmpifovrar andé moAu
pPNXo mepBarrov anoébeong, kKabwg
napouctdlouv UYNAEG OUYKEVIPW-
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Eik. 4. Aevdplypappa opadoroinong Twv anobécewy me napdkriac nediadas Tou Mapabuva, 6rnwg
npoékuye ané mv Q-TUnou EpapXIKT QvaAuon Kard ouoTAdeS.
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OgIg TOU TIPACIVOPUKOUG Spirogyra Kal
AAN\WV avIIMPOCWWV NG OKOYEVELQG
Twv Zygnemataceae kat Tou type 128.
Ta Zygnemataceae eival peTa&y Twv
KOWOTEPWYV (PUKWV YAUKEWV UdATWV
Kal xapaktmpilouv pnxd kat otdopa
Udara. (van Geel et al., 1980/81), evw 10
type 128 unodnAwvel pnxd kat eutpo-
QIka mepidMovta (van Geel et al,
1982/83).

ZToug KAGdoug lla kat llb avijkouv ta
detypara T7/1, T10/5, T8/4, Te/P2
-T7/4 xav T7/9, T8/3, T8/1, T7/2, T7/5,
T7/7, T7/3 avtictoixa. Oewpeital Ot

Xapakmpifouv OxeTIka Badutepa TePL-
BAMovta amdbeong Kadbwg mNapou-
OlGlouv UKPOTEPESG OCUYKEVIPWOELG
Spirogyra kal OMUAVTIKY Ttapoudia Twv
Botryococcus, Pediastrum kai KUOTE-
wv and SvouaoTywTd. AVAAUTIKOTE-
pa otov KAGdo lla n nmapouaia Hikpou
aptBuou KUOTEWY ard Ta JSIVONaoTyw-
T4 Operculodinium centrocarpum Kat
Spiniferites spp. unmodnAwvel MePLOdL-
K] EMKOWVWVIQ TOU UYPOTOrou HE TN
8dAaocoa. O KAASog lIb xapakmpiletat
ard mv mMAen anoucia evdeifewv yla
glgpor] Bahacoivou vepol gTov Uypo-
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Eix. 5.,Zuyxe’vrpwm7 (% OTO ABPOIOLA YUDEOKOKKWV) EMAEYUEVWV «GAAWV» MAAUVOUGPPWY OTov nuprva
C2ard v napdktia nedidda tou Spuou Maiauapiou.
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TOTO KAl TI§ UYNAEG OUYKEVIPWOELG
TOTIKNG UBPOPINNG BAAcTNoNg, Onwg
Sparganium emersum and Cyperaceae.
Ta avwtépw amobetikd mnePBAM0-
via (Kouli et al. submitted) cuoxerti-
Zovtal MANPWG pE TIG BlopAcelg mou
avayvwpiodnkav Katd T MKporahat-
OVTOAOYIK] avdAuon Twv anofécswv
(Triantaphyllou et al., 2003).

3.3. 'Oppog Makapapiou

H peAém g eE€MENG Tou Quowou
TEPIBAAAOVTOG TG MEPLOXTIG TOU Spou
MaAapapiou ™G vrioou ZKUPOU eVIAC-
getal o dlepelvnon TOU IOTOPIKOU
Toriou NG mepoxig, dedopévou Tou
apxXatoAoykoU evilapEPOVTog yia Tov
TPOIOTOPIKS OKIoNO TG Mpwiung €wg
Mé€ong XaAkokpartiag (2800 - 1700 m.X.)
oTo BOPEL0 TUIHA TOU OPHOU.

H €peuva nepleAdupave xaptoypdenon
TWV YEWHOPPOAOYIKWYV XAPAKINPIOTL-
KWV TG NapdkTiag kat urnoBaldoaiag
CoOVNG, HEAET™ TG OTPWHATOYPAPIag
Kat arndAutn XPovoAdynon Twv OAo-
KAWVIKOV aroBgéoewv NG AAAOUBLAKTIQ
Tiapaktiag nediddag kat UKPOHOPPOAO-
YIKEQ, MIKPOTIGAQLOVTOAOYIKEG KAt TIAAU-
VOAOYIKEG avaluoelg. Avayvwpiodnkav
TPElG Inuatoloyikég evotnteg. H evo-
mtag A (7500-3500 xpdvia mptv) oTo
KEVTPO NG Nedlddag UTPXE a pNxH,
OXedOV YAUKEWV USATWV AyvoBdAacoaq,
1 oroia katrd v evotnTa B €yive UPAA-
Hupn, v n anéBeon g evétnrag C
Xapakmpiletral and v napouocia nept-
OSIKWV TEAMATWV KAl TNV e£rukpdmon
TV aloAikwv diepyaciwv (Paviopoulos
et al., 2007). H nmaAuvoAoyikr] avaAuon
TwV aroBéaewv anokAAUYE pia avolkT)
Enpry BAdomoN e apawd nielka, asBa-
A Quercus Kal XQPAKTNPELOTIKA HECO-
Yewaka eidn onwg Olea, Pistacia kai
Cistaceae. H nmowdng BAdomon xapa-
Ktpidetat and mv Kuptapxia siddv oy
puovtal oe rrwxd £3dgn (Compositae,
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Sanguisorba minor, Plantago lanceoloata
kair Ophioglossum).

H napoucia sdwv-deiktwyv eival pdp-
TUpQag TG cuveXOuevNg napouciag Kat
SpacmpdTag Tou avlpwrou omv
neplox}. Eidn delkteq kal\i€pyeiag
dnuntplakwy (Cerealia type 1ndn and
npwv 7500 ypovia mpwv and onpepa
kat ondépia Puccinia sp.; Carrion et al.,
1999) eugavifovrat otig evomreg A
kKat B. Ta &idn deikteg Kmvotpogiag
—KUplwg KoMPAPNOL HUKNTES TNG OlKO-
yévelaq Twv Sordariaceae (van Geel
et al., 2003) kai UYNAEG OUYKEVIPW-
oeig ano Plantago lanceolata (Bottema
and Woldring 1990, Bottema, 1982,
Jahns, 1993)- eugavifovral oTig evoTn-
1eq A1, B kat C. O ouvduaouog peyd-
AWV OUYKEVTPWOEWV OTIopiwv Tou type
207 —udknra delkm 3ldBpwaong edapuv
(van Geel et al., 1989)- kat kdppouvou
oe maAuvopdopara Tng evotnrag B
moava va QvTKATorTPIel TUPKAYIEG
omv nepoxy. TéAog n mapoucia omo-
plwv aré Spirogyra (van Geel et al.,
1989) otig evomreg A kat B unodn-
Awvel éva pnxo mepIBAAAov andbeong
ME OoTAoyia UdAaTa evw TO KUAVOPUKOG
kai Gloeotrichia-type (type 146, van der
Wiel 1982) xapaxkmpilel Ti§ ¢Aaoels He
eAa@pd Kivoupeva Udata. (KouAn et al.,
2006, Paviopoulos et al., 2007).

4. Zyunepdopara

H avayvwplon Twv «GAAwv» TIAAUVO-
HOopPwv, armd wa oepd OANOKAIVIKWOV
8€aewv ™G EANGSag (Ajuvn Kaatopldg,
ZkUpog, nedidé Mapabwva), anodei-
XTNKE OMUavTi< a TV avacuotaon
TOU TOAQLOTIEL - LAAOVTOG Kol TNV Qvi-
XVEUOT Jlapoowy HOPQWY avlpwr-
vng dpacmplotnTag rnmou To ennpéace
(KoUAn 2002; Pavlopoulos et al., 2007,
Kouli et al. submitted). Ot Stakupdvoeig
TWV PUKWV Kat TwV GANwWV TIAAUVOu6p-
owv ot anobéoelg g Alpvng Ope-
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oTddag (Kaotoptd) kal Tng napdkTiag
nediddag tou Mapabwva ekppAaouv
TIC METABOAEG TWV USPOAOYIKWV OUV-
Bnkwv otig Béoelg autégq. EmmAgov n
avixveuom kat Kataypagr HUKATwY ota
edoupara CUpBAAMAEL oTnv avayvwpl-
omn Kal OtV TEPLYPa®r Twv HOPPWV
™mg avBpwrivng dpactnpldmrag Tou
NapeA8OvVTog, ONwg N KInvotpogia Kat
N EKXEPOWAT] TIEPLOXWV.
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THE USE OF STATISTICAL ANALYSIS
IN THE LITHOSTRATIGRAPHY
OF SUBMARINE FAN DEPOSITS. AN EXAMPLE FROM
SOUTHEAST GREECE (KARPATHOS ISLAND)*
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ABSTRACT

Examples of various types of statistical analysis of submarine fan bed thickness dis-
tributions that have been proposed in the past are reported, as well as an example
of their application in Late Eocene-Oligocene submarine fan deposits of SE Greece
(Karpathos Island). Generally, the sandstone bed thickness data measured in two
outcrops of Karpathos submarine fans seems to follow power law (fractal) cumula-
tive distributions. A deviation from the power law was observed as amalgamation-
procedures become more frequent. These observations gave important information
about Tertiary turbidite sedimentation in the area which probably was punctuated
and had a single main sediment source. Information taken from statistical analysis
of submarine fans bed thickness data has immediate applicability in hydrocarbon
exploration because sandstones constitute ideal reservoirs.

NEPIAHWH
Tateleutaia xpévia yivetai mpoomdbeia and moAoug YewAdyoug otnyv kateuBuvon
NG MOCOTIKOTIOMONG KAl OTATIOTIKAG avAAUOTIG TWV YEWAOYIKWY deSopévwy. ‘Eva
andé Ta mnedia aumiq Qg €peuvag eival o anobéoelg unobardooiwy puudiwv
(«pAOOXNG»).
H otatioTikr} avdAuon o Tétolou eidoug anobeaeig eotidletal Kupiwg oto Axog
TWV OTPWHATWV KAl €XEL 0aV OTOXO TOV TIPOCDIOPIOUG TIAPAUETPWY OMWG TO
nepiBaNov andBeomng, n Ny TPoPodoaiag WATog, ot USPOBUVAULKEG CUVONKEQ
anoBeong kTA. Kdpla epyaleia avAluong eival ot AOYapIBUKESG KATAVOLEG TOU
TIAXOUG TWV OTPWHATWY.
Zmvnapouoiaon divovratrapadeiyuata Slapdpwv eldwWvAOYAPIBUIKWY KATAVOUWY
TIou €xouv NPOoTaBel Ta TeAeutaia Xpovia, KaBwg Kal Eva NMapAadelya EPAapUoyNg
Toug oe anoBgoelg unoBaidooiwv pudiny ot NA EAAGSa  (Kdprabog).

*H XPHZH THZ ZTATIZTIK'HZ ANAAYZHZ ZTH ZTPQMATOMPAGIA ANOOEZEQN YNOGAAAZZION PIMIAIQN

r. l;lawénoukgg, n. Kt})vomvrénou)\oq, A. MapaBéAng & A. ZehAidng
Turjpa lewhoyiag, Tougag Mevikic @ardootag MewAoyiag kat Mewduvauknis, Epyaotripto IZnuatoAoyiag,
MNaveruomiuto Matpwv
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1. Introduction

and geological setting

Submarine fan deposits are the product
of deposition of turbidity currents which
are caused by submarine failures and
landslides on the continental slope. They
generally consist of sandstonemud-
stone alternations with characteristic
sedimentary structures like graded bed-
ding and the Bouma sequence (Bouma
1962). The current study attempts to
find information about turbidite deposi-
tion based on the statistical analysis
of turbidite sandstone bed thickness
patterns. The study area (Fig. 1) is
located in the island of Karpathos (SE
Greece). Karpathos constitutes a part of
the External Hellenides. Submarine fan
deposits of Late Eocene-Oligocene age
(Christodoulou, 1960, 1967; Davidson
1974, Fitrolakis 1989) are observed in 2
regions of the island, a northern region
(Spoa-Olympos-Diafani) and a southern
region (Pigadia-Aperi). The exposed
thickness of the submarine fan deposits
is less than 1000 meters, in contrast
with that in Western Greece (over 3000
meters).

The submarine fan deposits probably
constitute a foreland basin fill. The aim
of the present work is to contribute in
the comprehension of deposition and
stratigraphy of the submarine fan depo-
sits with the help of statistical methods.
Better understanding of turbidite depo-
sition in the area will give precious ele-
ments for the paleogeographic arrange-
ment and development of the External
Hellenides and more specifically of the
foreland basin fills in SE Greece.

2. Methodology- Submarine fan envi-
ronments and bed thickness data

The main model for the recognition
of turbidite depositional environments

was established in the early 70’s by
ltalian geologists who studied out-
crops of ancient turbidite sequences
in the Spanish Pyrenees and the ltalian
Apennine mountains (Mutti & Ricci
Lucchi 1972). This model suggests that
turbidite deposition takes place in a sub-
marine fan which is formed between the
continental slope and the abyssal plain.
Within this fan, turbidites accumulate
in several depositional environments
others proximal and others distal to the
sediment source producing different
sedimentary characteristics, bed geom-
etries, sand-shale ratio and upward
thickening or thinning bed trends which
are used to discriminate different depo-
sitional environments.

This model, with some modifications
over the years, is used by geologists
until today but its descriptive nature fre-
quently causes problems in identifying
depositional environments in outcrops
that does not display the sedimentary
characteristics which the model sug-
gests. Due to the fact that identifica-
tion of submarine fan depositional envi-
ronments is important in hydrocarbon
exploration of clastic deposits, a neces-
sity for a more quantitative and robust
identification tool was highlighted.

This quantitative approach evolved due
to several researchers during the last
years, and focused mainly in the statis-
tical analysis of turbidite bed thickness
patterns in order to extract information
about submarine fan depositional envi-
ronments. This study focuses on four
different statistical approaches those of
Malinverno (1997), Carlson & Grotzinger
(2001), Talling (2001) and Chakraborty
et al. (2002) and our application to the
above models on bed thickness data
from Karpathos Island turbidites (SE
Greece).
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Fig. 1. Geological map of Karpathos Island. The positions of the two studied submarine fan outcrops are

observed.

3. Quantitative models

3.1. Carlson & Grotzinger

This approach focuses in the discrimi-
nation of submarine fan depositional
environments based on cumulative bed
thickness distributions in log-log plots.
Straight lines in this type of plots indi-
cate power law (fractal) distribution of
bed thickness which expresses scale
invariance and self-similarity of the tur-
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bidite system.

According to Carlson & Grotzinger
(2001), a power law cumulative distribu-
tion of turbidite bed thickness, expresses
an environment of deposition with mini-
mal erosion and amalgamation prob-
ably distal to the sediment source while
as long as the distribution becomes
more curved expresses an environment
more proximal to the sediment source
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MASSIVE BRAIDED CHANNELS
M ;‘,’&‘ o SANDSTONES RIAEDCE
o RIPPLESLAMINAE
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HEMIPELAGIC DEPOSITION
D e —

Table 1. Relation between the shape of cumulative distribution of beds and submarine fan environment,
faciesand inferred processes (Carlson & Grotzinger 2001).

in which erosion and amalgamation are
frequent (Table 1).

3.2. Talling

Talling (2001) has looked at bed thick-
ness data from the Marnoso-Arenacea
Formation in ltaly and a number of
other formations and suggested that an
alternative to the power-law model was

a lognormal mixture, that is, turbidites
starting with the same Bouma division
tend to have a lognormal distribution.
When two or more of these popula-
tions are mixed, the result will be a
curved line on the cumulative log-log
plot that might be (mis)interpreted as
a segmented power law. Most turbidite
successions then could be described
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in terms of two lognormal distributions
largely corresponding to beds depos-
ited by low density and high density
turbidity currents.

3.3. Chakraborty et al.

Chakraborty et al. (2002) studied bed
thickness distributions from submarine
fan sequences in the Andaman lslands
(India), and supports the view that the
resulting distributions are the product
of complex factors such as sediment
source and tectonic arrangement of the
sedimentary basin.

Power law distributions were observed
in slope turbidites with sediment supply
solely from the outer arc. On the other
hand, outer fan successions with mix-
ing of sediments from different sources
show a negative exponential distribu-
tion of bed thickness.

3.4. Malinverno
Malinverno (1997) focuses his study

on the relation between bed thickness
distributions and the geometrical char-
acteristics of the turbidite beds. If turbi-
dite sandstone thickness is expressed
by power laws and it is assumed that
sandstone bed shape is well described
by disc-like bodies with circular bases
inside a mudstone matrix, then a rela-
tionship between the power law expo-
nent of bed thickness and the expo-
nents of the geometrical characteristics
of the beds (bed volume, spatial distri-
bution, thickness-bed length relation)
can be found (Table 2).

If there is independent geological evi-
dence that the turbidites have depos-
ited in a confined basin, the relationship
can be simplified and the exponents of
bed volumes and thickness-bed length
relation can be calculated by the expo-
nents of the segmented cumulative bed
thickness distribution.

Malinverno’s approach gives important
information about the three dimensional

ﬁ Exponent of bed thickness distribution
C  Expenent of bed volume distribution
EXPONENTS
7 Expanent of hed thickness-bed length relation
¢ Exponeot of spatial distribution of bed depocentres
MAIN RELATION
BETWEEN B = cty(2c-d)
EXPONENTS
CONFINED BASIN . el
SEGMENTED POWER LAW ‘ 2
P large: exp of thick beds Piose
B smalk: exp of thin beds 0= ommseionm—m—
] *ﬂlwgz - ﬂ.m&z{!

Table 2. Equations and exponents of the Malinverno mode! (Malinverno 1997).
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arrangement of submarine fan deposits
in a basin based on bed thickness dis-
tributions, which is an important com-
ponent of hydrocarbon exploration in
clastic sediments.

4. Application to Karpathos subma-
rine fan deposits

4.1. Field details

A simple application of the cumulative
bed thickness distribution in submarine

i

fans was attempted. The distribution
was applied in outcrops A and B (Fig. 2,
3). These two outcrops near Spoa set-
tlement have been interpreted as outer
fan deposits according to Mutti & Ricci
Lucchi (1972) model, based on outcrop
observations of sedimentary structures.
In these two outcrops, the

thickness of sandstone beds was mea-
sured in centimeters. About two hun-
dred and thirty seven (237) sandstone

L sy

Fig. 2. Lower part of outcrop A. Alternations of fine grained sandstones (consisting mainly by very fine to

medium sand) and mudstones can be observed.

G

Fig. 3. Upper part of outcrop B. Fine grained thin bedded sandstones passing upwards into more
coarse sandstones with characteristic Bouma Tabc divisions.

2 *
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beds were measured totally in the two
outcrops. A minimal cut-off of one (1)
cmwas established due to measuring
difficulties below that thickness. Conse-
quently the thickness of all sandstone
beds from one (1) cm and above was
measured in outcrops A and B.

4.2, Outcrop A

Outcrop A has an exposed thickness
of about thirty (30) meters. The thick-
ness of one hundred and thirty six (136)

sandstone beds above one (1) cm was
recorded. About nine (9) amalgamated

sandstone beds (6.6% of the total) were
observed in the outcrop. These beds
are the product of more than one turbid-
ity flows which were amalgamated into
one bed and can be used as an indica-
tor of erosion and amalgamation.

Bed thickness data of outcrop A show a
rather good fit to the power law (R2=0.96)
with an exponent (line gradient) of 0.82 in
the cumulative log-log plot (Fig. 4).

OUTCROP A

QUTCROP A

§ 2
§~:
j | s
30m | 8 .
- WB;GE:&&:{MI : “
SANDSTONE BEDS >1cm: 136
AMALGAMATED BEDS : 8

Fig. 4. Stratigraphic log and cumulative bed thickness distribution of outcrop A.

106



Bulletin of the Geological Society of Greece, vol. XXX/, 100-111

4.3. Outcrop B

Outcrop B has an exposed thickness
of about twenty (20) meters. The thick-
ness of one hundred and one (101)
sandstone beds above one (1) cm
was recorded. About twenty eight (28)
amalgamated sandstone beds (27.7%
of the total) were observed in the out-
crop. Note the higher percentage of

amalgamated beds than in outcrop
A which indicates that erosion and
amalgamation procedures were more
frequent in outcrop B. Bed thickness
data of outcrop B show a good fit to the
power law (R2=0.94) with an exponent
(line gradient) of 0.91 in the cumulative
log-log plot (Fig. 5).

OUTCROP B

QUTCROP B

a5

18

20 m

08

Logp Number Of Beds Thicker Than

y = 09116 +2,252

by
O\\
R= 09473 *

=

-

~oe
™
33

23
th

1.8
Log Bed Thickness {cm)

SANDSTONE BEDS > 1cem : 101
AMALGAMATED BEDS : 28

Fig. 5. Stratigraphic log and cumulative bed thickness distribution of outcrop B
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5. Discussion -

Basin Morphology

The small thickness of External
Hellenides submarine fan units in
Karpathos compared to that in Western
Greece indicates that sedimentation of
these units in SE Greece took place
in a minor extent compared to that
in the West and probably in smaller,
more confined sedimentary basins. The
existence of geological evidence for a
confined sedimentary basin led to the
use of Malinverno’s simplified equations
to calculate the exponent of turbidite

bed volumes, which gives very impor-
tant information about the magnitude of
turbidite events and the distribution of
sand volume in the basin.

A segmented power law distribution
was created from the bed thickness
data of the two studied outcrops. The
distribution is very well characterized
(R2=0.97) by two linear trends (Fig. 6),
one for the thin beds with exponent of
small=0.61 and one for the thicker beds
with an exponent of § large=1.63. The
exponent ¢ of the distribution of bed vol-
umes was calculated by the Malinverno

KARPATHOS TURBIDITES SEGMENTED
POWER LAW TRENDS
3 !
Bsmall =061

a : R?=0,9777
ul |
o f
sz 2
x ¥
a8 B large =1,63
=T 2
5+ R*=0,9787
-4 44
O
(o]
o |

0 "

0 1 2 3
LOG BED THICKNESS (cm)
Blane B 0.8 <1I
= c - A <
1 +ﬁfurge - Bsmah‘ -

Fig. 6. App/it_:atl:on of the Malinverno equation for confined basins in Karpathos turbidites. A segmented
power law distribution was created and the resulting ¢ exponent indicates "punctuated" turbidite sedi-

mentation.
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equation and is equal to ¢=0.8.

The observation that ¢ < 1 according to
Malinverno (1997) indicates that sand
volume in the confined sedimentary
basin is expressed by few thick beds
and not by many thin beds thus tur-
bidite sedimentation was dominated
by few uncommon but large events

(punctuated). The later is justified by the
geological observations in Karpathos
submarine fan deposits, where we can
see very thick massive sandstone units
(photo of Fig. 7) indicative of large scale
submarine gravity flows.

Fig. 7. Thick massive sandstone-conglomerate units (350 m), over a fine grained mudstone dominated
unit (300 m), indicative of large scale submarine gravity flows (Spoa-Olympos road).
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6. Conclusions

Statistical analysis of sandstone bed
thickness data from Karpathos subma-
rine fan deposits in two outcrops gave
important information about Tertiary tur-
bidite sedimentation in SE Greece.

Bed thickness data in both outcrops
is very well expressed by power law
(fractal) distributions which justifies their
classification into a distal to the sedi-
ment source depositional environment
(Carlson & Grotzinger 2001) and indi-
cates a self-similarity of the turbidite
system. Log-normal distributions were
not observed in the studied outcrops.
A deviation from the power law was
observed in the studied outcrops as
erosion and amalgamation increases.
This observation supports Carlson &
Grotzinger (2001) propositions.

Power law bed thickness distributions
of Karpathos turbidites possibly indicate
a single sediment source of the turbi-
dite system (Chakraborty et al. 2002)
which probably was the ophiolite-car-
bonate nappe system of the island. A
petrographic study of the submarine
fan deposits will be helpful in the con-
firmation of this indication. Independent
geological evidence for a confined
basin and the use of the equivalent
Malinverno equation for the calculation
of the sand bed volume exponent ¢
showed that the area was characterized
by "punctuated" turbidite sedimentation
(Malinverno 1997). This means that
sand volume in the basin is distributed
mainly in few thick beds. The later is jus-
tified by the geological observations in
the field and has immediate applicabil-
ity in hydrocarbon exploration because
these thick sandstone beds constitute
ideal hydrocarbon reservoirs.
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AIATENEZH OZTQN: MEOOAOI MEAETHZ
& ANAAYZHZ
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TEQviKG Kkat Karodtotptakd Mavermotriuto Abnvav, Tunua MewAoyiag kat MewnepiBaiovtog, Tougag
lotopikric MewAoyiag - MlaiatovroAoyiag, MaveruotnptounoAn Zwypdeou
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MNEPIAHWH
S1éx0q autig NG epyaciag sival n mapouciaon Twv dEpyactwv g dAyEVEDNQ
00TV, TWV Napayoviwy and Toug onoioug eEapTdral kat NG CUMBOANG TG OTNV
MaAaiovroAoyia, wg éva oUyXpovo EpYAAE0 TOAATAWY EPAPHOYWV. Zuvoyidovrat
grniong, ol oNUAVTIKOTEPES AVAAUTIKEG MEBODOL KAl TEXVIKEG TIOU Xpnaoornotouvtal
onuePAa Yia I HEAETN ™G dlayEveong.

ABSTRACT
The objective of this paper is to present bone diagenesis, the diagenetic altera-
tions that occur in bones, the parameters that affect it as well as its importance to
Palaeontology, as a modern tool with numerous applications. The most important
analytical techniques and methods used today to study bone diagenesis are also

presented.

1. Eicaywyn

Ot petaBoAég mou oupBaivouv ota
00Td Twv {Wwv PeTd To Bdvaro sivat
oAU onuavTikég yiati kaBopilouv av
Ba anoMBwBouv a\\d kat Toleg TANPo-
popieg Ba diatnpnBouv yia v apxikn
BloAoyia Tou opyaviopol. Eivat Aotrtdv
TOAU OMMAVTIKY 1) YVOOT TWV aKpRwv
Slepyaowv mou odnyolv OTIS METa-
BoAég autég, KaBwWg kal Twv Tapa-
YyOvTwv and Toug onoioug eEaptwvral.
To oUvoAo TWV PUOKOXTMIKOV Bladt-
KQAOLWV TIoU €IBPOUV 08 €va OKEAETIKG

oroixelo, odnywvrag ot datpnon

™G HopPoAoyiag Tou péoa ato XPOvo
Kar omv anoAibworn Tou opiletal wg
Suayévean . H diayéveon OKEAETIKWV
ototxeiwv eivat €vag 6pog mou elonxon
Tig dUo TeAeutaieq dekaetieq yia va
neplypagel kahltepa n dwadikaocia
anoAiBwong Twv 00TWV Kat 03oVTwY, N
orola dlagoporoleitat onuavtika and
AMa &idn anoAibwong. Oswpeital lowg
n ruo duovénm diepyacia aroAibwong,
Kabwg Tmieph\apPdvel MARBOG TOAU-
TIAOKWV Slepyaotwv mou odnyoulv oty
avakaravourj Twv unapxovrwy ouota-
TIKWOV TOUG, UMG HoPQr TautdxXpovns

*BONE DIAGENESIS: METHODS OF STUDY AND ANALYSIS, AND ITS CONTRIBUTION TO PALEONTOLOGY

E. Stathopoulou

National & Kapodistrian University of Athens, Faculty of Geology & Geoenvironment, Dept. Historical Geology-Paleontol-

ogy, Panepistimiopolis Zografou
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MPEOCANYNG Kal amoémiuong XNHIKWOV
OTOIXE(WV KAl SEUTEPOYEVWIV PATEWV.
H peAém g dlayéveong Twv OKeAe-
TIKWV otoixeiwv aroteAel Topéa MG
grmomung ™mg Tagovouiag, n oroia
MEAETA T dlepyaoieg mou odnyouv
TQ opyavikd umoAs{pypara amdé T
Boopapa ot ABdoeaipa. Apopd
ot dadikaoieg ToU UMOKewvTal TA
urtoAsippata eveg opyaviopou Katd To
TP(TO Kal TEAeuTalo oTddlo TG nopeiag
TWV OKEAETIKWV OTOLXEIWV TOU HETA TO
- Bdvaro.

OL emotiuoveg mou  acxoAouvtat
ondepa We TNy anoAibwon npogpxovrat
and ToAU SlaPoPETIKOUG XWPOUG, Kat
ouvepyalduevol peta&l Toug €xouv
¢Tdoel o Waitepa afiéloya oupre-
pdouara. Ot duokoAieg Ouwg kat Ta
EPWTNHATIKA TIapapévouv IoANG, apoU
akéun kal onuepa ot dadikacieg ™G
dlayéveong dev prnopolv va kabopl-
OTOUV XPOVIKA GAAG OUTE KAl va amoKpu-
mroypagnbouv ue BeBatdmra.

2. To OoTé

To ootd oe wvteg opyaviopoug eivat
€vag TOAUTIAOKOG KAl KaAd opya-
VWUEVOG 0TOG Tou amoteAeitar and
pelypa opyavikav Kat  avépyavwv
ouotatikwv. H okAnpdémnrta, n akauyia
Kat ) 1.ox0G Tou 00TOU, TIOU anattouvTal
yia T ompeEn kal kivnon Tou
opyaviopou, opeidovral om clotacn
TOU. ZUYKEKPIWEVQ, O OOTING loTOG
ouviotarat and Tukvo SIKTUO opyavw-
MEVWV V@V KOAAQYOVOU, TIOU Ouvdé-
ovial he A KPUOoTaMkh ¢don. H
OPUKTN] autr] ¢dom €xet dUo Aettou-
pyieq. Mpwrov, mpoodidel oTtabepdtnTa
oto okeletd, kat deutepov dpa
anodnkeutikd wg TMPOG TO AOBRECTIO,
VATPLO, HaYVIiolo, TNV avepakikr pifa
Kat aA\a évta (Posner, 1985).

To opyaviké UANKS amoteAel mepimou
TO 20-25% Tou &npou Bdpoug Tou

00ToU, ME TO UTIOAOUTO VA QVTIOTOLXEL
ota avépyava ouotatikd (60-70%) kat
T0 vepd 9%. To 90% Tou opyavikou
UAIKOU Tou OCTOU QvIIMPOoowrneusTal
and KoAhaydveq TPwWTEiveg evwd TO
urtéAourto 10% and nepinou dekanévie
un-koAaydveg mpwreiveg (Halstead,
1974). To avépyavo Turipa Tou oatou,
artoteAeital and QAcT MOU avTioTotxel
o€ TTWXA KOUOTAAAWHEVO avAAoyo Tou
udpo&uAanaritn (Ca10(PO4)6(0OH)2).
MNpdkerrat yia €vav BloAoylkd amarim,
MO MKPOKPUOTAAALKY], HN-OTOLXELO-
METPIKA SoMikd, atelry ¢dom, Tmou
MEPIEXEL OUWG OMMAVTIKEG TIOOOTNTEG
avOpPaKIKWV KAl avTIoTOIXEl OTO OPUKTO
nou fiTav yvwoTtd aTo napeABov kal wg
SaA\ng (dahllite=carbonate-hydroxyl-
apatite).

H opuktr| domn Tou ootou anoteAeltal
and Toug HMIKPOTEPOUG KPUOTAMOUG
mMou umopoUv  va OXnuaTioTouv
BloAoyikd amd €vav opyaviopo, He
arnotéAeoua autol va xapakmpifovral
arnd TOAU HeYAAn empdveld Kal Tio
€UKOAN avtalAayn Wviwv, £T0L WOTE va
dlapopomnoteital katd moAu n 1davikn
ovotaomn Tou udpoguAanaritn).

MoA\oi epeuvnTeég €xouv aoxoAnBel pe
To MEyeBOG KAl TO OYNUA TwWV KPU-
OTAMWYV Tou BloAoyikou aratitm. To
HAKOG Toug ¢aivetal va kKupaiverat
TMOAU, evw) oL pEoeq dlaoTACEIS TOUG
gival nepimou 4X10-6m X 2-3,5X10-6m
X 2,5-5X10-7m. Ot 300 emkpatouoeq
anoéyYelg OXETIKA Pe TO OXUA TOUG
elvat aumi Twv Belovav Kat auty Twv
makwv. H mA€ov anodekmi Bewpia
yia toug Belovoeldeiq KPUOTAAOUG,
elvatl 6T anoteAoUv oUcIaoTIKA MAAYLEG
opelg twv TAakoeldwv (Boskey &
Posner, 1976, Weiner & Price, 1986).

O Bohoyikég anartitng xapakmpiletat
akoun ard 40% avendpkela oe OH,
5-10% avendpkela oe Ca kal dpa éva
pewwpévo Aoyo Ca/P, oe oxéon pe 1o
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avtiotoxo opuktd. H avBpakikny pila
elval To TP{To Og MOodTNTA CUOTATIKG
TOU OOTOU Kal KupaiveTal YUpw OTO 4-6
wit%, dlavepunpévo petagu duo B€aswvy.
To ootd nepihauBdvel eniong 5-10 wit%
vePS, and To omoio TOUAGXIOTOV TO Wad
eival eVowUaTwHEVO WG HOPIaKO VEPOD.
MepiExovral akdun, péxpt kat 10 wi%
O&vn pwopopikn pia (H PO4‘2), HEPIKA
dékata wt% to kabéva and Cl, F, Na,
Mg, K kat {xvn A\\wv 1évtwv kabwg kat
pta heyahn motkinia and deutepevovia
guatatikd (Glimcher et al., 1981). A&(Zel
va onuewdel, 6t n Urap&n @Bopiou
ot 6€om Ttou udpoEuAiou, odnyel ot
HEYEBUVOT TWV KPUOTAAWYV Kal [eiwaon
mg SoAutdnTag.

O anatiing Twv ooTwv Xapakmpeileral
eriong andé €Nkewn oTOLXEIOMETPIOG
KALECWTEPIKNAG 0P YAVWOTIG TWV KPUATA-
Mowv Tou. ‘Eva @\Mo xapakmploTiko
Tou duoxepaivel T peAéTn Tou, eival n
TTOIK\ia kat n eTepoyévela Tou. Ze 6Aa
Ta 00TA kAL AVEEQPTIITWG OVTOYEVETIKNG
nAiag, AauBdavouv tautdxpova Xwpa
dnptoupyia Kkal KaTaoTPoPr] 00TOoU, HE
anoTEAEOUA va TEPLEXOUV LOTO and éva
€UPOG NAKILOV Kal 1) NAKIa Tou OpUKTOU
TIOU aroTeAE( TO 00TE va W CUUMTTEL
pe v nAkkia tou {wou, oto ormoio
avrkel (Glimcher et al., 1981).

3. Aayeverikoi Mapdyovreg

Ot napdyovreg nou emnpedalouv TV
arrocuvBeon katd T diayéveon Twv
OKEAETIKWV OTOIXslwv eival ol yew-
XNUUKEG CUVENKEG TOU TGTIOU TAPNS KAl
OUYKEKPIUEVA:

-H vypaoia Tou nepiBdAovrog pEoou.
Ze MEPLOKES HE XAUNAEG BPOXOTTTWDTELS
Kat ugnAn eEatuodiarvor], undpxet
TMANBwpa eudldAuTwY aAdTWV TV
Ca, Na, Mg, K, ta omnoia uropouv va
€l0éN\Oouv ota anoAbwpara (Pate et
al., 1989).

-To pH. H dwampnon Twv anohbw-
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pétwv euvoeitat oe oud€repa Kai
OAKOAKKA TeplBdAovTa evw) oe G&va
diakvovtal (Bryda Szpunar, et al., 1978,
Child, 1995).

-To duvapiké o&ecidoavaywyrig (Eh).
OpiZet v kivnTikdTTa, TN SlaAuTéTTa
Kal TNV KAravour] Twv XNUIKWV OTol-
¥elwv evidg tou ootol, aAAd kat T
Bakmpidiakn dpdom.

-To mMocooT6 Tou opyavikou uhikou. H
Unap&n XoU KKV Kat AAwv oEEwv katd
MV arooUvOEOT TOU OPYAVIKOU UAIKOU,
ennpedlouv To pH kat m didAuon Twv
OOTWV.

-H opukroloyia kai n upr Tou mepL-
BaMovtog Igjuatog. Mapatnpeeital
SIAPOPETIKY dlatriipnon Twv O00TwvY
MeTa&U BlaQopeTikwv B€oswv, al\d
Kal MeTa&U opldviwv TG 1diag
6éong. IAuata pTwxd o PWOPOPOo
odnyouv otn ddAuon TOU 00TOU,
eV® O EUMAOUTIONGG TOUG OE QUTOV
ermBpadivel ™ dadikacia kat odnysl
oe anAj avakpuotdAwon (Quattro-
pani, et al., 1999). H ouctaon ToOU
wiuarog opilel eniong 1 cUCTACT TWV
udaTikwV SLOAUPATWY TIOU KUKAO®GO-
pouv Kat To £dog Twv Slelodioswy Kat
EYKAEIOUATWV eVTOG TOU OTTOU.

-H eukohia perapopdq uMikou, mou
oxetieral pe To HEYEBOG TWV KOKKWV,
Tov GYKO TwV OPwV Kat T SLaAuToéTTa
TOoUu UAIKOU Tou TIEPIBANAOVTOG HECOU.
Ze nepIBAN ovTq, orou dev evdeikvutal
n andéniuom, suvoeitat n diampnon
TWV OOTWV.

-O1 puoIkég MEoelg. APopoUV KUPLwG
omyv mieon Adyw BdApoug Tou umep-
Keiuevou edApoug.

-To kaBeogtwg TG Oeppokpaciag.
Etaptdrar ané mm Bepuokpacia Tou
aépa kat To BaBog Tapng. Emmpedlet
ONMAVTIKATNVUNApEn UIKPOOPYAVIOHWOV
(Child, 1995). EvaAMay€q Tng Beppo-
kpaciag odnyouv oe JBlAOTOANG-
OUOTOANG Kai Gpa Bpavdon tou ooTou.
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H kalon twv 00Twv TMPOoKaAel eniong
onuavtikég petapBoAég (Von Endt &
Ortner, 1984).

-H TomiKkN Kivrion Tou unrdyeiou vePOU.
To undyelo vEPO CUUUETEXEL OE TIOAAEQ
ard T depyaocieg g daygveong,
onwg n didAuon kat n avgnon g
KPUOTAAIKOTNTAG Tou ooTtolU Kal n
TPOCPAPNOT XNHIKWY oTotxelwv and
autd (Hedges & Millard, 1995).

-H npoogopd 1ljparog. Apopd v
TaxUmta Wnuatoysveong Kat T1agrg
- TWV OOTWV.

-H pikpoBiakny dpdon. ZuvrteAeital
Kuplwg ota npwta 500 nepinou xpdvia
Taenq, evw UETABAMNEL onuaviikd Ty
lotoAoyia Tou ootoU (Hedges & Millard,
1995).

-H 3iapkeia Taprg. Emmpedlel onua-
VTIKA TN SIaTAPNOT) TO0O TWV OPYAVIKWY,
600 kal Twv avépyavwyv CUCTATIKWV
Tou ootoU (Bartsiokas & Middleton,
1992).

-H 8éon Twv ooTwv, oe OX€Oon HE TOV
udpopodpo opilovra. Ootd Bapuéva oe
MEPLOXES MOVIMA KAAUMMEVEG HE VEPD,
eppavifouv ouvrBwg KaAA dtatnpnuévn
1oToAoyla, evwy autd Ot TEPIOXEQ ME
EVAMAYES TWV USPOAOYIKWY OUVENKWV
kakr] (Hedges & Millard,1995).

-To Ba6og oto omoio Bpiokovral Ta
ootd (Nicholson, 1996). KaBopilel
™ MBootatikny mieom, v UMap&n
oEuydvou kal T Bgppokpaaia, kat dpa
™V Unapén UKPOOPYAVIOM®Y.

4. AiayeveTikéG MeTaBoAEG

‘Otav, hondv, évag Bappévog oKeEAETOGH
KAMola HEHOVWHEVA OKEAETIKA OTOIXEI
Tou, BpebBouv ot OuvlriKeg LKAvEQ
va odnyrjoouv otnv amoAibwor, 6a
QVTILETWTTIOOUV PUOLKEG KAl YEWXNHIKES
dlepyaoieq rmou Ba erPEPouv UIKPEG 1
MEYAAEG UETAROAEG OTO OPYaAVIKO Kal
TO avépyavo TUrua Toug, ot JAPOPES
KAlpakeg:

-MetaBoAég Adyw ouprieong and To
urepkelpevo ((nua. AuTtEg ekppalovral
HE TN HOPPT] PWYHATWONG Kal TAQ-
OTIKNAG MaPAUOPPWONG TWV OOTAV.
EEgptwvrar andé v Ttaxdmra and-
BE0MC TOU UTIEPKE(UEVOU UAIKOU GAAG
Kal To mdxog Tou (Shipman, 1981).
‘Oocov apopd om pwypdtworn, eival
onuavtiké va dlaxwplotel auty mou
€xel mponynBel g TaPng 1 Kat Tou
Bavdrou and T dayevetikn. Pwyuég
TIOAU MIKPTG KA{LaKQG TTOU KaTA TOMoUG
oploBeTolv Kat amokoAAoUv peTagu
Toug Ta xaBepolavd cuothuara (ta
Baoikd OOMIKA XAPAKINPELOTIKA TOou
00ToU) TIPOKUTTTOUV amnd ETEPOIOVTIKN
avTikatdoTtaon Kat ETEPOHOPPIKNA
QVAKPUOTAMNWOT.

H nmAaoTikr) napaudéppwon HaKpoOoKo-
K& odnyel ot wa oupmnieon kKai
METAROAT] TOU OXILATOG TOU 00TOU EVW
HIKQOOKOTIKA odnyel oe petaBoin Tou
OX1HATOG KAl TNG CUMMETPIaG KAMowy
SOMIKWY OTOIXEIWV TOUG, ouXvA HE M
HOPQr| ETIrKUVOG 1) BPAXUVOT|§ TOUG
(MAdGTuvon XaBepalavayv CUoTNUATWY,
EMIUNKUVOT] KEVWV TOU OTIOYYWdoug,
K.ATL).

-MetaBoAég g oTohoyiag (Hanson
& Buikstra, 1987). Aumj eugaviletal
WG OMKNA 1 MEPWK KATAoTPOPH NG
eowTepIKng Joung Toug. Zuxvd
oL aAAQY€G OTOV 10TO TWV OOTWV,
TauTilovrat pe TNV auinom NG
KPUOTAAMIKETNTAG Tou anartitn, aA\d
Kal TN METABOAN NG TEPLEKTIKOTNTAG
TWV OOTWV O TPWTEiveg. Znavia e,
ouvd€ovtal he Tn dlatrpnom Tou KO-
ToPwWdouq Tou 00ToU. H HakpOOKOTIKY
elkova evég arnoMbwuévou oatou
priopel va unv €xel kaupia oxéom ue
TNV I0TOAOYIK} Tou eikdva, n onoia
ouxva ocuoxetifetal pe 1o MePIBAAOV
Tapng kat artoAibwong. AnoAlbwuéva
00Td Twv onolwv €xel KataoTpagel n
peTapAnBel n Soun toug, dev pnopouv
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va xpnowdoromnBouv yia BIOAOYLKA
XPOVOAGYNON e KAmoleg and Tig &v
XPN\OEL LIOTOAOYIKEG eBASoug. Zuxvd n
KATaoTPor} autr opeiletal otn dpdom
Bakmpiwv kat HikpoBiwv (Hackett,
1981).

-AnwAela opyavikoU UAIKOU  Adyw
MIKPORIOKAG Kal XNuKNg dpdong. Ze
KaAd aepildueva €dden, n didhuon
TOU opyavikoU UAKoU eival oxetikd
ypriyopn. Emmpeddetal onuavtikd and
10 pH Tou Wrjuatog, To omnoio kabopilet
™mv Unapgn HIKPOOPYAVIOHWY tKavwy
va 1o anoouvBgoouv (CHILD, 1995). H
SpAon TWV HIKPOOPYAVIOUWY ETIPEPEL
KATAOTPEMTIKA QnNOTEAECMATA KAl OTn
dopurj Tou ogtim totol (Hackett, 1981,
Hanson & Buikstra, 1987), kupiwg
AOyw Twv of€wv mou mnapdyovral
KaTd TN MHIKPOPIaKY] arnoguveeorn Tou
koA\aydvou (Pate et al., 1989). Yridp-
XouvevdeitelgéTinpdkerratylaBaktipta
KAl MUKNTEG, TA TEPIOOOTEPA and Ta
onoila eivat aepdfia. Anuoupyoulv
Sidrpnon Tou LoToU KAl KATaoTpPo®n
TWV KEVWV Tou, KaBwg Kai kabilnom
OPUKTWV PACEWV.

Eugavifovrat pe mokiNia popewV
(omE€g, OwArveg KATT) Kal peyeBwv (amd
0,5->20 pm), oe ouotddeg 1 kaL ot
HEYAAUTEPEQ EKTATELG KATL. ‘Exel oploTel
erniong o Asikmg lotoAoyikrig Kata-
OTPOPNG HE TOV OMoio Hropel Kaveig
va Babuovopel Ta 00Td OUPPWvVa ME
MV Karaotpogr G toToAoyiag Adyw
pikpoplakng dpdong (Hedges, 2002).
-Mapoucia eykAelopdtwv kat SElcdU-
oewv. Ta eyk\eiopara npoépxovrat and
1o TEPPANoV {{npa kat evromilovral
eVTOG XaBepolaviv WAV, OOTIKWOV
KOWOTITTWV, PWYHWY, OMWV and HIKPo-
Buakr} dpdon KA 1] wg emukabioels os
ETUPAVEIEG Kal QvdrTtuEn supeyedwv
KPUOTG' .V OTNV ECWTEPIKN KOSTITA
Twv ootwv. Mapampoulvral dlo TUroL
eyYKAelopdTwy, Ta Blohoyiké mou eivat
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Ta ddpopa eidn Bakmpwiov KA.,
Kal TG OPUKTOAOYIKA TIOU TIPOKUTTTOUV
and kabifnon eudldAutwv aAdtwv
Kal SlIAQOPETIKWY OPUKTWV PACEWV
onwg o aofeotimg (CaCO3) ouxva
pe oodmreg Mn, Ba, Fe, o xahaliag
(SiOy,), Ta apykd opuktd, o Baplmg,
Ta ofeidla Fe, Mn (wg mpoopdPnom
omv eEWTEPIKI] TEPIOXT] TOU OCTOU)
Kat TToAAA dAAQ, ouxva oTtidvia OpuUKTA
(Pierenbrink, 1989). Ou del0duoElg,
apopolv 0NV €(0030  XNHIKWOV
oTolXelwv OTO 00TY, HECW IOVIIKWV
avtaAhaywv  petagly  SaAupdtwv
Tou &3dQoug Kkal Tou MAEyMaToq
Tou anartitn twv ootwv (Williams,
1989). OuL kUpleq avTIKATaoTACELQ
Tou Tmapammpouvral ota ootd eivat
H pwopopikn pila PO43 and CO5.p,
SiO4, AsO,.3, Ta UBpPOEUNA OH- amd
CO3.5 , F-, Cl, To Ca anté Na, Mg, K,
Ba, Sr, Zn, REE, U, Th. kAt " AldAuom
TOU amnaTitn TWV OTWV KAl ICOHOPPIKA
1} ETEPOHOPPIKY] AVAKPUCTANAWOT) TOU,
umoé HoPPN MePLOTdTEPO oTABEPN OTIq
VEEG YEWXNMIKEG ouvlnkeq. Mpdkertal
yla v wpiyavon Twv KPUoTAMwV
TOU MIKPOKPUOTAAAIKOU  BloAoyixou
udpoguAanartitn kat TN Herargon
TOU Og €évav TEPLOTOTEPO KPUOTAAMIKO
anarim. Aum n dadikaoia ouvdéstal
HE TN HelwoT TOU TIoPWd0oUG TWV 00TWY,
KaBWG MPAYHATOMOIETAl QVAKATAVOT|
TOU MOopWdoUG, and HIKPO- O HAKPO-
nopwdeq (Hedges & Millard, 1995).

-H petaBoAry TOu OTOLXEIOUETPIKOU
Noyou Ca/P. Epgavilstar eite auén-
MEVOG AOYW EUMAOUTIONOU TWV O0TWV
oe aoféotio kat ENewng ocofaprq
arnoodBpwong (Price et al., 1992,
Quattropani et al., 1999), ete pew-
pévog AdYw loXupng andmiuong Tou
aofeotiou aAA kal yevikrig arood-
6pwong Tou ootou.

O1 peTaBoAég mou ermdéxetal €va 0oto
katd tn diayéveon eival TO00 TIOMES
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nou eival dUOKoAo va anogavlei
kaveig av karoleg and autég eivat o
OTMMAVTIKEG Kal TIO TEPYPaPIKEG. Ot
METABOAEG auTéq Ba pmopoucav va
OUOXETIOTOUV LE OUYKEKPIUEVA dlayeve-
TIKG HOVTEAQ, KAl OUYKPWOUEVEG ME
ekelveq mou ep@avifovrar o 0o0Td
dlapdpwy neploxwv Ba €dvav ototxeia
Kal ya Ti§ aMnierudpdoelg peta&u
Toug. O MePLOOOTEPESG DLAYEVETIKEG
petaBoArég  aufdvouv  avdioya
Kal MapdMnAa pe mv mpdodo g
-dlayéveong. Map’dAa autd, ot Aertto-
MEPEIEG TNG OUOYXETIONG TOUG £EAPTW-
vtal and TG TOMKEG ouverkeg Kau sivat
OTMMAVTIKG VA MEAETWVTAL OUVEXWS VEES
B€oelg, WOTE va anokwdikomoindel
KATola OTlyr} autr n aAAnAenidpaon.

5. MéBodol MeAéTng & Avdiuong

MNa ™ peAém g dayéveong €xouv
epappootel oTo MaApeA8Ov ddpopeq
KAQOOIKEG T OUYXPOVEG TEXVIKEG,
OMwg N OIMTIKY] MIKPOOoKOTa, N NAEK-
TPOVIKI] MIKpooKoria odpwong (Scan-
ning Electron Microscopy-SEM) oe
ouvBUQOUOd HE UIKPOAVAAUTY) aKTiVWV-X
(Energy Dispersive X-ray Analysis-EDXA)
(Barker et al., 1997), n nepiBAaciueTpia
aktivwv -X (X-ray Diffraction-XRD)

(Balmain et al., 1982), n paouatookonia
uneplBpoOU  HE  METAOXNMATIONO
Fourier (Fourier Transform Infrared
Spectroscopy-FTIR) (Surovell & Stiner,
2001), n QQOPATOOKOTHA QATOMIKNAG
EKTIOUMG EMAYWYIKWG OUZEUYUEVOU
m\douatog (Induced Coupled Plasma
Mass Spectroscopy-ICP-MS) (LEE et
al., 1999), 1 PACUATOOKOTIA ATOMIKNG
anoppdpnong (Atomic Absorption)
(Bryda Szpunar et al., 1978), n
nAekTpoviK] Hikpoavaiuon (Electron
Microprobe analysis) (Lambert et al.,
1983), n HEBOdOG cuvroviopolu MG
nNAekTPOVIKIG oTpoopung (Electron
Spin Resonance Spectroscopy-ESR)
(Schawrcz & Grun, 1989), k.a.

3ta mhaiola Tou dikoU uag mediou
ueAémg, N omoia meplhaupavel ootd,
odovtiveg kat adauavtiveg and didpopa
omovduAélwa, xpnoyloroouvtal T6o0
TO OMTIKO MOAWTIKG HIKPOOKOTILO, 600
kat 1o SEM. Ztéxoq pag, n napatipnon
™g diampnong g Soung ToU UAIKoU
(g wToAoyiag), n avayvwplon evdei-
Eewv MikpoBlakrg dpdong Kkat ) Tagvo-
pnon toug (MFD), o evroruoudg, n
avayvwplon Kat n mepypaQr] EyKAEL-
OMATWV EVTOG TWV oMWV TOU, N Mapatn-
pnon Kat TEPLypaer] TWV  MIKPO-

Edva 1, 2. Aerrrouépeta (oroAoyiag ootoU, 6rou Slakpivovrat 6Aa Ta LOPPOAOYIKA XaPAKINPLOTIKA
ToU (xaBepotavd ouotrjuara, xapepolavol OWANVEG, EAGOUATA KATT) (ElKOva OMTTKOU WUKPOOKOITIOU).
Evtog twv owArjvwy Exouv eykAeiotel o&eidla Tou Fe kat Tou Mn, npoodidovtag éva ualpo Xpwua.
2. KpuotaMot aoBeatitrn eviog G ECWTEPLKIIG KOAGTNTAG 00TOU (etkéva SEM).
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dlakhdoeswv (the cracking index)-oe
enimedo oorewvwv AOyw avakpuotdh-
Awong kat dielodloswyv- Kal 1 mapaTt-

pnon Tng évraong Tng dmAobAa-
oTikOmTag Tou anaritn, nou ¢aiverat

va elivar avahoyn mg dwatmpnong tou
1otod.

To SEM, oe ouvduagud He pIKpoava-
AUTH akTivwv X, EMTPEMEL TN XNMIKA
onuelakry avAAuor]  OUYKEKPIUEVWV
TIEPLOXWV EVOIAPEPOVTOG TOU 00TOU |IE
TapAGAANAN napamjpnon, Kawg kat Tn
YPAUMIKT KaTavoun Kat Xaptoypdaenon
XNUIKOV OTOIXElwv evidg TG Soung
TOU.

AGY®w TOU TOAU JKpoU HeyEBoug Twv
KPUOTAAITWV TOU 0OTOoU, N mapatm-
pnon Ttoug anatel T XPENom g
HAektpovikiig Mikpookortiag AiéAsuong
(Transmission Electron Microscopy-
TEM). Z& UAKG Snwg ot BroAoyikol
anatiteg €xouv UumdpEel eAdxoTeq
EPAPHOYEG TNG HEBGSOU HEXPL OTIHEPA,
aMG péow autwv €xel avaderxBel 1
agia mg kat Ao kal MEPLOCATEQPOL
epeuvnTég diepeuvoly TIG SuvatdmTeg
m¢g (Weiner, 1999, Psycharis et al.,
2001, Cressey & Cressey, 2003). H
TEXVIK €QapudleTAl O OKEAETIKA
oTolxela pe KUPLoUG OTOXOUG T HEAE)
NG KPUOTAAAKTG SOUNG TOuG, MECW
napampenong oc TOAU UEYAAEG MeEYE-
Buvoelg (UoAoyIoudg Jlactdcewy Kat
KaBoplopdg OX1HAToG KPUOTAAMTWV
Tou ogtou), Tn duvardtnra napati-
PNONG MPEOCAVATOAIOHOU TWV KPU-
OTAMNWV Kal NG Unaping kKoAAaydvou,
g Unap&ng avakpuoTdAwong,
KaBwg Kal G ouvunaping apxikou
kal dlayevetikol ooTtou. Ymdpxel
akdun 1N Suvardtnra Tautdxpovng
XNUKAG avdAluong Tou UAkoU (ue EDS
ouvdedeuévo pE TO MIKPOOKOTO). H
xprion tou XRD, kat ouykekpiuéva n
epappoyn g pedoédou Rietveld, pag
Sivel onuaviikég mAnpogopieg yia
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SOMIKEQ TIAPANETPOUG NG KuYeAdag,
énwg ot TIHEg Twv a&dvwyv a Kat ¢ Kat
TOU GYKOU TNG, TO UéyeBog TOU KOKKOU
KaBWwg Kal TOCOTIK] OPUKTOAOYIKT
avaAuon Twv Jelypdrwv. Akoun, TO
XRD xpnowomnoleital yia v ekTiunom
NG KPUOTAANKOTITAG TOU UMO MEAETN
UNkoU (Bartsiokas & Middleton, 1992,
Person et al., 1995).

Mpénel va onuelwdel, 6Tt TIPOKEEVOU
va Anedel pia o MARPEnG eikéva Twv
SLAYEVETIKWV HETABOAWV TOU eppavi-
Couv Ta und PeAE delypara, Xpnoio-
nolouvral ouvbwg kat deiyuara ava-
Popdg mou mep\appdavouv deiypata
apTiyovou ootou, defypara dapdpwyv
eldwv anartitn KA.

H poplakr) dour] Tou UAIKOU peAetdral
pe ™ Paouartookoria YmnepuBpou. H
HEBODOG auTtr Xpnotuoroteltal Kupiwg
yla Tov npoodloploud Tou eidoug Twv
OPUKTWV TIou TmeplExel €va delyua,
KaBwg kat oTov MPOCdlopIond dlapod-
pPwV JSOUIKWV XAPAKTNPIOTIKWY QUTWV.
H ®daopatookoria YrnepUBpou €xel
Eekiviioel va xpnoldomnoleftar v
Teheutaio Oekaetia yia TN peEAEN
UNKWOV Onwg Ta 00Td, aAAd pe TIoAU
TIEPLOPITUEVEG €PAPHOYEG. QG Twpa
eixe xpnowornomBel pévo n @aoua-
TOooKOTa 010 HETO UNEPUBPO, JiE Tapa-
okeudouata und popPPr TIEASTTWV ava-
HElyHévou koviototnuévou  delypatog
pe KBr kat Xprion @acudrwy eknopmiq
N anoppdépnong. Xta mAaiola NG
OIKNAG Mag HEAETNG NG dlayEveans Twv
OO0TWV, KAl YIa TPWTT Popd ar’stl sivat
duvatdv va yvwpiloupe spapudlerat
oe Bioloylikoug anatiteg, Ouloyn
Sedopévwy e T uéEBodo ™G AnooRev-

- vipevng ONikrig Avdkhaomg (ATR-Atte-

nuated Total Reflectance) oto péoo
unépubpo, KaBwg Kat N ¢acKHaTogKoria

eyylug uneplUBpou (Near Infrared
Spectroscopy-NIR).
Xpnowonoteitat  kupiwg avdiuon
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2ng mapaywyou TwV (PACUATWV, OF
Belyuata umd pop®ry nMoudpag Xweig
TIPOCONKN AAANG XNHIKNG €vwomg Kat
kataokeur] SIOKlwv, €vw) TPAyPato-
TIoloUvTal Kal UETPNOElg Oe eYKAPOLIES
TOMEG OAOKANPpwv delyudtwyv  yia
Slepelvnon XwPIKAG HETABOANG Twv
PACUATWY EVTOG TWV JELYUATWV.

Me 1o MID-IR peAetwvrat peTa&u AAwv,
ol avtikaraotdoeig Tou OH- and F, CI 1
/ kat CO,2 kat Tou PO, ané CO,2.

Me 1o NIR peAetwvral ol B€oelg Tou
-KkarahapBavovrat ané OH- 1§ H50,
KaBwg Kal oL Tawvieq mou ogelovtat
oV napoucia opyavikoU UAIKoU.

Ma m xnuikrp avdAuon Twv 00TwV,
xpnowonowudvtat n  HAekTpoviki

Mikpoavdhuon (Electron Microprobe
Analysis-EPMA) kat texvikég g Paoua-
TOOKOTIAG eKMopmng uHe  dléyepon
nmAdopartog (Laser Ablation Inductively
Coupled Plasma Mass Spectrometry
LA-ICP-MS & Induced Coupled Plasma
Atomic Emission Spectroscopy-ICP-
AES). Me autég T Texvikég divetral
duvardtnra avaAloswv NG MEOoMQ
XNHIKNG ouotaong twv ootwv (bulk
analysis) KQBWG KAl ONHEIAKWY XNHIKWV
avoAUOEWV, METPNONG ONUAVIIKWV
KUplwV OTOLXE(WV, OAlyOOTOIXElWV Kal
XvooTolxeiwv yia m diayéveon onwg
F, Cl, Ba, Sr, Fe, Mn, REE., peAéng
KATavourg OTolxelwv Kal oxedlaopou
nPo@iA ya Tig Zmdvieg Maieg (Xwpkn

Eix. 5, 6. MikpoBiaxr) dpdon evidg ootoU (eikéva SEM).
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Eik. 7. KouotaMites tou ootou, £tot onws naparnpowvtat ue To HAektpoviké Mikpookdruo AigAsuong

(TEM).

METABOAN KaTd WKOG OUYKEKPIUEVWY
dleubuvoewy). Emiong siva EPIKTT N
MEAETN katavourig Tou oupaviou Héoa
ora delyuara, o UMOAOYIONAQ onua-
VTIKWV ASywv HETAEU oTolxeiwy (r.x.
Ca/Sr) katn peAéT mQ METABOANG TOUg
eVIOG Twv Setypdrwv. Ma Tov npoodio-
PLOHS pBopiou kai xAwpiou, EPAPUS-
Cetat n lovtiky Xpwuatoypagpia (lon
Chromatography). MoAy ONUAvVTIKGS
ot HeAéTn NG dlayéveong ooTdv
€xel anodexbel o OUVBUQOMOG TwV
AMOTEALOUATWY TNG nepiBAaoueTpiag
aktivwv -X, mg Paocparookomniag urne-
pPUBPOU Kal NG XNUIKAG availuong
Tov Selypdtwv, Mou pag emTpénel
va avadei§oupe TG petaBoAég mou
enpépel n dayéveon oto BloAoyikd
anatim oe eninedo kuyeAidag Twv
KPUOTAMwY Tou, Adyw QvTIKataoTd-
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oewv otn douny Toug (Stathopoulou
et al., 2005). H peAém emupeBaicivel
™ Bewpia 6Tt oL MO onuavTikoi dlaye-
VETIkol mapdyovteg eival ot TOTUKEQ
YEWXNUIKEG OUVBIKeg Kal Atydtepo o
XPOvoG kal N nAkia Twv SerypdTwy.
Ertiong, ynmukég kat Boxnuikég TEXVIKEG
nou otnpifovtat ota ouoTatikd Tou
00ToU yia XPOVOAOYHOEIQ KAT, prtopel
va dwoouv AavBaopéva atoixeia av
Oev Angbel um'éyv n dayévean Twv
OO0TWV.

6. ZupBoAn Tng MeAéTng Tng
Aiayéveong OoTav otnv
MaAalovroloyia

2e auté Tto onueio Ba mpénet va
eronuavel n onuacia Mg yvong
TWV JIAYEVETIKWY JlEPYAoIOV kal TG
ENidpaong Toug MAvw Ot OKEASTIKO



Aektio EAMNvikig Mewhoyrig Etapiag, Top. XXIX/, 112-125

UNIKO, KaBWG Kal MG €QApUoYng mg
omv MNalaovroloyia. Mépa and mv
embupia va oplotolv ol dlepyacieq
SlayEveong TWV OKEAETIKWV OTOLXEIWV,
eival yeyovdg Ot nj karavonon Toug
uropel va odnyroet otnv eniluon
TOMWYV AAWV  TTAAALOVTOAOYIKWY
npoBAnudTwy. MeAéteg Onwg n
XPOVOAOYNOM TOU KOAAQYOVOU UeE
dvBpaka 14, n avdluon Mg mnaAaio-
duatpopng Bdoel  00TONMWV  Kal
IXVOOTOIXElWV, N XPOVOAJYNON O0TWV
- Kal SovVTIwV hE TN HEBOSO TWV L.OOTOTWV
Oupaviou kat ™ pEBodo ESR kal n
MEAETT TNG CUCOWPEUONG oupaviou Kat
ANV XVOOTOXelwv and Ta OKEAETIKA
oroixela, elxav ndn SpopoAoynBel
OXeTIKA vwpig. Kdmowa otiyury Spwg
ol gpeuvnTtég ouveldnromnoinoav Ot Ta
anoteAéouaTa kKal n gpunveia Toug
emnpedlovral onuavtikd and évav
napdyovrta mou dev pnopoucav va
ayvorjoouv. Autdg dev ritav AAog and
mv anoAibwor). ‘Etot Aowmdv, Eekivnoe
TO eVOIQPEPOV YIa TN} MEAETN TNG.

H yvwon Tou apxikou Bloyevolg
ONUATOG EVOG OKEAETIKOU OTOLXEIOU KA
0 KaBOPIOHOG TWV XAPAKINPLOTIKWV
Tou Tou o@geilovtor otn diaygveon

PAO 18 01

Kal éxi omv apXiKr} Tou Kardotaonm,
BonBa onuavtik ommv OAOKANPWHEVN
pueAéT g Tagovopiag upag 8€ong,
™ KAt@\AnAn emmioyrj detypdtwv ya
XPOVOAOYNON OKEAETIKWV OTOLXEIWV
Kabwg Kai otn yvwaon g a&orotiag
OUYKEKPILEVWY TEXVIKWV Kal MEBGSwV
Tiou Baoilovral o XapaKmPELOTIKA ToU
ootou mou TuBavév va ennpealovrat
ard m dayéveon.

Eriong, n peAém NG dlayEveong Twv
ootwv elvat ouclaoTikad To BeguéAlo,
ndvw oto omoio ompilovtar OAeq
Ol YEWXNHUIKEG HEAETEG OOTWV Kal
0dovTwv.

Nna mnapddeiypa, ddpopeg pEBodOL
XPovoAdynong ompilovral ot petd
B8dAvatov CUOOWPEUOT] IXVOOTOLXEIWV
OTa OKEAETIKA oTolxeia, omdte 1
akpiBela toug anairel v Karavonon
meg dayéveong. O1 péBodol autég
TAPAUEVOUV  QVETIAPKEIG auth TN
OTiyM), Kupiwg enedry n OlayeveTikn
anoppdoPnom xvooTolxeiwv dev €xel
yivel MARPwWG KatavonT.

H peAém g dwayéveong oupBdaliet
eniong om MeEAET Tou anoABwuévou
DNA, kabwg eivar autry mou opilet
m™m dampenon 1 un Tou OopPYavikou
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E:f(. 8. pdoua anoABwugvou ooToU ue atr (aptotepd) kat nir (5e&G). avdAuon 2ng mapaydyou ya
auénon g SLaKPITIKNG avoetTag Kat GAEWNG TwY EVPEWY MEPLOXWY (KOKKIva pAouaTa) Kal TUMIKA

pdouara anoppoPnong (UrAé pdouara)
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TUAMATOG TwV OOTWV Kat dpa Tn
duvatdTa XPronG TOU OF OXETIKEQ
MENETEG.

H xnuela twv PlOYEVWOV OPUKTAV
npooPépel T duvatdmta ™G dueong
dlepevvnong g diarrag, ™G MPOoE-
Aeuong kal ™G KVITTIKATNTAG-petava-
oteuong Twv omovdulolwwyv. AUTO
ouwg, yiverar eQiktd, pévo av agat-
peBolv amdé v TeAikr} eikdva Twv
OKEAETIKWV OTOlXElWV Ol dlayeveETIKEQ
peTaBoA£qg kat avakmBouv Ta autouola
Boyevry onuara. Méxpt oruepa dev
€xel yivel akéun karavontd to note
KAl Twg autd Tta onpara duvavrtal
va kaAupBouv, omndte kapia and Tig
npoavapepOeloeg TEXVIKEG dev Urmopel
va xpnowornomdsl pe agediea. H
peAén G dayéveong Bonbd kat om
HEAETT TWV LOOTOTWV 1] OUYKEKPIUEVWV
XNHIKWV oToxelwv mou pag divouv
TANPO®OPIEG YIa TNV MAAQLOBLATPOPY
(m.x. Sr/Ca), mv naAaioBeppokpacia
-naAaiok\ipatoloyia, kKAt {Price et al.,
1992; Hedges & Millard, 1995).

EkTdg Twv avwTtépw, n HEAET NG
Slay€veong ooTwv Umnopel va odnyrost
oTn YVWOT] TWV OIAYEVETIKWY TIPOPIA
OUYKEKPIMEVWY  aroAMBwHaTOoPépwv
Béoewyv, wote va eivat duvardév va
eEakpBwOel ruBavn rnpoéAeuon detyud-
Twv and CUAOYEQ KATL. AUTO anuaivet
OTL QMOKTWVTAL TANPOYOPIES TIOU
apopoUV XapaKIMEIOTIKA TOU TaAalo-
Hikpo-TiepiBANOvVTOg Tapng, dnwe To
pH, To Eh, n Beppokpacia, ol cuverikeg
uypaoiag KAm., dnAadn mAnpogopieq
oy og ouVBUAOMS e ANEG, HToPOoUV
va odnynoouv O€ YEVIKOTEPA OUMTIE-
pdaouata mou agopolv TO maAalo-
TEPBAANOV TwV UTO HEAETT) BEOEWV.
ErurtpdoBera, TtiBevrat kat 8éuata
dénwg n kauomn ooTWY, MoU WUropoulv va
BonerjcouvTougapxaloAdyougoToEPYO
TOUG AAAG Kal TOUG TIAAQLOVTOAOYOUG
6oov agopd T ouvinapsn 1 un Twv
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uné peAétn mavidwy Kat Tou avBpwrou
(Stathopoulou et al., 2004). Autd apopd
Kupiwg ot didkpLon g Kauomg UAIKoU
KaL g KnABwong anoAlBwpdtwv and
oteidia.

Snuavtiky eivat emiong n OupBoAn
™G YVWOoNG TwV UETABOAWV TOU E€xel
urooTel éva 00TO Kal OTT ouvtriipnom
Tou, Kabwg €ral kabiotaral duvati n
eMAOYT] TWV TAEOV QMOTEAEOUATIKWY
TPONwV ouvtipenong ald  kai
Houoelaknig €kBeong Tou apydtepa.
TéAog, eivat duvatdv n napouoia daye-
VETIKWV T)/KAl IOTOAOYIKWV XAPaKtnpl-
OTIKWV OE avTiKe(peva, va erpepainoet
mv napdvopr; Xerion 1 un, Kabwg Kat
TO eUMOPLO AMOABWUEVWY Kal OTIAVIWV
UAKAV (IT.X. XQUAGBovTeg, KATL).

H Jlayéveon OKEASTIKWV OTOLXEIWV
napauével w¢g onuepa €va OXETIKA
AAUTO HUCTTIPIO, €XOVTAG anaoyoAroEl
OAOEVa KAl MEPLOTOTEPO TIG TEAEUTAlES
dekaetieq MANBwpa epeuvnTwv and
TOMOUG  JIaPOPETIKOUG TOMEIG Kat
arnoteAwvrag éva and ta mo olyxpova
kat MTOMd unooxdueva B€uara ToAu-
didoramg €peuvag. And TIG TPWTEQ
OUCTNUATIKEG HENETEG OXETIKA HE TIG
PUOIKEG Kal YNHIKEG aAayEg KaTtd v
anoAiBwon, eivat auy Tou Wyckoff
(1972), o omnoiog unopei va BewpnOel
wg évag and Toug MPWTEPYATeq ae
autdv To Xwpo. AkoAouBel mAndwpa
OXETIKWV WEAETWV KAl SnUOOCIEUCEWY,
TIOU OUWG TIPOEPXOVTAL ATIOKAEIOTIKA
ané &évoug epeuvnreég. Ot ‘EMnveg
EQEUVNTEG TIOU £XOUV QOXOANnBel pe
OXETIKA BEpaTa, Onwg 1 HiKPOSour Twy
OO0TWV Kal 1N KATAvour Tou oupaviou
£VTOG autwy elvat oAU Alyol (Bassiakos
et al., 1992; Barisiokas & Middleton,
1992; Stathopoulou & Theodorou, 2001,
Stathopoulou et al., 2004; Stathopoulou
2005, Stathopoulou et al., 2005).

To 6ua G dlayéveons OKEAETIKWOV
otoixelwv dev pehetdral SUOTUXWG
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aKOun OTn  XWpa pag  evratika.
EughmotoUue n mpoomddela aut,
va Bonbrjoel otnv kaBi€pwomn NG
pueASTNG TG dlay€veong OTO XWPO
¢ Malaiovrohoyiag 6oov agopd
oMV eANVIKT] TIPAYHATIKOTTA KAl va
glval n apxr| MIOG CUCTNUATIKAG Kat
QrOTEASOUATIKIAG £PEUVAG OTO HEANOV.

7. Euxapiorieg

Euxaplotieg ogpelhovtal otov Av. Kaé.
M. ©codwpou (Maveruotipo ABnvwv)
-kat Tov Ap. . Mnaowdko (E.KE.®.E.
"Anuékpitog") ylat Boribelakal oipiEn
TOug Katd Tn peA€m ™G dayéveomqg
00TWV Ta TeAeutaia xpodvia. Oa riéeia
va guxaplotrow Wiaitepa toug Ap. B.
Wuxapn and 1o E.KE.®.E. "Anudkpirog"
kat Toug Ap. I'. Xpuokkd kat Ap. B.
Mkiwvn and 1o EBviko ‘15pupa Epeuvidv
yYa m OupBOAr] TOUG OTN HEAETN Me
TIG TEXVIKEG TNG TmeplBAaoiueTpiag
akTivwv -X Kal MG paouatookoriag
YnepuBpou. Akdun, toug K. MndpAa
kat E. MixanAidn and Tov Topéa
Mewynueiag - Owovoulkng MewAoyiag
Tou EKMA ywa m BorPeia toug katd
™ xpnon tou SEM-EDS. Emiong, 10
Ynoupyeio Atyaiou, tTn I'.IE.T kat Tov
E.A.K.E. Tou MNavermuompiou ABnvwv yia
™ XPNHATodATNOT TWV TIPOYPAUUATWY
OTanAQ(oLa TWV OTOIWV TIPOEKUYPE HEPOG
TOU UAIKOU TIOU €Xel XprnotdoromnBel
yia tn HeAm Twv dlepyaciidv g
SlayEveong ooTwv.
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CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY
OF THE BASAL PART OF VIGLA SHALE MEMBER
(IONIAN ZONE) IN ITHAKI ISLAND;
PRELIMINARY RESULTS*
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of Historical Geology-Paleontology, Panepistimiopolis 15784, Athens, Greece,
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- ABSTRACT

The calcareous nannofassil biostratigraphy, performed at the basal part of the
Vigla Shale Member (Frygano section, lthaki Island), permits its biostratigraphic
correlation with the uppermost part of BC21 biozone (Bown et al., 1998) and the
upper part of NC7 biozone (Roth, 1978), which chronastratigraphically point to Late
Aptian. This result reinforces the hypothesis that the deposition of Vigla Shales is
isochronous in the lonian zone.

NEPIAHWH

21a nAaiowa g napouoag epyaciag npayuartonomenke detypatoAnwia and To
KATWTEPO TUHHA TWV ZXOTOABwY ™Q BiyAag, and v toury dpuyavo (vijoog
18dkn). H avdAuon pe Bdon ta aoBeoToABIKA vavwoarnoAl®WDUaTa EMUTPENEL TOV
Brootpwuatoypapikd cuoxeTioud TG BAong Twv IXoToABwv Mg BiyAag oty
Tour} Ppuyavo, pe TO avwTEPO TUNa Twv Bolwvwv BC21 (Bown et al., 1998) kat
NC7 (Roth, 1978), mou XpovooTpwHATOYPAPIKA CUOXETIZovVTal ME TO AVWTEPO
Artmio. H miotornoinon g nAikiag Mg Bdong Twv IxioToABwv Mg BiyAag om
vrjoo 18dkn (eEwTtepikd MepBwPLo TG loviou Aekdvng) wg AvWTepo ATTTLO, EVIOXUEL
v unobeon 6t n andbeom Twv ZXoTOABwv TG BiyAag ival 1o6xpovn.

1. Introduction. les, Vigla limestones, Albian-Touronian
Geological Setting cherts (correspondinc o Vigla Shale
Ithaki Island mainly consists of lonian Member), Senoniar ciastic 'imestones,
zone sediments, represented accord- Paleocens = acene sublithographiclime-
ing to IGME map (1991) by Upper stones z - iiysch.

Triassic-Middle Lias Pantokrator lime- The s ..graphy of the lonian zone
stones, Toarcian "Ammonitico Rosso", (externai Hellenides, western Greece)

Doggerian cherts, limestones and sha- exhibits three distinct sequences (Kara-

*BIOZTPQMATOrPAGIKOZ MPOZAIOPIZMOZ ME BAZH TA AZBEZTOAIOIKA NANNOATOAIOQMATA TOY KATQ-
TEPOY TMHMATOZ TON ZXIZTOAIOOQN THE BIFAAZ (IONIOZ ZQNH) XTH NHZO I0AKH. NPOAPOMA ZTOIXEIA

M. B. TpiovrapiGAou, B. Kapakitoiog & A. MavrZouka
E6vik6 & Kanodwtpiakd Iajuto Abnvav, Touéag lotopikng MewAoyiag & MaiatovroAoyiag, Tuhua MewAoyiag & lew-
nepyBaArovrog, MNavinoAn, Zwypdapou
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kitsios, 1992, 1995); a prerift, a synrift
and a postrift sequence. The latter
one consists of the Vigla limestones
and overlying Alpine formations and is
defined by an Early Berriasian break-
up at the base. The postrift sequence
continued till the end of the Eocene,
followed by the deposition of flysch
sediments (Karakitsios 1992, 1995;
Sotiropoulos et al. 2003).

The Vigla limestone Formation compris-
es a thick succession of thin-layered,
- sublithographic pelagic limestones with
frequent cherty beds. The radiolari-
an fauna from the lowermost part of
Vigla limestones have shown that these
strata were deposited after the Middle
Tithonian (Karakitsios et al., 1988).
Karakitsios & Koletti (1992) concluded
that the beginning of Vigla limestone
deposition is isochronous in the lonian
zone and starts in Early Berriasian. In

\. N

- Paleocene &y,
Eocene. g

their upper part, Vigla limestones con-
tain a series of organic matter-rich marl-
stones and shales interbedded in lime-
stone and chert beds; the Vigla Shale
Member. This member corresponds to
the Albian-Cenomanian "Upper Siliceous
Zone" of IGRS-IFP (1966). More recently
Karakitsios et al. (2004) dated the Vigla
Shales at Gotzikas area (NW Epirus) as
Aptian-Touronian.

The main scope of the present study is
to give further evidence concerning the
biostratigraphic correlation of the Vigla
Shale Member at the westernmost mar-
gin of the lonian zone, on the basis of
calcareous nannofossil analysis.

2. Materials And Methods.
Description Frygano Section

We examined the Vigla Shale Member in
Frygano section, located at the middle
part of Ithaki Island (Fig. 1), along the

FRYGANO

MO c ape 10 e

Fig. 1. Location of Frygano section at Ithaki Island and geological map of the area after IGME

(1991).
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motorway connecting the city of Ithaki
(east) with Mprosaetos bight to the
west. It comprises of more than 1 km
of sediments, representing an almost
complete stratigraphic column of the
lonian zone (Fig. 2). Thirty six samples
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Fig. 2. Lithostratigraphic column of Frygano section.
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have been collected throughout the
section, but in the framework of this
study only those coming from the Vigla
limestones, and in particular the Vigla
Shale member, have been analyzed.
The Vigla limestones are represented
in Frygano section by more than 100m
in thickness, white, thin-layered pelagic
limestones with chert intercalations. The
Vigla Shale Member is represented in
the same section by thin-layered marly
horizons interbedding the limestone
layers (Fig. 3). Smear slides for nan-
nofossil analysis have been prepared
with standard techniques and analyzed
under light microscope (LM). In order
to search thoroughly for the marker
species, around 1650 fields of view
have been investigated per slide, under
1250x. The taxonomy of the determined
calcareous nannofossil species has
been based on Perch-Nielsen (1985)
and Bown et al. (1998). The nannofos-
sil biostratigraphic results are based on
the biozonal schemes of Roth (1978)
and Bown et al. (1998).

3. Calcareous Nannofossil
Biostratigraphy

The analyzed samples show nannofo-
sil abundances which range from rare
to abundant; the preservation state is
moderate to poor.

The assemblages (Tab. 1) are domi-
nated by:

Rhagodiscus achylostaurion (Hill, 1976)
Doeven, 1983, R.gallagheri Rutledge &
Bown (1996), Polypodorhabdus mad-
ingleyensis Black, 1971, Retecapsa suri-
rella (Deflandre & Fert, 1954) Grun in
Grun and Allemann, 1975, Flabellites
oblongus (Bukry, 1969) Crux in Crux
et al., 1982, Helenea chiastia Worsley,
1971, Cyclagelosphaera margerelii Noel,
1965, Watznaueria manivitiae Bukry,
1973, Watznaueria britannica (Stradner,
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Table 1. Rhagodiscus achylostaurion (1a), R.gallagheri (1b - f, 2a), Polypodorhabdus madingley-
ensis (2b), Retecapsa surirella (2¢ -e), Flabellites oblongus (2f, 3a - 3¢), Helenea chiastia (3d - ),
Watznaueria manivitiae (3f), Cyclagelosphaera margerelii (4a - b), Watznaueria britannica (4c -d),
W. biporta (4e - f, 5a - b)
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Table 1 (continued). Lithraphidites carniolensis (6a - b), Zeugrhabdotus embergeri (7a - b).

1963) Reinhardt, 1964, W. biporta Bukry,
1969, Farhania varolii (Jakubowski,
1986) Varol, 1992, Nannoconus cf. truitti
Bronnimann, 1955, Lithraphidites carni-
olensis Deflandre, 1963, Zeugrhabdotus
embergeri (Noel, 1959) Perch-Nielsen,
1984.

The contemporaneous presence of
Rhagodiscus achylostaurion, R. gallagh-
eri, Nannoconus cf. truitti and Farhania
varolii allows the biostratigraphic corre-
lation of the base of Vigla Shale Member
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at Frygano section with the uppermost
part of BC21 biozone (Bown et al., 1998)
and the upper part of NC7 biozone
(Roth, 1978), which chronostratigraphi-
cally point to Late Aptian (Fig. 4).

4. Conclusions

The Vigla Shale Member, a siliceous and
organic carbon-rich facies, was con-
sidered before as Albian-Cenomanian
in age (IGRS-IFP, 1966). Recently
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Fig. 4. Calcareous nannofossil species distribution and biostratigraphic correlation of the Vigla Shale

Member at Frygano section

Karakitsios et al. (2004) dated the Vigla
Shales at Gotzikas area (NW Epirus) as
Aptian-Touronian.

The present study performed at the
basal part of the Vigla Shale Member
(Frygano section, Ithaki Island), per-
mits its biostratigraphic correlation with
the uppermost part of BC21 biozone
(Bown et al., 1998) and the upper part of
NC7 biozone (Roth, 1978), which chro-
nostratigraphically point to Late Aptian.
The determined age fits well with previ-
ous biostratigraphic data, reinforcing
the hypothesis that the deposition of
Vigla Shales is isochronous in the lonian
zone.
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